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Introduction T A strategic syngas value chain assessment

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 CO,, and convertible into chemicals,
fuels, and other hydrocarbon products, syngas connects diverse feedstocks
to a wide range of valuable outputs — 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 — 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 (Tvdl) and Sproule
ERCE to conduct a strategic exploration of how the transition toward
circular carbon can move forward — 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,

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 — 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 — 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 CO, neutrality, circularity and strategic
autonomy — creating a diversified circular carbon portfolio that secures
the region's long-term industrial position.

™ infrastructure, and investment climate.
U
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Introduction 1T Contextual Driving Forces with Strategic Implications (1)

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 we’ll introduce 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.

A Critical uncertainties include the degree of fragmentation versus
cooperation between blocs, the reliability and price of international
trade in energy and feedstocks, and the EU’s willingness to prioritize
strategic autonomy over economic efficiency.

A 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.

(i)
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Introduction 1T Contextual Driving Forces with Strategic Implications (2)

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.

A Critical 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.

A 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.

A Critical uncertainties include the stability of political and societal
support, the speed of permitting and infrastructure delivery, and
coherence of internal markets.

A 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.

(i)
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Introduction T Contextual 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.

Syngas value chain in Rotterdam HIC - Deliverable 4: Decision-Based Roadmap

Policy framework driven by contextual driving forces (1)

Overarching Policy Ambition

Different EU DGs developed different policies

Renewable
Fuels
Directive

EU Habitats
Directive

Member states
Implement policies
differently

National implementations create
blocks across policies (e.qg.
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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Policy framework driven by contextual driving forces (2)

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

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

A pull mechanisms (carrots) use incentives to create market demand
which draws towards the desired investment and state, and

A 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.

(i)
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Policy framework Overview
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This slide highlights the most mentioned policy bottlenecks ETS is fundamentally a push instrument for industries clear criteria on what constitutes blended. Together

and the mechanism through which they interact with a as it raises the cost of emitting CO, and therefore they create a situation in which syngas feedstocks are
future syngas value chain. There are three main regulatory increases pressure on fossil-intensive activities. The also claimed by multiple other uses, while the market
conclusions that are further explored on the next few extension to transport emissions (to ETS2) could also be signal for circular chemicals remains unclear.

slides. In the picture it is shown where these three have an a pull on the syngas value chain as it creates new

There are other detailed policies that interact and influence
the investment climate: nitrogen permits are mentioned
as blocking investment decisions, project progress and

impact in the value chain. markets for low carbon fuels. But it does not specifically

The Renewable Energy Directive (RED) simultaneously create a market for syngas based renewable fuels.

pulls on the syngas value chain through stimulation of There are feedstock policies working on both sides of delaying permitting processes and unclear carbon

the demand for renewable fuels and acts as the largest the value chain, but neither are effective. The push of accounting (specifically: unresolved GHG allocation for co-
barrier, as gasification does not qualify for renewable the feedstocks into a syngas value chain through waste production processes, biogenic/fossil attribution in mixed
fuels certification despite the main intent being to hierarchy regulations is not enforced and the pull of  feedstocks, and uncertain chain-of-custody for carbon
stimulate renewable fuels. the Plastic and Packaging Waste Regulation (PPWR) and certificates) is a frequently mentioned barrier with direct

blended mandates are not actually a pull due to lack of  impact on project bankability. 10




Policy framework Exhibit 1. Renewable Energy Directives (RED)

e RED wants biomass but excludes RED blocks gasification as
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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.

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.

However, gasification is structurally excluded as a
production pathway. RED's eligible pathway framework is
defined around feedstock origin, not conversion process —
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.

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 — where mixed feedstocks yield multiple outputs
— 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 41
bankable market pull.




Policy framework Exhibit 2: ETS, CBAM and ETS2 0 pressure and volatility

without perspective
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different mechanisms. from gasification. But closing the merit order gap

The ETS free allowances phase out by 2039, requiring requires solid protection and a high carbon price and
carbon neutrality within 15 years. For heavy industry, even then, is insufficient alone. Complementary

new plants cost billions, development takes years, and instruments and the ETS price are subject to political
the infrastructure (e.g. for H, and CO,) also takes time to pressure, and investors face uncertainty on both.

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

a ETS2 extends 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

industries or in circular systems (where “heavy industry”
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.
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Policy framework Exhibit 3: Plastic gasification blocked by rules meant to enable it
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recycle, reuse. But only roughly 27% can be mechanically




