
Transition Pathways toward CO2 Neutrality
Chemical Parks as Hot Spots of the Transition into a Fossil-free Chemical Industry

Chemical parks are locations of intensive value creation. They are a 

driver for sustainable development with a high economic, ecologi-

cal and social impact. Major current challenges — short-term: impli-

cations of the war in Ukraine, mid-term: energy independency from 

Russia, and long-term: CO2-neutrality by 2045/2050 — all come to-

gether in chemical parks. But how do park operators handle these 

challenges? What initiatives are pursued to increase competitive-

ness and foster sustainable development in chemical parks across 

the globe?

These questions were the topic of a 
panel discussion with Joachim Krey­
sing, COO, Infraserv Höchst (Frankfurt, 
Germany); Tan Cheng Guan, Execu­
tive Vice President, Group CEO’s office, 
Sembcorp Industries (Singapore); Mar­
tin Naundorf, Head of Sales and Busi­
ness Development, InfraLeuna (Leuna, 
Germany); and Wouter Demenint, 
Commercial Manager Delta Corridor 
Project, Port of Rotterdam. The follow­
ing text summarizes key results of the 
discussion, which was chaired by one 
of the authors, Hannes Utikal.

Chemical Parks: Focal 
Points of Current Manage­
ment Challenges

Chemical parks exist all over the world 
in order to create value by process en­
gineering. The majority of these indus­
trial sites depends heavily on fossil en­

ergy and raw materials for production. 
One major concern of industrial parks 
in 2022 is the question on how to han­
dle the current energy crisis with the 
high and very volatile prices for natu­
ral gas and electricity. In Europe, one 
major additional challenge is the pure 
availability of natural gas. Finding im­
mediate substitutes for natural gas 
was named as the major challenge for 
chemical parks. Light oil was seen as a 
substitute for gas with regards to the 
generation of heat. Industrial park op­
erators described operational flexibil­
ity as not fully gradual — at least 50 % 
of the current natural gas supply in 
Germany would be necessary to keep 
the production system running — less 
natural gas would lead to a stop of the 
industrial production. The current en­
ergy crisis puts, thus, even more em­
phasis on the necessity to accelerate 
the transition to a fossil-free chemical 
production.

Transition Pathways are  
Site Specific

The development of a transition path­
way starts with an analysis of the cur­
rent resources and energy concept of 
a site. Local value chains and climate 
strategies of the producers on site 
need to be analyzed. One main chal­
lenge of a chemical site with multiple 
users such as the industrial parks in 
Frankfurt or Leuna is the regional co­
ordination and alignment of the global 
climate strategies published by large 
global companies. Chemical parks 
need to translate companies’ global 
CO2 reduction targets to the regional 
context and they need to report a site’s 
regional carbon footprint to the local 
community. In chemical parks, global 
climate strategies meet regional re­
quirements and reporting duties.

Role of Industrial  
Park Operators

Industrial park operators play a cru­
cial role in co-developing a defos­
silization strategy with their major 
clients. Together, they develop and 
implement the transition pathway. 
As park operators typically manage 
energy and material flows in chemi­
cal parks, they have access to emis­
sion data of different production fa­
cilities. This forms the starting point 
for developing a transition pathway. 
Depending on the governance struc­

ture of the industrial park operator, 
its role may vary: In a single- or ma­
jor-user site, the status quo analysis 
is easier as less legal entities are in­
volved in comparison with a multi­
ple-user site consisting of a variety 
of stakeholders with specific inter­
ests. A transition pathway is charac­
terized by the timing of investment in 
low carbon technologies and the bal­
ancing of economic and environmen­
tal considerations. Publicly owned in­
dustrial parks may focus more on CO2 
reduction targets and may need to 
focus less on the financial profitabil­
ity of an investment than a privately 
owned industrial park. On the other 
hand, decision-making processes may 
take longer in publicly owned parks 
compared to privately owned entities.

Geographic and  
National Context

The development of a transition path­
way is heavily influenced by the geo­
graphical location, namely the avail­
ability of fossil-free feedstock (e.g., 
biomass) and energy (solar, wind, wa­
ter, geothermal) on site or in the area. 
In addition, the current regional in­
frastructure, the availability of pipe­
lines, roads and the energy grid at the 
right dimension are crucial context 
factors. But the transition is not only 
a technical, it is a socio-technical en­
deavor: National context factors such 
as a nation’s institutional framework 
(e.g. national CO2 reduction strate­
gies, subsidies for low-carbon tech­
nologies, reliability of regulatory de­
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velopments) and a country’s position 
in technology and innovation (e.g., 
low-carbon technologies, R&D invest­
ment, openness for new technologies) 
and human capital (qualified person­
nel; available upskilling and reskill­
ing training) influence the transition 
pathway, too.

In addition, megatrends like a re­
newable hydrogen economy are lo­
cally driven undertakings and show a 
much higher availability in hot spots 
as of today. And finally, developments 
in the field of global trade and invest­
ments, the competitiveness of one na­
tion in comparison with another with 
regards to local production and con­
sumption, have to be taken into ac­
count when developing a transition 
pathway. It was mentioned in the dis­
cussion, that energy prices in Ger­
many would be seven to nine times 
higher than in the US in August 2022. 
It was assumed that higher energy 
prices may persist in Europe over 
the next years leading to a competi­
tive disadvantage of Europe with re­
gards to energy-intensive production. 
These macro-economic developments 
are context factors for the local ac­
tors, they can only partially be influ­
enced by park management or local 
stakeholders.

Green Ecosystems  
are Crucial

While chemical parks are the focal 
points of the transition, with park 
management and the major local 
producers being in charge of invest­
ments in low-carbon technology and 
using fossil-free feedstocks, they can­
not realize the transition on their 
own account. They are part of eco­

systems, which encompass comple­
mentary companies such as provid­
ers of low-carbon technologies and 
finance, actors from academia, policy 
making/regulation and civil society 
as well. Those different actors need 
to work together in order to create 
an effective transition pathway with 
economic, ecological and social ben­
efits. While some of the necessary ac­
tors are in the region of a chemical 
park, especially the links in the fields 
of innovation go beyond the region in 
which a chemical park is located.

The port of Rotterdam in the Neth­
erlands can serve as one example 
on how a multi-stakeholder ecosys­
tem may be developed and managed 
to ramp up a green hydrogen econ­
omy. The effectiveness of public-pri­
vate collaboration was seen as one 
key success factor in the transition to 
a fossil-free economy. As some of the 
technologies for a fossil free chem­
ical industry are not yet fully devel­
oped and regulatory aspects (e.g., in 
the field of carbon capture and stor­
age, CCS) are not yet clarified, a con­
tinuous public discourse on the re­
quirements of a fossil-free chemical 
industry is needed to secure public 
acceptance of new technologies.

Case Study: Process4­
Sustainability Cluster

In 2021, the cluster “Process4Sus­
tainability: Cluster for climate-neu­
tral process industries in Hesse” was 
founded in Frankfurt. It is funded 
by local companies, and the state of 
Hesse and the European Union alike, 
and managed by the Center for In­
dustry and Sustainability at Provadis 
University of Applied Sciences. In 
addition to site operator Infraserv 
Höchst, the project’s supporters in­
clude Sanofi, Clariant, Celanese, Ku­
raray and Bayer.

Goal of the cluster is to support 
companies in developing and imple­
menting transition pathways toward 
CO2 neutrality by 2045 at latest. In 
this context, suitable technical solu­
tions for reducing CO2 emissions are 
analyzed and opportunities for green 
growth are explored.

Key Levers to CO2 Neutrality

The industrial park Frankfurt sees it­
self as an innovation campus, where 
low-carbon technologies can be 
tested and scaled up in an industrial 
setting. The project partners decide 
together about joint work packages 
and joint focal points. A first step was 
to identify the carbon footprint of the 
industrial park Höchst encompassing 
the production activities of all com­
panies on site. The energy- and raw 
material-related CO2 emissions were 
analyzed (over all three relevant 
scopes). The result: direct CO2 emis­

sions associated with energy pro­
duction account for only one third of 
the total CO2 emissions; roughly two-
thirds of the emissions are associ­
ated with the fossil resources used in 
chemical production.

Together with the Society for 
Chemical Engineering and Biotech­
nology (Dechema), various transition 
pathways were analyzed for the in­
dustrial park. These include, to dif­
ferent degrees, the use of non-fossil 
raw materials (e.g., biomass), the use 
of green hydrogen, the use of green 
electricity, the electrification of heat 
and the use of CO2 as a raw material 
in chemical production.

In a large number of expert dis­
cussions, 12 technological levers for 
CO2 neutrality were identified (see 
table), which are now being exam­
ined in more detail together with in­
novation partners. Not every rele­
vant technology embodies solution to 
the same degree or scale. The cluster 
Process4Sustainability seeks to part­
ner up with relevant actors driving 
forward the transition toward a cli­
mate-neutral process industry.
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“Transform the European 
Process Industries”
In May 2022, an international ex­
pert workshop on transforming 
the process industry in Europe 
was held with more than 70 ex­
perts from industry and aca­
demia. The presentations and ad­
ditional material are available at:  
bit.ly/Provadis-IPM2022 

High Impact,
Low Risk Digitization

How to solve daily shop
floor challenges with Shiftconnector.

12 Key levers for creating a CO2-neutral industrial park Frankfurt-Höchst

1. Substitute natural gas

Green power
Electrification of heat
Synthetic methane from CO2 (CCU)
Carbon free burning gas (H2, methane pyrolysis)
Biogas / biogenic methane

2. Substitute fossil ethylene

Green ethylene from CO2 (via ethanol) (CCU)
Plastics recycling and cracking

3. Substitute fossil methanol

Synthetic methanol from CO2 or biomass (CCU)
Methanol via green ethanol

4. Substitute fossil acetic acid

Synthetic acetic acid from CO2 (via methanol)

5. Further topics (applicable in many fields)

CCS
Recycling

Source: Center for Industry and Sustainability, Provadis School of International Management and Technology
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