This document was drawn up by Brightsite on the occasion of the visit to Chemelot of Eric
Derk Wiebes, Minister of Economic Affairs and Climate Policy.
Chemelot, 21 September 2020

Introduction
Brightsite was set up by the companies on the Chemelot site, with the coordinators being Sitech
services, TNO, Maastricht University and the Brightlands Chemelot Campus.
Brightsite’s mission is:
“To demonstrate that the chemical industry can meet the climate targets set for 2030/2050,
by exploring, developing and applying new technologies at the Chemelot site
and attracting and training the necessary talent.”
Brightsite is special, because it connects companies, institutes and universities under this
mission. Brightsite focuses on scaling up and building knowledge and skills and on transfer to
the companies for implementation at the Industrial Park. We therefore describe Brightsite as a
‘smart project program’ for the greening of chemistry.
• Smart, because we rationalize with tools; the main subject of this document
• Project, because ultimately improvements come about through projects
• Program, because the many projects have to be implemented in a programmatic 		
manner from the point of view of systems thinking in order to systematically achieve the
2030 and 2050 targets
This initiative is of national significance and is at the heart of the energy and raw material
transition of the base chemicals sector. Brightsite is notable for its rational approach to
sustainability. Strength is an essential prerequisite here. Brightsite has drawn up a business
plan for 2021 - 2025, which is largely funded by the companies, TNO, Maastricht University and
the Province of Limburg. Cooperation at a national level is important in order to maximize the
results of this business plan.
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The transition from the current linear systems for energy and raw materials to
circular systems with renewable raw materials
The current systems, both in terms of energy and raw materials, are linear and based on
fossil resources. The raw material transition is vital for the manufacture of plastics and
fertilizers on the Chemelot site and will evolve from linear to circular.

Circularity adds huge complexity; a new chemicals system emerges. Factories get back what
they have produced; this system needs to be optimized. Many products in our society contain
carbon. Because we no longer wish to add fossil carbon to the environment, we also need to
maximize the amount of carbon that we can recover from the products. Because of permanent
losses to the environment, the long-term binding of carbon in materials with a long life span
and the loss of carbon in reprocessing, we estimate that 50% useful recovery of carbon will be
the maximum yield for the time being. Fossil carbon needs to be replaced by bio-based raw
materials and eventually those from CCU technologies. The new raw materials are much less
homogeneous than oil or gas. The new system will consist of a range of flows and facilities, with
each of these having to optimally combine the specific bio-based or recycled raw materials in
order to achieve a desired output package that can be used to reprocess products.
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Digital Twin: essential starting point
Input / output / emission modeling
Brightsite is now in the advanced stages of developing a leading model for modulation
to address this complexity; this is known as our Digital Twin model. This deals with input,
output and emission modeling. Because so much variety is possible in technologies and
raw materials, this is a very important foundation for making rational innovation decisions.

Waste incineration

The model is being built by top modelers from TNO in Amsterdam and is more detailed than
models from the Netherlands Bureau for Economic Policy Analysis, with whom information
is also being exchanged. The Digital Twin makes it possible to come to rational decisions at
company and installation level. This means that measures at individual company level for
CO2 reduction are set in a rational framework. The model results in CO2 reduction pathways
up to 2050. As input in the model, various scenarios have been included regarding price
developments of, for example, CO2 and energy. The various connections in energy and
material flows between the many Chemelot plants have been taken from public information.
Price scenarios, for example, come from the Climate Energy Outlook. Operating parameters
in the CapEx and OpEx categories are included in the system. In the meantime, we are also
receiving requests for this model from other regions. TNO’s national modelers now consider
the Chemelot - Brightsite model to be a frontrunner and hope to achieve a model for the
Netherlands from all energy-intensive clusters.
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System perspective to adopt new technologies
Chemelot ideally positioned due to C- and N-chains
The Chemelot chemicals plant includes a system with both carbon and nitrogen chemistry.
The combination of C and N offers great opportunities to get started with new, specific,
disruptive technologies.
It is important to realize that there are only few technologies with unique selectivity (i.e. output
of a process with only one type of molecule). Both our electrical processes which we investigate
(splitting and synthesizing under electric plasma conditions) and various chemical recycling
processes (such as gasification) result in a complex output package of molecules, each with
specific application possibilities. Maximum value creation of all these molecules is necessary
for a healthy business case. Our system knowledge, expertise and approach in combination
with the comprehensive and integrated chemicals plant at Chemelot offers particularly good
opportunities for this.
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Decision support: multi-technology analysis
Variable costs of ethylene / CO2 pricing sensitivity
Many alternative technologies are available to make specific products. Different
technologies are based on different raw materials and different processing methods, but they
result in the same product. Ethylene, for example, can be made by cracking ethane, cracking
naphtha or gasifying mixed waste. Hydrogen can be produced, for example, by electrolysis, steam
methane reforming, wood gasification or methane decarbonization.
It is important to be able to compare technologies not only qualitatively but also
quantitatively. Brightsite has developed a model to compare the variable costs of different
technologies and then include the pricing sensitivity calculation. We have developed a
mathematical model that we consider to be suitable for publication; it is unique in the industry.
Variable manufacturing costs of ethylene (EUR/ton)
CO2 price = EUR 100/ton
Variable manufacturing costs of ethylene [EUR/ton]

Variable manufacturing costs of ethylene [EUR/ton]

Variable manufacturing costs of ethylene (EUR/ton)
CO2 price = EUR 25/ton

Sensitivity calculations are important to understand for each technology how variable costs
evolve with variations in energy and CO2 prices, for example. Because each technology has
a different raw material and energy profile, key insights arise from this. We are on the verge
of several upscaling initiatives, both in electrification and chemical recycling. This decision
support tool is essential to optimally address the scarce knowledge and resources before
making larger investments in pilot schemes and demonstration projects.
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Innovations impact value chains, resulting in a reduction of the GHG footprint
Example: Nylon (polyamide-6)
The greening of facilities ultimately has an effect on the products that are sold. Chemelot
produces the basic building blocks for various large product categories in, for example, plastics,
fibers, fertilizer, rubbers and more. We don’t just approach greening for each installation
individually; Brightsite also looks at chains. Nylon, for example, is a product produced by DSM in
Emmen. DSM obtains a significant portion of the necessary raw materials from Fibrant. Fibrant,
in turn, is supplied by OCI Nitrogen, SABIC and INEOS. Nylon’s greenhouse gas footprint is
greatly improved by Fibrant’s nitrous oxide investments. We can make this visible in nylon’s CO2
footprint. In the same chain, we look at the effect of new technologies proposed by Brightsite; we
can then use this information to determine the impact on the product footprint of end products.

Greening is a chain issue. The major brands are also asking for greening. Their reason for
doing so is the product footprint. The Brightsite models support this from the point of view
of being able to rationalize decisions. Brightsite promotes cooperation in the chains so that
investments can be made in the right places.
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The chain becomes a circle, with the transition of raw materials
as well as energy
Base chemistry determines the sustainability of many value chains
Because we, as experts in base chemicals, innovate early on in the chains, we largely
determine the green footprint of the many downstream value chains. The base plastics
industry is a ‘gateway to society’ that determines the ‘green’ credentials of products
that are used in many downstream value chains. So innovation has an enormous effect
downstream. This is why it is so important to be able to effectively rationalize, with the
help of a rich toolbox, how we can contribute to the ‘greening’ of the many follow-up
processes from our position at the start of the value chain.

Read on
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In the introduction, we described Brightsite as a ‘smart project program’ on a very special
site: Chemelot. The relationship between the different companies on the Chemelot site,
the Brightlands Chemelot campus as a ‘breeding ground’ for scaling-up and the Brightsite
initiative with links to the national and international knowledge community for process
innovation means that, for many people, this is ‘the place to be’ when it comes to the greening
of chemistry. The site provides a rich breeding ground for the systems thinking that is required.

Arnold Stokking, managing director of Brightsite:
“It was therefore a rational decision for me to choose Chemelot and Brightsite as the next step,
on the basis of a national responsibility within TNO, so that we can contribute to the enormous
challenge of achieving the climate objectives in this very place. Here, in this environment, with all
the tools at our disposal, we can select and scale up the right technologies. By taking a careful
approach, this is possible while maintaining, and in my view even increasing, employment.
The Brightsite partnership offers a think tank and analysis environment that I can be proud
of. This initiative is of national significance and is at the heart of the energy and raw material
transition of the base chemicals sector. It is full of potential, and the fact that we are working
on it together makes it special. Together with companies and knowledge institutions, with the
support of governments, we journey together through the ‘valley of death’, scaling up to being
climate-neutral. Strength is an essential prerequisite here.
Brightsite has drawn up a business plan for 2021 - 2025, which is largely funded by the
companies, TNO, Maastricht University and the Province of Limburg. Many funds have been
announced, both in The Hague (Growth Fund) and in Brussels (Resilience Recovery Facility).
Cooperation at a national level is important in order to achieve the best results from this
business plan.”
Chemelot, 21 September 2020
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