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We are poised to carry out the biggest change in the power and industrial sectors since the industrial 
revolution. In the power sector, the substitution of fossil fuels as energy source has already gained 
significant momentum. In the industrial sector, however, the replacement of fossil fuels used as raw 
materials in the production of chemicals and fuels has lagged behind. As an example, only 10% of 
raw materials used in the EU chemical industry are currently from renewable sources. However, the 
substitution potential is much larger. Replacing oil, natural gas and coal as feedstock for the chemical 
industry with alternative carbon sources (ACS) such as CO2, biomass and waste provides both major 
opportunities and challenges for technology developers, industries and policy makers as a large 
number of breakthrough technologies and major shifts in core processes will be needed. 
 
Ex-ante technology assessments are often used to assess if a novel ACS-based technology is more 
efficient and environmentally sound than its fossil-based counterpart. However, most current 
assessments rely on one-to-one comparisons of specific ACS-based processes with their fossil-
based counterparts, generally assuming optimistic greenfield conditions, overlooking the complexity 
of existing industrial ecosystems. While such studies provide valuable insights into potential techno-
economic and/or environmental bottlenecks, they fail to capture interactions beyond the studied 
processes or value chains. The real challenge lies in transforming industrial brownfields, where 
petrochemical processes are part of optimized value chains that are (partially) interconnected, both 
vertically (within geographically disperse chains) and horizontally (between industrial processes in 
the same location that may be part of different firms and different supply chains). Any change in the 
quality, quantity, or type of (by)products will, therefore, have repercussions beyond individual chains, 
creating systemic implications that single pairwise comparisons cannot address.  
 
In this keynote talk, I will present key insights from the six-year project UNRAVEL. In this project, we 
comprehensively analysed pathways for defossilizing industrial clusters, using the petrochemical 
industrial cluster in the Port of Rotterdam as a case study. We developed a superstructure 
optimization model that allows us to combine a detailed assessment of chemical processes with a 
systematic evaluation of impacts in existing horizontal and vertical dependencies in the Port [1].  The 
model contains 52 process models and 18 utility systems. They mimic the current production 
capacities, process technologies and interactions of the fossil-based processes operating in the Port 
of Rotterdam. In addition, the model includes 17 alternative processes for producing selected 
chemical building blocks and end-of-value-chain chemicals. The optimization model considered two 
objective functions (i) minimize the import of fossil-based carbon as feedstock into the industrial 
cluster and (ii) minimize capital investment by maximizing the use of existing infrastructure in the 
cluster.  
 
The results show that pathways to defossilizing industrial clusters are far more complex than generic 
greenfield assumptions tend to suggest. Local conditions, such as existing infrastructure, resource 
availability, and regional energy constraints, play a decisive role in shaping feasible strategies. 
Technologies like gasification, pyrolysis, Fischer–Tropsch synthesis, methanol-to-olefins (MTO), and 
methanol-to-aromatics (MTA) consistently emerge as critical building blocks across most scenarios. 
The results also highlight the importance of hybrid strategies that defossilize both chemical building 
blocks and end-of-value chemicals [2,3]. Despite these opportunities, the model is unable to reach 
full defossilization of the current product portfolio in the case study due to the limited (future) 
availability of green electricity and alternative carbon sources. This underscores the need for a 
phased, pragmatic approach that prioritizes high-impact technologies, leverages regional strengths, 
and anticipates structural shifts in chemical value chains. Only by aligning technological choices with 



local constraints and systemic implications can industrial clusters progress toward a resilient and 
sustainable future. 
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