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Synthesis gas, known as syngas, may be able to help 
make Chemelot more sustainable. For future applications 
within a circular economy, a broad impact analysis of a 
transition based on syngas routes is required. With this 
study, Brightsite maps out the possibilities and issues to be 
investigated in the application of syngas at Chemelot.

Study investigates 
technological options for 
using syngas

We have to pull out all the stops to bring about 
the transition of energy and raw materials in 
a timely manner. Syngas, a mixture of carbon 
monoxide (CO) and hydrogen (H2), has played an 
important role in the development of Chemelot 
in the past and may also help to make the site 
more sustainable in the distant future. (Read 
more about this in the article "Learning from the 
past: the sustainable future of syngas"). "There 
are several questions that we still have to answer 
regarding possible future syngas production and 
use at Chemelot. How and when can syngas be 
made climate neutral? What does this mean 
for other routes? In what way can syngas play 
a role at Chemelot? With the study entitled 
"Syngas production and processing at Chemelot; 
TRL study and technology comparisons", Levi 
Pieroen has laid down a good basis from which 
to continue. Syngas is particularly interesting 
because new raw materials such as unusable 
plastic waste and biomass waste can be 
converted into it, however, new processes need 
to be developed to increase the efficiency. 
And a lot still needs to be researched, such as 
integral (chain) aspects of energy consumption 
and carbon efficiency (CO2 emissions). If 
sufficient carbon-free electricity is available, 
syngas can eventually—we are talking about in 
30 years' time—play a role as a 'jack of all trades' 
in the greening of the chemical industry. The 
research carried out by Pieroen, has yielded a 

lot of information as well as raising several new 
questions. Follow-up studies will therefore be 
conducted", says Paul Brandts, Intelligence 
Officer at Brightsite and one of the project 
supervisors of the syngas study.

What is syngas? 

Syngas is a gas mixture of CO and H₂ and can be 
prepared from many different organic materials. 
For example, it can be obtained by gasification 
of natural gas, coal, bio-based raw materials or 
waste. But also from carbon dioxide from the air 
or industry. Also, in some cases more than others, 
additional hydrogen must be added, for example 
green hydrogen from electrolysis. Gasification is 
a high-temperature chemical process in which 
materials are converted into mainly CO and H₂. 
Syngas can be used to produce a wide range 
of products, including ethylene, propylene and 
hydrogen, which are important for Chemelot. The 
technology is very flexible and can handle both 
pure raw materials and an otherwise unusable mix 
of all kinds of waste or bio-based raw materials.
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Figure 1: Syngas made from various sources of carbon can provide for the greening of many
of Chemelot's products in the further future.
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Minuses

-- Much of the feed is lost 
 in the form of CO2.
--  High oxygen usage.
- -  Pre-processing of feed raw 

materials required.

Minuses

- - Large amount of external  
 (green) energy needed.

Minuses

- - Much of the feed is lost  
 in the form of CO2.
-  -  Temperature dependent on 

bed properties. Often lower 
T than EF gassification and 
therefore lower efficiency and 
more tar formation.

-  -  The bed should be changed 
regularly.

Pluses

+ Auto thermal (no external  
 energy input required).
+  High reactor temperature and 

high carbon conversion.
+ No tar formation.

Pluses 

+  Auto thermal (no external 
energy input required).

+  Possibility of electrification in 
the future (less losses to CO2).

Pluses 

+  Not autothermal, possibility 
of minimizing CO2 emissions 
when using green power.

+  Especially at very high tem-
peratures, very high carbon 
conversion.

+ No tar formation.

In the plasma reactor, raw 
materials are gasified by 
plasma to produce syngas. This 
requires a lot of external energy, 
when green power is used for 
this purpose syngas can be 
produced with little to no CO2 
emissions. Gasification takes 
place in the reactor after which 
syngas can be removed at the 
top of the reactor.

EF reactor FB reactor Plasma reactor

In this reactor, the feedstock and 
the oxygen/steam mixture are 
both added to the reactor from 
the top. The reactor temperature 
is above the melting temperature 
of the ash being formed.
The ash is removed as slag from 
the bottom of the reactor. The 
synthesis gas is removed at the 
bottom on the side of the reactor.

In the fluidized bed reactor, the 
reactor bed is fluidized in combi-
nation with the feed (plastic or 
biomass etc) this creates a lot of 
contact area between the feed 
and the oxygen/steam mixture 
where gasification can occur.
It can be seen that the feeding 
of the oxygen-steam mixture 
takes place at the bottom and 
that the fuel feedstock is added 
in the bed. The product (syngas) 
is removed from the top of the 
reactor. Ash can be removed at 
the bottom.

Different routes to syngas

"When Paul Brandts and René Slaghek 
(Technology Manager at Brightsite) asked me 
to list the possibilities of syngas as a valuable 
intermediate product in a future circular economy 
at Chemelot, I was immediately enthusiastic. I 
started to look at how syngas can be produced 
and at the possible future applications. The first 
step was to explore potential technologies for 
producing syngas at Chemelot. And that includes 
looking at what we could use it for, so mapping 
possible integration points on the site. Syngas 
used as a chemical building block—not as a fuel—
requires high quality and specific concentrations", 
explains Levi Pieroen, Chemical Engineer at 
Sitech. 

Syngas can be produced by gasification of various 
products (see box "What is syngas?"). "I looked 
at seven different technologies/reactor types, 
out of which entrained flow (EF) gasification, 
fluidised bed (FB) gasification and plasma 
technology seemed to be the most promising. 
The plasma reactor requires a considerable 
amount of externally supplied energy and is 
therefore especially interesting when a lot of green 
electricty is available. Its benefits, however, low 
CO2 emissions and high carbon conversion. EF 
and FB gasification require less external energy 
as they can be operated auto-thermally. As a 
result, approximately 50% of the carbon from the 
raw material is lost in the form of CO2 emissions. 
In addition, EF requires a lot of preparatory work 
before bio-based raw material/waste can enter the 
reactor, while FB requires regular replacement of 
the reactor bed due to tar formation. Nevertheless, 
EF and FB gasification are the most promising 
gasification technologies. Moreover, the latter has 
the potential to be electrified in the future if a lot of 
green electricity is available," explains Pieroen.

Availability of bio-based 
raw materials and 
plastic waste
There are many uncertainties about the future 
demand and availability of bio-based raw 
materials. While it is certain that demand and 
availability will grow, estimates vary widely. "There 
is still a lot of uncertainty and it depends, among 
other things, on subsidies and the political climate. 
It is expected that the raw material will consist 
mainly of wood and straw-like materials. I also 
looked at what waste, sorted municipal solid waste 
(MSW) such as plastics is available. Plastic waste 
is split into six streams in the Netherlands. Given 
its low value, mixed plastic (DKR350) is the fraction 
most suitable for gasification. An assessment 
has also been made of future availability in the 
Netherlands", says Pieroen.

Levi Pieroen, Chemical Engineer at Sitech:

“The scope of the study 
includes the production of 
syngas from waste and bio-
based raw materials and the 
conversion of syngas into 
olefins via three different 
routes, with the production of 
olefins via methanol emerging 
as the best option from the 
study.”
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The scope of the study includes the production of 
syngas from waste and bio-based raw materials 
and the conversion of syngas into olefins via 
three different routes: with methanol as an 
intermediate product (methanol to olefins, MTO), 
using the Fischer-Tropsch (FT) process with 
wax as an intermediate product and ethanol to 
ethylene (ETE) with ethanol as an intermediate 
product. "Once you have the raw materials—
bio-based raw material and waste—the first 
step is the conversion to syngas, followed by 
a second intermediate (methanol, ethanol, FT 
wax) and third intermediate (olefins) that can 
finally be converted into plastic products. The 
syngas must meet a number of requirements in 
order to be turned into olefins. For example, a 
mixture of oxygen and steam must be used for an 
autothermal gasification process.

Levi Pieroen: "To work out the three routes, I 
looked at what is needed to produce 100 tonnes/
hour (t/h) of olefins (800 kt per year), the desired 
industrial scale. Autothermal gasification was 
chosen in each of the three models. In the 
MTO route, syngas is converted into methanol 
and then into ethylene and propylene (after 
conversion of some butene and ethylene into 
propylene). To produce 50 t/h ethylene and 50 

t/h propylene requires 209 t/h waste DKR350 or 
1.7 megatonnes per year. In addition, 243 t/h or 
nearly 2 megatonnes per year CO2 is released. The 
FT route includes steam cracking of FT product 
and is therefore more complex. With optimistic 
assumptions about maximum yields of olefins, 
approximately 220 t/h DKR350 is required for 100 
t/h of product: mainly ethylene and propylene, 
plus some other high-value chemicals. In 
addition, 272 t/h or over 2 megatonnes/year CO2 
is released. The ethanol route requires 206 t/h 
DKR350 for 100 t/h ethylene, producing 235 t/h 
CO2. The energy balances (carbon efficiency) 
of the routes do not appear to differ greatly 
from each other: approximately 56% (MTO), 
53% (FT) and 57% (ETE). Thus, the MTO route 
appears to be chemically and thermodynamically 
more efficient because the process steps are 
exothermic or autothermic and more selective. 
As a result, the production of olefins via methanol 
emerges as the better route from this study, but 
it also makes it clear that the carbon efficiency of 
the syngas routes can still be improved."

Processing syngas at Chemelot The way forward

The gasification part of the production of polyole-
fins has yet to be proven on the desired industrial 
scale. "As said, several technologies are available 
for the gasification of waste or biomass, but none 
of these are already being used on an industri-
al scale for chemical production. Most are in 
the pilot or demonstration plant phase. There is 
therefore a low TRL (5–7): and various steps still 
need to be taken. Moreover, economic aspects 
of gasification at Chemelot are not addressed in 
this study; research into these is still to be carried 
out. The question remains as to how and when 
syngas can play a role. Further research needs to 
be carried out into the relationships between the 
raw material composition (which may fluctuate), 
the other input (e.g. extra hydrogen, electricity, 
oxygen, steam etc.), control of the composition of 
the syngas output, the ratio between CO/H2 and 
concentrations of other compounds. Finally, ways 
of reducing CO2 production during gasification 
also need to be investigated. Plasma gasification 
is attractive, but it is also clear that higher costs 
constitute an economic barrier for the time being. 
Syngas production from the co-electrolysis of 
water and CO2 is totally emission-free and may 
be interesting in the long term. And so there are 
more technologies that were out of scope here. 
Besides aspects such as TRL and integral energy 

consumption in the chain, the time frame for im-
plementation at Chemelot and in the Netherlands 
is also important. This needs to be investigated 
further, with a view to, among other things, the role 
of the CO2 footprint of the electricity required and 
available in the future," Brandts looks ahead.

Paul Brandts, Intelligence Officer Brightsite:

“In addition to TRL and 
integral energy consumption 
in the chain, the time frame for 
implementation at Chemelot 
and in the Netherlands is also 
important, for example the 
carbon footprint of electricity 
needed and available in the fu-
ture.”

Figure 2: FlowSchedule gasification + MTO route based on DKR350

Does your company 
recognize itself in the 
working method of 
Brightsite? 
The study of options involving syngas at Chemelot is 
part of Brightsite's program line 5 ‘Transition scenarios 
and system integration’. We seek principles and 
technologies on how to keep carbon in circulation in a 
circular economy in the best possible way.

Would you like to find out more about the possibilities 
for using syngas to make chemistry more sustainable? 
Or would you like to take part in this development?
Please contact us.

Céline Fellay
Program Manager Transition scenarios 
and systems integration
celine.fellay@sitech.nl

brightsitecenter.com
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