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Learning from the past:
the sustainable future 
of syngas

Technological developments have made Chemelot the 
site it is today. They also offer starting points for creating 
a sustainability roadmap towards the benchmark years 
of 2030 and 2050. Synthesis gas, or syngas, is a mixture 
of carbon monoxide and hydrogen that has played an 
important role in the development of Chemelot in the past 
and may also help make the site more sustainable in the 
future. In this article, historians Ton van Helvoort (Acta 
Biomedica) and Ernst Homburg (Maastricht University) talk 
to Brightsite's Paul Brandts and Reinier Grimbergen about 
the history of syngas, its future and the challenges posed the 
energy and raw materials transitions.

Given its size, the chemical industry can make 
a substantial contribution to achieving the cli-
mate targets. At Chemelot, naphtha and natural 
gas are currently used for the synthesis of plastic 
products and fertilisers. In 2019, these processes 
generated 5.8 megatons of greenhouse gas emis-

sions, which is about 30% of Limburg's emissions 
and 3% of all emissions in the Netherlands. By 
choosing 'green' raw materials and switching our 
energy supply to renewable electricity, we can 
make the plants at Chemelot more sustainable.

Learning from previous 
transitions 
"We need to make every effort to achieve these 
energy and raw material transitions in time. The 
2030 targets are expected to be largely achieved 
through measures that have already been identi-
fied. However, the zero-emissions target for 2050 
still requires several radical solutions", explains 
Paul Brandts, Intelligence Officer Brightsite (read 
more about this in 'Brightsite Transition Outlook 
2022'). Chemelot has already been through sever-
al transitions in the past. The transition from coal 
to naphtha and natural gas was particularly signi-
ficant. How did that work? And is there anything 
to learn from that transition in terms of the current 
challenges? Is it possible that intermediates and 
technologies from the past will be used once 
again in this new transition? Will there be a new 
role for the well-known syngas?   

Paul Brandts, Intelligence Officer Brightsite:

"In the future, if we have 
enough CO₂-free energy and 
grid capacity at our disposal, 
syngas from water and CO₂ is 
the ultimate way to make all 
kinds of products."

Figure 1 Chemelot's products are based on ammonia, ethylene and propylene, which are made on a large scale on the site from the 
raw materials natural gas (ammonia) and petroleum naphtha (ethylene and propylene). By making these raw materials greener and 
switching energy supply to CO2-free electricity, the plants at the Chemelot site can essentially eliminate all fossil CO2 emissions (net 
zero) and thus make all of their products more sustainable.
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Chemelot—for a long time predominantly a DSM 
site—is a chemical industrial park that has its 
roots in the coal industry. DSM, which originated 
from the Dutch State Mines, was established in 
1902 as a state-owned company to exploit the 
coal reserves in Limburg. "DSM started its che-
mical activities in its first cokes plant as early as 
1919. The coal mined in Limburg was a type of soft 
coal not suitable for domestic use. The coal was 
therefore pyrolysed in coke ovens to form syngas. 
This gas was used in part by households through 
an extensive DSM distribution network in Limburg 
and part of Brabant (now part of the Gasunie gas 
network) and in part for the production of ammo-
nia. When natural gas came onto the market from 
Slochteren, the plants were converted and the 
ammonia plants set up in 1929 switched to natu-
ral gas. These plants were constantly increasing in 
size due to the growth of fertiliser-intensive agri-
culture. The distribution network also switched to 
natural gas. Eventually, the cokes plants and mi-
nes were gradually phased out, until the last coal 
mine was closed in 1974", says Ernst Homburg, 
Emeritus professor of History of Science and 
Technology at Maastricht University. "DSM has al-
ways focused on its own R&D capacity and been 
driven by whatever technologies are available and 
competitive. In addition to the cokes plants, which 
resulted in the creation of the urban gas networks, 
DSM's chemical activities were also spurred on 
by gaseous and liquid raw materials such as am-
monia, benzene, naphthalene, phenol and simple 
hydrocarbons such as ethylene. This was the birth 
of the petrochemical industry. In 1929, for exam-

ple, the Stikstofbindingsbedrijf (Nitrogen Fixation 
Works, SBB) opened an ammonia and fertiliser 
plant — where ammonium sulphate was produced 
from sulphuric acid and ammonia (in turn made 
from coke oven gas or syngas). This was followed 
by water gas/syngas plants in 1949, a caprolactam 
plant in 1952 and a urea plant a few years later. Fi-
nally, the first naphtha cracker entered the scene 
in 1963", adds researcher and science and tech-
nology writer, Ton van Helvoort. Read more about 
this in the book 'A century of chemical technology 
in the Netherlands'.

Ton van Helvoort, researcher and author Acta 
Biomedica:

"We need new processes to 
increase efficiency, if we want 
to use biobased raw materials 
and plastic waste as suitable 
raw materials for syngas via 
gasification."

"Gasification has been around for two centuries 
and was, for example, an important step in the 
conversion of coal into hydrogen and carbon 
monoxide (see the box ‘What is syngas and how 
does gasification work?'). Liquid fuels could then 
be synthesised from this syngas using special 
catalysts. Syngas can also be used, without any 
further processing, as a fuel to generate electricity 
or steam. These applications were widely used 
at the time, but involved the emission of carbon 
in the form of CO2, which is not desirable nowa-
days. However, hydrogen can also be isolated 
from syngas and then used as a basic chemical 
building block for a large number of applicati-
ons in the chemical industry. Hydrogen is a very 
attractive raw material and could prove to be 
the chemical industry's silver bullet. The limiting 

factor for sustainable development is that produ-
cing the amount of CO2-free hydrogen we need 
via electrolysis requires a lot of CO2-free electri-
city. Bio-based raw materials and plastic waste 
are suitable raw materials for obtaining syngas 
through gasification, but new processes must be 
developed to increase the efficiency. If syngas is 
to be used for future applications within a circular 
economy, we will need a broad impact analysis of 
that transition. After all, bio-based raw materials 
and plastic waste cannot be supplied through pi-
pelines like naphtha and natural gas. Instead, they 
have to be supplied by boat, rail or road. This kind 
of a raw materials transition must also take into 
account major economic, social and therefore 
also political factors", says Van Helvoort.

Syngas is a gas mixture of carbon monoxide (CO) 
and hydrogen (H2) and can be prepared from 
many different organic materials. For instance, 
it can be obtained from the gasification of coal, 
bio-based raw materials and waste or by reaction 
of carbon dioxide with, for example, green hydro-
gen from electrolysis (Figure 2). Syngas can then 
be used to produce ammonia, ethylene and pro-
pylene. Gasification is a high-temperature chemi-
cal process in which materials are converted into 
mainly CO and H2. The technology is very flexible 
and can handle both pure raw materials (for 
example methane, CH4) and an otherwise unusa-
ble mix of all kinds of waste or bio-based raw ma-
terials. Brandts: "The molecules in such a mixture 
are very varied, but you often find characteristic 
molecular fragments such as -C- ('carbon') in 
charcoal, -CH2- ('hydrocarbon') in plastics and 
fats or -C-H,OH- ('carbohydrate') in wood cellulo-
se. The high temperature can be achieved by ex-
ternal heat supply or by adding some oxygen. This 
also creates CO2, which can be converted back to 
CO in an intermediate step. Because of the high 
temperature, large molecules are broken up and 
the fragments react with water (or oxygen) to form 
CO and H2; or syngas (Figure 3).

The transition from coal to natural gas and naphtha What is syngas and how does gasification work?

Syngas as a route to circularity
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Figure 3 Chemistry of syngas preparation. A few examples 
of how syngas can be prepared from typical molecule frag-
ments that are part of the wide variety of possible feedstocks. 
CO2 may also be released if oxygen is used.

Figure 2 Syngas can be prepared from many different organic 
materials, which contain carbon in addition to varying 
proportions of hydrogen and oxygen.

https://brightsitecenter.com/must-read-a-century-of-chemical-technology-in-the-netherlands/
https://brightsitecenter.com/must-read-a-century-of-chemical-technology-in-the-netherlands/


Within chemistry, the spotlight is once again on 
'C1 chemistry' — the chemistry of molecules with 
a single carbon atom. With the transition from a 
fossil raw material such as naphtha, which con-
sists of longer molecular chains, to non-fossil 
sources, we will increasingly fall back on short 
C1 molecules in addition to technologies such as 
mechanical recycling and solvolysis. These mo-
lecules, such as methane, carbon monoxide, car-
bon dioxide and methanol, are hugely important 
building blocks for the industry. "When using an oil 
product such as naphtha, you break up large mo-
lecules into pieces, producing not only valuable 
molecules but also fuels such as methane, crac-
ked gasoline and other fuels, for which there will 
probably be no market in the distant future. With 
C1 chemistry, you join small C1 sections together 
in a targeted way, but this increases the amount 

of energy required: a major problem for the time 
being. Not only does sustainable electricity pro-
duction still fall short, but we also need a dramatic 
increase in grid capacity. There is also the option 
of stringing together various processes: from C1 
via Fischer-Tropsch to synthetic naphtha and from 
there to C2, C3, C6 and other important Cheme-
lot products (Figure 4). That synthetic naphtha 
is in fact a 'drop-in': the rest of the synthesis can 
remain the same. There is a lot still to investigate, 
like the integral energy consumption and the spe-
cific form this will take, such as electricity or par-
tial combustion. However, provided that sufficient 
CO2-free electricity is available, C1 chemistry with 
syngas could be an extremely versatile tool when it 
comes to making the chemical industry greener", 
Brandts emphasises. 

Figure 4. Syngas made from various sources of carbon could make many of Chemelot's 
products greener in the distant future.

Challenges and constraints — lack of renewable energyFrom long chains to C1 chemistry

"Syngas is particularly interesting because it can 
be made from new raw materials such as unusable 
plastic waste and biomass waste. This means it 
is once again a key building block in the chemi-
cal industry. Traditionally, hydrogen was the main 
driver of syngas use. Even now, Chemelot still has 
a strong demand for hydrogen for the production 
of ammonia and other chemicals. In general, ho-
wever, there is also a growing appreciation of the 
carbon in syngas. After all, how do you get carbon 
if you don't want to use fossil resources? Waste 
and bio-based raw materials are certainly good 
options, but are they enough to sustainably close 
the loop and support the expected global econo-
mic growth? Ceasing to burn fossil resources is the 
first step: this is what we call the energy transition. 
However, as long as alternative carbon sources are 
not available in the large volumes required, we will 
be forced to continue using natural gas and cru-
de oil for raw materials for the foreseeable future. 
Setting up a completely new 'green raw materials 
industry' will take time. Renewable raw materials 
from waste, bio-based raw materials and CO2 still 
need to be made available (accessible) and con-
verted into large-scale marketable commodities 
that can be used by the chemical industry. In soci-
ety as a whole, and for Chemelot specifically, it is 
to be hoped that in the future we will have enough 
CO2-free energy and grid capacity at our disposal. 
But this is not yet the case. Given the short time re-
maining, some form of central coordination would 
be very desirable. Once that energy is available, 
syngas from water and CO2 will be the ultimate tool 
for producing all kinds of products", says Brandts.

"For the transition from natural gas to renewable 
electricity, we depend to a large extent on the glo-
bal availability of renewable energy. Chemelot still 
needs to make a number of large-scale adjust-
ments when it comes to the generation, supply and 
use of electricity. The current supply of sustainable 
electricity is insufficient. The same applies to grid 
operator infrastructure, so that electricity can be 
made available locally to Chemelot and other large 
consumers. In South Limburg, we have more con-
trol over the raw materials transition, because so 
much of it is in our own hands. Supply chains of 
waste, bio-based raw materials and CO2 from the 
air or ocean will not be fully scaled up until bet-
ween 2030 and 2050 and will then be able to play a 
major role. A recent publication by TNO VoltaChem 
explains where renewable electricity can best be 
used to achieve the largest reduction in emissions 
for the Netherlands.  Replacing coal- and natu-
ral gas-based power generation with sustainable 
electricity is at the top of the list, while the transi-
tion of raw materials chemistry is lower in priority 
for reducing emissions in the Netherlands, but 
will prove to be at least as essential. Despite the 
fact that plastics have a bad image, the worldwide 
demand for polymers is expected to steadily incre-
ase. Refineries will have to shift their product range 
from 80% fuels and 20% raw materials in 2018 to 
20% fuels and 80% raw materials by 2050. That’s 
the real transition!", explains Reinier Grimbergen, 
Accountmanager at Brightsite and Principal Con-
sultant at TNO.

Reinier Grimbergen, Principal Consultant TNO:

"The development of 
processes and products in the 
history of DSM and Chemelot 
have led to a broad expertise 
base and innovation culture. 
This makes this location 
attractive for a sustainable 
chemical industry."
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"The decision to switch from coal to natural gas 
in Europe after World War II was based both on 
economic and geopolitical considerations. Geo-
politics also plays a role in the current transitions", 
emphasises Grimbergen. Coal gasification is cur-
rently being employed on a large scale in China. 
"You may wonder whether you should start using 
a patent-protected technology, that is already 
in place in China, in Europe", says Van Helvoort. 
Grimbergen expects global green ammonia and 
methanol chains to emerge, with production lar-
gely outside the Netherlands. "We are currently 
importing natural gas and oil, but that will soon 
change. Many existing technologies for the pro-
duction of chemical products remain essentially 
the same and can be further improved, although 
there is, of course, still a major energy and raw 
materials transition to go through first. Chemelot 
and the Netherlands will continue to be attractive 
locations for the chemical industry in the future. 

We have acquired the necessary know-how and 
have many knowledgeable experts in-house. 
Following the crisis in the 1970s, DSM scaled 
back its own research and began focussing on 
speciality products instead of bulk chemicals. 
However, the development of processes, pro-
ducts and plants within DSM, the spin-offs and 
companies that have now acquired parts of DSM 
have led to a broad base of expertise in the fields 
of catalysis, process technology, and waste and 
water treatment. Chemelot is building on this with 
its progressive and innovative vision", concludes 
Grimbergen. 
Who would have thought that the well-known syn-
gas from coal from millions of years ago—which 
laid the foundations for Chemelot and its current 
success—would once again make an appearance 
as sustainable syngas from the green energy and 
carbon sources of 2050? Yes, we have certainly 
come full circle!

The future of the Dutch chemical industry

Cooperation in the chain and long-term policy

In addition to providing sufficient renewable 
energy and raw materials, cooperation in the chain 
and long-term policy are crucial to achieving the 
climate objectives. "I do not think that the Dutch 
or European authorities have a long-term vision. 
Perhaps we need a climate management team, like 
the Outbreak Management Team, to look at the big 
choices in society and identify the consequences 
of different options and the overall package that 
will make it possible to achieve the climate ob-
jectives", says Homburg. "We will need sufficient 
CO2-free energy, sufficient grid capacity, a critical 
screening of the sustainability of the biofeeds-
tocks used and careful coordination to achieve 
the climate goals as efficiently as possible. There 
will need to be incentives for acquiring technology 
and establishing links with trendsetters in the field 
of these transitions. “This is no different from a 
century ago when DSM started developing its che-
mical activities: many processes and plants were 
bought from existing stock or developed by engi-
neering firms. The cooperation between Chemelot 
and RWE in the area of circular waste disposal by 
gasification to form syngas is a good example of 
this. Pilot plants will play a crucial role in the deve-
lopment of the chemical and electrochemical pro-
cesses that will be needed to realise these tran-
sitions, such as Coolbrook's electric cracker and 
the technology being developed by many different 
companies to process various waste streams, such 
as plasma technology. Another example is BrigH2, 
which is developing a 50 MW demo plant at Che-
melot for syngas production by gasification of 

torrefied bio-based raw materials. These kinds of 
pilot plants will be used to refresh and innovatively 
expand our existing knowledge of syngas proces-
ses. Now, however, it will be used as the foundation 
for a future-proof circular chemical industry".
"It is also necessary to inform residents, admi-
nistrators and politicians at regional and national 
level in good time about the alternatives available, 
their financial costs and the environmental burden 
that the transitions will entail. That could be done 
through a climate roundtable", says Van Helvoort.

Ernst Homburg, Emeritus Professor, Maastricht 
University: 

"An climate management team, 
like the Outbreak Management 
Team that, in addition to 
looking at the consequences 
of options, also provides a view 
of a total package for meeting 
climate targets can provide a 
solution for long-term policy."

Does your company 
recognize itself in 
the working method 
of Brightsite? 
We have to pull out all the stops to make the 
transition of energy and raw materials in a timely 
manner. Syngas, a mixture of carbon monoxide and 
hydrogen, can play an important role in making the 
site more sustainable, not only in Chemelot's past 
but also in the future.

Would you like to know more about the new 
route that syngas offers to a future-proof circular 
chemical industry, or would you like to participate 
in this development? 
Then get in touch with us.

Paul Brandts
Intelligence Officer Brightsite 
Paul.Brandts@brightlands.com

brightsitecenter.com

The content of this article was partly created with 
input/visual material Voltachem, and is supported 
by the Province of Limburg and ChemistryNL.
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