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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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In this deliverable we take a close look at the stakeholder landscape 

connected to the syngas value chain. For syngas value chains to emerge 

and grow, it is important that key stakeholders who have influence on the 

development of these value chains, are aligned in their support for the 

development. To break this down in a structured way, we look at the 

stakeholder field at three levels, schematically shown in figure 1. We 

recognize three levels:

1.Industrial assets: the core of the value chain is shaped by the assets 

that form the value chain, from feedstock to products. This domain 

contains all primary elements ςsourcing by suppliers, pretreatments, 

conversion and separations, and delivery to customers, including assets 

that deal with utilities, waste and byproducts.

2.Infrastructure: Industrial sites are connected with their environment, 

their suppliers and their customers via various shapes of infrastructure. 

These need to be in place at the right time and capacity to support 

operations.

3.Investment climate: The more generic term investment climate is 

often considered as an abstract notion of things that need to be in place 

for economic activity. From syngas value chain perspective, this domain 

covers all immaterial elements necessary for safe, clean, sustainable 

and supported industrial operations.

When there is support missing from any of these three elements, 

successful delivery of novel value chains is very difficult, if not impossible. 

Alignment of the stakeholders across these levels, as well as in time, is 

crucial. Therefore, we will first take a close look at what are the key 

elements in each category and which typical stakeholders are covering 

these areas. From this first overview we map the stakeholders that were 

interviewed and review their ideas and viewpoints in the stakeholder 

analysis. Finally, we report the feedback of stakeholders on the syngas 

staircase in a stakeholder workshop held on January 15, 2026, at the 

Province of Zuid Holland, The Hague.

Introduction ïthe stakeholder landscape framework
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Figure 1: General 3 -level framework for the stakeholder landscape for industrial assets ς
assets, infra and investment climate
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Types of actions and operations

When we review the stakeholder landscape, segmented across the 

three levels indicated, we find that we engage with very different 

types of companies and organizations:

1. At the core, at the industrial assets , we encounter all companies 

that develop, build and operate the assets in the core of the value 

chain. Of course, it depends on the scope and specific choices, 

but it contains all entities that are necessary to build and operate 

a full supply chain, from feedstocks and utilities to delivery of 

products and management of waste and side streams. These kind 

of parties are plotted in the center of figure 2.

2. In the next circle we identify all parties that are providing 

infrastructure and infrastructure services to operate the assets, 

securing to bring utilities to the site, and enable transport of 

feedstocks, goods and wastes to and from the site. From gas and 

power supply to roads, storages, waterways and more. 

3. In the third circle, the Investment Climate , we identify typically 

parties that set rules and control them (governments and 

authorities), but the scope is much wider, as for development you 

need skilled people, funding, supporting services to help you 

develop and operate the assets. And in the end, you also need 

your societal support, so even the general public is part of this 

domain.

For the stakeholder assessment on development of syngas value 

chains, we have selected approximately 20 stakeholders that were 

interviewed for this project, selected from these different categories. 

Stakeholder landscape ïorganizations across three levels (1/2)
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Figure 2: Stakeholder types across the 3 -level framework. Next page 
give a full -page overview for better readability.
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The types of organizations across three levels (2/2)
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Stakeholders

For this project, a longlist of stakeholders was set up for interviewing. 

The aim of the interviews was:

1. To get a basic insight in lessons learned from past projects that 

aimed to develop syngas value chains;

2. To understand where current technology developments are 

heading, and what challenges and solutions are encountered in 

this area;

3. To get a general understanding of how syngas value chain 

development is perceived currently across stakeholders; and

4. learn what issues and choices are encountered across the 

stakeholders. 

To address these areas of interest, a mixed set of experts and 

leaders in various segments of the value chain at  asset level were 

selected, two parties that categorize as infrastructure were 

interviewed, and a number of parties in the investment climate, from 

national policy makers to innovation support organizations and 

networks. All interviewed people, their organization and roles are 

presented in Appendix 1A. Their comments and feedback is 

considered to reflect their personal view on the field of syngas value 

ŎƘŀƛƴǎ ŀƴŘ ƴƻǘ ǘŀƪŜƴ ŀǎ ǊŜŦƭŜŎǘƛƴƎ ǘƘŜƛǊ ŎƻƳǇŀƴȅΩǎ Ǉƻǎƛǘƛƻƴ ƻƴ ǘƘŜ 

matter.

Interviews

The interviews were held in the period of October to December 2025. 

Most of the interviews were recorded and transcribed. Analysis 

across the interviews was done using the AI tool Claude Sonnet 4.5 

from Anthropic, to facilitate cross -interview strategic analysis.

From the analysis we present in this report learnings on:

ÅThe general state of progress of syngas value chain developments

ÅKey challenges and hurdles encountered in developing syngas 

value chains.

ÅA diversity of views on scale -up of syngas value chains as 

expressed by the interviewees.

ÅThe views and perceptions on circularity and sustainability of 

syngas-based value chains for fuels and chemicals.

ÅThe impact of regulations on value chain development

Interviews were automatically transcribed using Fireflies.AI. 

Recording and transcription and presentation of their names in this 

report is done with consent of the interviewees. The analysis is 

presented in non -attributable form and presents overarching 

insights, views and opinions, challenges, and learnings.

Stakeholder interviews ï approach

Syngas value chain in Rotterdam HIC - Deliverable 3: Staircase assessment by external 
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Gasification technology for waste and biomass has a long development 

history. The general assessment across interviewees is that core 

gasification processes are at high technology readiness levels and ready for 

commercial deployment. Pre -treatment of feedstocks (torrefaction for 

biomass, RDF production for waste) is considered essential for stable 

operation. Syngas -to -methanol conversion is well understood and 

commercially available at smaller scales. Fischer -Tropsch synthesis is seen 

as viable mostly at large scale.

Several technology approaches are in active development in the 

Netherlands, each reflecting a different scaling philosophy. Gidara Energy's 

HTW fluidized bed technology operates at lower temperatures with long 

residence times, handling all conversion including tar management in a 

single reactor step. The HTW design has over a decade of commercial -scale 

operational history on lignite in Germany, later extended to waste fractions 

and municipal solid waste. 

For biomass, torrefaction can be used as a pre -processing step to create a 

coal-like feedstock suitable for entrained flow gasification, the only 

gasification technology proven at megaton scale. Torrefaction removes 

moisture and volatiles, which improves gasifier stability but reduces the 

carbon available for conversion. DOPS has developed a novel batch -fed 

modular gasifier designed for factory -built replication at 100 kton scale, 

targeting a wide range of feedstocks including organic waste, sludge and 

potentially even composite materials such as wind turbine rotor blades.

Views on scaling differ. Some interviewees point to persistent challenges 

with feedstock variability, ash behavior and process stability when moving 

from demonstration to industrial scale. Others point to specific design 

choices and project experience that address these issues. The general view 

is that larger plants will use multiple gasifiers feeding into shared 

downstream conversion, giving robustness through redundancy while 

purification and synthesis benefit from economies of scale. Several 

developers position their technology as a platform with the ability to 

produce methanol, electricity, hydrogen or carbon products depending on 

market conditions.

No commercial -scale plant for waste or biomass -to -methanol has yet been 

built and operated continuously in Europe. The experience with Enerkem 

showed that the road from technology to stable commercial operation is 

hard. Their acquisition by Repsol and the subsequent FID for a 240 kton

methanol plant in Spain shows that a major industrial player with strong 

engineering capacity is willing to invest in making this work. Past Dutch 

experience also showed that projects can fail for many reasons beyond 

technology, including logistics, management and financing. First -of -a-kind 

industrial demonstration is still seen as a necessary step across the sector. 

Technology archetypes are described in Deliverable 1.

Views on syngas value chain development 
Technology and readiness

Syngas value chain in Rotterdam HIC - Deliverable 3: Staircase assessment by external 
stakeholders
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The Asset perspective

From the Asset perspective we look at the elements needed to build a value chain, from 

feedstocks to product. From the interviews a good perspective can be obtained on the state 

of development of the field. We summarize the key observations.

Technology

The core technology for gasification has a long history, various processing technologies have 

been developed and matured, and the general opinion is that the technology for waste and 

biomass gasification is at high TRL levels. However, implementation is not straightforward, 

because gasification of waste and biomass means processing highly variable feedstocks with 

a high degree of impurities and variable content. Pre -processing of feedstocks is important 

to homogenize the feed, and downstream purifications are important for delivering a 

controlled syngas quality. Depending on choice of product this still leaves many choices to 

be made for system design. On the one hand there is a general opinion that the technology 

can perform and is ready for larger -scale roll -out. At the same time, because of the 

limitations in the technology, innovation in the core technology is still ongoing.

Biomass gasification

The general opinion is that for stable operation of the gasification process torrefaction is 

important. This produces hard coal and removes volatile components that form tars and 

potential for fouling. The hard biochar is gasified , and this should give a stable, high -

throughput process. The light fraction from the torrefaction process is burned and provides 

heat that can be used directly in the plant (e.g. for drying ) or it can be used to generate heat. 

A downside is that this reduces carbon efficiency of the process. This route is being 

developed by Perpetual Next.

Waste gasification

Waste is first transformed to RDF ςRefused Derived Fuel. These are pellets that have a fairly 

homogeneous composition and a high carbon content. In the RDF production about half of 

the waste stream is captured as feedstock and half is rejected and still available for waste 

incineration. Current main use of RDF is in cement production. There is an RDF market in 

Europe for this purpose.

On the stability and operations of waste gasification views vary. There have been several 

attempts for the Enerkem process to operate, in The Netherlands and Canada, but a stable 

long-term running process has not been demonstrated yet. The opinion was shared that this 

is only due to lack of business case, and not so much due to technology issues. Enerkem is 

now acquired by Repsol, and new process development is ongoing in Spain.

Gasification Innovations

Two innovative companies approach the market with very distinctive new gasification 

technology:

ÅDOPS develops a gasification unit where the carbon -rich gas that emerges when 

feedstocks are initially heated are kept in the gasification chamber and passes through a 

moving bed of gasifying material. In this way the gaseous flow is thermally decomposed 

which removes the risks of tar formation and fouling and gives a stable and very flexible 

process. The outlook is that the DOPS process can handle a wide range of feedstocks. The 

gas that is generated can partially be used to provide heat to the process, or can be used 

to generate power, thus giving the potential to produce multiple products. A first 

demonstration plant is in development.

Å SCW- Supercritical water gasification uses high -pressure high -temperature water to 

gasify streams that are wet in nature. This prevents or reduces the need to dry the 

feedstock and gives very controlled gasification conditions. Product mix contains a high 

degree of methane and is seen as a route to produce green gas. The technology is at a 

demonstration scale and SCW is looking at for example gasification of wet feedstocks 

from water treatment residues, but also from industrial waste streams that are otherwise 

hard to process. 

Views on syngas value chain development 
Industrial Assets (1/5)
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Investa Innovation Park setting

The Investa Innovation Park in Alkmaar has been created to provide an environment for 

piloting research and innovation and carry out scale -up to first (pre -)commercial scale 

operations. DOPS and SCW are both operational in this park and SCW has scaled units on 

site while DOPS is currently carrying out small -scale pilot tests and developing a first of a 

kind 100 kton /yr demonstration plant. There are a number of advantages of the Investa 

setup. Firstly, it aims to create an innovation ecosystem where technology development and 

scale-up comes together, and parties learn together. Permitting is arranged as the park is 

covered by the local Bergermeer UGS permits. There is also the HVC waste processing 

facilty , who can provide feedstocks and give development support. Investa provides a 

valuable and lively ecosystem for first -of -a-kind scale -up projects.

Scaling strategies

To reach large volumes, scale -up of the technology is necessary. The general view is that the 

gasification step has a productivity rate that is determined by the characteristics of the 

specific type of gasification process and this has certain scale limitations. Therefore, scaling 

of a gasification plant will typically consist numbering up by using multiple gasifiers to 

produce the syngas. Upstream pre -treatment and downstream purification and conversion 

may lend itself better for economies of scale and syngas is typically aggregated, treated and 

converted in one larger -scale process unit or train to the target product. Having multiple 

gasification units gives a certain degree of robustness and flexibility to the system for 

operations and maintenance cycles that may be needed for stable long -term operations. 

Across the different technologies, scale -up strategies depend on technology maturity and 

capabilities of the project developer or asset owner -operator.

Full scale and modular projects ςpast and present developments

In The Netherlands gasification has been applied since long times. Originally for city gas, 

with introduction of the Haber -Bosch process it served for production of ammonia and 

fertilizers at DSM and at Yara Sluiskil. Cokes gasification was replaced by natural gas with the 

development of the Groningen gas field. Later gasification was applied for electricity 

production from coal in Buggenum, Limburg, at the Willem -Alexander centrale . It was seen 

as a cleaner route to use coal for power generation than direct incineration, with the 

potential for pre -combustion CCS and biomass gasification. Operational experience has 

learned that stable large -scale operation of gasification was not without operational 

difficulties. One major initiative for gasification -based chemicals was the Waste -to -Chemicals 

project,  aimed at producing methanol from waste, later shifting its focus to fuels from 

waste. This project was supported by a strong industry consortium, but for various reasons 

not brought to completion. 

Several full -scale projects are currently in development in The Netherlands. For routes from 

biomass, Perpetual Next currently develops projects at a scale of 100 kton C/yr, with 

locations in Moerdijk and Delfzijl . The full -scale plant is aimed to deliver 220 kton /yr 

methanol and has feedstock requirements of 1.2 Mton /year for this production rate. Losses 

come from drying and losing light fractions in torrefaction, and process efficiencies of 

gasification and methanol synthesis. 

For routes from waste Gidara is developing the AMA project to convert 360 kton /yr 

(biogenic) waste into 90 kton /yr bio -methanol, but current status is unclear; RWE is 

developing the FURECproject in Limburg. The FUREC project aims to convert 700 kton /yr 

municipal solid waste and produce 50 kton /yr hydrogen for the Chemelot site, with the 

potential to produce syngas carbon products at a later stage or after further scaling. The 

hydrogen will be used by OCI at Chemelot to produce ammonia and reduces natural gas 

intake by 280 million cubic meters. 

Views on syngas value chain development 
Industrial Assets (2/5)
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Value Chain

For syngas from  waste and biomass fully new value chains need to be built up. Parties were 

interviewed with different roles in the value chains that need to be developed. 

Feedstocks ςWaste Sector

In NL we collect and process approximately 8 million tons of municipal waste and 80 million 

tons of construction waste per year. Municipal waste is incinerated and generates electricity 

and heat that is supplied to urban use and to industry. The waste is considered 

approximately 40% biogenic (e.g. from wood). Across the sector, as most waste is being 

processed, at this moment relatively small amounts of waste are available for gasification. 

There are different options to do this. Aggregating waste from several waste collectors could 

lead to sufficiently large volumes with a robust supply to run one or more smaller 

gasification processors (100 ktC/yr range) across The Netherlands. A different approach is 

the FUREC route, where all waste from the Province Limburg is collected centrally, pre -

processed into RDF, where the reject fraction still goes to the incinerator, but the RDF gets 

gasified centrally bij RWE. When scaling up the use of domestic waste to Mton /yr ranges, this 

will lead to such high volumes of waste that it asks for restructuring of the waste sector 

and/or securing RDF imports from abroad, in Europe or overseas. In many European 

countries waste is still dumped in landfills, so potentially the import can be organized to 

substantial volumes, but if gasification of waste to hydrocarbons and methanol becomes 

attractive, also regional processors may decide to step in. 

Feedstocks ςBiomass

Biomass in The Netherlands today mostly has commercial applications. Wood for energy 

use, both from domestic and imported origin, is pelletized and used for home use or for 

industrial use for heat or power generation. Even though bio -economy has received much 

attention and seen with much potential, there is relatively little conversion of biomass to 

industrial products and fuels. For setting up new value chains wood, residue wood and other 

biomass that can qualify will be partly domestically produced and partly imported. Perpetual 

Next has been setting up operations in Estonia and may combine nationally produced 

biomass with imported streams for their gasification projects. 

Products

Methanol was produced in The Netherlands by BioMCN (now owned by Methanex) when we 

produced gas from Groningen. With the downturn of gas and commissioning of large -scale 

overseas methanol production facilities the methanol used these days is imported. There 

are some small -scale Methanol developments in The Netherlands planned (e.g. by DOPS) 

and projects aim to come on stream in the next years. In Europe there are multiple projects 

that aim at eMethanol and eSAFat 50 to 100 kiloton scale. These various smaller sources 

provide Methanol feedstock as fuel, or feedstock for further processing. There are initiatives 

in the Rotterdam HIC for Methanol -to -Olefins (Blue Circle) and Methanol -to -SAF (Power2X) 

who aim to come onstream by the end of the decade. 

Hydrocarbons are obviously currently produced through refining of crude oil. Biodiesel is 

produced mainly by Neste, from hydrotreated vegetable oils. No substantial synthetic fuel 

production from waste or biomass is currently taking place in the National market. Synthetic 

fuels through syngas are produced through Fischer -Tropsch in very large volumes by Shell at 

its Pearl site in Qatar and by Sasol in South -Africa.

Hydrogen

Views on syngas value chain development 
Industrial Assets (3/5)
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