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As the chemical industry transitions toward circular and renewable carbon,

syngas emerges as a uniquely versatile building block for what comes next .

Produced from waste, biomass, or /hіΣand convertible into chemicals,

fuels, and other hydrocarbon products, syngas connects diverse feedstocks

to a wide range of valuable outputs τ making it a natural focal point for

large-scale circular carbon development .

The Rotterdam Harbor Industrial Cluster (HIC) is uniquely positioned to

lead this development . Its logistical reach across roads, rails and

waterways, its access to large volumes of renewable power, and its role as

a hub for international trade flows of feedstocks and products give the

Rotterdam HIC the foundations to develop syngas value chains at

meaningful scale τ supplying both chemicals and fuels to the Antwerp -

Rotterdam -Rhein-Ruhr Area (ARRRA)super -cluster and the greater Western

European hinterland .

This study was initiated by the Province of Zuid-Holland (PZH), team

Sustainable Harbor, Industry and Maritime Industry . PZH asked itself :

"What can we do to stimulate the development of circular and renewable

carbon investments in the Rotterdam Harbor Industrial Cluster?" To answer

this, PZH commissioned Tekenkamer van de Industrie (TvdI) and Sproule

ERCE to conduct a strategic exploration of how the transition toward

circular carbon can move forward τ assessing what syngas value chain

development in the Rotterdam HIC could look like at different scales, what

it requires, and what it means for the existing industrial ecosystem,

infrastructure, and investment climate .

To structure this exploration, first archetypes of syngas value chains were

developed to understand value chain requirements and conversion

efficiency . Based on these archetypes three versions were made of

development pathways for a syngas value chain with the aim to increase

scale and allow the Rotterdam HIC to continue to play its critical role . These

versions are deliberately polarized to surface the impact of starting with a

different approach . For all three versions, as scale increases the

complexities grow : from the challenge of supporting many independent

projects, to coordinating the large-scale systemic transformation of the

industrial cluster itself . The nature of the assets, the infrastructure

demands, and critically, the focus of leadership all shift τ from individual

project developers to regional and ultimately national governance . And

they differ markedly in their contribution to sustainability and strategic

autonomy, making scale a strategic choice.

The exploration is structured across four deliverables and summarized in a

whitepaper . Together they take the reader from the fundamentals of

syngas value chains, through a scaling assessment, to a stakeholder

landscape and a decision -based roadmap τ building a coherent picture of

what it takes to go from ambition to action . At its core, the study asks which

scale is needed, and what it would take for the Rotterdam HIC to supply the

hinterland and achieve our goals of CO2 neutrality, circularity and strategic

autonomy τ creating a diversified circular carbon portfolio that secures

the region's long-term industrial position .

Introduction ïA strategic syngas value chain assessment 
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The development of a syngas value chain in the Harbor Industrial

Complex (HIC) of the Port of Rotterdam does not take place in isolation . It

is shaped by global geopolitical developments, the accelerating energy

transition, and the internal dynamics of the European Union . These forces

interact in complex and uncertain ways outside our control and will

influence the performance of the HIC as a whole and the syngas value

chains within it . As such they create both opportunities and constraints

for industrial clusters . In the following slides ǿŜΩƭƭintroduce these driving

forces, why they matter, what makes them uncertain, and what is

inevitable .

Driving Force 1: Multipolarity and Struggling Superpowers

The global political and economic order has shifted from a predominantly

US-led system toward a multipolar world with several competing

superpowers including the United States, China, the European Union and

large emerging economies . Geopolitical competition increasingly shapes

trade flows, technology development, and access to resources . Security of

supply and supply -chain resilience increasingly compete with economic

efficiency and sustainability ambitions . An important nuance is that all

these superpowers are internally struggling under sustained stress from

climate impacts, economic volatility, demographic aging, technological

disruption, and geopolitical fragmentation forcing all governance models

to evolve.

This matters to Dutch base industries and the HIC in Rotterdam as it is

deeply embedded in global trade networks . Feedstocks, energy carriers,

technologies, and markets depend on international flows . Changes in the

geopolitical system influence access to feedstocks and energy carriers,

availability and cost of critical technologies, market access for chemical

and energy products, and investment confidence in industrial

infrastructure .

ÅCritical uncertainties include the degree of fragmentation versus

cooperation between blocs, the reliability and price of international

trade in energy and feedstocks, and the 9¦Ωǎwillingness to prioritize

strategic autonomy over economic efficiency .

Å Inevitable truths and surprises include geopolitical shocks, sudden

export restrictions on critical materials, and rapid shifts in alliance

structures especially over the course of the 2020s and early 2030s

driving towards a new balance between global powers .

Introduction ïContextual Driving Forces with Strategic Implications (1) 
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Driving Force 2: Climate Change impact on transitions

Climate change and environmental degradation are structural and

accelerating forces shaping the global economy . Governments are

responding with policies aimed at reducing emissions, improving energy

efficiency, and transforming industrial systems. The resulting transition

involves large-scale technological, economic, and societal change.

This matters to Dutch base industries and the HIC in Rotterdam as they

are energy - and carbon -intensive, placing them at the center of the

transition challenge . They face carbon pricing, regulatory pressure,

changing energy costs, demand shifts toward low-carbon products, and

growing expectations around circularity and resource efficiency .

ÅCritical uncertainties include the speed and stringency of regulation,

the pace of technology scale-up (renewable power, hydrogen, CCS,

circular feedstocks), and market willingness to pay for low-carbon

products .

Å Inevitable truths and surprises include extreme climate events,

technology breakthroughs or failures and shifts in public and political

attention following climate shocks.

Driving Force 3: EU internal dynamic

The European Union has ambitious goals for industrial transformation

and decarbonisation but translating these ambitions into implementation

remains challenging . Diverse national interests, ageing populations, and

complex regulatory processes shape the speed of change.

This matters to Dutch base industries and the HIC in Rotterdam as EU

policy strongly shapes the investment environment through instruments

such as the EU Emissions Trading System (ETS),renewable mandates, the

Carbon Border Adjustment Mechanism (CBAM), and circular economy

policies . These create incentives for transformation but also regulatory

complexity .

ÅCritical uncertainties include the stability of political and societal

support, the speed of permitting and infrastructure delivery, and

coherence of internal markets .

Å Inevitable truths and surprises include political backlash against

energy costs, labor and space constraints, and crisis-driven policy

accelerations .

Together, these driving forces define the uncertainty space within which

the future of Dutch base industries will unfold . In the remainder of this

document, we examine what decisions need to be made to grow a syngas

value chain in the HIC and how these forces shape context within which

these decisions will have to made .

Introduction ïContextual Driving Forces with Strategic Implications (2) 
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Introduction ïContextual Driving Forces with Strategic Implications (3) 
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European policies are rooted in a set of core shared societal values such as

solidarity, fairness, respect for people and the rule of law. These values translate

into societal ambitions, for example climate neutrality, circular use of resources,

autonomy, resilience and a level playing field, which are implemented through policy

instruments (e.g. carbon trade, market incentives and regulatory standards) .

The European Union pursues its goals across many policy domains simultaneously

which is a response to the strong set of contextual driving forces described above.

As a consequence, the EU policy landscape is dense and filled with interacting policy

tools . Implicitly, this approach assumes that economic and industrial systems can be

reshaped without constraint and individual policy measures operate independently .

In practice, real -world systems are constrained by, among other things, physical

infrastructure, natural and human resources, investment cycles, institutional

capacity ; causing policy instruments to interact with each other in complex ways. As

a result, the landscape becomes very hard to navigate for individual organizations

and the combined effect of push, pull and regulatory measures regularly produces

outcomes that differ from, or even counteract, the original policy intentions .

The finite world requires a holistic approach that combines policy goals within the

context of a finite system . Priorities need to be weighed against the capacity for

change and resources taking our governance from perfectionistic to realistic . A

pragmatic approach integrating the multiple levels of ambition and governance is

needed .

Policy framework driven by contextual driving forces (1)

Overarching Policy Ambition

Different EU DGs developed different policies

EU Habitats 

Directive

Renewable 

Fuels 

Directive

Member states 

implement policies 

differently

National implementations create 

blocks across policies (e.g. 

Dutch Nitrogen regulation slows 

transition)

An illustration of how overarching policy ambitions, 

create horizontal policy silos that fragment along the 

vertical axis as different jurisdictions implement 

regulations. Bottom-up policies or adjusted targets 

(like advanced nitrogen policy in The Netherlands) 

may even further increase fragmentation.
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The regulatory landscape is split into horizontal silos and vertical
transpositions . It is these transpositions that create the mechanics of how

this landscape interacts with a future syngas value chain . Looking at the

policy interactions within the conceptual framework we define push, pull

and barrier mechanisms, where

Å push mechanisms (sticks) move investment and technology away
from undesirable states through levy, taxes and more .

Å pull mechanisms (carrots) use incentives to create market demand

which draws towards the desired investment and state, and

Å barriers act as additional aspects that block a transition

The next slide, shows an illustrative overview of some of the main policies

and their main working mechanism(s) on the archetype syngas value

chain .

The stakeholders interviewed in the HIC syngas project
unanimously identified that the fragmented policy framework is a topic

of particular relevance . The combination of many of push and barrier

policies, as well as uncertain pull mechanisms, lead to a lack of clarity on

how to realistically meet all ambitions together . This forms a major barrier
for project execution and investment . Ironically, there are also areas

where ambitions have already been defined but where comprehensive

policy packages are still evolving such as the transition towards a circular

carbon system by 2050 or future expansion of carbon border adjustment

mechanisms to cover broader carbon -based value chains. Understanding

the impact of these gaps is essential to unlock investment decisions today
on assets with a full life cycle of multiple decades.

Designing effective policy for the transition of energy and material

systems requires matching policy instruments to the different phases of

the transition . This can be approached in two complementary ways. A
backward -looking perspective starts from long-term objectives, such as

climate neutrality and circular resource use by 2050, and works back

to determine what technologies, infrastructure and market conditions

must be in place at earlier milestones . A forward -looking perspective

instead begins with the practical constraints of the present system,
assessing what can realistically be developed and deployed over time and

phasing ambitions accordingly . This second approach requires :

(1) internally consistent views of the future against which policy roll -out

can be planned,

(2) an integrated plan across investment climate, infrastructure and
assets and

(3) continuous monitoring of progress and tools to manage emerging

constraints .

The coming slides will work out some of these topics in more detail to

show the effects of a fragmented back-ward looking policy framework in

practice .

Policy framework driven by contextual driving forces (2)
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Policy framework Overview

This slide highlights the most mentioned policy bottlenecks 
and the mechanism through which they interact with a 
future syngas value chain. There are three main regulatory 
conclusions that are further explored on the next few 
slides. In the picture it is shown where these three have an 
impact in the value chain.

1. The Renewable Energy Directive (RED) simultaneously 
pulls on the syngas value chain through stimulation of 
the demand for renewable fuels and acts as the largest 
barrier, as gasification does not qualify for renewable 
fuels certification despite the main intent being to 
stimulate renewable fuels. 

2. ETS is fundamentally a push instrument for industries 
as it raises the cost of emitting CO 2 and therefore 
increases pressure on fossil -intensive activities. The 
extension to transport emissions (to ETS2) could also be 
a pull on the syngas value chain as it creates new 
markets for low carbon fuels. But it does not specifically 
create a market for syngas based renewable fuels. 

3. There are feedstock policies working on both sides of 
the value chain, but neither are effective. The push of 
the feedstocks into a syngas value chain through waste 
hierarchy regulations is not enforced and the pull of 
the Plastic and Packaging Waste Regulation ( PPWR) and 
blended mandates are not actually a pull due to lack of 

clear criteria on what constitutes blended. Together 
they create a situation in which syngas feedstocks are 
also claimed by multiple other uses, while the market 
signal for circular chemicals remains unclear.

There are other detailed policies that interact and influence 
the investment climate: nitrogen permits are mentioned 
as blocking investment decisions, project progress and 
delaying permitting processes and unclear carbon 
accounting (specifically: unresolved GHG allocation for co -
production processes, biogenic/fossil attribution in mixed 
feedstocks, and uncertain chain -of-custody for carbon 
certificates) is a frequently mentioned barrier with direct 
impact on project bankability.

1

3

2

= Push          = Barrier = Pull 

Syngas

Methanol

Syncrude Fuels

Feedstock

Methanol

Olefins

Fuels

RED blocks gasification 
as renewable; production 
process and resulting 
fuel products both 
excluded

Lack of waste hierarchy 
enforcement blocks 
feedstock supply

End-of -Waste status and 
Waste classification
blocks access to markets

RED II/III and ETS (2)
pull by creating demand 
for renewable fuels

IMO Shipping Fuel
creates demand for 
methanol derived fuel

PPWR creates 
demand for mixed 
blend and circular 
plastics through 
blend mandates

Waste regulations
create supply of 
feedstock
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Policy framework Exhibit 1: Renewable Energy Directives (RED)
1

3

2

RED is simultaneously the strongest pull mechanism and the 
largest barrier for waste -based syngas value chains. It creates 
demand for renewable fuels through blend mandates and GHG 
thresholds, while excluding the most scalable circular carbon 
production pathway from qualifying. This contradiction runs 
through every layer of the directive: feedstock rules, pathway 
definitions, biomass restrictions, and GHG accounting all 
interact to fragment what should be a coherent market signal.

1. The RED pulls towards renewable fuel production 
through demand mandates for, a 29% renewable share in 
transport (or 14.5% GHG intensity reduction) and a 5.5% 
advanced biofuel/RFNBO sub -target by 2030, and through 
establishing demand for lower footprint fuels. 

2. However, gasification is structurally excluded as a 
production pathway . RED's eligible pathway framework is 
defined around feedstock origin, not conversion process τ
and syngas, as a co-conversion intermediate from mixed 

MSW/RDF feedstocks, breaks the traceability chain between 
carbon origin and end product . Because RED has no 
established methodology for attributing biogenic fractions 
through a co -produced intermediate, neither the 
production process nor the resulting fuel can be certified as 
RED-compliant.

3. As a result, RED pulls primarily on biomass -based feeds 
and production pathways , but this is not a 
straightforward alternative. Sustainable biomass is a scarce 
and contested feedstock, with competing demand from 
bioenergy, BECCS, and construction materials. RED further 
restricts high -ILUC-risk biomass outright, and exemptions 
for low -ILUC biomass require complex, ongoing certification 
with no guarantee of long -term compliance. Together, 
these constraints create supply chain uncertainty that 
directly undermines the investment case for any production 
pathway built around them.

Even where biomass gasification could qualify, certification 
schemes are inconsistently recognized across member 
states and Annex IX eligibility interpretations vary between 
certification bodies. This is an independent barrier and 
adds audit exposure and investment risk on top of it.

The implication is that RED compliant feedstocks and 
production processes will struggle with reaching the required 
scale for system -level transition. 

The complexity of RED also creates a GHG accounting gap that 
further compounds the above. Co -production processes in 
gasification τ where mixed feedstocks yield multiple outputs 
τ have no clear allocation methodology under RED's Annex V 
and VI, meaning even biomass -based routes face audit risk and 
certification uncertainty. As a result, the lower GHG mandates 
that should drive market demand do not translate into 
bankable market pull.

1

2

3

RED wants biomass but excludes 
biomass derived from high 
Indirect Land Use Change (ILUC)-
risk biofuels, while low -risk ILUC 
requires complex certifications

Syngas

Methanol

Syncrude Fuels

Feedstock

Methanol

Olefins

Fuels

RED blocks gasification as 
renewable; production process 
and resulting fuel products 
both excluded

RED II/III pull by creating 
demand for renewable 
fuels and biofuels, with 
mandates for minimums 

RED and the GHG 
threshold create demand 
for lower footprint fuels

The target multipliers in 
RED pull towards different 
fuels, with road vehicles 
having a higher multiplier 
than aviation and maritime= Push = Barrier = Pull 
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Policy framework Exhibit 2: ETS, CBAM and ETS2 ðpressure and volatility 
without perspective

Syngas

Methanol

Syncrude Fuels

Feedstock

Methanol

Olefins

Fuels

ETS2 works as a pull by 
creating demand for 
renewable fuels, the 
strongest being as ETS2 
includes road transport

ETS will cover waste 
incineration soon, pushing 
more waste feedstock into 
alternative pathways
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= Push = Barrier = Pull 

¢ƘŜ 9¦ ǊŜŘǳŎŜǎ ƛƴŘǳǎǘǊƛŀƭ /hі ŜƳƛǎǎƛƻƴǎ ǘƘǊƻǳƎƘ ETS, 
CBAM, and ETS2, targeting production emissions, import 
competition, and transport fuel demand. They increase the 
cost of emitting carbon, at different rates and through 
different mechanisms. 

Å The ETSfree allowances phase out by 2039, requiring 
carbon neutrality within 15 years. For heavy industry, 
new plants cost billions, development takes years, and 
the infrastructure ( e.g. for H 2ŀƴŘ /hіύ ŀƭǎƻ ǘŀƪŜǎ ǘƛƳŜ ǘƻ 
build. When free allowances are phased out, credits 
must be purchased through the open market, leading to 
sharp price peaking in a structurally inelastic market. The 
rational response is closure and assets that could anchor 
a circular value chain risk being retired before that chain 
is ready, losing the scale and pace the transition 

requires.

Å ETSand CBAM raise the cost of fossil methanol, 
potentially makes waste available as a feedstock, 
supporting the relative business case for bio -methanol 
from gasification. But closing the merit order gap 
requires solid protection and a high carbon price and 
even then, is insufficient alone. Complementary 
instruments and the ETS price are subject to political 
pressure, and investors face uncertainty on both.

Å ETS2extends carbon pricing to transport fuels and  
heating from 2028. This adds a potential demand signal 
for low -carbon products, but implementation remains 
uncertain. ETS2 is intended as a separate market, but 
there is a risk of ETS2 competing for credits in complex 

ƛƴŘǳǎǘǊƛŜǎ ƻǊ ƛƴ ŎƛǊŎǳƭŀǊ ǎȅǎǘŜƳǎ όǿƘŜǊŜ άƘŜŀǾȅ ƛƴŘǳǎǘǊȅέ 
is a fuel supplier). This needs to be explored further, to 
see how specific articles and industries interact under 
the two trading systems.

For syngas value chain development, the instruments are 
directionally correct, but not stable or coordinated enough 
to anchor the investment decisions needed at the scale we 
are after. The combined effects in a politically uncertain 
landscape leaves little room to make financially sound 
investments on time. The uncertainty results in pressure 
and volatility without perspective.

1.) EqoLibrium (2026). Van Keten naar Kringloop: Transitieagenda voor de 
Nederlandse koolstofchemie. Invest-NL, January 2026.

CBAM works as 
a protecting measure, 
assuring products from 
outside EU comply with 
emission demands in EU. 
Not fully implemented (yet) 
for carbon (end)products, 
undermining renewable 
value chain developments.¹
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2

3

3
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1 ETS free -allowances high -
pace phase-out may lead to  
closure in stead of 
sustainable development.
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Policy framework Exhibit 3: Plastic gasification blocked by rules meant to enable it 

Turning plastic into products sounds straightforward ςcollect, 

recycle, reuse. But only roughly 27% can be mechanically 

recycled. The remainder is incinerated. Gasification can 

convert it to circular chemicals, but conflicting regulations 

block this route:

1. The waste hierarchy (WFD, 2008/98/EC, Article 4 ) aims to 

push feedstock to higher value recycling prior to applying 

incineration. However, under Article 3 (17) , producing 

fuels is classified as "other recovery" , which is the same 

tier as incineration. Stakeholder interviews indicated that in 

the Netherlands AVIs capture feedstock that could flow to 

circular projects. A proposed Dutch levy of ϵнфрκǘƻƴ /h2

would likely displace waste to neighboring countries rather 

than redirect it to circular feedstock application. 

Coordination at EU level is needed.

2. Under the WFD (Article 6) , waste only becomes product 

when end -of -waste criteria are met. For plastics, no EU-

wide criteria exist yet (a draft implementing act entered 

public consultation in December 2025). Until then, circular 

products keep their waste classification, blocking market 

access despite being chemically identical to virgin material. 

The EC's December 2025 draft proposal addresses this but 

gasification remains out of scope.

3. The PPWR (Regulation (EU) 2025/40 ), in force since 

February 2025, sets mandated recycled content targets for 

packaging. Circular chemicals from gasification can count 

towards these targets, making PPWR, unlike RED, a pull 

mechanism for waste -based chemicals. However, the 

implementing act on recycled content calculation is not due 

until 31 December 2026, and recyclability criteria not until 

2028. The stakeholder interviews explicitly identified clarity 

on PPWR as a precondition for FIDs. Without it, the 

demand signal is real, yet unbankable .

These three failures block the circular value chain at every 
stage: feedstock does not flow, products cannot re -enter the 
market, and demand is unbankable . The core trade -off, rules 
strict enough to prevent greenwashing versus pragmatism to 
allow transition -phase solutions to scale, has not been 
resolved. Until then, long -cycle FIDs on circular carbon value 
chains cannot proceed.

PPWR creates 
demand for mixed 
blend and circular 
plastics

Syngas

Methanol

Feedstock

Methanol

Olefins
Lack of waste hierarchy 
enforcement blocks feedstock 
supply, as in practice feedstocks 
go to AVIs instead

Member -state level solutions 
ǎǳŎƘ ŀǎ ŀ ǇƻǘŜƴǘƛŀƭ нфрϵκǘƻƴ 
CO2 levy may not be the solution

End-of -Waste status and 
Waste classification
blocks access to markets

Waste 
regulations
create supply 
of feedstock

The PPWR mandate 
is unclear, hesitancy 
reduces market
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2
3
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= Push = Barrier = Pull 


