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As European chemical industry we have the ambition to become climate 
neutral by 2050. So, the target – the WHAT - is very clear to us! With the 
iC2050 project and model presented in this report, we are adding the HOW 
– the elements for our concrete contributions to achieve this objective. The 
iC2050 model will help us identify possible solutions to reduce greenhouse 
gas emissions, not only in the EU but also globally, by considering the 
impact of our operations throughout the value chain, starting upstream. 
This is the base to develop potential solutions and pathways to climate-
neutral chemical production in the EU by 2050.

Making this transition successful will particularly require securing sufficient access to alternative energy 
and feedstock sources at competitive prices. The iC2050 model will allow Cefic to estimate the amounts 
of alternative resources needed, depending on the chosen path, as well as the total costs for the industry. 
This will be the basis for fact-based discussions with our institutional and other key stakeholders, which 
we are confident will lead to the definition of a concrete path towards climate-neutrality!

Dr. Martin Brudermüller, Cefic President

Marco Mensink, Cefic Director General
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FOREWORD 
Martin Brudermueller 

As the European chemical industry, we have the ambition to become climate neutral by 2050. So, the 
target – the ‘WHAT’ – is very clear to us! With the iC2050 project and model presented in this report, 
we add the ‘HOW’: the elements for our concrete contributions to achieve this objective. The iC2050 
model will help us identify possible solutions to mitigate our impact on climate, not only in the EU but 
also globally, by considering the climate impact of our operations throughout the value chain, starting 
upstream. This is the base to develop the solutions and pathways allowing chemical production in the 
EU to become climate-neutral by 2050. 

Making this transition successful will particularly require securing sufficient access to alternative 
energy and feedstock sources at competitive prices. The iC2050 model will allow Cefic to estimate the 
amounts of alternative resources needed, depending on the chosen path, as well as the total costs for 
the industry. This will be the basis for fact-based discussions with our institutional and other key 
stakeholders, which we are confident will lead to the definition of a concrete path towards climate-
neutrality, together!” 

Marco Mensink 

Assessment of impacts has always been a key prerequisite for sound policy-making in the EU. In the 
field of climate and energy, those impact assessments are largely based on macro-economic modelling. 
However recently, the EU Climate Law has emphasized the importance of looking with greater 
attention at individual sectors and to start sector-specific climate dialogues, in order to have a better 
understanding of the necessary investments towards the transition to a climate-neutral economy. 

iC2050 will allow us, for the first time ever, to model the impact of our climate-neutrality ambition at 
the level of an industrial sector. The initial results that we outline in this report are based on a set of 
assumptions drawing on the best available public sources, which have been discussed at length with 
Cefic members and relevant stakeholders in full compliance with competition law. But these can 
perfectly be challenged. This is why in the coming months, we will reach out to our external 
stakeholder community in order to understand how different visions and approaches would impact 
the results of the iC2050 model. The journey continues! 
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EXECUTIVE SUMMARY  
Shining a light on the EU27 chemical sector’s journey toward climate neutrality 

As Europe has embarked on a journey towards climate neutrality by 2050, the chemical sector has 
stated the ambition to play its part in terms of innovation, policy and market conditions. The objective 
of this report and the project that it documents, is to provide keys that help to understand what are 
the enabling conditions, in terms of innovation, capacity deployment and availability of resources for 
the chemical industry to set on a path to climate-neutrality by 2050. This is a first step in a longer 
discussion, a first step highlighting the impact of key policy decisions.  

The chemical sector: prior climate leadership with energy efficiency and reducing non-CO2 GHGs 

In the previous two decades, the chemical sector has blazed a trail in abating emissions. Since 1990, 
the sector’s direct and electricity related emissions have decreased by around 50% from an estimated 
370 MtCO2e to 257 MtCO2e. Sector efforts concentrated on two abatement levers: 

- Abating non-CO2, particularly N2O emissions; 
- Improving energy and process efficiency (Eurostat estimates that the energy efficiency per 

ton of product improved by 48% over the period). 

The chemical sector also benefited from the improvement in the European grid’s CO2 intensity. Over 
the period, this indicator dropped by 50% from an average of 524 to 275 gCO2/kWh representing a 27 
MtCO2 emission reduction for the chemical sector.  

Tomorrow’s challenge is not yesterday’s success 

In 2019, the chemical sector’s GHG emissions, from a cradle-to-gate perspective, are estimated to be 
257 MtCO2e. Close to 65% of these GHG emissions are associated to 18 chemical products which were 
selected for detailed quantitative analysis in this study. Today, CO2 emissions represent 88% of total 
emissions. The majority of non-CO2 GHG are associated to direct process emissions. Direct1 emissions 
represent the majority of GHG emissions (60%), with (~90 MtCO2e related to utilities and 65 MtCO2e 
of process emissions). Feedstock related emissions were 60 MtCO2e (22%), while power-related 
emissions in 2019 represent 45 MtCO2 (18%). A limited number of chemical products represent the 
majority of emissions today2. These are critical building blocks in the chemical sector’s upstream to the 
chemical sector.  

While the sector’s efforts have led to considerable emission reductions, yesterday’s efforts will not be 
tomorrow’s abatement levers. While reducing non-CO2 emissions will remain a topic, today, they only 
represent a limited share of total GHG emissions (12%). Equally, energy and process improvements 
going forward are unlikely to replicate past trends with many processes approaching thermodynamic 
optimum.  

The next chapter toward climate neutrality means tackling its CO2 wall, notably by calling upon 
alternative feedstocks and fuels and deploying new alternative processes which enable the use of the 
former.  

 

 
1 The chemical sector’s direct emissions can, and are in the context of this project, split between process and utility emissions. Process 
emissions are associated to the chemistry, i.e. intrinsically linked to the production of chemicals. Utility emissions are associated to the 
production of heat and steam required for chemical processes. 
2 To avoid double-counting, feedstock-related emissions were associated to the first product in the value chain. For example, upstream 
emissions are associated integrally to ethylene with none to polyethylene. This methodological choice while necessary to cover all scope 3 
emissions within the detailed product scope, also provides a biased representation of the sector, burdening basic chemical products with the 
entirety of upstream emissions.  

As Europe has embarked on a journey towards climate neutrality by 2050, the chemical sector has 
stated the ambition to play its part. The objective of this report and the project that it documents, 
is to provide keys that help to understand what are the enabling conditions, in terms of innovation, 
capacity deployment and availability of resources for the chemical industry to set on a path to climate-
neutrality by 2050. This is a first step in a longer discussion, a first step highlighting the impact of key 
policy decisions. 
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A cost-optimising model representing the EU27 chemical sector to generate illustrative climate 
neutrality pathways 

To identify what the chemical sector’s pathway to achieve climate neutrality by 2050 could look like, a 
cost-optimising model representing the sector was developed in this project. This model’s (named 
iC2050) objective function is to minimise costs while meeting annual demand for each chemical 
product and achieving climate neutrality by 2050 across the sector. It offers a detailed quantitative 
representation of 18 chemical’s production pathways and their interactions. The thousands of other 
chemical products are modelled, as one product, in an aggregated manner. This means, as if one 
process was responsible for producing one chemical product encompassing these thousands of 
chemical products. To find a pathway to climate neutrality, the model can call upon 30 alternative 
production technologies as well as a variety of low (biomass and hydrogen) and circular carbon (CO2 
and recycled plastic waste) feedstocks and fuels (electricity, biomass, hydrogen, fossil fuels). 

Four simulations of pathways to achieve climate neutrality were set to illustrate how the model works. 
The selected approach was to define middle-of-the-road scenarios, based upon a common macro-
economic and policy context grounded in verifiable, publicly available, information. Each scenario 
differs in a limited number of dimensions, providing different states of the world, based upon assumed 
policy priorities, focusing on a lever considered as significant to the sector’s transition:  

1. The ‘High electrification’ scenario evaluates the impact of lower-cost 100% decarbonised 
electricity; 

2. The ‘Fostering circularity’ scenario is predicated upon stronger, circularity policies, 
encouraging the use of recycled plastic waste and technologies capable of re-using 
carbon as a feedstock; 

3. The ‘Sustainable biomass’ scenario assesses what policies supporting the use of biomass 
for industry, and the chemical sector specifically, means to achieve climate neutrality; 

4. The ‘CO2 capture’ scenario investigates a future where carbon capture technologies and 
storage are widely and rapidly available at low-cost. 

These scenarios do not aim to provide an extensive view of the future of the chemical industry. Many 
alternative worlds are possible, even likely, and can be characterised by the model in future 
exercises.  

This report does not aim to provide the European chemical sector with a roadmap. Nor does it claim 
exhaustivity in its analysis. Humbly, it looks into several illustrative, cost-optimal, model driven futures 
where the chemical sector achieves a balance in GHG emissions in 2050. Commonalities from these 
scenarios build a picture on the weight and relative importance of policy choices and what their impact 
on the sector may be. In so doing, it opens a number of avenues for discussion within the chemical 
sector, with other interdependent sectors, with policy makers and with society at large. We hope this 
report will stimulate such exchanges, foster constructive dialogue and set a building ground to advance 
hand in hand toward our common sustainable future. 
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1 INTRODUCTION 

1.1 Project context 
The chemical industry is often categorised as a “hard-to-abate” sector referring to the inherent 
difficulty to reduce the sector’s GHG emissions. Within the “hard-to-abate” sectors, the chemical 
sector is particular as carbon is at its very heart. Today, breaking down hydrocarbon molecule chains 
to create chemical building blocks is one of the sector’s founding principles. In a literal sense, the sector 
cannot decarbonise: it must seek alternative sources of carbon, and abate emissions associated to the 
management and transformation of that carbon. 

In effect, it also means that emissions are part of the sector’s process. Some chemical reactions release 
CO2 even if energy sources and feedstocks are carbon neutral. Today the sector is highly dependent 
upon fossil hydrocarbons as a raw material and, to a lesser extent, as a source of heat and steam 
required for chemical processes. Abating GHG emissions in the chemical sector means switching to 
alternative non-fossil feedstocks, changing production processes (by leaning towards less emissive 
production processes) and calling upon alternative energy source for steam and heat production. 

The chemical sector is a vital contributor to Europe’s industry and economic vigour. It feeds the 
European economy by providing critical raw materials economy-wide, meeting demand in all mass-
markets. In improving its production apparatus, it has developed synergies, cross-industry cooperation 
and at times, co-dependencies with other industries and sectors. In 2019, 1.2 million people in the 
European Union were employed in one of the sector’s 28,000 companies3. 

 

Figure 1: Material flows of the chemical industry4. 

 

 
3 CEFIC, Facts & figures 2020. 
4 Levi, Peter & Cullen, Jonathan. (2018). Mapping Global Flows of Chemicals: From Fossil Fuel Feedstocks to Chemical Products. Environmental 
Science & Technology. 52. 10.1021/acs.est.7b04573. 
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Today, the sector draws on a multiplicity of feedstocks, with their majority fossil hydrocarbons issued 
from the oil and gas sector, as depicted in Figure 2. Dependency upon fossil hydrocarbons and the oil 
and gas sector is a fundamental feature of the sector, seen from a global perspective. At a greater level 
of granularity, other feedstock sources are also used:  biobased feedstock represents an avenue in 
development, and inorganic raw materials, such as salt for chlorine, are also essential to produce 
chemicals. While today tied with fossil hydrocarbons, the sector is only truly dependent upon carbon-
chain molecules required for organic chemical products. The sector is a “carbon manager”. Alternative 
sources of carbon are biomass, recycled plastic and even CO2 captured from industrial processes.  

To produce the wide range of chemical products, feedstocks go through a series of transformation 
steps from raw materials to increasingly specialised chemical products.  

Raw material feedstocks, whatever their origin, go through a first transformation process to become 
basic chemicals. Steam-crackers are the technology responsible for producing the overwhelming 
majority of these basic chemicals. Today, crackers use fuel oil or naphtha as feedstocks.  They break 
down bonds in these saturated hydrocarbons to turn them into smaller unsaturated hydrocarbons 
required for the production of olefins and aromatics. 

Thereafter, basic chemicals are transformed by the chemical industry into intermediates and, finally, 
into formulated products. These products can be classified into different product families:  

1) Organic base chemicals which contain carbon, 
2) Inorganic base chemicals (such as chlorine);  
3) Plastics and synthetics; 
4) Drugs;  
5) Soap, cleaners, and toilet goods;  
6) Paints and allied products;  
7) Agricultural chemicals (including fertilisers which derivates from ammonia);  
8) And miscellaneous chemical products.  

Formulated chemical products are then sold to end-markets such as automotive and transportation 
(e.g. plastics for cars or aromatics as fuel enhancers), consumer products (e.g. adhesives or fragrance 
for soaps), packaging (e.g. plastic for food packaging), buildings and construction (e.g. PVC for piping), 
recreation and sport, industrial, medical, pharmaceuticals, textiles and electronics, aircraft and 
airspace, food, and bio-based materials industry. Abating chemical sector emissions contributes to 
reducing the carbon footprint of the economy, due to its impact in a multitude of other sectors.  

1.2 Project objectives  
This project aims to provide an analytical basis exploring potential pathways whereby the European 
chemical sector can reach climate neutrality by 2050.  

Drawing upon the cost optimising model, the intent is to identify and outline what are the key 
conditions for the chemical sector to reach climate neutrality by 2050 while continuing to meet 
product demand. The intent is not to provide a blueprint nor a master roadmap for the sector to 
achieve this objective. Rather, via 4 illustrative scenarios, it aims to demonstrate the impact of 
different policy and technology choices on the sector’s ability to achieve climate neutrality and in so 
doing enlighten the ongoing policy debate on the sector’s future given Europe’s climate neutrality 
objective.  

The overarching objectives are two-fold: 

a Help inform decision makers and relevant stakeholders on the implications of a 2050 climate 
neutrality objective for the EU27 chemical industry by modelling the impact of policies and new 
technologies.  
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b Provide a tool to Cefic and its members, which will help the sector identify and analyse a variety 
of possible pathways toward climate neutrality. 

The project’s approach can be broken down in three general phases:  

1) Characterise the industry in 2019 in terms of GHG emissions, capacity, production, energy and 
feedstock consumption and in the process review key developments since 1990. This provided a 
baseline against which to measure model results. 

2) Develop a user-friendly and easy-to-update model to explore possible pathways to climate 
neutrality. The modelling tool is not designed nor intended to forecast future demand and 
production volumes of the sector but to provide stakeholders with the possibility to visualise a 
wide number of potential scenarios based on a simplified set of input assumptions and output 
parameters. 

3) Define the illustrative scenario approach and collect, review, validate key input parameters for 
these scenarios. This consisted in: 

a. reviewing the projections for future chemical product to 2050, 
b. collecting publicly available information on a selection of key innovative technologies and 

validating these techno-economic definitions with experts in compliance with competition 
law, 

c. defining plausible future resource levels and average prices from best-available public 
source, 

d. setting the climate neutrality framework, carbon accounting rules and expected policy and 
regulatory conditions. 

1.3 Report structure 
This report aims to present the iC2050 tool in a transparent manner to spark further discussions and 
debate with policymakers and all other interested stakeholders. The tool development, design and 
limits are extensively described in this document. 

This report is composed of six sections. 

Section 1 explains the context for this project, its objectives, and the scope of work. 

Section 2 expands on the methodology used to construct the model. This section presents only the 
approach which was used to collect all the necessary data that served as a basis to develop the model, 
and configurate four illustrative scenarios.  

Section 3 presents the model supporting the project. The tool developed is based upon a cost-
optimising model representing the EU27 chemical industry in a simplified and European-aggregated 
manner. The model’s logic, key parameters, main optimisation algorithms, assumptions and 
simplifications are explained in a transparent manner in Appendix 1. 

Section 4 presents the current state of the EU27 chemical industry in terms of emissions, feedstock, 
and energy consumption. 2019 was selected as the reference year, as 2020 data is not representative 
of generic industry dynamics, given the global Covid crisis. The chemical industry’s evolution since 1990 
is also presented in this section, illustrating key trends in the previous two decades as well as the path 
followed so far in abating emissions. 

Section 5 illustrates the functioning of the model with four possible scenarios. This section begins by 
presenting the scenarios’ key parameters, starting with common parameters assumed to be invariant 
between scenarios (e.g. demand to 2050) and thereafter presenting the key differentiating parameters 
per scenario. In so doing, results emanating from the approaches explained in section 2 are presented 
and analysed here. These results are presented by scenario and key transversal findings are provided 
to show differences and outliers which help to understand model decisions and their potential 
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implications for the sector. These results are then interpreted on a regional basis, across eight key 
chemical clusters. Finally, this section concludes with a discussion on how such results should be 
interpreted and their limits to open toward conclusion. 

Section 6 provides some initial findings based on this first round of model testing and the illustrative 
scenarios.  

1.4 Project scope 

1.4.1  Sector scope 
A project covering the entire EU27 chemical sector C20 (excluding pharmaceuticals) but with varying 
degrees of granularity 

The scope of the project covers the entire EU27 chemical sector as defined under NACE 205 excluding 
the pharmaceutical sector. The project scope embraces products ranging from base chemicals to 
polymers, including intermediates. All chemical products manufactured in the EU27 are not covered 
with equal granularity in the model. The characterisation of the chemical industry covers   production 
assets and energy and feedstock procurement. However, downstream activities such as plastic 
processing, are excluded from this project scope (based on the cradle-to-gate approach as defined in 
I.4). 

In the model, some products (see below) are modelled in a detailed manner while all others, 
representing a lower share of total emissions individually, are considered in an aggregated fashion.  

1.4.2  Product scope & approach 
A specific focus on 18 key chemical products covering building blocks, intermediates and polymers 
representing more than 60% of total industry GHG emissions 

To represent the industry and understand its main drivers, the analysis focuses on 18 key chemicals. 
These chemicals are modelled in a detailed manner. The dynamics of their production pathways are 
fully represented and will serve as a proxy for the chemical industry’s abatement pathways. The rest 
of the chemical industry (excluding the pharmaceutical industry and grouped under the title ‘other 
chemicals’ in Figure 2 and ‘rest of industry ’ in the report) is represented as an aggregate without 
further detail in the model. Put in different terms, all other chemical products are considered, by the 
model, as a single product. A generic production process was assumed based upon existing feedstock 
and energy consumption, emissions and production. In effect, the model produces 19 chemical 
products: 18 chemical products selected for detailed modelling and a 19th chemical product which is 
representative of all other products. 

The 18 chemical products modelled in a detailed manner are presented in Figure 2.  

 

 
5NACE (Nomenclature of Economic Activities) is the European statistical classification of economic activities. NACE Code 20 defines all 
activities included with the chemical industry. NACE Rev. 2, Statistical classification of economic activities in the European Community. 
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Figure 2: Chemical products included in iC2050 and approach 

These products cover the main organic and inorganic building blocks, key commodity polymers and 
intermediates. They are critical to reach climate neutrality as they represent the bulk of the industry’s 
emissions and energy use. Further explanation on the methodology used to aggregate those products 
and implications for the model development are detailed in Appendix 1.2. 

The 18 key products were selected based upon an objective evaluation applying the following four 
criteria: 

1. Emission materiality: evaluation of the product’s contribution to the industry’s total 
greenhouse gases (GHG) emissions. 

2. Contribution to circularity: Product’s contribution to the European chemical sector’s circular 
economy objectives. Circularity is indeed a key issue for the coming years, and it is necessary 
to capture its momentum in the project scope. 

3. Available climate neutrality pathways: Based on the technologies in development, evaluation 
of the product’s contribution to the chemical sector’s climate neutrality objectives. Indeed, it 
is necessary to include in the analysis any value chain on which specific abatement options can 
be applied. 

4. Model comprehensiveness versus complexity: Definition of a scope of products striking the 
right balance between comprehensiveness / coverage of the industry and modelling 
complexity.  

Based on these four criteria, the following value chains were selected. 

• PET (Polyethylene terephthalate): this chain starts from the production of ethylene and 
xylene via steam cracking or other specific processes. These chemicals are used afterwards to 
produce the intermediates of EO (Ethylene Oxide), MEG (MonoEthylene Glycol) and PTA 
(Purified Terephthalic Acid), which are used in the polymerisation reaction of PET.  

• PE (Polyethylene): this chain starts from the production of ethylene via steam cracking. 
Ethylene is afterwards polymerised into PE.  

• PP (Polypropylene): this chain starts from the production of propylene via steam cracking or 
other specific processes. Propylene is afterwards polymerised into PP.  
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• PS (Polystyrene): this chain starts from the production of benzene via steam cracking or other 
specific processes. Benzene serves as feedstock for the production of styrene, which is 
afterwards polymerised into PS. 

• PVC (polyvinyl chloride): this chain starts from the production of ethylene via steam cracking 
and the production of chlorine. These two chemicals are used in the reaction to create the 
monomer of PVC, Vinyl Chloride, which is polymerised into PVC.  

• Ammonia: Ammonia is directly produced from natural gas or from hydrogen.  

The production emissions and energy consumption of the rest of the industry, (i.e. the data not 
included in the selected scope of 18 products), were estimated using the best available data sets (from 
EEA or Eurostat). Further details on the methodology employed are described in Appendix 1. 

1.4.3  Emission scope 
A cradle-to-gate approach 

The emission scope considered for the iC2050 project covers the chemical sector’s emissions in the 
EU27 following a cradle-to-gate approach. Cradle-to-gate covers the emissions ranging from resource 
extraction (cradle) to the factory gate, before transport to the end-user. Downstream activities 
(including transport, use of sold products and product end-of-life) are beyond the scope of this project 
and these emission sources are not included in this analysis. Feedstock input from circular waste 
management and the benefits of recycling to reaching climate objectives are, however, considered.  

 

Figure 3: Presentation of the emission cradle-to-gate methodology as compared to a cradle-to-grave 
approach applied to the chemical sector 

Upstream emissions were included when estimated to be material 

Upstream emissions (usually considered as part of “scope 3” emissions) include emissions from the 
production of feedstock and fossil fuels used in utilities. They also include building blocks imported 
from third countries as these building blocks are used to produce chemical products in Europe further 
downstream in the chemical value chain. Emissions related to these imports are estimated based on 
the average emission intensity of these products in Europe.  

However, inorganics’ upstream emissions were excluded as estimated to be immaterial. Indeed, 2019 
upstream emissions related to soda ash and chlorine were evaluated to be around 1.2 MtCO2e and 
between 0.5 and 1.7 MtCO2e, respectively.  

As such, the scope of emissions over which the model seeks to reach climate neutrality by 2050 is more 
ambitious than the objective set by the Climate-Law which does not take into account GHG emissions 
occurring outside of the EU. For the chemical sector, this would mean ignoring embedded imported 
building block and feedstock emissions.  

In summary, the scope of the model covers: 
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• The chemical industry’s direct emissions: process emissions and on-site combustion emissions 
related to plant operations, steam generation and utilities consumption. 

• Power-related emissions: emissions from electricity generation (whether produced on-site or 
purchased from third parties). Any other energy purchase (such as steam) is considered as 
“direct emissions”.  

• Upstream feedstock and utilities-related emissions: activities related to the extraction or 
sourcing, refining and transportation of different material resources used as feedstock or 
energy input in the chemical industry. 
 

 

Figure 4: Presentation of the GHG emissions included in iC2050 

All seven GHG covered by the Kyoto-protocol have been considered for both upstream and direct 
emissions depending on their relevance for the sector. For direct process emissions, modelling efforts 
focused on CO2. 

A summary of the project scope is provided in the Figure 5 below and further methodological 
considerations for the emissions calculations are presented in Appendix 1. 
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1.4.4  Geographical scope 
The model covers the entire EU27 treated as a single, aggregated, entity that is to say without local 
nor geographical distinction. Activities beyond the borders of the EU27 and abatement trajectory of 
other sectors to 2050 horizon which impact the chemical sector’s own climate neutrality pathways are 
implicitly represented with exogenous assumptions (e.g. level of export and import, power sector 
carbon intensity evolution). 

To appraise the local implication of the model results, a qualitative regional analysis of various chemical 
clusters has been conducted in part V.5. 

1.4.5  Timeframe 
The model considers 2019 as its baseline year. The model runs between 2019 and 2050 -the deadline 
by which it seeks to meet climate neutrality. 

1.4.6  Definitions 
The following terms are used throughout this report. Their definitions are below. 

Ø Biogenic carbon sequestration: biogenic carbon designates CO2 captured from the 
atmosphere and stored within biomass. In the context of this report, biogenic carbon is 
sequestered in woody biomass, agricultural residues, lignocellulosic crops or sugar crops. On 
a cradle-to-gate bases, emissions associated to biomass can be accounted for as negative 

Ø Low-carbon hydrogen: low-carbon hydrogen means hydrogen produced with low greenhouse 
gas (GHG) emissions compared to unabated hydrogen from natural gas with Steam Methane 
Reforming (SMR), e.g. with fossil-free energy or from natural gas with CO2 emissions either 
captured or transformed into solid carbon 

Ø Renewable hydrogen: Renewable hydrogen can be made using renewable electricity to split 
water into hydrogen and oxygen through a process known as electrolysis. Renewable 
hydrogen may also be produced through the reforming of biogas (instead of natural gas) or 
biochemical conversion of biomass, if in compliance with sustainability requirements. 

Ø Circular carbon feedstocks: circular carbon feedstocks cover feedstocks for which the carbon 
is recycled or reused that is to say plastic waste feedstocks or CO2 whether originating from 
within the chemical sector itself or from another industrial sector (e.g. power, cement, steel, 
pulp and paper) 

Ø Low-carbon feedstocks: low-carbon feedstocks cover biomass and low-carbon hydrogen 
feedstocks 
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2 METHODOLOGY 

2.1 General approach 
The first step of the approach consisted in collecting different data sets required as input by the iC2050 
model from 2019 to 2050. There were five broad data categories: 

1. Existing EU27 chemical production capacity in 2019 (source: IHS Markit). 
2. Projected demand for individual products to 2050 (source: IHS Markit), 
3. Alternative technologies characterisation: investment cost, operating cost, energy use, 

feedstock use, associated emissions, and date of availability to 2050 (source: TNO – see section 
2.2 for a presentation of the technologies used in the model or Appendix 2 for further insight), 

4. Availability of alternative feedstock to 2050 and their average prices: biomass, biomethane, 
hydrogen, circular carbon, plastic waste, bionaphtha, bioethanol, etc. 

5. Feedstock and average CO2 price trajectory. 

This Input data was, generally, collected by Deloitte and partners from public sources and preferably 
from policy documents to the extent possible, to the exception of data provided by IHS Markit.  
 
No confidential company-specific data was collected nor used. Data was only used and displayed to 
Cefic members where properly aggregated in line with Cefic statistical rules6. Data collection was kept 
to the minimum needed for the purpose of the project.  
 
Any interaction with Cefic members and stakeholders was performed in strict compliance with 
competition law.  

2.2 Data collection approach  

2.2.1 Baseline capacity 
Baseline EU27 capacity for each of the selected 18 key products was provided by IHS Markit7. IHS 
Markit also provided data on individual product demand both for 1990 and 2019. The capacity is 
computed by IHS Markit on the basis of existing capacities in the region and public announcements of 
closure or openings of plants. In the normal course of IHS Markit business, ongoing research usually 
keeps the company up to date with capacity developments being planned and/or financed. 

In the long term, demand for a product within a region is assumed to grow and, at some point, demand 
will exceed the installed and announced capacity within the region. This incremental demand can 
either be met by increasing the net imports into the region or construction of additional, unannounced 
capacity. This unannounced capacity is termed by IHS Markit as “hypothetical” capacity. 

At the global level, total demand can be calculated by adding up the demand in each regions of the 
world. Based on own knowledge and know how, IHS Markit is able to derive an estimate for future 

 

 

6 Data is released and used only where it is aggregated at follows: (i)  the data relates to no less than five independent companies, the latter 
being understood as the collection of undertakings whose relations with the company participating to the statistical exercise come within 
the terms of one or more of the sub-paragraphs of Article 5(4) of the EU Merger Regulation; (ii)  the relative position of each independent 
company represents at least 5% of the total aggregated volume; (iii) no single company position exceeds 70% of the aggregated volume by 
the companies. 
7 This section describes the general methodology used by IHS Markit to derive data on capacity and production. IHS Markit did not engage in 
a specific data collection exercise for the purpose of the iC2050 project.  
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operating rate from this global operating rate, and the total amount of capacity required for the world 
can be calculated. 

This global hypothetical capacity then needs to be allocated across individual regions. They are 
allocated as follows: 

– Regions without a competitive advantage on feedstocks and without a growing domestic 
market are unlikely to install much or any new capacity 

– Regions with a cost advantage on feedstocks will grow their capacity to typically match the 
availability of the feedstock. This can then produce an excess of capacity in the region and lead 
to a net export situation. These exports then need to be placed into the most likely import 
markets.  

– The most likely import market is the market that is going to give the exporter the highest 
netback. This is determined by a combination of the likely marginal cash cost of production in 
the importing country and the freight costs to that country 

– Regions with a fast-growing domestic market will typically install as much capacity as they can 
once imports from low cost producing regions have been absorbed. 

Hypothetical capacity will usually be added to IHS Markit supply/demand balance no earlier than three 
years into any forecast. 

2.2.2  Demand to 2050 
A 2050 demand scenario was developed as input to the model, based on IHS Markit data and public 
policy documents. The accelerated transition across the EU economy is expected to impact the end 
market demand drivers and the competitive position of the European chemical industry. In its 2018 in-
depth analysis “A Clean Planet for all”, the European commission depicts a climate-neutral Europe and 
the implications of such changes in the economy and society. The foreseen impact of this 
transformation in five sectors (automotive, agriculture, construction, consumer goods and recycling) 
which are critical end-markets for the chemical sector was considered to appraise the impact of 
Europe’s climate transition on the EU27 chemical sector demand to 2050.  For this analysis, for each 
sector, two questions were asked to understand this potential demand evolution: 

1)  What key parameters determine this market’s demand and how could the transition affect 
them? 

2) To what extent will different, lower-emitting, technologies imbue the market by 2050?  

Demand for intermediaries, building blocks and base chemicals to 2050 was adjusted according to the 
identified trends. These adjustments were, for the most part: 

• a reduction in ammonia demand as fertiliser use is foreseen as likely to decrease;  
• an increase in polypropylene and PVC demand driven by the construction and mobility 

sectors. 

Consistency in demand across building blocks, intermediates and polymers was ensured by 
reviewing and balancing EU27 production, imports and exports. For instance, PVC production is 
consistent with European chlorine demand.  

Mechanical recycling is another exogenous assumption to the iC2050 model. Plastic waste collection 
and sorting volumes were evaluated considering a series of factors regarding sector evolution. Thus, 
the demand for polymers can be met either by virgin resins or mechanically recycled resins. Mechanical 
recycling rates were set, taking into account different technology perspectives, as described in section 
2.2.4.  

All the results of this methodology are presented and analysed in section 5. 



24

 

24 
 

2.2.3 Technology selection 
Technologies were selected according to their ability to materially reduce emissions in the chemical 
sector. Having at least one alternative production pathway for each product in the detailed study scope 
was another criteria. The technologies included in the iC2050 model were carefully chosen to cover 
different stages of the chemical industry’s production pathway for the 18 chemical products selected 
for detailed modelling8. 

A two-stage approach was followed to select the technologies included in the model in the initial phase 
of the project. First, a long list of potential abatement technologies was compiled with TNO based on 
public literature and tested for completeness with Cefic members. The technologies included in this 
list, along with their selection criteria and potential disadvantages, are presented in Appendix 2. 
Second, this long list was then shortened down to 30 key abatement technologies (with more 
production pathways) for modelling purposes. That decision was made in an objective and non-
discriminatory way by Cefic Secretariat based on the external consultant’s advice. These technologies 
were considered material because they enabled the following:   

• Use of low-carbon energy supply – i.e. green power, hydrogen or biomass 
• Switching to alternative production processes enabling the use of low-carbon energy 
• Using circular CO2 - and/or low carbon feedstocks (see definitions in 1.4.6). 

To determine each technology’s materiality, a two-step analysis was conducted.  

• Step one: Abatement of current emissions in existing plants: Current emissions per product 
were estimated to assess the abatement potential of the technologies in the long list. All 
technologies with an estimated abatement potential of > 10% (annual reduction of ~10 
MtCO2eq) of current emissions were included in the short list.  

• Step two: Opportunities for new processes and new plants: The purpose of this second step 
was to include new production pathways, not currently deployed at mass-scale in Europe -if at 
all- and to determine their abatement potential from the perspective of using ‘alternative 
processes enabling the utilisation of alternative feedstocks and/or alternative energy sources.   

The selected short list of technologies to be included in the iC2050 model was determined and 
classified as follows:  

 

Figure 6: List of selected technologies classified according to their contribution to changing the 
chemical sector 

 

 

8 Further new abatement technologies for the chemical industry, can be subsequently added to the iC2050 model.   

Plastic waste pyrolysis to circular naphtha  

Plastic waste gasification to circular syngas for MeOH  

PET chemical recycling  

PS chemical recycling  

Ethylene from bioethanol dehydration, bioethanol from fermentation of 
sugar or ligno-cellulosic biomass  

Biomass gasification to bio-syngas to MeOH  

CO2 as a feedstock for MeOH 

MeOH to Olefins (MtO)  

Alternative processes enabling the use of low-
carbon energy 
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Table 1 presents a general overview of each of the selected new technologies that were included in 
the iC2050 model. For a more detailed and technical explanation on each of the technologies, see 
Annex 3: Technology selection 

New technology Main product Other products Energy source Raw materials 
Electrical cracker Ethylene Hydrogen, fuel 

gas, acetylene, 
propylene, 
butadiene, 
other C4s, 
aromatics 

Electricity Naphtha 

Methane (and Fuel gas) 

pyrolysis 

Hydrogen Solid carbon Electricity Methane 

Alkaline electrolysis Hydrogen Oxygen Electricity Water 
Ammonia from climate-friendly 

hydrogen 

Ammonia 
 

Electricity Hydrogen 

Plastic waste pyrolysis Naphtha Fuel oil Electricity Polyethylene, 
polypropylene, 

polystyrene 
Polystyrene pyrolysis Styrene Toluene, 

ethylbenzene, 
methylbenzene, 

fuel gas 

Electricity, low-
carbon heat 

Polystyrene 

Plastic waste gasification via 

syngas 

Methanol  Electricity Plastic waste 
(RDF) 

PET chemical recycling by 

Solvolysis 

PTA, BHET (PET 
monomer) 

 Electricity, low-
carbon heat 

PET 

Polystyrene chemical recycling 

by Dissolution 

Polystyrene  Electricity Brominated 
polystyrene, e-

waste 
polystyrene 

Bioethanol dehydration Ethylene  Electricity Ethanol 
Biomass gasification via syngas Methanol  Electricity Flue gas 

CO2 as a feedstock for 

methanol 

Methanol Water Electricity Hydrogen and 
captured CO2 

Methanol-to-Olefins Ethylene Propylene, 
other C4s, LPG, 

water 

Electricity, low-
carbon heat 

Methanol 

Low-carbon hydrogen via ATR 

(Auto Thermal Reforming) 

Hydrogen CO2 Electricity, 
natural gas 

Natural gas 

Carbon capture – high purity Captured CO2  Electricity High purity (> 
95% in volume) 
CO2 gas stream 

Carbon capture – low purity Captured CO2  Electricity, 
steam 

Low purity (~ 
20% in volume) 
CO2 gas stream 

Electric boiler Medium and 
low-

temperature 
heat 

 Electricity  

Biomass boiler Medium and 
low-

temperature 
heat 

 
Electricity Woody biomass 
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Hydrogen boiler Medium and 
low-

temperature 
heat 

  
Hydrogen 

High temperature hydrogen 

burner 

High-
temperature 

heat 

  
Hydrogen 

CO2 storage Captured CO2  Electricity 9 N/A 

CO2 transport Captured CO2  Electricity4 N/A 
Table 1: Presentation of abatement technologies included in the model per technology, main chemical 

product produced, co-product, energy source and raw material input 

Conventional technologies 

Several “conventional technologies”, currently in widespread use to produce chemical products in 
Europe, were included in the iC2050 model for the 18 products,  as shown in Table 2.While some of 
these technologies were selected as a point of comparison with the new abatement technologies, 
others – e.g. polymerisation – were included to detail the model’s value chain. Polymerisation is an 
example of a process where there are no existing alternatives given that it is not an energy-intensive 
process and it is mostly exothermic; hence, emission-reduction efforts are more focused on enhancing 
the mass transfer with improved catalysts, and on reuse of waste heat rather than on the development 
of alternative technologies:  

Conventional technology Main product Other 
products Energy source Raw materials 

Steam-cracking 

Ethylene Propylene Crude oil, fuel oil, 
natural gas electricity 

Naphtha, crude 
oil, natural gas, 
NGL 

Haber-Bosch process Ammonia  Electricity, natural gas Natural gas 
Methanol from NG Methanol  Electricity Natural gas 
Propane Dehydrogenation 

(PDH)   
Propylene  Electricity, fuel oil NGL 

Fluid Catalytic Cracking 

(FCC) 
Propylene  Electricity, steam Crude oil 

Metathesis Propylene  Electricity, fuel oil Ethylene 
Reformate Benzene Toluene, 

xylene Electricity, steam Naphtha 

Aromatics from Pygas/ 

coke-oven 
Benzene Toluene, 

xylene Electricity, steam Fuel oil 

HydroDealkylation (HDA) Benzene Xylene Electricity, fuel oil, 
steam Toluene 

Electrolysis (membrane) Chlorine  Electricity, steam NaCl 
Chlorine from hydrochloric 

acid 
Chlorine  Electricity, fuel oil, 

steam HCl 

Steam Methane Reforming 

(SMR) 
Hydrogen  Electricity, fuel oil NG 

Oxygen-based ethylene 

oxide production 
Ethylene oxide  Electricity Ethylene 

Alkylation of Benzene with 

Ethylene 
Styrene  Electricity, fuel oil, 

Steam 
Ethylene, 
benzene 

 

 

9 Values assumed to be negligeable.  
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Conventional technology Main product Other 
products Energy source Raw materials 

Propylene oxide/Styrene Styrene  Electricity, fuel oil, 
Steam Propylene 

Ethylene oxide-hydration MEG  Electricity Ethylene oxide 
PTA production PTA  Electricity, fuel oil, 

Steam Xylene 

PET production PET  Electricity, fuel oil, 
Steam PTA, MEG 

Polypropylene 

polymerisation 
Polypropylene  Electricity, fuel oil Propylene 

Continuous bulk 

polymerisation 
Polystyrene  Electricity, fuel oil, 

Steam Styrene 

PVC from suspension PVC  Electricity, fuel oil, 
steam 

Ethylene, 
chlorine 

PVC from emulsions PVC  Electricity, fuel oil, 
steam 

Ethylene, 
chlorine 

‘rest of industry’ 
conversion processes 

(aggregate technology) 

REST (aggregate 
product) 

 
Electricity, fuel oil, 
steam, natural gas, low-
carbon heat 

All the 18 
chemicals10 (see 
Figure 2) 

Table 2: Presentation of conventional technologies included in the model per technology, main 
chemical product produced, co-product, energy source and raw material input 

Additionally, three conventional heat generating technologies were included: 

1. Natural gas boilers to produce low- and medium-temperature heat; 
2. Oil boilers to produce low- and medium-temperature heat; 
3. Natural gas furnaces for high-temperature heat generation.  

 

Within the model, four levers can be called upon to reduce the rest of industry ’s emissions: 

1. Reduce emissions from associated upstream chemical products; 
2. Switch to alternative sources of heat (e.g. biomass or electric boilers); 
3. Deploy CCS11; 
4. Decarbonisation of the electricity mix.  

 

CO2 emitting technologies 

What carbon capture and storage (CCS) technology can be used per technology was defined 
depending on the quality -low and high purity- of the technologies’ CO2 emission stream.  The 
difference in high and low purity CO2 depends on the concentration of CO2 within the capture stream. 
High purity has a higher CO2 quality and concentration. Low purity has a lesser CO2 quality and 
concentration with additional filtering needed to isolate CO2. This classification allows a more accurate 
representation of the type of technology required and the costs incurred for capturing emissions. The 

 

 

10 Chemical products upstream of the “rest of industry” are used as feedstocks within the rest of industry. Within the model, a share of the 
18 selected chemical products go toward the rest of industry. In reality, they are the basis upon which the thousands of chemical products 
covered by the rest of industry are manufactured. 
11 It is assumed that CCS can be deployed on the single, generic process representing the rest of industry. In reality, this encompasses 
hundreds (if not thousands) of different production process and assets for which CCS may not be an option.  
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table below presents the considered CO2 emitting technologies that are suitable candidates for the 
installation of carbon capture equipment. 

Technology 
Low  

purity/concentration 
CO2 

High 
purity/concentration 

CO2 
Integrated capture 

Methanol from biomass via 

Syngas 
Yes   

Biomass boiler Yes   

Low-carbon hydrogen via ATR 

(auto Thermal Reforming) 
  Yes 

Cellulosic Ethanol  Yes (biogenic CO2)  

Ethanol from sugar 

fermentation 
 Yes (biogenic CO2)  

Methanol via natural gas Yes   

Ammonia via natural gas12 

Yes 
(only shares of 

emissions  
not used for urea 

production) 

Yes  
(combustion part 

only) 
 

Hydrogen via SMR Yes   

Naphtha steam cracking Yes13   

EPB steam cracking Yes   

EPB/naphtha steam cracking Yes   

EPB/naphtha/gas oil/residues 

steam cracking 
Yes   

Natural gas boiler Yes   

Oil boiler Yes   

Direct oxidation from ethylene  Yes  

FCC Yes   

rest of industry  Yes   

Polystyrene recycling by 

dissolution 
Yes   

Plastic waste pyrolysis for mixed 

plastic waste 
Yes   

Chemical recycling to B-HET (PET 

monomer) 
Yes   

PS recycling by dissolution Yes   

Table 3: Technologies which direct CO2 streams can be captured from14 

 

 

12 Source: Batool and Wetzels (2019), Decarbonisation Options for the Dutch Fertiliser Industry. Table 12. 
For further details, see: IEAGHG Technical Report 2017-03, February 2017: Techno-Economic Evaluation of HYCO Plant Integrated to 
Ammonia/Urea or Methanol Production with CCS. 
13 Also possible when alternative fuels (i.e; bionaphtha, plastic pyrolysis oil) are blended. 
14 In addition, CO2 could also be captured from heat production technologies fueled by a hydrocarbons and/or biomass. 



29

 

29 
 

2.2.4  Feedstock availability 
A wide range of alternative resources were made available in the model with limitations on the total 
resource it could draw upon according to their potential to be used as fuels/energy sources or as 
feedstocks: 

• biomass, 
• low-carbon hydrogen, 
• low-carbon electricity,  
• CO2 and 
•  plastic waste.  

No physical limit (i.e. a maximum constraint) was placed on the model’s use of fossil fuels. It was 
assumed there will be no technical limit on fossil fuel availability by 2050. Fossil fuels are therefore 
characterised solely according to their carbon content and average price.  

For all alternative resources, a general approach was initially followed and further adjusted to 
specifically address each of the illustrative scenarios. The timeframe considered goes from 2019 until 
2050.  

The first step of the assessment was to determine how much resource would, over the period and at 
EU-level be available based on sector evolution and resource development. The figures from this first 
estimation were then adjusted based on external constraints – regulatory, technological, 
geographical, among other constraints – to obtain the potential resource availability in the EU.  

Potential competition was subsequently assessed to delineate the pool of resources which could be 
available for the chemical sector. This step implied considering the potential evolution for other sectors 
in terms of resources used, technological developments, etc. The results from this final step were 
considered as the resource pool which the EU27 chemical industry (and therefore the model) could 
draw upon to meet demand and reach climate neutrality by 2050 (for further detail on the evaluation 
of biomass availability see Appendix 3).  

 

Figure 7: General methodology to estimate alternative feedstock availability 

  

 

Sustainable resource 
available for the 
chemical industry 

Estimation of total 
resource potential 

Regulatory, technical and 
geographical constraints 

& enablers 

Potential  
competition 

Total estimate EU27 
resource potential 
(including imports 
when relevant)  

 

Potential sustainable 
available resource for EU 

Sustainable resource available 
for the chemical industry 
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2.2.4.1 CO2 as feedstock 
CO2 coming from concentrated sources was categorised as circular carbon. Such sources include 
industrial processes emitting CO2 (including some bio-based streams) up to 2050 despite abatement 
efforts. In addition to the chemical sector’s own CO2, CO2 from other sectors – i.e. cement plants, iron 
and steel plants, coal plants, pulp and paper and refineries– was also considered in this assessment.  

This assessment was carried out using decarbonisation roadmaps to 2050 for each of these sectors. 
For the iron and steel sector, the “Low Carbon Roadmap: Pathways to a CO2 neutral European steel 
industry” from EUROFER was used as reference. For the cement sector, it was the CEMBUREAU’s 
roadmap, “Cementing the European Green Deal”. For refineries, the “Vision 2050: a pathway for the 
evolution of the refining industry and liquid fuels from Fuels Europe” report was used. Finally, for coal 
plants, figures come from a non-publicly available study Deloitte worked on, which focuses on coal 
phase-out and the evolution of associated CO2 emissions. These represent an important share of 
potential CO2 resources to 2050.  

The figures from these different sectors were then aggregated and three availability scenarios were 
developed for this purpose: Low, Medium and High. To account for technical limitations and the 
capture efficiency, capture rates specific to each sector were then applied. These rates come from the 
report “Industrial Innovation: Pathways to deep industry decarbonisation” published by ICF and 
Fraunhofer Institute. Coal power plants represent, over the period, an important potential source of 
CO2. 

Finally, to consider additional limitations in the deployment of chemical valorisation of CO2, and 
notably to account for potential competition with CCS, only 50% of the resulting available carbon 
was taken in the Low and Medium scenarios for CO2 sourced from other sectors. This assumes that 
the CO2 credit is shared between the sector which captured these emissions and the sector using it 
(i.e. the chemical sector). This figure was taken from the report “Review of Carbon Capture Utilisation 
and Carbon Capture and Storage in future EU decarbonisation scenarios” published by Butnar I., Cronin 
J., & Pye S15. 

The three scenarios considered are the following: 

1. High: maximum CO2 availability from other industrial sectors, technical limitations only on 
capture rates  

2. Medium: maximum CO2 availability from other industrial sectors, technical limitations on 
capture rates with additional constraints reducing by half the final CO2 availability 

3. Low: minimum CO2 availability from other industrial sectors, technical limitations on capture 
rates with additional constraints reducing the final CO2 availability by half 

All simulations presented in this report assume a medium availability.  

 

 

15 Butnar, I., Cronin, J., & Pye, S. (2020). Review of Carbon Capture Utilisation and Carbon Capture and Storage in future EU decarbonisation 
scenarios. 
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2.2.4.2 Plastic waste 
Figure 8 below presents the methodology followed for assessing the plastic waste availability: 

 

Figure 8: Overview of the methodology to assess plastic waste availability 

Plastic waste available for mechanical and chemical recycling was restricted to the five polymers 
considered in the model: polypropylene, polyethylene, polystyrene, PVC and PET. This assessment was 
done at a more disaggregated level, considering the four main sectors in which plastics are used – i.e. 
packaging, construction, automotive and EEE (Electronic and Electrical Equipment) –, along with a fifth 
category which aggregates all other uses.  

As for the other alternative resources, the first step in this evaluation was to estimate the total 
resource potential, i.e. the EU27 potential for the five polymers within scope. IHS Markit provided 
these figures for 2019, 2030, 2040 and 2050. They include both the demand for the virgin polymers 
and the demand for recycled polymers to obtain a total demand value for each of the polymers.  

This total demand was then divided among the different sectors which use the given polymer, 
according to the study of Kawecki et al., Probabilistic material flow analysis of seven commodity 
plastics in Europe (2018). Several assumptions were made for this assessment: 

• PET: the entirety of demand is for packaging. 
• PVC: all demand comes from construction. 
• The evolution of the repartition of demand among the different sectors is assumed constant 

over the entire outlook period (2019–2050). 
• The amount of post-consumer plastic waste available for each polymer and each sector was 

subsequently evaluated, considering both demand and lifecycle duration of the plastic product 
based on the sector, as described in the study from Geyer et al. (Production, use and fate of 
all plastics ever made, 2017): 

o For packaging, a lifecycle of less than one year was applied. 
o For the automotive sector and EEE, a lifecycle of 10 years was considered.  
o For the construction sector, a lifecycle of 30 years was considered.  

• The total post-consumer plastic waste available for each sector was then allocated depending 
on its destination: mechanical or chemical recycling, landfill or incineration. For chemical 
recycling, a distinction was made between pyrolysis and other technologies.  

End-demand 
evaluation

Consideration of 
time-lag for 
availability

Determination of 
post-consumer 

availability

Evaluation of the 
share of each 

post-consumer 
treatment

Assessment of 
plastic waste 
availability
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Figure 9: Plastics value chain as modelled for the assessment of the resource availability 

 

As for the other resources, three different scenarios were included for post-consumer plastic waste: 

1. High: maximum mechanical and chemical recycling capacities (recycling rate for the different 
polymers reaches around 65–70% of the total demand in 2050) 

2. Medium: maximum mechanical recycling capacities, intermediate chemical recycling 
capacities 

3. Low: intermediate mechanical recycling capacities, low chemical recycling capacities.  

 

The estimations used for each of these three scenarios are as follow:  

 

Figure 10: Share of feedstocks (from mechanical and chemical recycling an virgin feedstocks) for 
plastic production in 2050 
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2.2.5  Biomass  
The estimation of the biomass availability was based on a study by CE Delft, “Biomass availability for 
the EU chemical industry”, presented in Appendix 3. 

Biomass availability was assessed on the period from 2020 to 2050, with a five-year step granularity 
and focuses only on the assessment of the sustainable biomass potential – i.e., the amount of biomass 
that could be supplied in a sustainable way. For this purpose, different biomass categories have been 
evaluated:  

• agricultural residues,  
• forestry residues and other woody biomass,  
• lignocellulosic biomass, and: 
•  sugar crops.  

Each of these types of biomass was considered to be suitable for feedstocks and/or fuel uses. 

The overall potential for sustainable biomass for the EU was estimated considering the potential for 
sustainable biomass available in the EU27, coupled with the amount of sustainable biomass that 
could be imported. Finally, competition considerations with other sectors were assessed to estimate 
how much of the total sustainable biomass in Europe would be available for the chemical industry.  

As a first step, the sustainable biomass potential in the EU27 was evaluated according to three 
scenarios developed by JRC16, where the availability of sustainable biomass is defined as “High”, 
“Medium” or “Low”, depending on the applied sustainability criteria, policy measures and the 
productivity of agriculture and forestry. 

In a second stage, the potential for sustainable biomass imports was estimated looking at the global 
sustainable biomass potential, excluding the EU27. The Bio-Scope study17 estimates that, although 
the global sustainable potential in forestry and agriculture could be more than 1.5 to 2 times higher 
than the current biomass production, the effects of climate change and a growing world population 
could restrain the improvement in biomass production. Moreover, measures to protect ecosystems 
and mitigate global warming might be undertaken in future years. 

Considering the demand for biomass resources in the rest of the world, only a small share of the total 
sustainable biomass is expected to be eligible for European imports. Based on the study conducted 
by Hoefnagels & Germer18 on the export potential to the EU27 of solid biomass and biofuels and the 
previous results on the global potential for sustainable imports, three different scenarios were also 
developed to match the Low, Medium and High scenario developed for Europe.  

Furthermore, the potential for sustainable biomass available for the European market will not only 
benefit the chemical industry, hence competition with other sectors was taken into account. Based on 
the scenarios developed by the European Commission for the Impact Assessment of the Climate Target 
Plan (EC, 2020), the sectors that will be the main competitors for sustainable biomass are the 
transport and energy sectors, due to the biomass demand used to produce fuel for aviation and 
navigation. Nonetheless, the chemical industry is currently the largest industrial consumer of 
biomass, and the share is likely to expand due to the increased use of biomass for feedstock 
purposes.  

 

 

16 ENSPRESO biomass dataset (JRC, 2020) 
17 CE Delft and RH DHV, 2020 
18 European ADVANCEFUEL study 
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The total availability of sustainable biomass for the EU27’s chemical industry is summarised in Figure 
11. The results and figures for each step on the assessment analysis are further detailed in Appendix 
3. 

 

Figure 11: Availability of sustainable biomass for the EU in 2030 and 2050, including imports (Mt dry 
matter) 
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2.2.6  The European electricity market 

The evolution of average electricity market prices and carbon content of electricity is based on the 
Future of Power project19 developed by Deloitte. 

The study explores four scenarios for the evolution of the power market, depending on the degree of 
electrification and the determination and implementation of energy policies. The “United in Tech-
Diversity” scenario provides insights on how a mix of low-carbon electricity technologies can help 
minimise the cost of the transition of the power sector compared to a scenario relying on wind and 
solar panels only. This diversified scenario has been retained as the basis for our four illustrative 
scenarios, as being the most aligned with the other sets of assumptions. 

These scenarios are quantitatively assessed using the Deloitte European Electricity Market model 
(DEEM): a model that optimises both investment in new power generation capacity (and the required 
flexibility) and system operations with hourly variability of renewables and electricity demand. 

The power market is modelled based on marginal pricing of each technology and the merit-order 
prioritisation of different technologies, with great level of detail on the technical and operational 
constraints of each technology and weather dependence of renewables. The key assumptions used as 
input parameters in DEEM and the resulting outputs of this model are presented in Table 5. 

 

Table 5: Key inputs and outputs of the Deloitte European Electricity Market model (DEEM) (non-
exhaustive) 

Resulting average power prices (see Figure 12) and carbon intensity of electricity production at the 
European level are distinguished between two scenarios, a baseline and an accelerated decarbonation 
of the power sector depicted in the low-carbon scenario. Both scenarios show significant reduction 
of the CO2 intensity of the European electricity mix of at least a ten-fold decrease. However, the 
accelerated decarbonation result in a production mix progressively less exposed to the EU-ETS prices 
after 2030 which leads to lower market prices. 

 

 

 

19 Deloitte’s Future of Power study: https://www2.deloitte.com/fr/fr/pages/energie-et-ressources/articles/scenarios-davenir-pour-secteur-
electricite.html 



37

 

37 
 

 

Figure 12: EU27 average power prices considered in real euros 2019. 

 

2.2.7  The hypothetical hydrogen market 

The evolution of hydrogen availability and average price is based on the Hydrogen for Europe project20 
done by IFPen, SINTEF and Deloitte. 

The study explores two pathways that lead to carbon-neutrality: the “Technology Diversification” and 
the “Renewable Push”. In both pathways, European Hydrogen production rises steeply over the next 
three decades, relying on a diverse production mix, comprising renewable and low-carbon 
technologies. 

For the purpose of this report, the Technology Diversification pathway has been retained, which 
foresees capacity expansion of different production technologies. This has been used as the basis for 
determining the assumed production mix in Europe. In 2050, around half of the Hydrogen production 
is therefore estimated to rely on electrolysis, mostly for industrial purposes and transport. 

 

 

 

20 https://www.hydrogen4eu.com/  
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Figure 13: Hydrogen mix towards 2050. Source: Hydrogen for Europe Study, 2021. 

Additionally, IEA’s Future of Hydrogen study21 has been used to estimate average market prices 
resulting from the production mix considered, as well as the carbon content of the hydrogen produced. 
To obtain figures for intermediate years, values have been linearly interpolated. Results are depicted 
in Figure 14 and Figure 15 for all scenarios explored in the scope of this report. 

 

  

Figure 14: Hydrogen average market prices considered 

 

 

 

21 https://www.iea.org/reports/the-future-of-hydrogen  
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Figure 15: Carbon content of hydrogen purchased from the market22 

 

2.3 Regional analysis approach 
To understand how the pathways identified by the iC2050 apply to local contexts, eight regional case 
studies were conducted on specific EU27 chemical producing regions. The main objectives are:  

1. To understand what the practical local implications of the model results at regional level are 
considering existing assets, ability to access feedstock, existing infrastructure, investment 
decisions that have been made public and local policy. 

2. To qualitatively evaluate the EU model outputs and identify infrastructure requirements 
related to the pathways: hydrogen pipelines/gas grid reconversion, CO2 transport and storage, 
waste, and biomass logistics… 

The regional clusters, presented in Part V, were selected based on their relevance for the European 
chemical industry in terms of production with regards to the 18 key products and emissions materiality. 
The selected chemical clusters are the following:  

• The Netherlands cluster includes production units across the Netherlands but is especially 
concentrated around the production sites located in the port of Rotterdam and additional 
units in the port of Amsterdam, Moerdijk, Terneuzen, Chemelot and Delfzijl.  

• The Antwerp area includes the port of Antwerp area and additional units in the wider Flanders 
region. 

• The Rhine River cluster solely covers Germany and includes chemical companies located in the 
Ruhr area, the Rhine area and the Rhine Main region. 

• The Nordic countries cluster covers Finland and Sweden. 
• The Marseille/Fos-sur-Mer cluster includes the chemical parks located in Fos-sur-Mer, Berre 

and Lavera.  
• The Tarragona cluster includes chemical complexes in the northern and southern area both 

connected to Tarragona’s harbour. 

 

 

22 In line with European hydrogen strategy, the establishment of a hydrogen market would progressively take off in the 2025 – 2030 period 
to reach a more stable phase from 2030 onwards. For this to happen, there is a significant increase of low-carbon hydrogen production 
capacity taking place in the 2025 period which makes a very fast transition from current local production of grey hydrogen to the development 
of low-carbon hydrogen as a commodity with much lower carbon intensity. 
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• The Central Europe cluster includes production units present in Austria, Czech Republic, 
Hungary, Slovakia, and Poland. 

• The Northern Italy cluster includes all production sites located north to Livorno. 

 

 

Figure 16: Chemicals producing regions covered in the regional analysis 

The regional case studies were undertaken through literature reviews, interviews with national 
chemical industry federations and relevant local stakeholders.  
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3 MODEL DESCRIPTION & LOGIC  

3.1 General overview 
The aim of the iC2050 model is to explore possible 
pathways for the EU27 chemical industry to achieve 
climate neutrality by 2050. The model optimises 
investment decisions in production capacity and 
operational decisions to run such capacities and satisfy 
product demand. It includes a detailed reproduction of 18 chemical products’ production pathways 
and their interactions (see Figure 2). Other chemicals are represented in an aggregated fashion 
referred to as rest of the industry. While covering thousands of different chemical products, the rest of 
industry is considered by the model as a single product. Based upon 2019 data, the rest of industry’s 
feedstock, energy demand and emissions for a ton of hypothetical product was estimated. Based upon 
this estimation and projections of the evolution of demand for all these chemical products to 2050, 
the model estimates the associated feedstock, energy and emissions over the period.  

The model allows the user to define input, scenario-defining, assumptions. The outputs of the model 
are cost-optimal pathways towards climate neutrality. The model follows a value chain approach 
with multi-commodities, so it allows to integrate various production pathways taking into account 
complex interdependencies between the different products and process. It accounts for emissions 
from cradle-to-gate. It assumes perfect foresight and perfect coordination. This means that the model 
knows what options are available in time, and it loops optimisation decisions over the time period. 
This also means that the model can choose to deploy technologies in one product value chain rather 
than another given its cost efficiency. Alternatively, opening a production pathway in one product’s 
value chain can lead the model to select previously second-best technological options in another to 
benefit from this new pathway if it represents a better, sector-wide optimum. 

The model provides the user with information to address the key questions such as: 

• Which technology mix is available to reach climate neutrality by 2050?  
• What are the main energy sources and feedstock used to produce chemicals in 2050 given a 

climate neutrality constraint?  
• What role can circularity play (recycling, CO2 as a feedstock, biomass used)?  
• What role can CCS and chemical valorisation of CO2 play? 

The optimisation problem is formulated as a cost-minimisation problem and is based on the seminal 
work on capacity expansion of chemical processes of Sahinidis et al. (1989), Sahinidis and Grossmann 
(1992) and You et al. (2011). Their proposed mathematical formulations of the literature have been 
extended to include climate-neutral targets and feedstock switch alternatives, among other 
improvements. 

The objective function of the model consists on minimising the Net-Present Cost of the chemical 
sector. It is calculated as being the sum of the present value (as of 2019) of all costs over the period 
towards 2050 (e.g. 2019-2050), given a user defined discount rate. Costs considered refers only to 
capital and operational expenditures (CAPEX, OPEX) and variable costs, excluding R&D expenses, 
transport costs, logistics or other infrastructure investments. The optimisation is subject to 
constraints such as achieving climate neutrality, balancing the demand for each chemical, respecting 
the levels of available resources (for feedstock and fuels), respecting user-defined 
deployment/replacement rates (e.g. industrial inertia), among others.  
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3.2 Model description  
The code of the model is developed in GAMS23, solved using The IBM CPLEX optimiser24 and operated 
using GAMS Engine and the MIRO server interface developed by GAMS25. The model is based on 
different key concepts summarised in Table 6. 

Table 6 Key concepts used in the iC2050 Model 

Concept  Description  
Set  A set contains several elements that defines key concepts used inside the model, such 

as each product considered in the scope of the iC2050 Model  
Parameter  Parameter are defined on a selection of sets and consists of one or several data 

points  
Objective function  The objective function defines the objective of the optimisation model. In the case of 

the iC2050 Model, it consists of a Net Present Cost function that should be 
minimised.  

Decision variable  (Decision) Variable are the variables that the model can adjust to minimise the 
objective function while respecting constraint. Variable can be defined over a 
selection of sets  

Constraint  Constraint define boundary that the model is forced to respect. In the case of the 
iC2050 Model, the climate neutrality target in 2050 is one of the constraints.  

Input data  Input data refers to all sets and parameters used by the model  
Scenario  A scenario is defined by its unique combination of input data  
Output data  Output are the results of the optimisation model for a given scenario and consists of 

the value of the decision variable  
 

The architecture of the model consists of several sets that define the scope of processes and products. 
Each of those sets are then used in the domain of definition of parameters and decision variables. 

The representation of a chemical process relies on different variables and parameters that correspond 
to its techno-economical description, as summarised in Figure 17. 

 

 

23 Further information about GAMS is available at: https://www.gams.com/  
24 Further information about CPLEX is available at: https://www.ibm.com/analytics/cplex-optimizer  
25 Further information about MIRO Server is available at: https://www.gams.com/miro/server.html  



43

 

43 
 

 

Figure 17: Interacting modules of the model 

On the chemicals production side, the model arbitrates between buying feedstock from the market 
or producing alternative ones inside the model (e.g. buying natural gas from the market or building 
biomethane production). Several feedstocks can be produced inside the model like biomethane, 
bioethanol and bionaphtha, even though, in reality, they are not produced by the chemical industry. 
The assumptions on the availability of raw materials, transformed to produce chemical sector 
feedstocks, are part of the scenario design parameters defined by the user. 

The model chooses between different heating technologies and fuel types, including low-emission 
fuels, for meet the sector’s heat demand. High and low-temperature heat demand have been 
considered. For existing heating capacity, the model can decide to switch fuel from fossil and low-
emission fuels when possible. For example, biomethane can replace natural gas in boilers or to produce 
of hydrogen via SMR, whether associated to CCS or not. 

The model computes emissions at the different stages of the value chains/production pathway. 
Process emissions related to the chemical reactions and those related to the combustion of fuels for 
heat production are both considered. This representation allows to track emissions across the different 
stages within the production chain of the different production routes. Products can be intermediates 
and/or final products. For example, hydrogen can be considered as a final product when used in 
hydrogen burners, but it can also be an intermediate product when used as feedstock to produce 
ammonia and methanol. By tracking the material flows and the process emissions at each stage, 
emissions are assigned to each product. 

Emitted CO2, including from bio-based streams, can be, depending on whether carbon capture 
technologies are a potential option for any given production process, captured at any point in the 
value chain/production pathway, from the feedstock production processes, to heat technologies and 
chemical processes. The captured CO2 can then be used in the chemical industry (chemical valorisation 
of CO2) or stored underground (CCS). All the captured CO2 from chemical processes, together with that 
available from other industries enters a pool of available feedstock. If the CO2 is from fossil origin the 
CO2 captured and used is represented as an avoided direct emission. If the CO2 is from biogenic origin, 
it is accounted for as carbon removal. Indeed, in the case of biomass, carbon is physically removed 
from the atmosphere and, when biomass is used as a feedstock, carbon becomes embedded within a 
chemical product.  
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There are multiple hydrogen production pathways for the model to pick from (i.e. SMR, methane 
pyrolysis, electrolysis, with or without CCS, with natural gas or biomethane, etc.). Hydrogen as a 
feedstock is produced endogenously. Hydrogen used as a fuel for heating purposed can either be 
produced within the model and/or purchased from the market as an energy commodity. 

The way the model is designed to provide a flexible representation of production pathways in the 
chemical industry. To illustrate the capabilities of the model, a simplified example showing some 
possible value chains/production pathways for ethylene are presented in Figure 18. 

 

Figure 18: Illustrative representation of production pathways for ethylene 

In the value chain 126, ethylene is produced with naphtha that could be either purchased from the 
market or produced inside the model. This process is linked to a heat generation technology using 
natural gas that could come from the grid or that can be substituted with biomethane produced 
endogenously. The model has the possibility to add CO2 capture technologies at different points in the 
value chain, for example on the natural gas boiler which can use either natural gas or biomethane as a 
fuel.  

In the value chain 2, ethylene is produced using bioethanol produced inside the model. In this route, 
the model chooses hydrogen burners to heat both bioethanol and ethylene production. Hydrogen for 
heating could be either produced onsite or purchased from the market. To produce it, several options 
are available. Hydrogen from SMR with CO2 capture is used in the illustration, but alternative 
technologies such as methane pyrolysis and electrolysers are included in the model. 

Finally, in value chain 3 ethylene is produced from methanol which is both a final product and an 
intermediate product within the model. In this example, methanol is produced with hydrogen and CO2 
(with the CO2 hydrogenation process). Hydrogen as a feedstock should be produced inside the model 
and the CO2 feedstock could be captured from other processes within the chemical industry or from 
other industries. 

 

 

 

26 The term value chain is used here in reference to the graph. An alternative terminology would be production pathway.  
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3.3 Assumption and simplifications 
Some assumptions were made in the iC2050 model to simplify the approach and be consistent with 
the collected data. They are related to the level of detail used in the representation of processes and 
the level of spatial aggregation (the entire EU27 chemical industry being consolidated in the model). 

3.3.1 Heat  
Two heat grades were distinguished in the modelling: medium-to-low temperature and high-
temperature. The model has the possibility to invest in a portfolio of heating technologies (e.g. boilers, 
burners), drawing upon various energy carriers to supply either of both. Following discussions with 
experts of the industry, the heat demand for the rest of the industry is supposed to be only medium-
to-low temperature heat. 

For the supply of high-temperature heat, natural gas has been considered as the default energy 
carrier. Fuel switch towards hydrogen burners are available to the model, or in the case of ethylene 
production, electrified or partially electrified crackers. 

3.3.2 Carbon capture 
Another simplification performed in the model concerns the representation of the distance from 
carbon emitting sites to carbon storage facilities. As the iC2050 Model operates, by default, at a 
European wide level, locational issues are not covered, which includes the distance between specific 
productions sites and potential underground storage sites. Consequently, it was assumed that CO2 
could be stored only in offshore site. CO2 assumed to be transported in the model includes an inland 
transport segment and then a subsea segment. By default, average distances for CO2 inland and subsea 
transportation are assumed to be 1200 and 300 km for each segment respectively. These values are 
subject to sensitivities to provide further flexibility to the model. 

Similarly, when it comes to chemical valorisation of CO2, an average estimate on the transport distance 
between the capture site and the usage facility was undertaken and set at 125 km. 

3.3.3 Non-CO2 GHGs 

The model provides detailed quantification for CO2 emissions and a limited representation for other, 
non-CO2, GHGs. Based upon historical trends and desk literature, assumption on the evolution of non-
CO2 GHG emissions to 2050 were taken. These serve as an input to the model (c.f Box 4 – non-CO2 GHG 
emission in 2019 and to 2050  approach). 

Only direct non-CO2 emissions are covered. Upstream, feedstock related, non-CO2 GHG emissions are 
accounted for as CO2 in a non-differentiated manner on a CO2e basis (i.e. with no distinction between 
methane or CO2 emissions or any other GHG).  

A limited number of exogenous and endogenous variables can affect their volume. Exogenous 
assumptions cover possible assumptions on GHG phase out due to regulation. Endogenous 
assumptions relate to model decisions to pick alternative production technologies which can lead to a 
reduction of non-CO2 GHG emissions (e.g. methane when switching from SMR hydrogen production to 
electrolysis). No technology to specifically abate or capture these emissions was included in the model. 
There is no one common technology to address these emissions across processes. In 2019, they 
represent a small share of the emission challenge -albeit not necessarily a simple one.  

No specific technology was implemented in the model to abate non-CO2 GHGs. 
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3.3.4 Carbon accounting rules 
The concept of climate neutrality remains to be defined in detail and standardised yet. It involves 
defining several parameters including: boundary of the climate neutrality objective, time horizon, level 
of gross emission reductions required, acceptable offsets / negative emissions, etc. As part of the 
project, a number of assumptions were taken regarding carbon accounting rules, specifically on the 
use of biomass by the chemical sector and for chemical valorisation of CO2 when it comes from 
another sector. 

Biomass and biogenic carbon 

Biomass is a carbon sink. Biomass captures carbon from the atmosphere and can, as such, be 
considered carbon negative. At the boundary of the model, before its use by the chemical sector, the 
carbon contained in the biomass is therefore accounted for as a raw material with negative 
emissions27.  

When biomass is converted and used as a feedstock by the chemical sector, a large share of this 
carbon is embedded within chemical products. In the conversion process, any direct emissions that 
occur are accounted for, as a positive emission flow, in the model. In a cradle-to-gate approach (which 
does not cover emissions related to the use or the end-of-life of products), the carbon embedded 
within chemical products is not released within the considered boundary. Chemicals produced with 
biomass feedstocks, in a cradle-to-gate perspective, can therefore be considered as carbon negative. 
However, in a full life cycle assessment perspective, part of this carbon would be released during the 
end-of-life.  

To incentivise the chemical sector’s use of alternative, bio-based, feedstocks 50% of the carbon 
embedded in biomass is accounted for as a negative flow in the model. The underlying rationale was 
that a share of the biogenic carbon embedded within products would be emitted in the short term 
(e.g. through incineration), with the other considered to be stored over a longer period whether in the 
form of more durable products or thanks to recycling. On balance, the use of biomass as a feedstock 
is therefore carbon negative within the scope used by the model (i.e. from cradle-to-gate).  

When biomass is used for combustion to produce heat, all the carbon embedded in biomass, is 
released and accounted as positive emissions. As such, on balance, the use of biomass as a source of 
heat is therefore carbon neutral.  

 

 

27 Upstream emissions due to the production of biomass are deducted from its negative emissions potential. 
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When biomass or biomethane is used as a fuel and the released CO2 is captured (so called BECCS), 
this biogenic carbon is not emitted into the atmosphere. On balance, the use of biomass as heat 
associated to CCS is carbon negative as the negative emission associated to the embedded carbon 
generally outweigh the assumed CCS carbon leakage.  

 

CCS in the chemical industry 

Capturing CO2 with CCS leads to an emission avoidance. 

If the CO2 captured and stored is of biogenic origin, it is accounted as negative. 

If the captured CO2 is of fossil origin, the balance of emissions is (slightly) positive28 as the CCS process 
is not 100% efficient. 

Use of CO2 captured from other industries 

When the chemical sector uses another sector’s carbon as a feedstock, it is assumed by the model 
that the avoided emissions from this sector are allocated to the chemical sector. That is to say, it is 
assumed that to incentivise the chemical sector to use carbon from other sectors, it receives the full, 
100%, negative credit corresponding to the volume of emissions captured by the other sector. Process 
emissions associated to the chemical valorisation of CO2, if any, are captured by the model as positive. 
On balance, chemical valorisation of CO2 from other sectors is therefore carbon negative. 

3.3.5 Capital Expenditures 
The Capital Expenditures (CAPEX) figures that feed the model have been estimated based on a simple 
means calculation method29. This approach was validated by Cefic members. No company specific 
data was collected nor discussed to that effect. For the sake of simplicity, the approach adopted was 
to refer to total direct costs, including equipment and installation but without process contingencies. 
Other components of the total plant costs including indirect costs, owner costs and contingencies (see 
Figure 19) are based on Europe-wide average estimates. As the model considers the EU27 a single 

 

 

28 Partially neutral emissions due to the fact that capture rates are assumed in the 85-90% range. 
29 The Capital Expenditures (CAPEX) figures have been collected from public sources and cross-validated in compliance with competition law 
with different industry stakeholders. 

Box 1 –detailed carbon accounting rules for the use of bio-based feedstocks  

As a general rule, 50% of the biomass’s carbon content was negatively credited to the chemical sector. 
There are however a couple of exceptions:  

• When hydrogen is produced within the chemical industry with a technology taking a bio-based 
raw material without emitting CO2 (e.g. biomethane pyrolysis), the entire CO2 volumes 
sequestrated are accounted as negative emissions t. 
 

• When using bionaphtha, only 6% of the mass of embedded carbon contained in the woody 
biomass is credited to the sector. Bionaphtha  is assumed to be co-produced with biodiesel and 
bio jet-fuel from a biomass to liquids process1. After compounding for the stoichiometry 
relationship and excluding the co-products, only 6% in mass of the embedded carbon contained 
in the woody biomass goes to bionaptha, the majority being associated to other co-products. 
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entity, differences in national costs are not taken into account. They were assumed to be 40% of total 
direct costs (Sinnot, 2005).  

 

Figure 19: Definition of CAPEX in the iC2050 model 
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4 CURRENT STATUS OF THE INDUSTRY  
This section presents an overview of the current status of the EU27 chemical industry in 2019 and 
presents the key trends in its evolution since 1990.  

It aims to provide a synthetic overview of the industry’s main challenges as well as to share insights 
on the 18 key products included in the model with a focus on emissions, energy, feedstock and 
capacity data (presented in an aggregated manner). 

When possible, the analysis is presented for the whole sector. However, given data availability, the 
section sometimes focuses on the 18 key products. As this section zooms in and out from these 18 
products, it is recommended that the reader pays close attention to the scope of the data shown, 
clarified regularly throughout this section.  

As mentioned in part II, the data for this analysis comes from two main sources:  

• For the 18 key chemicals, IHS Markit provided all estimates: capacities, emissions, energy 
carrier and consumption, feedstock consumption. This data is derived from IHS Markit Process 
Economic Program, using process flow diagram and the material and energy balances for each 
chemical process (cf Appendix 1.1). Emission, energy, and feedstock data is thus computed by 
multiplying production volumes with theoretical process yields. The emissions were allocated 
to the different 18 chemicals to ensure they were not double counted. This is further described 
in Box 1 below. 

• For the rest of the industry, emission data was extracted from European Environmental Agency 
(EEA) databases and Energy data from Eurostat databases. A description of the methodology 
applied to calculate the rest of industry’s emissions is presented in Appendix 1.1. 

 

 

Figure 20 below illustrates the chemical product value chains included in the detail product scope, 
their interactions and final markets. For the sake of visual clarity, flows from intermediary products to 
end markets are not represented. The actual share of demand for the 18 chemical products by key end 
markets (e.g. automotive, agricultures) in 2019 is presented on the right-hand side.   

 

Box 2 – Emission allocation rules 

To avoid double counting emissions across value chains, upstream feedstock-related emissions were all 
allocated to the first products in the value chain (building blocks). For instance, polyethylene upstream 
feedstock-related emissions are allocated to Ethylene and Propylene on a mass basis. 

Further information on the allocation approach and its implications on a product basis are available in 
the methodology section. 
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Figure 20: Simplified representation of the EU27 aggregated volume of the 18 products in the scope. 

4.1 Current status of the EU27 chemical industry (2019) 

4.1.1  General introduction 

The European Chemical industry, a large and exporting industry, increasingly exposed to competition 
from other regions 

In 2019, the EU-27 was the third-largest chemical producing region in the world, in terms of revenue, 
after Asia and North America.  

 

Figure 21: Regional breakdown of chemical sales in 201930 

 

 

 

30 Source: Feri chemical sales (excluding pharmaceuticals), 2019 
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The global chemical industry is increasingly fragmented. As developing countries’ competitiveness 
grows, the disintegration between regions becomes more apparent. In the last decade, the European 
chemical industry has seen fierce competition from emerging economies such as China and India. To 
face these challenges, the European industry has increased cross-sector and cross-value chain 
collaboration (from fuel, power and feedstocks to waste recycling).  Such vertical integration has 
helped maintain European competitiveness31.  

As global markets grow, the European market, which is a mature market, grows too but less rapidly. 
Over the last decade, the chemical production growth rate has slowed down. As a result, Europe’s 
global market share has fallen. Nevertheless, the chemical European industry remains characterised 
by a positive trade surplus, the largest globally in the sector in 201932.  

The chemical sector historically subject to environmental regulation in Europe 

In Europe, ambitious and stringent regulation, notably to address climate change, frames the sector’s 
activities. In the past decade, new regulations to better tackle environmental and health care concerns, 
such as REACH (2007), CLP (2008), Seveso III (2012) and ETS Phase 3 (2013), have meant increased 
costs for European chemical producers. Substantial regulatory obligation combined to rising energy 
costs curbed production, with the European chemical industry leaning towards speciality chemicals 
production in optimised, concentrated, clusters29.  

4.1.2 Production 

Thousands of products are manufactured in Europe, but production volumes are dominated by a 
limited number of key chemicals. 

The table hereafter aims at giving an overview of the 18 chemicals selected in the detailed scope of 
this project. 

Chemical Production process Main end markets 
Organics 

Ethylene 

Total 2019 capacities by EU27 country • In Europe, ethylene is produced via steam 
cracking, a process where saturated 
hydrocarbons are broken down into smaller 
unsaturated hydrocarbons. 

• The feedstock used for steam cracking 
processes is composed of naphtha, ethane, 
propane or butane. 

• These feedstocks are thermally cracked with 
steam in furnaces. Cracking severity (i.e. the 
process temperature) is adjusted according to 
maximise the preferred product production. 

Ethylene’s main end 
markets are packaging 
and construction. 

 

Propylene 

Total 2019 capacities by EU27 country 

• Propylene is produced through steam 
crackers (cf. Ethylene), fluid catalytic cracking 
(FCC) and on-purpose routes (PDH and 
Methathesis). 

• FCC is a process widely used in petroleum 
refineries to convert long alkanes into more 
valuable gasoline, alkenes gases and other 
products. 

Propylene’s main end 
markets are packaging 
and consumer chemicals 

 
Total 2019 capacities by EU27 country 

 

 

31 Source: A journey into the Future of Europe with the European Chemical Industry, Cefic 
32 Source: Cefic Facts and Figures, 2019. 
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Benzene & 
Xylene 

 

• BTX are mainly produced via FCC (around 25% 
of processes) or CCR (around 70% of 
processes). FCC produces a higher share of 
benzenes than CCR which yields a higher share 
of xylenes 

• Medium or heavy oil (mostly naphtha) is 
required for the FCC process 

• BTX can also be produced from methanol 
through MTA (methanol-to-aromatics) 
processes. 

Benzene’s main end 
markets are construction 
and consumer chemicals. 
Xylene’s main end 
markets are packaging 
and textile. 

Toluene 

Total 2019 capacities by EU27 country 

• Toluene is produced through two main 
processes: catalytic reforming and from 
pyrolysis gasoline co-produced in the steam 
cracker. 

• Toluene can be produced through the 
hydrogenation of the pygas that is produced 
during steam cracking. 

Toluene’s main end 
markets are mobility and 
construction. 

 

Methanol 

Total 2019 capacities by EU27 country 
• Methanol is mostly produced via natural gas 

steam reforming but can also be produced 
from coal (mostly in China). 

• 25% of natural gas feedstock is used to produce 
methanol. Natural gas is transformed into 
syngas. Then, it is converted into crude 
methanol and thereafter distilled to increase its 
purity.   

Methanol is mostly used 
in construction and 
mobility sectors. 

 
Inorganics 

Ammonia 

Total 2019 capacities by EU27 country 

• Ammonia is the second most produced 
chemical worldwide. It is obtained from the 
reaction of dihydrogen and dinitrogen  

• Since the beginning of the 20st century, 99% of 
ammonia production relies upon the Haber-
Bosch process. 

Fertiliser production 
absorbs 80 to 90% of the 
global ammonia 
production, half of which 
is transformed into urea. 
The other main ammonia 
uses are organic 
compound and polymer 
production and 
explosives. 

 

Hydrogen 

Total 2019 capacities by EU27 country • Dihydrogen can be obtained from different 
processes 

• Coal gasification producing “brown” (for 
lignite) or “black” (for bituminous coal) 
hydrogen. 

• Steam reforming methods (SMR and ATR) are 
the most widespread, 

•  production technologies. They can produce 
either “grey” hydrogen if the excess CO2 
produced is released in the atmosphere, or 
“blue” hydrogen if a carbon capture and 
storage mechanism is in place.  

Hydrogen is currently 
used mostly in oil refining 
and for the production of 
fertilisers 

 
• Methane pyrolysis which decomposes natural gas at a high temperature into “turquoise” 

hydrogen and solid carbon. 
• Water electrolysis uses electricity to decompose water into oxygen and hydrogen. The 

electricity may come from different sources: renewable energy (“green” hydrogen), nuclear 
energy (“pink” hydrogen) or the current electricity mix (“yellow” hydrogen).  

Chlorine Total 2019 capacities by EU27 country 
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• Worldwide, electrolysis has been the favoured 
chlorine production process -the so-called 
chlor-alkali process.  

• During the 20st century, three main chlorine 
production technologies were developed: 
membrane, diaphragm and mercury. All three 
rely on electrolysis and caustic soda is a 
common coproduct. More recently, efforts to 
decrease the electro-intensity of the chlor-
alkali process led to the emergence of the 
oxygen-depolarized cathode (ODC) technology 

Chlorine is mainly used in 
construction and 
consumer chemicals 
sectors. 

Intermediates 

Styrene 

Total 2019 capacities by EU27 country 

• Around 80% of styrene is produced by the 
dehydrogenation of ethylbenzene. And 
ethylbenzene is used almost exclusively to 
manufacture styrene. 

Styrene is mainly used in 
construction and 
packaging sectors. 

 

Ethylene 
Oxyde 

Total 2019 capacities by EU27 country 

• Ethylene oxide is obtained via ethylene partial 
oxidation.  

• Ethylene oxide is mainly used to produce 
ethylene glycols which is then used to produce 
polyethylene terephthalate (PET). 

Ethylene Oxyde is mainly 
used in the construction 
and consumer chemicals 
sectors. 

 

MEG 

Total 2019 capacities by EU27 country 

• Ethylene glycol is produced from ethylene 
(ethene), via the intermediate ethylene oxide. 
Ethylene oxide reacts with water to produce 
ethylene glycol. 

• This reaction can be catalyzed using acids or 
bases or can occur at neutral pH conditions 
under elevated temperatures. 

MEG is mainly used in 
packaging and textile 
sectors. 

 

PTA 

Total 2019 capacities by EU27 country 

• In the Amoco process, which is widely adopted 
worldwide, terephthalic acid is produced by 
catalytic oxidation of p-xylene 

PTA is mainly used in 
packaging and textile 
sectors. 

 
Polymers 

PE 

Total 2019 capacities by EU27 country 

• Ethylene is a stable molecule that only 
polymerises in contact with catalysts. The 
conversion is very exothermic. Coordination 
polymerisation is the most common 
technology, which means that metal chlorides 
or metal oxides are used.  

• Polyethylene can be produced by radical 
polymerisation, but this route is of limited use 
and usually requires high-pressure apparatus. 

PE is mainly used for 
packaging and consumer 
chemicals. 
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PP 

Total 2019 capacities by EU27 country 

• Polypropylene is produced by the chain 
polymerisation of propane; industrial 
production processes can be grouped into gas 
phase polymerisation, bulk polymerisation and 
slurry polymerisation.  

Polypropylene is mainly 
used for packaging and 
consumer chemicals. 

 
PS Total 2019 capacities by EU27 country 

• There are three types of processes generally 
used to produce polystyrene: suspension, 
solution and mass (bulk) polymerisation.  

PS is mainly used for 
packaging and consumer 
chemicals. 
 

 
PET Total 2019 capacities by EU27 country 

• Polyethylene Terephthalate (PET) is produced 
by polymerization of ethylene glycol and 
terephthalic acid. 

PET is mainly used for 
packaging and consumer 
chemicals. 

 
PVC Total 2019 capacities by EU27 country 

• Suspension polymerisation is the most 
common PVC production process. This is 
because the resins produced are versatile and 
suitable for a wide range of applications.  

PVC is mainly used in 
construction 

 
 

In 2019, the European chemical industry produced 281 Mt of chemicals33. The production of the 
selected 18 key chemicals was estimated at 111 Mt34, i.e. 39% of the production volume, dominated 
by ammonia, ethylene, propylene, PE, chlorine and PP. 

 

 

33 Source: Eurostat, 2019 
34 Source: IHS Markit 
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Figure 22: Production share by product in the scope in 2019 (EU27)35 

Building blocks represent a substantial share of the sector’s production, as represented in Figure 22, 
as they are the base product, the first chain link, in the chemical sector production process. Ethylene, 
for instance, has multiple applications. It is used to produce polymers such as PE or PET but also for a 
wider range of other applications. The same holds true for propylene and chlorine, which are building 
blocks commonly used in the industry. 

Ammonia is one of the most produced inorganics chemicals. Its production is mainly driven by the 
demand for fertilisers which absorb about 80% of total ammonia production. 

On the contrary, the volume of intermediates, such as PTA, is less substantial. They are indeed mostly 
used to produce a single chemical and their applications are therefore more limited compared to 
building blocks.  

PE and PP represent more than 65% of total polymer production of our scope, mainly due to their wide 
application range. They are used in numerous sectors, from consumer chemicals to packaging. 

4.1.3  Imports/exports (outside the EU27)  

The EU27, a net importer of chemical building blocks 

In 2019, the EU-27 was a net importer for most of the building blocks analysed and some of the 
polymers in the project scope (notably PS and PVC). 

The most traded products amongst the 18 key chemicals are displayed on Figure 23. They are easily 
traded across regions because of their characteristics, market size and feedstock competitiveness.  

 

 

35 Source: IHS Markit 
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Figure 23: Top 10 traded products in 2019 imports and exports (outside the EU27)36 

Methanol has the largest trade deficit. This chemical is easily transportable and thus serves 
conveniently as a bulk commodity. Historically, methanol production units have therefore been 
developed near natural gas production and processing sites. As a result, Europe has been a large 
importer of methanol coming from North America, South America, Russia and the Middle East. 

Ammonia has the second largest trade deficit. In the last decade, European ammonia production has 
decreased. This erosion combined with the ease of transporting ammonia are the deficit’s main causes. 

PVC is one of the most traded products as it derives from chlorine. Chlorine is integrated in PVC as it is 
highly corrosive and difficult to transport on its own. As a consequence, its downstream products, such 
as PVC, are more traded, compared to other polymers. Moreover, as the production of chlorine is very 
electricity intensive, the price of electricity is an important factor in the final price of the product. As 
such, there is a high price sensitivity of electricity for chlorine, and thus in PVC as well. The PVC 
produced in France, is more competitive than in other regions due to the lower cost of electricity in 
this region and is therefore more produced and consequently exported. 

Similarly, there are very few ethylene exports from Europe. The market is more oriented towards 
exporting its downstream products, such as PE or PET. 

This trend is repeatable as we can observe on Figure 23 that most of the products traded are end-
products of value chains. 

We can also observe a negative net trade on our product scope. Indeed, the demand for methanol and 
ammonia is higher than the production, which leads to consequent imports of these products. This is 
depicted on Figure 24 below. 

 

 

36 Source: IHS Markit 
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Figure 24: Trade balance of the 18 chemicals scope and the rest of the industry in 201937 (EU27) 

Nota Bene: The analysis presented above presents limitations. With different working perimeters and 
methodologies, consolidating the IHS Markit and Eurostat datasets results in (some) double-counting. 
This can lead to a distorted view of the rest of industry ’s absolute market figures. However, this has no 
critical impact on the modelling exercise as only variations in production and trade figures determine 
model decisions (and not the absolute values).  

As shown in Figure 24, in 2019, the rest of industry  ’s net trade balance is positive, whereas it is 
negative for the 18 products in our detailed modelling scope. Analysed through the lens of quantities, 
the overall European balance of trade appears deficient. However, this perspective is biased and partial 
as the rest of the industry exports includes high added-value chemicals. While relative volumes of trade 
may appear in Europe’s disfavour, the EU-27’s balance of trade, in terms of value is in surplus.  

4.1.4  Feedstocks 

Fossil fuels are the dominant feedstock source within the 18 product scope 

In 2019, fossil feedstocks represented the vast majority of the chemical industry’s feedstock 
consumption. In comparison, non-fossil fuel feedstock represented a quasi-negligeable volume. Some 
biogas was employed to produce bio methanol. Its share represents less than 1% of feedstock 
consumption for the selected product scope. Naphtha was the primary feedstock of our product scope, 
covering almost half of feedstock consumption. Indeed, it is the most used feedstock in steam crackers 
in Europe, which are the starting point of most of the products among the 18 chemicals. 

When these crackers are not using naphtha as a feedstock, they require either liquefied natural gas 
(for butane, ethane and propane crackers) or gas oil. 

Other feedstocks include reformate, which is used for the production of BTX through catalytic 
reforming, liquified natural gas to produce propylene through Propane dehydrogenation and FCC 
Gasoline, used to produce propylene through fluid catalytic cracking. 

 

 

37 Source : Eurostat, IHS and consultant analysis. 
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Natural gas is used for ammonia and methanol production, which can also be synthetized from biogas. 

 

 

Figure 25: Feedstock consumption by type of feedstock for the 18 products in the scope in 2019 (EU27)38 
 

4.1.5  Emissions 

In 2019, the sector’s total GHG emissions are evaluated at 257 MtCO2e (direct emissions, power 
related emissions and upstream emissions). Around 93% of direct and power related emissions are 
CO2 emissions. Regarding non-CO2 GHG, 62% of process emissions are due to N2O, 17% due to HFCs, 
11% due to methane.  

In 2019, the chemical industry emitted 257 MtCO2e -including direct emissions, power purchased 
emissions and upstream emissions. 163 MtCO2e were emitted to produce the 18 chemicals selected in 
the scope. The rest of the industry accounted for 94 MtCO2e (as shown on Figure 26), the majority of 
which being direct and power purchased emissions (almost 95% of rest of industry emissions). Process 
emissions are significant and make up almost 60% of the rest of the industry’s emissions. 

 

 

 

38 Source: IHS Markit 

Box 3 – Calculation of the sector’s total emissions 

CO2 emissions of the overall sector have been estimated using best available datasets. 

• Direct emissions have been estimated using EEA 2019 EU-27 dataset and Germany’s direct 
utilities emissions, lacking from the dataset, have been estimated using the Dechema study 
- Roadmap Chemie 2050 - On the way to a greenhouse gas neutral chemical industry in 
Germany (2020 figures). 

• Power purchased emissions have been calculated using Eurostat data and EEA 2019 EU-27 
emissions factors. 

• Upstream emissions have been estimated using IHS Markit data, Eurostat data and the 
ADEME emissions factors. 

Further details are provided in Appendix 1. 
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Figure 26: Emission share of the 18 chemicals by emission source in 201939 

The 18 products within the detailed project scope represent a variable share of sector’s total emissions 
depending on the scope of emissions, as shown in Figure 27. These 18 chemicals account for the 
majority of the GHG emissions related to the chemical industry. This is particularly relevant for 
upstream emissions as all main building blocks of the industry are covered in the 18 selected products. 
The selected scope of chemicals also represents around 2/3 of the direct emissions but only covers 1/3 
of power purchased emissions. While this confirms the validity of selecting these products when 
analysing climate neutrality in the chemical sector’s, it also shows the rest of industry has a key part to 
play toward climate neutrality.  

 

Figure 27: Coverage ratios of the 18-product scope of the industry’s emissions 

Most feedstock related emissions are covered because the 18 products are in the sector’s upstream. 
Crackers are a cornerstone technology, at the inception of numerous chemical reactions, from which 

 

 

39 Source : IHS Markit, EEA, Eurostat and consultant analysis 
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essential chemical building blocks are issued. These crackers are the main source of feedstock 
consumption in the sector. Likewise, upstream utility-related emissions are well covered as the 
majority of the industry’s fossil energy demand is driven by energy-intensive processes covered, for 
the most part, by the 18 products’ scope. 

Conversely, less energy-intensive processes, using electricity as an energy source, are more wide-
spread, diverse and located, generally, in the sector’s downstream. This explains why the 18 product’s 
scope has a lower coverage ratio for power purchased emissions. 

Direct emissions are composed of process and utilities emissions. The 18 product scope covers ~63% 
of the sector’s estimated direct process emissions and about 61% of its direct utilities’ emissions. 
Remaining process emissions are covered by the rest of the industry. Four products are responsible for 
25% of the rest of industry ’s process emissions: nitric acid (36%), fluorochemicals (28%), soda ash (8%), 
and adipic acid (3%)40. 

Beyond the detailed 18 products, modeled in the scope, 36% of emissions lie within the rest of the 
industry. 

Emissions from the rest of the industry are mostly direct emissions and power purchased emissions.  

As shown on Figure 28, 61% of the rest of industry ’s total process-related emissions are CO2 emissions. 
The remaining 39% are therefore due to all other GHGs. Abating these emissions is particularly difficult, 
as they cannot be captured through CCS technologies.  

 

Figure 28: Direct process emissions of the rest of the industry in 2019 (EU-27)41 

As depicted on Figure 28, 62% of non-CO2 process emissions are due to N2O. It is the most important 
source of these non-CO2 GHG emissions. Other GHG emissions are due to HFCs (about 17%) of the total 
non-CO2 emissions, methane (about 11% of the total). In terms of chemical products, adipic acid, nitric 
acid and fluorochemicals account for 79% of all non-CO2 emissions. Nitric acid production covers 58% 
of all N2O emission. Fluorochemicals represents all of the sector’s HFCs and PFCs emissions. 

 

 

40 Source : EEA 
41 Source: EEA, IHS. Deloitte analysis. 
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Box 3– non-CO2 GHG emission in 2019 and approach to 2050  

For the 18 key chemicals 

Non-CO2 GHG emissions were calculated by applying uplift factors. These uplift factors were 
taken from a variety of databases (EEA, EcoInvent, EEA) sharing information on non-CO2 
GHG for individual productions within the selection of 18. Differences across databases were 
compared to arrive at representative factors.  

In 2019, these non-CO2 emissions were estimated at 2 MtCO2e with 1,6 for process 
emissions, 0,4 for utility emissions, <0,1 for power related emissions.  

For the rest of industry 

Non-CO2 GHG emissions were calculated based on the EEA datasets.  

In 2019, these non-CO2 emissions were estimated at 10 MtCO2e with 9 process emissions, 
0,1 for utility emissions and <0,1 for power related emissions.  

A further analysis was undertaken focusing on N2O emissions from nitric acid production, 
the largest non-CO2 GHG, looking into past and future trends. In 2019, these were estimated 
at 3,7 MtCO2e. This analysis was undertaken via desk research and interviews with selected 
industry experts and industry representatives. It led to the following conclusions: 

• The industry achieved a 92% reduction of N2O emissions over the past 15 years 
(from 36 MtCO2e to 3 MtCO2e). 

• The industry can further reduce N2O emissions by installing best available 
technologies. 

• Forecasts show that N2O emissions could decrease up to - 94% (Fertilizer Europe) or 
even -99% (France Chimie). A 94% reduction would leave 2 MtCO2e of residual based 
emissions. 

Further analysis on other non-CO2 GHG was not undertaken considering that they represent 
a minor share in total emissions - ~2% of total emissions. 

 

In 2019, more than 60% of the product scope’s total emissions were associated to ethylene and 
propylene, as well as ammonia production. These were the most emission-intensive products. 
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Figure 29: Emissions share (Direct emissions, power purchased emissions and upstream emissions) by 
product in the scope in 2019 (EU27)42 

 

NB: By construction Building blocks emissions includes full upstream emissions  

Ethylene, propylene and ammonia production processes are highly emission intensive. Moreover, 
given the approach applied in this report, ethylene and propylene bear the upstream feedstock-related 
emissions of several downstream value chains, as Figure 30 demonstrates. Indeed, the building blocks 
production processes are the most emission-intensive due to the allocation rules chosen. To synthesise 
the intermediates and the products, only the polymerisation step or the synthesis step’s emissions 
were allocated to the chemical as the emissions from the rest of the value chain are captured by earlier 
products. This explains why the building blocks are more emissive among our scope. 

Organic building blocks are generally more emission-intensive due to their associated feedstock and 
utilities-related upstream emissions resulting from extracting, transporting and refining fossil 
feedstock. 

 

Figure 30: Emissions of our product scope in 2019 by scope (EU-27) 

While the amount of GHG emissions per product for the products within the detailed scope varies 
considerably, a limited number of products are responsible for the majority of emissions. Figure 31 
presents the respective GHG emissions of the key 18 chemicals relative to their production. 

 

 

 

 

42 Source: IHS Markit 
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Figure 31: GHG emissions (Direct emissions, power purchased emissions and upstream emissions) and 
EU27 aggregated production volumes by product in 201943 

NB:  
• Chlorine and caustic soda emissions are all attributed to chlorine. 
• Emissions are calculated at the steam cracker level based on a set of yields specific to the 

feedstock used (ethane, propane, butane, naphtha, gasoil). Emissions are then split across 
ethylene and propylene only based on a mass approach with the specific production ratio for 
each feedstock according to emissions allocation methodologies described in the 
“methodology” section. 

• Scope 3 upstream includes upstream feedstock-related and upstream utilities-related 
emissions allocated to the different products as presented on the methodology section. 

By construction Building blocks emissions include full upstream emissions  
 

 

 

43 Source : IHS Markit and Deloitte analysis 
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4.1.6  Energy 

In 2019, the most energy consuming products were ethylene and propylene, ammonia, and chlorine. 

 

Figure 32: Energy share by product in the scope in 2019 (EU27)44 

NB: By construction Building blocks energy consumption includes full upstream energy consumption  

 

Energy consumption distribution by product is comparable to emissions. In 2019, ethylene, ammonia, 
chlorine and propylene represented about 75% of the total energy consumption for the 18 key 
chemicals. Processes upstream of the chemical sector value chain (such as steam cracker) are very 
energy intensive when compared to downstream processes, like polymerisation reactions. 

The rest of the industry’s energy consumption is estimated at ~1,202 PJ, or 57% of total EU-27 chemical 
industry consumption.45 

 

 

44 Source: IHS Markit 
45 Source: Eurostat energy balance, including pharmaceutical industry. The pharmaceutical industry’s energy consumption covered within 
the Eurostat baseline is considered not very significant (about 6%). 
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Figure 33: Energy use in 2019 (EU-27) 

4.2 Evolution since 1990 
The analysis of the industry’s evolution since 1990 intends to give an understanding of the variation in 
emissions and energy consumption over the period, correlating them with production changes. 

The following paragraphs focus on the scope of 18 chemicals, as the rest of the industry’s evolution 
cannot be properly assessed without a more in-depth analysis of the thousands of products it regroups 
– an analysis beyond the scope of this report.  

4.2.1  Emissions 

A 20% emission reduction since 1990 despite a 20% increase in production 

Over the period, overall emissions in the product scope have decreased by 20%, as represented on 
Figure 34, while production has increased by 20%. 

Several factors contributed to the chemical sector’s emissions decrease.  

• A large abatement of non-CO2 emissions, and especially N2O emissions (since it represents 
~60% of non-CO2 process-related emissions – cf 4.1.5). Most of the decline of non-CO2 
emissions relates to the rest of industry since the decrease of non-CO2 emissions is mainly 
due to a diminution in nitrous oxide emissions related to the production of nitric acid and 
adipic acid (not included in the scope of this report). Figure 34 shows that almost 84% of 
the overall emission reduction is due to non-CO2 greenhouse gases.  

• Energy efficiency improvements (illustrated by a decrease of almost 30% of direct utilities 
emissions between 1990 and 2019– cf Figure 34. As presented in Appendix 1.3and in Figure 
34 below, energy efficiency improvements have been estimated to about 1.0%/year 
decrease (considering increase in energy yields over the period as well as increase in 
process efficiency). 
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Box 4 – Energy efficiency46 approach 

IHS Markit does not consider any energy efficiency improvements in its theoretical yields 
and is thus applying energy efficiency levels of 2019 to all its data. To estimate energy 
efficiency improvements, an energy efficiency factor of 48% was applied between 1990 and 
2019 (coefficient corrected for production increase). This corresponds to about 1.0%/year 
decrease. 

This coefficient has been calculated looking at the energy yield (MJ/t) increase between 
1990 and 2019 using Eurostat’s energy consumption and production data for the 
petrochemical industry. This estimate thus includes process efficiency47 as well. 

The consistency with EEA 1990 emission data and Eurostat 1990 electricity consumption 
data has been verified and validated. 

Further details are presented on the methodology section (cf Appendix 1.3). 

 
• A drop in the grid’s CO2 intensity from 524 gCO2/kWh on average in 1990 to 275 gCO2/kWh 

in 2019 (EEA EU-27 data). As described in Appendix 1, for simplification, all power 
consumed by the 18 products is assumed to come from the grid and the analysis does not 
consider site specific electricity production via co-generation.  

• The evolution in production capacities and technologies with consequences on total CO2 
emissions associated with the 18 products covered in the scope. For example, the move 
away from traditional to lighter feedstocks for the production of olefins has helped reduced 
emissions. 

These emission reductions compensated for the increase in emissions resulting from rising production. 
The CO2 and non-CO2 emission reduction between 1990 and 2019 is summarised in Figure 34. 

 

 

 

46 Energy efficiency refers to the state of operation of a system for which energy consumption is minimized for an identical service rendered. 
It is generally based on the optimization of consumption, which involves the search for the least energy intensity (for equal service) and 
represents a major stake for the chemical industry. 
47 Process efficiency refers to the state of operation of a process where the material costs and conversion costs are optimised for an identical 
output of the reaction. 
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Figure 34: CO2 and non-CO2 emission reduction from 1990 to 201948 

Conflicting trends across the various emission sources 

As shown in Figure 35 over the period, process-related emissions increased by about 20% in line with 
production. Utilities emissions decreased by a little over 30% mainly due to energy efficiency 
improvements. This illustrates the sector’s rapid uptake of the first phase on the road to climate 
neutrality: raising energy and process efficiency (see for further details). Given past efforts, capturing 
low-hanging improvements, future improvements will be harder to implement with a total potential 
unlikely to meet previous capacity. Likewise, power emissions decreased by almost 70% as the grid 
carbon intensity and energy efficiency improved.  

As process emissions, upstream related emissions increased in line with production. They are directly 
correlated as upstream emissions covers upstream feedstock-related emissions, that is to say 
emissions due to feedstock extraction, transport and reprocessing. 

Direct emissions and power-purchased emission reduction factors are shown in Figure 35 below. 

 

Figure 35: Direct, power purchased and upstream GHG emissions of the product scope in 1990 and 
201949 

 

 

48 Source: EEA data and Deloitte analysis. Energy efficiency is not included in this analysis. 
49 Source: IHS Markit and Deloitte calculations. Hydrogen has been excluded from the data as its emission are not evaluated for 1990. 
Upstream emissions include only upstream feedstock-related emissions. Direct and power purchased emissions covers only CO2. Direct 
1990 utilities emissions have been recalculated by adding an energy efficiency factor (see Box 3). 
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Figure 36: Direct and power purchased CO2 emissions evolution of the product scope from 1990 to 
2019 (EU27)50 

 

 

 

50 Source: IHS Markit and Deloitte calculations. Hydrogen has been excluded from the data as its emission are not evaluated for 1990. 
Energy efficiency has been evaluated by Deloitte calculations.  
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5 ILLUSTRATIVE SCENARIOS SHOWING PATHWAYS TO CLIMATE 
NEUTRALITY BY 2050 

5.1 Introduction 
This section presents examples of scenarios, using the iC2050 tool: 

• To fully understand these results, the first part presents the selected approach to design the 
four illustrative scenarios developed for this report. 

• Then the parameters defining these scenarios, used as model inputs, are introduced. These 
parameters are broken down into two categories: common and distinctive parameters. 
Common parameters are applied in every scenario. Only the key parameters are presented 
below with full information, when non-subject to legal restrictions, in Appendix 1. Scenarios 
were defined by emphasizing a key dimension and lever seen to potentially hold a key to the 
sector’s climate neutrality pathway. In so doing, their comparison should reveal the impact of 
key policy decision and help inform possible industry actions. 

• In the next section, the model results are discussed. These are presented on a comparative 
basis to show key points of difference, explain them and set up the key learning from the 
model. 

• Thereafter, a regional analysis, based on the eight selected cluster, of the model’s results is 
undertaken.  

• Finally, prior to the final concluding section, model results and their limits are discussed.  

5.2 Common basis of the four illustrative scenarios  
Four illustrative scenarios toward climate neutrality 

Four illustrative scenarios describing plausible pathways towards climate neutrality in 2050 were 
developed. These scenarios share a common basis and aim to provide a balanced view, exploring 
difference around a central vision, rather than setting extreme, boundary, cases. However, they put 
emphasis in at least one of the key levers to abate emissions within the industry. Each implies, to a 
greater or lesser extent, a different combination of technologies and associated infrastructure 
necessary to reach climate neutrality by 2050. While input parameters from one scenario to another 
vary, no option (technological, resources) was taken away from the model. While some technology 
costs, deployment potential, or resource availability are different across scenarios, all scenario 
outcomes are the result of the model’s cost-optimising decision.  

Common framework parameters for a shared common vision: macro-economic, policy and 
regulatory context 

The main similarities across the four proposed scenarios regard the hypotheses drawing the macro-
economic context, the policies, and the regulatory landscape. The macro-economic context, and 
especially domestic demand and international trade assumption are the same in all scenarios. 
Similarly, policies and the regulatory context are common features. Such policies include the scope of 
GHG emissions associated to the chemical sector which must achieve a climate-neutral balance in 
2050, the absence of intermediary targets and EUA price trajectory. Likewise, there is a single GHG 
accounting framework applied over the selected emissions scope for all scenarios. Table 7 below 
summarises the major common hypotheses. These are presented in more detail and discussed in the 
following sections. 
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Category Item Description  Value 

Macro-
economic 
context 

Domestic demand Demand scenario considered  
iC2050 demand 

assumptions 

Macro-
economic 
context 

International trade 
Trajectories of imported and exported 
volumes of the EU chemical industry  

iC2050 trade 
assumptions 

Policy 
Climate neutrality 

ambition 
In all four scenarios, EU chemical production is 

climate-neutral by 2050  2050 

Policy 
Intermediary climate 

targets 
Include GHG abatement trajectory with 

intermediary objectives 
 

No intermediate 
target 

Policy Average EUA price Average EUA price trajectory  
Linear increase from 
50 €/t in 2020 up to 

350 €/t in 2050 

Regulatory 
Absorbing CO2 from 

other sectors 
Accounting CO2 captured from other sectors 
and used as feedstock to produce chemicals 

 -100% 

Regulatory 

“Biogenic carbon 
embedded in 

chemicals products“ 
with biomass as a 

feedstock 

Accounting biogenic carbon embedded in 
chemical products within a cradle to gate 

approach (‘carbon sequestrated’ - LCA wise) 
 

-50% credit 

(see appendix) 

NB: Carbon removal options eligible in the four scenarios are BECCS and SMR of biomethane with CCS. 

Table 7: Table of common hypotheses across the four illustrative scenarios 

5.2.1 Demand to 2050 assumptions 

5.2.1.1 Impact of climate neutrality upon key chemical sector end-markets 

Applying the methodology described in section II, the impact of climate policy on 2050 sectoral trends 
were analysed to assess this dynamic’s impact on EU27 chemical sector demand.  This analysis focused 
on five key end-market for the chemical industry. An analysis for each market is presented below.  

Automotive industry 

The automotive sector demand for chemicals can be broken down into two general categories. On the 
one hand, demand for chemical compounds for car parts, paints and coatings. On the other, chemicals 
which serve to meet fuel specifications. The latter demand shows the interplay between refineries, 
chemicals and the fuel industry.  

This sector’s key indicators are: 

• Total car fleet (i.e. the total number of cars on the road). This indicator has increased strongly 
between 1990 and 2019. Over the 2019 to 2050 period, the European Commission expects a 
slight decrease in passenger activity.  

• The car fleet’s structure and more specifically the share of electric vehicles within the fleet. 
This indicator depends on the speed and volume of electric vehicle adoption. The European 
Commission foresees a penetration rate of electric vehicles up to 96% by 2050.  

• Fuel consumption - impacted by the two previous indicators. Aromatics, ethylene and 
propylene are used as inputs for fuels. Their demand is correlated to fuel consumption. Given 
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the phasing out of internal combustion engines, demand is likely to decrease. Fuel regulation 
is also determinant.  Overall, by 2050, a 50% decline is expected on the consumption of 
gasoline and diesel (with a larger share on diesel). Gasoline will have a lower decline. 

• Increased vehicle light weighting. Whether electric vehicles or fossil fuel cars, light weighting 
reduces energy consumption. Reducing a vehicle’s weight can be achieved by switching its 
construction materials from metals toward polymers. Light weighting and EV deployment are 
therefore likely to spur polymer demand. High temperature resistant engineering polymers 
are an exception. Demand for these specific polymers is likely to decrease in the absence of 
internal combustion engine.  

• Growth of hydrogen powered mobility. 

Agriculture 

As an end-market for chemical product demand, agriculture meaningfully impacts only ammonia (and 
thus the nitrogen value chain). Within total polymer demand, agriculture’s demand is negligeable. This 
analysis therefore focuses on fertiliser demand. 

The sector’s key indicators are: 

• Harvested area and production volume per crop for food, feed and energy uses. This defines 
crop demand per crop type and thus fertiliser demand. Ammonia demand can be, largely, 
deduced from nitrogen fertilisers demand (while looking at the different crop yields). The 
European Commission projects that the share of available arable land is expected to decrease 
slowly, following current trends. While this implies a drop in fertiliser demand, there is reason 
for uncertainty. Demand for energy crops for mobility applications are likely to increase. It is 
possible that this demand would counterbalance the aforementioned decrease. Given the 
degree of uncertainty, a conservative assumption points toward a limited decrease in fertiliser 
demand to 2050.  

Construction 

Construction is a key end-demand sector for chemical products for a wide-range of products (plastics, 
coatings, concrete additives etc.). By nature, construction has a local imprint and therefore reflects 
and impacts local consumption patterns. Construction materials if recycled could also be a source of 
useful circular feedstocks for the chemical sector.    

The sector’s key indicators: 

• GDP  
• Population growth  
• More regional trends like the rate of urbanisation, household structure, GDP per household, 

construction type (residential, infrastructural and structural buildings) and regulation.  
• Buildings renovation rate. This is pivotal uncertainty going forward. 

A steady GDP increase and declining population are determining parameters for total sector spent 
value.  This key index is the underlying demand driver. Value spent is split according to construction 
type (residential houses and apartments, infrastructure such as hospitals and structural buildings: 
commercial buildings…). The type of building determines chemical products - polymers (PVC, PE, paints 
and coating, pipes, concrete…) or insulation materials (PU)- demand with limited differences between 
residential and non-residential buildings. Access to waste material was estimated on a product per 
product basis. 

The European Commission scenarios focus on building’s energy consumption and on buildings’ 
renovation rate. By 2050, buildings’ renovation rate is expected to grow to ~1.5% for service buildings 
and ~1.6% - 1.8% for residential buildings. 
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Consumer goods 

This market encompasses a wide range of different applications and uses: domestic appliances, 
electrical products, textile, packaging… 

Given the objective to determine the impact of climate-neutral transformations in key chemical sector 
end-demand markets on European chemical product demand to 2050, asking whether such products 
would be produced in Europe or imported as finished products appears vital. Today, European 
chemical production in this market mostly serves packaging. 

This sector’s key indicators are: 

• GDP (+40% by 2050) and 
• Population (expected to decline)  

Both are expected to be steady to 2050. While demand from this market is likely to grow, it is likely 
the majority would be imported from other regions as end-products.  

Focusing on packaging, the trends are unclear. On the one hand, social and political concerns about 
single use plastic is likely to limit demand. On the other hand, demand for recycled feedstocks grows. 
If the industry makes enough progress using additional recycled material, the pressure on stakeholders 
and virgin materials will be relieved. A reasonable assumption is that demand for plastics for packaging 
would remain comparable to recent trends.  

Post-consumer and industrial packaging waste were differentiated when considering recycling 
dynamics. The type of waste has a major impact on collecting and sorting rates. The key parameters 
are the speed at which recycling develops and, therefore, how it impacts different chemicals. Brand 
owner pledges provide an indicator to forecast recycling rates and likely distribution across chemical 
products. 

5.2.1.2 Estimated chemical product demand in 2050 considering the impact of climate 
neutrality policies 

A breakdown of domestic EU27 demand per chemical product family, that is to say without exports 
and imports, is not presented in this section to abide with anticompetition rules. Only the total demand 
to 2050, imports and export dynamic, aggregated at the product family level and with only trends 
presented on a product basis (no quantitative data) is shown below.   
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Based upon the analysis presented above, demand in 2050, per chemical product, which serves as a 
common model input across scenarios is presented in Figure 3751.  

 

 

Figure 37: EU27 demand (left) and demand variations (right) to 2050 (domestic demand + exports – 
imports)  

This analysis implies that demand for the 18 chemical products within the detailed project scope would 
increase in a climate-neutral world. Between 2019 and 2050, overall demand would increase by 43 Mt 
i.e. a ~34% growth. This growth would be driven by increased demand for base organic chemicals, the 
result of growing polymer exports. Base inorganic chemicals demand grows too, driven by chlorine to 
produce greater volumes of PVC. 

5.2.1.3 Exports 

To estimate the evolution in exports in the EU27 chemical sector demand to 2050, it was assumed that 
exports demand would grow by 110% for base chemical and by 150% for other chemicals, as in the 
previous period from 1990 to 2019. 

Global market growth was estimated based upon a regional analysis (see Figure 38). Indeed, 
developing economies’ exports, such as Asia and Africa, as expected to grow significantly compared to 
current levels.  

 

 

 

51 Trends between 2019 and 2050 were extrapolated and fed to the model.  
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Figure 38: Global export growth by region in 2050 

The EU27 chemical industry’s export share is assumed to remain constant up to 2050, at 2019 levels 
which suggests that the it can contribute to tomorrow’s competitiveness.  

 

 

Figure 39: EU-27 export level (left) and variation (right) to 2050 

As a result, base organic, intermediates and polymers exports grow significantly between 2019 and 
2050. Base inorganic exports decrease.  

Trends for global export growth were applied to chemical product families (e.g. olefins) and cross-
checked with current, per product, trends to derive the 2050 chemical product projections. This 
explains, for example, the decrease in PP, styrene and ethylene exports, for instance. On the other 
hand, PVC exports rises consequently, as 2019 trends would lead a significant increase in its 
international trade. 

It should be noted that this scenario assumes an ambitious European trading policy and represents a 
best case. 

5.2.1.4 Imports 

Imports were based upon IHS Markit projections to 2050. The only major difference is in the reduction 
of ammonia imports. For ammonia, with a decrease of demand from fertilisers resulting from the 
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implementation of the climate agenda, decreases the need for imports. Europe’s ammonia production 
is assumed to be competitive with imported production to 2050.  

 

Figure 40: EU-27 import level (left) and variation (right) to 2050 

As a result, imports increase especially for ethylene, aromatics, PE and PP but decreases significantly 
for ammonia, due to the assumption that the European industry keeps its competitivity despite a 
strong decrease in ammonia demand. Likewise, PVC and PET production is expected to be more local 
than today. 

5.2.2 Policy & regulation assumptions 

The four scenarios consider the same long-term objective of achieving climate neutrality within the 
chemical industry in 2050, as outlined in chapter 5.2. This climate goal is defined in the model over the 
entire set of emissions considered related to the industry, thus direct emissions, power emissions, 
upstream emissions and emissions related to import of products. This implies that the chemical 
industry as a whole is looking for a way to abate its life cycle emissions on a cradle-to-gate 
perspective52. 

No intermediary climate objectives were included in the four illustrative scenarios as there is currently 
no legally binding goal targeting the chemical industry in particular. However, together with the EU 
climate neutrality ambition in 2050, the emissions trading mechanism (EU-ETS) were represented in a 
stylized way by applying a price penalty over direct emissions of the industry. The price trajectory 
presented in Figure 41 was obtained by linearly interpolating average price in 2020 and the long-term 
value reported in the “Clean Planet for All”  in-depth analysis by the European Commission53 (350 
EUR19/tCO2 in 2050, p.210) for the scenarios that achieve climate neutrality by 2050. Thus, economic 
incentives towards decreasing the direct carbon footprint of the industry are complete and aligned 
with the long-term target. 

 

 

52 It is assumed that the emissions related to the end of life of the final products with manifold applications are not considered in the scope 
of the chemical industry but the industry of such application (packaging, automotive, buildings, etc).  

53 Report available at: https://ec.europa.eu/clima/sites/clima/files/docs/pages/com_2018_733_analysis_in_support_en_0.pdf  
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Figure 41: Average EUA price trajectory assumed. Source: Clean Planet for All (2018) and own 
calculations 

Specific carbon accounting rules were assumed to be implemented regarding the use of bio-based 
feedstocks and CO2 from other sectors used as a feedstock by the chemical sector. (c.f. 3.3.4).  

5.2.3 Resource related assumptions 

The four scenarios draw on the same assumptions regarding the price evolution of fossil resources. 
Regarding fossil resources presented in Figure 42, projections of natural gas (NG) and oil are based on 
the data from the Sustainable Development Scenario (SDS) of the World Energy Outlook 202057 and 
assumes constant54. The price level of natural gas liquids (NGL) and naphtha comes from Eurostat 55 
and Economics respectively56. No availability constraint whatsoever was considered for the purchase 
of such products from the market. 

 

 

54 Further information available here: https://www.iea.org/reports/world-energy-outlook-2020 
55 https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Natural_gas_price_statistics#Natural_gas_prices_for_non-
household_consumers 
56 https://tradingeconomics.com/commodity/naphtha 
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Figure 42: Assumed average price evolution of fossil fuel and feedstock. Source: IEA 2020, Eurostat, 
Trading Economics, own calculations. 

Figure 49 presents the hypothesis regarding the price of final energy commodities. Electricity prices 
are based on the results of Deloitte’s most recent analysis the Future of Power57 in Europe. A low and 
a high price trajectory have been considered to reflect the uncertainties around the evolution of power 
prices in a climate neutrality compatible scenario. Regarding hydrogen, it was assumed that a hydrogen 
market takes-off from 2030 onwards according to the findings of the Hydrogen for Europe study and 
the European Hydrogen Strategy58. The price assumptions of hydrogen purchased from such market 
are based on the figures of the production mix of the Technology Diversification scenario of that study 
with the levelized cost of hydrogen per technology reported by the International Energy Agency in 
201959. The little increase in hydrogen prices from the market is explained by the increasing price of 
natural gas between 2030 and 2040. Natural gas is used for the production of climate-friendly 
hydrogen from reformers with CCS and from methane pyrolysis. Hydrogen from clean electricity 
progressively outcompetes climate-friendly hydrogen from natural gas from 2035 onwards. It is 
assumed that both electricity and hydrogen for fuelling purposes can be purchased from the market 
within a reasonable threshold without impacting the price of the underlying commodities since both 
studies assume a considerable increase in industrial demand for electricity and hydrogen towards 
205060. 

 

 

 

57 https://www.hydrogen4eu.com/ 
58 https://www2.deloitte.com/uk/en/insights/industry/power-and-utilities/renewable-power-generation-in-europe.html 
59 https://www.iea.org/reports/the-future-of-hydrogen/data-and-assumptions 
60 Both studies cited are based on long-term capacity expansion models with increasing demand of clean electricity and hydrogen in all 
sectors, including the industry sector where the chemical industry belongs. From the point of view of a competitive market with no barriers 
to new entrants, higher demand entails higher market prices in the short-term, which increases the margins of producers and send incentives 
to build additional production capacity to market players. This in turns makes prices go down again and find a new long-term equilibrium 
with price levels only been affected by the change of the production mix over the time but with no structural scarcity (i.e. equilibrium 
condition). Then, if the higher electricity and hydrogen demand obtained with the iC2050 model are within the same order of magnitude of 
that obtained in the power and hydrogen capacity expansion models, one can ensure consistency between them, so the power and hydrogen 
price assumptions assumed for the chemical industry are coherent (i.e. no remaining scarcity in each of the market). 
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Figure 43: Average price assumptions of final energy commodities. Sources: Hydrogen for Europe 
study, IEA, own calculations. 

Regarding the price assumptions of biological resources, for all the scenarios, we rely on the estimates 
of the ENSPRESO61 (2019) database for biomass of the JRC (see Figure 44). Only the commercial 
availability that can be dedicated to the chemical industry changed between the scenarios62. Such 
resources are the main raw materials required by the model to endogenously develop processes to 
produce bio feedstocks such as biomethane, bionaphtha and bioethanol, or to be used in its raw form 
in biomass boilers. 

 

 

61 The database is available at: https://data.jrc.ec.europa.eu/dataset/74ed5a04-7d74-4807-9eab-b94774309d9f  
62 By design, the scenarios try to represent contrasted, but not extreme, states of the world. The amount of sustainable biomass that the 
chemical industry can have access to is said to be uncertain since it is a scarce resource that will be also used in other industries to achieve 
climate neutrality. Thus, the scenarios built on that uncertainty to explore the possible outcomes. 
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Figure 44: EU27 average price assumptions of biobased raw materials. Source. ENSPRESO. 

Finally, regarding recycled plastic feedstock, the integration of mechanical recycling is similar in all four 
scenarios. The amount of mechanically recycled feedstock was assessed for the five polymers in the 
scope of this study (PE, PP, PS, PET and PVC). This feedstock is included in the value chains by directly 
lowering the level of demand for virgin polymer. Additional GHG emissions were not considered for 
this type of feedstock. Other impacts, such as GHG emissions linked to the end-of-life of plastic waste, 
were not accounted for in the project. 

5.2.4 Non-CO2 GHG 

Non-CO2 GHG are represented as a share of CO2 emissions. The share used in the model is based on 
the 2019 baseline estimation (cf. Box 1). As mentioned in the methodology section, non-CO2 GHG 
emissions can vary according to exogenous assumptions and endogenous model choices. The key 
exogenous assumptions regarding non-CO2 GHG evolutions are:   

• The reduction in fossil feedstock GHG emissions. These are assumed to decrease by -60% by 
2050 as compared to 2019.  This assumption is based upon CONCAWE’s 2020 impact assessment 
of the clean Planet for all communication.  Implicitly, this means that methane leakage from the 
sector as well as other abatement levers are implemented by 2050. 

• By 2050, N2O emissions are assumed to decrease by 99% with 1% of unabateable emissions in 
2050. HFC emissions are assumed to decrease over the same period by between -66 and 72%. 
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5.3 Description of the four illustrative scenarios  
They propose four different hypothetical paths to climate neutrality by putting emphasis on at least 
one key differentiator. A summary of the different hypotheses is depicted in Figure 45. An overview of 
all key assumptions underlying each scenario can be found in Appendix 5.  

 

Figure 45: Main differences between the scenarios 

 

5.3.1  The “High electrification” scenario 

In this scenario, the electricity sector has made considerable progress towards decarbonisation and 
electricity is available at rather competitive prices This provides a tremendous opportunity for the 
chemical industry to reduce emissions through electrification. 

The main key parameters applied to this scenario are represented on Table 9 below. 

Table 9: Key parameters and average electricity price of the high electrification scenario 

Key parameters Parameter description Hypothesis 

Decarbonised electricity in 2050 
The grid’s CO2 intensity is 0 in 

2050 

Very low 
(from 275 g/kWh in 2019 to zero 

in 2050) 

Cost of electricity Average electricity price in 2050 Low 
(60 €/MWh) 

e-cracker costs 
Sensitivity taken for e-crackers 

CAPEX & OPEX 
Low 

(Capex 2050: 522 M€/Mt) 

CCS deployment rate 

Pace of year on year capacity 
deployment for carbon capture 

technologies 
Low (8%) 

 

In all scenarios the CO2 intensity of electricity significantly decreases. It reaches zero only in “High 
electrification”. This scenario also assumes that electric crackers CAPEX drops to the lower end of the 
range, further opening the possibility of electrifying crackers. In this scenario, the price of electricity is 
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lower than in other scenarios. The price of low-carbon electricity is assumed to be low assuming strong 
policy measures and an adapted market design, incentivising the use of electricity for mobility and 
industry, for example with the development of renewable hydrogen.  This would be the result, for 
example, of strong European cooperation to optimise electricity production, transport, distribution 
and storage. Such a development suggests, for example, breakthrough in intermittent energy source 
management and/or investment in new nuclear capacities.  

Furthermore, the CAPEX of CCS technologies are in the medium range with CCS deployment rates on 
the low range since the effervescence towards the electrification would hinder CCS learning effects 
and economies of scale. Likewise, the availability of bio resources is assumed to be low as this policy 
emphasis has been placed upon electrification of industry rather than on increasing the biomass 
availability.  
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5.3.2 The “Fostering circularity” scenario 

This scenario stresses circularity measures to achieve the climate targets. It is assumed that the public 
authorities make significant efforts in developing circularity by sorting, collecting and recycling plastic 
waste. The regulatory and innovation framework also encourages the use of CO2 as a feedstock. The 
available feedstock for recycling technologies is thus higher, due to this special focus by stakeholders. 
As a result, the chemical industry banks on recycling technologies, either chemical or mechanical, to 
reduce its dependencies on fossil feedstock and avoid upstream feedstock-related emissions. 
Circularity is also fostered by reusing process CO2 emissions as feedstock to produce methanol. 

In this scenario, the availability of bio-resources that can be dedicated to the chemical industry are 
assumed to be the low availability / low demand quadrant63 (cf Appendix 3)  

Policy ambitions towards circularity result in lower demand for virgin materials and a lower 
environmental impact compared to other scenarios. 

The main key parameters applied to this scenario are represented on Table 10 below. 

 

Table 10: Key parameters of the fostering circularity scenario 

Key parameters Parameter description Hypothesis 

Methanol deployment rate 
Pace of year on year capacity 

deployment for methanol 
facilities 

High (30%) 

Mechanical recycling Volumes of mechanically 
recycled polymers High (~450 Mt over the period) 

Chemical recycling Amount of plastic waste 
available for chemical recycling  High (13,6 Mt in 2050) 

Pyrolysis oil economics 

Allocation of the 
CAPEX/OPEX/VOM/Energy 

consumption/GHG process to 
the naphtha product from 

plastic waste pyrolysis 

Low (35%) 

 

In terms of recycling, plastic waste can be valuated through mechanical recycling, chemical recycling 
or pyrolysis. 

Given that mechanical recycling of plastic waste is the most cost-effective way to valorise plastic waste 
and it is external to the chemical industry, the amount of mechanical recycled polymers is exogenously 
given to the model. In this scenario, mechanical recycling was assumed to be more developed than in 
the other three scenarios. It was assumed that plastic waste collection and sorting to grow mechanical 
recycling significantly has been a top priority, as any efficiency loss in this feedstock would lead to a 
higher challenge for reaching climate neutrality. The assumptions are represented on Figure 46 below. 
This leads to over 450 Mt of mechanically recycled polymers over the period (compared to around 300 
Mt in other scenarios). 

 

 
63 The rationale behind this assumption is that due higher circularity and the use of material flows in closed loops, there is less need of 
virgin materials which leads to lower demand of bio-feedstock, and lower availability of them since the industry has less incentives to grow. 
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Regarding chemical recycling, PET solvolysis and PS dissolution were considered to valorise these two 
polymers’ waste. This emphasis on chemical recycling can be seen on the amount of PET available for 
solvolysis, which is almost three times higher than in the other scenarios (see Figure 46 for a 
representation of the availability of plastic waste per scenario). In the model, plastic waste can also be 
valorised through pyrolysis. Plastic waste for pyrolysis is assumed to be composed by 50% 
polyethylene, 25% polypropylene and 25% polystyrene.  

Moreover, CAPEX of recycling technologies was set at a lower level in this illustrative assuming 
significant R&D investments and rapid deployment led to greater and more rapid cost reductions than 
the average tendency.  

 

 

Figure 46: Mechanical recycling yearly volume assumptions per scenario 

 

This scenario also encourages the use of methanol to produce olefins (MtO). The maximum 
deployment rate of MtO in this scenario was assumed to be 30% (high) whereas it was 10% in the other 
scenarios (low). Moreover, the maximum deployment rate of carbon capture and storage technologies 
was 1.12x (medium). Consequently, demand for methanol rises and methanol is produced through 
captured CO2. The process is explained further in section 5.3- CO2 Capture. 
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5.3.3 The “Sustainable biomass” scenario 

In this scenario, the pathway to climate neutrality relies more on the use of biomass as an interesting 
and sustainable alternative to fossil fuel/feedstock for the chemical industry. It is thus used in several 
processes, notably to produce methanol and/or ethylene.  

In this scenario, the availability of biomass is secured, and its sustainability is ensured to allow for the 
reduction of the dependency on fossil resources.  

The main key parameters applied to this scenario are represented on Table 11 below. 

Table 11: Key parameters of the sustainable biomass scenario 

Key parameters Parameter description Hypothesis 

Availability of bio-feedstock 
Share of the biomass 

available for the chemical 
industry 

High demand - high availability 
(except for Woody biomass 

[Medium/Medium] and 
Agricultural Residues [Low/Low]). 

 
Figures are detailed in Appendix 3 

 

In this scenario it is assumed that the chemical industry can secure access to higher amounts of bio-
resources as the other sectors of the economy can rely on other alternatives towards climate 
neutrality. All other scenarios consider medium range biomass availability. 

5.3.4 The “CO2 Capture” scenario 

In this scenario, it is assumed that, in the absence of issues regarding acceptability, CCS technologies 
can develop quickly. This is reflected in providing the model with high, maximum, CCS deployment (up 
to 20% y-o-y increase). The favourable environment and its adoption in other sectors (energy, cement, 
etc.) is assumed to drive costs down due to economies of scale and scope, so the low range CAPEX of 
carbon capture, carbon transport and storage CO2were assumed in this scenario while they are in the 
medium range for the other scenarios. Thus, investing in carbon capture and storage represents a 
feasible option for the chemical industry to abate or compensate its residual emissions. 

In this scenario, it was assumed that biomass availability corresponds to the medium demand and 
medium availability quadrant64. 

The main key parameters applied to this scenario are represented in Table 12 below. 

Table 12: Key parameters of the CO2 capture scenario 

Key parameters Parameter description Hypothesis 

CCS deployment rate 

Pace of year-on-year capacity 
deployment for carbon capture 

technologies 
High (20%) 

CCS costs CCS CAPEX & OPEX Low (CAPEX 2050: 188 M€/Mt for 
low purity) 

 

 

 
64 With an exception of agricultural residues that considers figures of the low demand and low availability quadrant. 
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5.4 Results per scenario 

5.4.1  The “High electrification” scenario 

High electrification 
Emissions 
Trajectory to 2050 
 

 

Emissions decrease progressively over the period, reaching a -~20% reduction in 2030 and -~55% in 2040. 45% of the 
emissions reduction efforts intervenes between 2040 and 2050.  
 

Emissions Reduction as compared to 2019 
Direct emissions -66% 
Power-related emissions -100% 
Upstream emissions -48% 
Imported building blocks 
emissions 

-53% 
 

Total emission reduction as compared to 2019 -66% 
Emission landscape in 2050 

 

• In 2050, remaining emissions are ~102 MtCO2e of 
which:  

• ~50% (53 Mt) are from direct emissions with over 1/3 
from upstream emissions (36 Mt). Of these 
remaining emissions, ~7% are non-CO2 GHG. ~70% of 
these emissions are associated to ethylene and the 
'rest of industry’. Around 70% of these remaining 
emissions are linked to olefins, aromatics and the 
‘rest of industry‘ (~63 MtCO2e).  

• Biogenic carbon sequestration generates 95 Mt CO2e 
with the production of biogenic feedstocks. These are 
for the most part bioethanol, bionaphtha and 
biomethane.  
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Remaining emissions to be offset in 2050 
(MtCO2e) 102 
Technologies 
Alternative process technology capacity deployment to 2050 

 
N.B. the figure above does not represent additional capacity, merely invested capacity for the given year.  

Over the period, the model deploys ~42 Mt new, alternative process capacities which either enable the use of low-
carbon energy or circular feedstocks.  
 

Technology 
Capacity invested 
between 2019 and 2050 

Ammonia from Haber-Bosch with green H2 ~16 
Bioethanol dehydration ~7 
Methanol from CO2 and H2 ~7 
Alkaline electrolysis ~4 
Methane pyrolysis ~4 
Electrified naphtha steam-cracking ~3 
Methanol-to-Olefins ~1 

 

Zoom on hydrogen 

 
NB. The figure above represents the total invested capacity over the 
entire period. 

• Over the period, ~8.5 Mt hydrogen capacities are 
invested in. 

• Alkaline electrolysis and methane pyrolysis are 
deployed to similar extents (~ 4 Mt capacity). 

• SMR is also invested in for 1 Mt capacity. SMR is only 
invested in until methane pyrolysis becomes 
available (up to 2030). 

• In 2050, 100% of the production of hydrogen from 
pyrolysis comes from biomethane. 
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Role of CCS 

 
• In 2050, CCS captures 20 Mt CO2. 
• 70% of captured CO2 comes from steam cracking. 
• The remainder is split across ammonia from Haber-Bosch from natural gas, oxygen-based ethylene oxide 

production and methanol production from natural gas.  
Emissions captured in storage sites in 2050 
(MtCO2) 20 
Role of recycling 
Mechanical recycling capacity in 2050 
(Mt capacity) 14 

 

In 2050, aside from PET chemical recycling and PS for 
chemical recycling which draw upon maximum available 
resources, no other chemical recycling technology is 
deployed.  

Resource use  
Energy consumption 

 

• Total energy consumption rises to ~790 TWh in 2050, 
an additional ~210TWh as compared to 2019. 

• In 2050, the share of fossil fuels has dropped from 
72% (~410 TWh) of the fuel mix in 2019 to 12% (~ 95 
TWh). Electricity is the major and only other source 
of energy (~695 TWh). A very limited amount 
biomethane is used as a source of heat (~3 TWh).  

Total energy consumption in 2050 
(TWh) ~790 TWh (+37%) 
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Feedstock consumption 

 

• In 2050, feedstock consumption has increased by 
95% (+~82 Mt) as compared to 2019. 

• 60% (~101 Mt) of feedstocks remain fossil 
hydrocarbon. Alternative feedstocks sources 
represent 40% (~67 Mt) of total feedstocks in 2050. 

• ~63% (~62 Mt) of hydrocarbon feedstocks are 
naphtha. NGL represent 20% of fossil hydrocarbons 
(~20 Mt). The remainder is mostly crude oil (~15 Mt) 
and fuel oil (~2 Mt).  

• Low carbon resources are lignocellulosic biomass 
(~21 Mt) used to produce bioethanol, followed by 
agricultural residues (~17 Mt) to produce 
biomethane, sugar crops for bioethanol (~7 Mt) and 
woody biomass to produce bionaphtha (<1 Mt).  

• ~60% of circular carbon comes from mechanical and 
chemical recycling (~10 Mt) with the remainder 
(~7 Mt) from CCU 

Total resource use in 2050 
(Mt carbon) 168 (+95%) 

Electricity consumption 

 
• In 2050, electricity consumption is ~700 TWh, a 323% increase from 2019.  
• The majority of this increase is linked to electrification of heat and steam. Heat and steam consume ~330 TWh in 

2050 from close to 0 in 2019.  
• The second order explanation is an increase in electricity demand for intermediates, specifically hydrogen. 

Electricity consumption for hydrogen consumption as feedstock is ~150 TWh in 2050. Electricity consumption for 
organics production increases partly due to the deployment of the electric cracker from ~6 TWh to ~29 TWh. 

• The electricity consumption of other chemical product families increases largely based upon their demand 
increase. Electricity associated to CO2 capture is ~3 TWh. 

Electricity demand in 2050 
(TWh) ~700 (+323%) 
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Costs  
Total scenario costs over the period 

 

• Over the period, total costs to reach climate 
neutrality and meet annual chemical product 
demand is ~ 3,5 Tn €2019. Average annual total costs 
are 135 bn €2019.  

• 85% (~3 Tn€2019) of costs are variable costs, that is 
to say energy and feedstock costs.  

• Investment costs are 294 or ~8% of total costs.  

Total scenario costs 
(tn€2019) 3.5 
Investments costs 

 

• In the total ~295 bn€2019 investment costs over the 
period, ~62% (~182 bn€2019) goes toward low 
carbon feedstocks.  

• Within low-carbon feedstocks investment, ~70% of 
investments (~126 bn€2019) are in biomass 
gasification (production of biomethane). ~23% 
(42€bn2019) are invested in bioethanol from 
cellulosic biomass. The remainder (~12bn€2019) 
goes toward bioethanol production whether from 
sugar fermentation, bioethanol dehydration and 
liquid fuels from biomass gasification and Fischer-
Tropsch. 

• ~16% (~46bn€2019) goes toward alternative process 
technologies. ~73% (~33 bn€2019) of this investment 
is in hydrogen production technologies (Alkaline 
Pyrolysis and Methane pyrolysis). 22% (~10bn€2019) 
is in ammonia from Haber-Bosch with green H2. The 
remaining 5% (2.5 bn€2019) is invested in electrified 
naphtha steam cracking. 

• ~14% (40 bn€2019) is invested in conventional (that 
is to say technologies currently used in Europe to 
produce chemical products). Feedstocks for these 
technologies change to reduce overall emissions 
(Steam crackers for example can use bionaphtha or 
ethanol instead of fossil fuel equivalents).  

• 2% of investments (~6 bn€2019) go toward circular 
carbon feedstocks. ~90% goes toward methanol 
production from CO2 and H2 and for methanol to 
Olefins. The remaining 0.5 bn€2019 is invested in PET 
chemical recycling by Solvolysis. 

Variable costs 
Total variable costs 
(Tn€2019) over the entire period ~3 (+110%) 
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5.4.2 The “Fostering circularity” scenario 

Fostering circularity 
Emissions 
Trajectory to 2050 

 
Emissions decrease progressively over the period, reaching a  ~–20% reduction in 2030 and  ~–55% in 2040. 45% of the 
emissions reduction efforts intervenes between 2040 and 2050.  
 

Emissions Reduction as compared to 2019 
Direct emissions -90% 
Power-related emissions -82% 
Upstream emissions -55% 
Imported building blocks emissions -53%? 

 

Total emission reduction 
(MtCO2e as compared to 2019) -81% 
Emission landscape in 2050 

 

• In 2050, remaining emissions are 68 MtCO2e. 
• ~45% (31 Mt) of these emissions are upstream 

emissions. ~90% of these emissions are associated to 
ethylene, BTX and the ‘rest of industry’. 

• 23% of remaining emissions are direct emissions. 75% 
of these emissions are associated to olefins, the ‘rest 

of industry’, ammonia and PTA. Within direct 
emissions, ~24% are non-CO2 GHG emissions. ~80% 
are associated to ethylene, the ‘rest of industry’ and 
ammonia. 

• Without a fully decarbonised electricity mix, power-
related emissions represent ~20% of the sector’s 
emissions. 

• Remaining emissions are compensated for the most 
part with biogenic carbon sequestration. 80% of these 
emissions are associated to biomethane use to 
produce methanol, hydrogen and ammonia. 

• CO2 taken from the other sectors and used as 
alternative feedstock goes entirely to methanol.  

Balance of emissions in 2050 
(MtCO2e) 68 
Technologies 
Alternative process technology capacity deployment to 2050 
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N.B. the figure above does not represent additional capacity, merely invested capacity for the given year. 

Over the period, the model deploys ~37.4 Mt new, alternative process capacities which either enable the use of low-
carbon energy or circular feedstocks.  
 

Technology Capacity invested between 2019 and 2050 
Ammonia from Haber-Bosch with green H2 ~15 
Methanol from CO2 and H2 ~10 
Methane pyrolysis ~4 
Alkaline electrolysis ~3 
Methanol-to-Olefins ~3 
Bioethanol dehydration ~1 
PET chemical recycling by Solvolysis ~1 
Polystyrene pyrolysis <0.5 

 

Zoom on hydrogen 

 
NB. The figure above represents the total invested capacity over the entire 
period. 

• Over the period, ~8.5 Mt hydrogen production 
capacities are deployed. 

• All three available technologies are called upon.  
• The majority of deployed capacities are for methane 

pyrolysis (~4 Mt), followed by alkaline electrolysis 
(~3 Mt) and SMR (~1.5 Mt). 

• SMR is only invested in prior to 2030, when methane 
pyrolysis becomes available. 100% of hydrogen 
produced through SMR technologies comes from 
biomethane and is coupled to CCS. 

• In 2050, 100% of the hydrogen produced by SMR is 
associated to CCS and produced with biomethane. 

• In 2050, for methane pyrolysis, 100% is produced from 
biomethane.  

Role of CCS 



93

 

93 
 

 
• In 2050, 51 MtCO2 are captured via CCS. 
• 65% of captured CO2 comes from steam cracking and the ‘rest of industry’. 
• The remainder is split across a variety of processes. 
Emissions captured in storage sites in 2050 
(MtCO2e) 51 
Role of recycling 
Mechanical recycling capacity in 2050 
(Mt capacity) 17 

 

• In 2050, the majority of chemical recycling technology 
are deployed by the model safe PS for chemical 
recycling. 
 

• Pyrolysis technologies are favoured by the model, 
deployed for PS and PP to the maximum resource 
availability. PE for pyrolysis does not draw upon 
maximum resource availability. 

 

Resource use  
Energy consumption 

 

• Total energy consumption rises to 1010 TWh in 2050, 
an additional ~430TWh as compared to 2019. 

• In 2050, the share of fossil fuels has dropped from 72% 
(~415 TWh) of the fuel mix in 2019 to 9% (~ 92 TWh). 
Hydrogen is the major source of energy (~360 TWh), 
closely followed by electricity (~320 TWh). A very 
limited amount woody biomass is burnt for heat (~8 
TWh).  

Total energy consumption in 2050 
(PJ) ~1010 TWh (+34%) 
Feedstock consumption 
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• In 2050, feedstock consumption has increased by 48% 
(+41 Mt) as compared to 2019.  

• Fossil hydrocarbons represent 54% of total feedstock 
consumption. Over 90% (~65 Mt) of fossil feedstocks 
are naphtha and LNG, in roughly equal proportion. 
Crude and fuel oil represent the remainder (~5 Mt). 

• Alternative feedstocks represent 46% of feedstock 
consumption. ~60% of alternative feedstocks are 
circular carbon (CO2 and plastic waste). 65% (~19 Mt) 
of circular carbon comes from mechanical and 
chemical recycling with the remainder CCU (~10 Mt) . 
Biogenic carbon is 17% of total feedstock consumption 
(~21 Mt). ~80% of biogenic feedstocks are biomethane 
with the remainder bioethanol produced from sugar 
crops.  

Total resource use in 2050 
(Mt of carbon) 127 (+48%) 
Electricity consumption 

 

• In 2050, electricity consumption is ~320 TWh, a 95% 
increase from 2019.  

• The majority of the increase in electricity consumption 
is related to hydrogen production (included with 
intermediates).  

• Intermediates’ electricity consumption increases from 
~3 TWh in 2019 to ~130 TWh in 2050.  

• CCS electricity consumption is ~8.5 TWh.  
• All other chemical product families see limited change 

in their electricity consumption over the period. 

Electricity demand in 2050 
(TWh) ~320 (+95%) 
Costs  
Total scenario costs over the period 

 

• Over the period, total costs to reach climate neutrality 
and meet annual chemical product demand is ~ 3.2 Tn 
€2019. Average annual total costs are ~230 bn €2019. 

• ~84% (~2.6 Tn€2019) of costs are variable costs, that 
is to say energy and feedstock costs. 

• Investment costs are ~280 bn€2019 or ~9% of total 
costs.  

Total scenario costs 
(Tn€2019) 3.2 
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Investments costs 

 

• In the total ~280 bn€2019 investment costs over the 
period, ~48% (~134 bn€2019) goes toward low carbon 
feedstocks. 

• Within low-carbon feedstocks investment, ~97% of 
investments (~130 bn€2019) are in biomass 
gasification (production of biomethane) The 
remainder (~4bn€2019) goes toward bioethanol 
production whether from sugar fermentation or 
bioethanol dehydration. 

• ~16% (~46bn€2019) goes toward alternative process 
technologies. ~78% (~36 bn€2019) of this investment 
is in hydrogen production technologies (Alkaline 
electrolysis and Methane pyrolysis). The remainder 
(22%) is in ammonia from Haber-Bosch with green H2.  

• ~15% (42 bn€2019) is invested in conventional (that is 
to say technologies currently used in Europe to 
produce chemical products). Feedstocks for these 
technologies change to reduce overall emissions 
(Steam crackers for example can use bionaphtha or 
ethanol instead of fossil fuel equivalents).  

• 2% of investments (15 bn€2019) go toward circular 
carbon feedstocks. ~66% goes toward methanol 
production from CO2 and H2 and for methanol to 
Olefins split evenly. The remaining 5bn€2019 is 
invested in chemical recycling technologies. 

Variable costs 
Total variable cost (Tn€2019) over the entire period ~2.7 (+91%) 
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5.4.3 The “Sustainable biomass” scenario 

Sustainable biomass 
Emissions 
Trajectory to 2050 

 
Emissions decrease progressively over the period, reaching a -~17% reduction in 2030 and -~52% in 2040. 48% of the 
emissions reduction efforts intervenes between 2040 and 2050.  
 

Emissions Reduction as compared to 2019 
Direct emissions -85% 
Power-related emissions -82% 
Upstream emissions -37% 
Imported building blocks emissions -53% 

 

Total emission reduction as compared to 2019 
(MtCO2e) -72% 
Emission landscape in 2050 

 

• In 2050, remaining emissions are ~89 MtCO2e.  
• ~48% (42 Mt) are upstream emissions. 86% of 

these remaining emissions are linked to olefins, 
aromatics and the ‘rest of industry’.  

• ~27% (24 Mt) are direct emissions. Upstream 
emissions remain. ~70% are associated to olefins, 
and the ‘rest of industry’. ~16% of these 
remaining direct emissions are non-CO2 GHG 
emissions. ~85% of these GHG emissions are due 
to ethylene, the ‘rest of industry’ and propylene.  

• Biogenic carbon sequestration generates 
82 Mt CO2e with the production of biogenic 
feedstocks. These are for the most part 
bioethanol, bionaphtha and biomethane.  

• 7 Mt of sequestered carbon taken from other 
industries is used to produce methanol 

Balance of emissions in 2050 
(MtCO2e) 89 
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Technologies 
Alternative process technology capacity deployment to 2050 

 
N.B. the figure above does not represent additional capacity, merely invested capacity for the given year. 
Over the period, the model deploys ~35 Mt new, alternative process capacities which either enable the use of low-
carbon energy or circular feedstocks.  
 

Technology 
Capacity invested 
between 2019 and 2050 

Ammonia from Haber-Bosch with green H2 ~16 
Methanol from CO2 and H2 ~7 
Methane pyrolysis ~4 
Bioethanol dehydration ~3 
Alkaline electrolysis ~3 
Methanol-to-Olefins ~1 
PET chemical recycling by Solvolysis <0,5 
Polystyrene pyrolysis <0,5 
Polystyrene chemical recycling by Dissolution <0,5 

 

Zoom on hydrogen 

 
NB. The figure above represents the total invested capacity over the entire 
period. 

• Over the period, ~8,7 Mt hydrogen production 
capacities are deployed. 

• All three available technologies are called upon.  
• The majority of deployed capacities are for 

methane pyrolysis (~4 Mt), followed by alkaline 
electrolysis (~3 Mt) and SMR (~1,5 Mt). 

• SMR is only invested in prior to 2030, when 
methane pyrolysis becomes available.  

• In 2050, 100% of the hydrogen production from 
methane pyrolysis is based upon biomethane.  

Role of CCS 
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• In 2050, 51 Mt CO2 are captured via CCS. 

• 66% of captured CO2 is from steam cracking and the ‘rest of industry’.  
The remainder is applied to FCC, ammonia from Haber-Bosch with natural gas, oxygen-based ethylene oxide 
production and methanol from natural gas processes. 
 

Emissions captured in storage sites in 2050 
(MtCO2e) 51 
Role of recycling 
Mechanical recycling capacity in 2050 
(Mt capacity) 14 

 

In 2050, chemical recycling technologies (for PS and 
PET) are deployed to the maximum available plastic 
waste availability. PS for pyrolysis also draws the 
maximum available plastic waste resource. Other 
pyrolysis technologies (for PP and PE) are not 
deployed. 
 

Resource use  
Energy consumption 

 

• Total energy consumption rises to 1030 TWhJ in 
2050, an additional ~450 TWh as compared to 
2019. 

• In 2050, the share of fossil fuels has dropped from 
72% (~415 TWh) of the fuel mix in 2019 to 10% (~ 
100 TWh).  

• Hydrogen is the major source of energy (~350 
TWh), closely followed by electricity (~330 TWh. 

• A very limited amount of woody biomass is burnt 
for heat (~23 TWh).  

Total energy consumption in 2050 
(PJ) ~1030 TWh (+39%) 
Feedstock consumption 
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• In 2050, feedstock consumption has increased by 
101% (+~87 Mt) as compared to 2019. 

• 53% (~92 Mt) of feedstocks remain fossil 
hydrocarbon. Alternative feedstocks sources 
represent 47% (~81 Mt) of total feedstocks in 
2050. 

• ~80% (~74 Mt) of hydrocarbon feedstocks are 
naphtha (~41 Mt) and NGL (~33 Mt). Crude oil 
represents  

• ~17% of fossil hydrocarbons (~16 Mt) with fuel oil 
as the remainder.  

• ~50% of low carbon feedstocks are woody 
biomass (~30 Mt), used to produce bionaphtha. 
~29% (~17 Mt) are agricultural residues to 
produce biomethane. The remainder are 
lignocellulosic biomass (~8 Mt) and sugar crops 
(~4 Mt) to produce bioethanol. 

• ~60% of circular carbon feedstocks come from 
recycling (~10 Mt) with chemical recycling playing 
a very minor part (<1%). CCU represents the 
remaining 40% of circular carbon feedstocks 
(7 Mt). 

Total resource use in 2050 
(Mt of carbon) 173 (+101%) 
Electricity consumption 

 

• In 2050, electricity consumption is ~330 TWh, a 
100% increase from 2019.  

• The majority of the increase in electricity 
consumption is related to hydrogen production 
(included with intermediates). 

• Intermediate’s electricity consumption increases 
from ~3 TWh in 2019 to ~130 TWh in 2050.  

• CCS electricity consumption is ~8,5 TWh.   
• All other chemical product families see limited 

change in their electricity consumption over the 
period. 

Electricity demand in 2050 
(TWh) ~330 (+100%) 
Costs  
Total scenario costs over the period 
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• Over the period, total costs to reach climate 
neutrality and meet annual chemical product 
demand is ~ 3.5 Tn €2019. Average annual total 
costs are ~230 bn €2019.  

• ~84% (~3 Tn€2019) of costs are variable costs, 
that is to say energy and feedstock costs.  

• Investment costs are ~340 bn€2019 or ~10% of 
total costs.  

Total scenario costs 
(Tn€2019) ~3.5 
Investments costs 

 
• In the total ~340 bn€2019 investment costs over the period, 58% (~198 bn€2019) goes toward low carbon 

feedstocks.  
• Within low-carbon feedstocks investment, 65% of investments are in biomass gasification (production of 

biomethane) and 23% in liquid fuels from biomass gasification. The remainder goes toward bioethanol 
production.  

• 14% (47bn€2019) goes toward alternative process technologies. 80% of this investment is in hydrogen production 
technologies (Alkaline electrolysis and Methane pyrolysis). The remainder (20%) is in ammonia from Haber-Bosch 
with green H2.  

• An equivalent amount is invested in conventional (that is to say technologies currently used in Europe to produce 
chemical products). Feedstocks for these technologies change to reduce overall emissions (Steam crackers for 
example can use bionaphtha or ethanol instead of fossil fuel equivalents). 

• 2% of investments go toward circular carbon feedstocks. >95% goes toward methanol production routes, >50 for 
Methanol from H2 and CO2 and 35% for MtO. 

Variable costs 
Total variable cost  
(Tn€2019 & variation as compared to 2019) over the entire 

period 
~2,9 (~+114%) 
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5.4.4  The “CO2 Capture” scenario 

CO2 Capture 
Emissions 
Trajectory to 2050 

 
Emissions decrease progressively over the period, reaching a -~18% reduction in 2030 and -~44% in 2040. 56% of 
the emission reduction efforts intervene between 2040 and 2050. 
 

Emissions Reduction as compared to 2019 
Direct emissions -69% 

Power-related emissions -88% 
Upstream emissions -39% 
Imported building blocks emissions -53% 

 

Total emission reduction 
(% as compared to 2019) -64% 
Emission landscape in 2050 

 

• In 2050, remaining emissions are ~102 MtCO2e.  
• Close to half (53 Mt) are from direct emissions. 

~45 MtCO2e remain in the ‘rest of industry’ and 
in olefins.  ~11% of remaining direct emissions 
are non-CO2 GHG emissions. ~75% are due to 
ethylene, ammonia and the ‘rest of industry’. 

• 36 Mt upstream emissions remain. More than 
90% of these emissions are due to olefins (60%), 
aromatics (20%) and emissions from the ‘rest of 

industry’ (12%). 
• Biogenic carbon sequestration generates 

95 Mt CO2e. ~65% of these emissions are 
generated via BECCS used to produce heat in 
the ‘rest of industry’.  

Balance of emissions in 2050 
(MtCO2e) 102  
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Technologies 
Alternative process technology capacity deployment to 2050 

 
N.B. the figure above does not represent additional capacity, merely invested capacity for the given year. 
Over the period, the model deploys ~13,3 Mt new, alternative process capacities which either enable the use of 
low-carbon energy or circular feedstocks.  
 

Technology Capacity invested between 2019 and 2050 

Ammonia from Haber-Bosch with green H2 ~10 
Methane Pyrolysis ~2 
Methanol-to-Olefins ~1 
PET chemical recycling by solvolysis ~0,5 
Polystyrene pyrolysis >0,5 
Polystyrene chemical recycling by dissolution >0,5 

 

Zoom on hydrogen 

 
NB. The figure above represents the total invested capacity over the entire 
period. 

• Over the period, ~ 3 Mt hydrogen production 
capacity are deployed. 

• The majority (~2 Mt) are methane pyrolysis. The 
remainder (~ 1 Mt) comes from SMR associated 
to CCS to produce hydrogen from natural gas. 

• In 2050, 100% of the hydrogen produced by 
SMR is associated to CCS and produced with 
natural gas. 

• In 2050, for methane pyrolysis, 100% is 
produced from natural gas.  

Role of CCS 

 
Emissions captured in storage sites in 2050 
(MtCO2e) 159 
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Role of recycling 
Mechanical recycling capacity in 2050 
(Mt capacity) 14 

 

In 2050, aside from PS for pyrolysis and chemical 
recycling and PET chemical recycling, not chemical 
recycling technologies are deployed. 
 

Resource use  
Energy consumption 

 

• Total energy consumption rises to 850 TWh in 
2050, an additional ~265 TWh as compared to 
2019. 

• In 2050, the share of fossil fuels has dropped 
from 72% (~315 TWh) of the fuel mix in 2019 to 
19% (~ 160 TWh). Fuel sources are varied. The 
major source of heat is woody biomass (~ 350 
TWh), used as a heat source in the ‘rest of 

industry’ associated with CCS. ~225 TWh come 
from electricity and ~75 TWh from hydrogen.  

Total energy consumption in 2050 
(TWh)) ~845 TWh(+40%) 
Feedstock consumption 

  

• In 2050, feedstock consumption has increased 
by 47% (+~40 Mt) as compared to 2019. 

• 88% (~111 Mt) of feedstocks remain fossil 
hydrocarbon. Alternative feedstocks sources 
represent 12% (~15 Mt) of total feedstocks in 
2050. 

• ~88% (~98 Mt) of hydrocarbon feedstocks are 
naphtha (~43 Mt), NGL (~39 Mt) and natural gas 
(~15 Mt). The remainder is mostly crude oil 
(~10 Mt) and fuel oil (~2 Mt).  

• The entirety of low carbon feedstocks is woody 
biomass to produce bionaphtha (~1 Mt).  

• Without calling upon CCU, the entirety of 
circular carbon feedstocks come from plastic 
waste. The quasi-entirety is related to 
mechanical recycling.  

Total resource use in 2050 
(Mt of carbon) 126 (+47%) 



104

 

104 
 

Electricity consumption 

 

• In 2050, electricity consumption is ~225 TWh, a 
37% increase from 2019.  

• 20 TWh of this increase is linked to increase 
demand from the ‘rest of industry’ in line with 
demand. ~27 TWh comes from CCS use. ~16 
TWh comes from intermediates and is 
associated to the increase in hydrogen 
production. Electricity consumption from other 
sources remains largely stable over the period. 
 

Electricity demand in 2050 
(TWh) ~ 225 (+37%) 
Costs  

Total scenario costs over the period 

 

• Over the period, total costs to reach climate 
neutrality and meet annual chemical product 
demand is ~ 3,2 Tn €2019. Average annual total 
costs are ~210 bn €2019.  

• 88% (~2,8 Tn€2019) of costs are variable costs, 
that is to say energy and feedstock costs.  

• Investment costs are ~160 bn€2019 or ~5% of 
total costs.  

Total scenario costs 
(tn€2019) ~3.2 
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Investments costs 

 

• In the total ~160 bn€2019 investment costs over 
the period, ~42% (~67 bn€2019) goes toward 
CO2 capture, transport and storage 
technologies. 

• Within CO2 capture, transport and storage, 99% 
of investments are in low purity CCS. 

• ~31% (50 bn€2019) is invested in conventional 
(that is to say technologies currently used in 
Europe to produce chemical products).  

• Low carbon feedstocks represent ~13% (~20 
bn€2019) of total investments.  

• Within low-carbon feedstocks investment, 
~75% of investments (~16 bn€2019) are in 
biomass gasification (production of 
biomethane). The remainder (~5bn€2019) goes 
liquid fuels from biomass gasification and 
Fischer Tropsch.  

• ~6% (~10bn€2019) goes toward alternative 
process technologies. ~66% (~6 bn€2019) of this 
investment is for ammonia from Haber-Bosch 
with green H2. Methane pyrolysis is the 
remainder of investments (4 bn€2019).  

• ~1% of investments (2 bn€2019) go toward 
circular carbon feedstocks. ~74% goes toward 
for methanol to Olefins. The remaining 0,5 
bn€2019 is invested in chemical recycling 
technologies. 

Variable costs 
Total variable cost  
(Tn€2019) over the entire period ~2,8 (+~83%) 
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5.5 Comparison of scenarios and key findings 

5.5.1  Emissions 

1) Across the four scenarios, climate neutrality is achieved at a comparable pace. The sector 
achieves ~-20% in 2030 and ~50% in 2040 compared to 2019. 

Across all scenarios, the rate of emissions abatement is broadly similar. As compared to 2019, in 2030 
emissions decrease by ~20%, largely driven by the reduction in the power sector’s carbon intensity. In 
2040, emissions drop by ~50%. Half of the reduction efforts intervene in the decade to 2050, when the 
constraint to achieve climate neutrality pushes the model to invest in more expensive, alternative 
process technologies. While the trends across scenarios are comparable until 2045, by 2045, they 
merge, implying that the road to neutrality narrows. In the interim, there are some noteworthy 
differences. 

 

Figure 47: Total emissions of the chemical industry per scenario until 2050 

Emissions decrease more rapidly in the ‘Fostering circularity’ scenario. Mechanical recycling 
assumptions and deployment rates are higher in this scenario. By construction, this leads to a decrease 
in virgin feedstock demand and, in turn, a decrease in feedstock upstream emissions.  

Emissions decrease less rapidly until 2045 in the ‘CO2 Capture’ scenario as direct and upstream 
emissions are less abated due to the availability of CCS technology. Thereafter, as limited biomass 
resources are drawn upon, negative emissions are generated through BECCS and by producing 
biogenic feedstocks. 

Table 13 Total cumulative net emissions between 2019 and 2050 per scenario 

Scenario Total cumulative emissions over 
the period (bn ton CO2e) 

Fostering circularity 1 186 

Sustainable biomass 1 254 

High electrification 1 227 

CO2 Capture 1 272 
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Non-CO2 GHG emissions decrease by 76 (in ‘CO2 capture’) and 84% (in ‘Fostering circularity’). Non-CO2 
GHG emissions decrease considerably in the ‘rest of industry’, where, as presented in the current status 
section of the report, an important share of these emissions are to be found. The decrease in the ‘rest 
of industry’ is the same across all scenarios, ~- 9,4 MtCO2e in 2050 compared to 2019. Differences in 
scenario arise mostly depending on the technology selection to produce methanol and hydrogen with 
methane emissions when natural gas is used as a feedstock for both.  

2) Balancing GHG emissions can be achieved through different technology mixes. 

In all four scenarios, emissions in 2050 reach Net-Zero. The emission reduction efforts across 
categories of emissions vary from one scenario to another, with varying reliance upon negative 
emission solutions. 

 

 

Figure 48: GHG emissions reduction efforts by scenario until 2050 

Over the period, direct emissions reduce between – 66% (in ‘High electrification’) and – 90% (in 
fostering circularity). In ‘High electrification’, direct emissions reduce less because a new route to 
produce propylene with ethylene via metathesis opens. Demand for ethylene therefore increases -as 
do associated emissions- in spite of electric cracker capacity deployment. With circular feedstocks and 
mechanical recycling, the volume of direct emissions to abate is reduced.  

Power-related emissions decrease, according to exogenous hypotheses on the grid average carbon 
content, between -81 (in ‘sustainable biomass’) and – 100% (in ‘High electrification’).  

Feedstock-related emissions decrease between -37 (in ‘Sustainable biomass’) and -54% (in ‘Fostering 
circularity’). The limited reduction in feedstock-related emissions in the ‘sustainable biomass’ scenario 
may appear counter-intuitive. Significant amounts of low-carbon (namely biomass-based), and to a 
lesser extent circular carbon, feedstocks are produced in the ‘sustainable biomass’ scenario. However, 
ethylene and propylene production, responsible for an important share of upstream emissions, are 
higher than in other scenarios leading to a lesser reduction in upstream emissions. 

3) Negative emission solutions are necessary 

In 2050, remaining emissions are between 68 MtCO2e (in ‘Fostering circularity’) and 111 MtCO2e (in 
‘CO2 Capture’). There are three sources of remaining emissions: 
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• Emissions which the model cannot abate because no abating technologies are, at this stage, 
available to the model. This is the case for some non-CO2 GHG emissions (between 3,7 and 6 
MtCO2e in 2050).  

• Emissions from products (e.g. BTX which represent between 8 and 12 MtCO2e) for which the 
model has no specific alternative production process to call upon.  

• Emissions which the model can abate but chooses not to. The model arbitrates that 
activating carbon removal options available given modelling assumptions (namely BECCS, 
CCU and biogenic feedstocks) is more cost optimal than investing in capital intensive 
alternative processes. While exact numbers are difficult to assess, this represents the bulk of 
remaining emissions (~60 to 80 MtCO2e).  

At the very least, negative emission options are necessary to compensate for remaining non-CO2 GHG 
emissions. In this modelling exercise, assumptions on carbon accounting rules for CCU and biogenic 
feedstocks were taken (see section 5.2). Whether implemented or not, these policy decisions improve 
the overall cost of achieving climate neutrality for the sector.  

4) The chemical sector cannot achieve climate neutrality alone 

The scope of emissions defined for this modelling exercise is wider than the emission scope over which 
the chemical sector has immediate and direct control. While direct emissions are, by definition, for the 
chemical sector to abate, it has limited ability to reduce emissions which are within the perimeter of 
other sectors or beyond its geographical footprint. It is reasonable to assume that emissions 
reductions also depend on efforts from the sectors which are directly responsible for these emissions 
and governmental action, for example on the energy infrastructure. Emissions which are not under 
the chemical sector’s direct perimeter of responsibility represent 144 MtCO2e or 48% of the 2019 
emissions and they include: 

• Upstream feedstock-related emissions, amounting 68 MtCO2e or 23% of total emissions in 
2019. 

• Power related emissions, representing 48 MtCO2e or a 16% share of emissions. 
• Emissions associated to imported building blocks, which cover 28 MtCO2e or 9% of total 

emissions in 2019.  

 

Figure 49: Representation of the share of effort to achieve climate neutrality in 2050 by scenario 

There are also other possible abatement options, considered within the purview of the EU27 chemical 
sector which are not today part of its traditional activity (i.e. transformation of biomass into biogenic 
feedstocks and using CO2 captured from another sector). These contribute to between 22 and 33% of 
emission reduction efforts in 2050. Biogenic carbon removal, by transforming carbon taken from the 
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atmosphere by biomass into biogenic feedstocks, plays a significant role in achieving climate neutrality, 
bearing between 19 and 31% of efforts. Use of CO2 from other sectors, on the other hand, contributes 
a limited share (between 0 and 3%) of efforts to reach climate neutrality.  

The EU27 chemical sector can contribute to reducing emissions which are not within its direct 
responsibility. For emissions associated to upstream chemical feedstocks by switching from carbon-
intensive towards lower-carbon feedstocks. Power purchased emissions can also be reduced by relying 
on renewable electricity, for example through direct investments in renewable capacity, PPAs or with 
guarantees of origins. Equally, the sector could reduce dependence upon imported building blocks, 
relying, when possible, on domestic production.  

It is clear however that the chemical sector alone does not hold all the keys to reduce its entire GHG 
carbon footprint – as defined within this project.  

5.5.2  Technologies 

1) There is no single optimal technological mix to reach climate neutrality  

 

Figure 50: Capacity deployments for alternative process technologies per scenario between 2019 and 
2050 at a 5-year interval 

 

The four scenarios show that there is no single optimal technology mix to achieve climate neutrality. 
In the ‘Fostering circularity’, ‘High electrification’ and, ‘Sustainable biomass’ scenarios, total new 
alternative production capacities are comparable, between 34 and 40 Mt capacity, over the period. In 
the ‘CO2 Capture’ scenario, 13 Mt new production process capacities are deployed (excluding heat and 
CCS capacities), mostly focusing on ammonia from climate-friendly hydrogen and methane pyrolysis 
combined to biomethane. Other capacities include very limited recourse to MtO and recycling 
technologies (each for less than 1 Mt capacity). 

For the three other scenarios, the extent to which the model draws on any technology varies quite 
significantly, particularly between ‘Fostering circularity’ and the other scenarios. For example: 

• Deployed MtO capacity over the period is ~2,5 Mt in ‘Fostering circularity’ but ~1 Mt in ‘High 
electrification’ and ‘Sustainable biomass’.  

• Polystyrene recycling capacity is ~0,3 Mt in fostering circularity and less than 0,1 Mt in the 
other two scenarios.  
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The variation of technology investment decisions across each scenario demonstrates that optimal 
technology mixed depend according to exogenous circumstances distinguishing the scenarios. Not all 
technologies emerge from the model for these four scenarios. Electric crackers emerged only in ‘High 
electrification’ when the electricity mix is fully decarbonised in 2050 and with limited biomass 
resources to produce biogenic feedstocks. New scenarios with different parameters would certainly 
lead to a new technology mix. While there is a diversity in the optimal technology mix selected by the 
model, some technologies appear across scenarios and represent the bulk of new capacities. 

2) A few key processes/technologies appear in all scenarios and constitute ‘backbone’ 
technologies to reach climate neutrality in 2050. 

Common technologies emerge and represent the bulk of new capacities across scenarios. While not 
strictly speaking no-regret, given model technology selection sensitivity to scenario parameters, these 
constitute ‘backbone technologies’. These technologies contribute to reducing emissions by ~30 to 
40% by 2050. 

 

Figure 51: Deployment of “backbone technologies” per scenario in 2050 

Given their central role to achieve climate neutrality in all scenarios, special attention should be given 
to these technologies and their enabling factors: 

• Ammonia from low-carbon hydrogen: this technology requires access to low-carbon 
hydrogen feedstock. Across scenarios, annual demand for hydrogen to produce ammonia via 
this route varies between 1,5 and 2,6 Mt hydrogen (today’s estimated hydrogen production 
capacity for merchant use is estimated at ~1,5 Mt hydrogen). If this hydrogen was solely 
produced via electrolysis, the associated electricity demand would be between 67 and 
116 TWh (which corresponds to the estimated current electricity consumption of the entire 
EU27 chemical sector). 

• Methane pyrolysis: this technology is currently at TRL 5-6, available at a laboratory scale. 
Today, it’s availability for commercial applications is expected as from 2040. Nevertheless, 
with additional research and investment, it could become market ready more rapidly. Beyond 
hastening market introduction at scale, the scenarios point toward doubling plant capacity 
within a decade with annual production levels to meet demand.  
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• Methanol from H2 and captured CO2: in addition to 1,2 to 2 Mt of low-carbon hydrogen, this 
technology would also need access to between 9 and 14 Mt of captured CO2 whether from 
another sector or from the chemical sector annually. Moreover, Cu/ZnO (Copper and Zinc 
oxide) (copper / zinc oxide), the typical catalyst used in conventional methanol synthesis, is 
not optimal for this technology. New catalysts would need to be developed to improve the 
reaction’s conversion.  

• Bioethanol dehydration: high biomass availability is required for raw materials to produce the 
bioethanol via hydrolysis of lignocellulosic biomass and sugar fermentation. In the four 
scenarios, between 8 and 13 Mt of sugar crops, and at least 16 and up to 43 Mt of 
lignocellulosic biomass, would be needed as feedstock in order to obtain ethylene from 
bioethanol dehydration.    

• Methanol-to-Olefins: to enhance the deployment of this technology, an acceleration in plastic 
waste recycling would also be required, as syngas obtained from Plastic waste gasification is 
one precursor for Methanol production. In the four scenarios, at least 5% and up to 15% of all 
agricultural residues used as raw material to produce biomethane as a feedstock for the 
chemical industry are needed to produce the amount of methanol required for this 
technology. Moreover, between 51% and 79% of the total volume of methanol produced 
across the four scenarios would be used to satisfy this technology’s demand.  

• Carbon Capture and Storage: carbon capture costs and energy requirements are highly 
dependent on the concentration of CO2 in the gas stream: electricity consumption is 40% 
higher when processing a low-purity gas stream (up to 20% in volume of CO2) compared to a 
high-purity one (> 95% of CO2). In the low-purity process, an additional 67 TWh of steam are 
required per Mt of captured CO2 in order to regenerate the amine solvents used for the 
absorption of CO2. Furthermore, CCS deployment and the addition of carbon capture units in 
chemical facilities would need to go hand-in-hand with the development of infrastructure for 
carbon transport. In the four scenarios, between 2,5 and 7,5 Mt of CO2 would be transported 
annually out of chemical plants with CO2 capture units. 

3) CCS is a key technology, called upon across scenarios and particularly to capture emissions 
from olefins  

In all four scenarios, CCS contributes to capturing between 20 (in ‘High electrification’) and 140 MtCO2 
(‘in CO2 Capture’). Irrespective of the scenario, it is drawn upon by the model as a cost-optimal 
technology to achieve climate neutrality.  

 

Figure 52: CCS repartition by category of technologies over the period per scenario 

There appears to be a merit order in the allocation of CCS: 

• With limited CCS availability (in ‘High electrification’), the model assigns all CCS capacity to 
conventional technologies. In this scenario, 70% of CCS capacities are deployed on crackers, 
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20% on ammonia produced from natural gas and the remainder on methanol from natural 
gas and on oxygen-based ethylene oxide production.  

• With more CCS capacity (in the Sustainable biomass and Fostering circularity scenarios), 
the model assigns a share to capture process emissions from the rest of industry where CCS 
is the model’s only option to abate process emissions.  

Thereafter, there appears to be a more complex arbitrage between using CCS with heat 
(specifically biomass boilers) or for low-carbon feedstock production: 

• In the ‘Fostering circularity’ scenario, around 30 MtCO2 CCS capacity are assigned to circular 
feedstocks of which 70% goes to on the production of bioethanol from sugar fermentation 
and the remainder on mixed plastic waste pyrolysis. High purity CCS technologies can be 
applied to bioethanol for sugar fermentation (see section 5.3.2). As high purity CCS 
technologies are far less expensive in CAPEX terms, the model favours this technology.  

• In the ‘Sustainable biomass’ scenario, remaining capacities are associated to biomass 
boilers to provide negative emissions. The economic optimum therefore appears to be to 
focus CCS on highly emitting conventional processes for which the investment cost of 
alternative processes is high, namely steam crackers.  

Thereafter, assuming technological options to abate emissions are limited, using CCS for the rest of 
industry (beyond the 18 key products) is the second priority. The final application is to generate 
negative emissions whether applied to biomass heat generation or biomass feedstock production.  

 

Figure 53: Breakdown of CCS capacity per technology for convention technologies over the period per 
scenario 

 

Figure 54: Sum of CO2 stored in each scenario over the period compared to estimated total CO2 
storage capacity in the EU27 
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Even with high CCS deployment rates, the chemical sector requires a limited share of total EU27 
estimated available carbon storage capacity. Over the period, across all scenarios, between 42 (‘High 
electrification’) and 356 MtCO2 (‘CO2 Capture’) are captured and stored. With an estimated total 
storage capacity across the EU27 estimated at 1 563 MtCO2,.Even in a scenario favouring CO2 capture 
and storage, the EU27 chemical sector requires, at most, 23% of Europe’s CO2 storage capacity. 

4) Methanol is a key building block to produce low-carbon chemicals and abate olefin 
emissions  

Methanol production is expected to increase significantly across the outlook period, as it could act 
as a chemical platform to produce other chemicals with a lower GHG footprint. In all scenarios, 
methanol production in 2050 sees a fourfold increase compared to 2019. It reaches a factor of nine in 
the ‘Fostering circularity’ scenario. New capacities are mostly used to produce methanol that serves 
as a raw material to produce olefins (MtO). In all scenarios, a majority of methanol goes toward this 
process, from 51% up to ~80% in the ‘Fostering circularity’, driving a substantial increase in production 
(between 8 and 19 Mt capacity as compared to 2 Mt today). 

 

 

Figure 55 Left: Methanol production technologies in each scenario (natural gas; H2 and captured CO2). 
Right: share of methanol demand used for MtO in each scenario  

Across the four scenarios, methanol is produced in a number of ways: both via the conventional 
process, at times combined with CCS and biomethane or via syngas produced with hydrogen and CO2. 
The conventional process plays a significantly higher role in the ‘CO2 Capture’ scenario given the 
possibility to capture emissions released using natural gas. The hydrogen used as feedstock is produced 
either via pyrolysis of biomethane or electrolysis. 

In 2050, a limited amount of hydrogen from biomethane is used for methanol production. In two 
scenarios (‘CO2 capture’ and ‘High electrification’) no hydrogen produced with biomethane is used to 
produce methanol. In ‘Fostering circularity’ and in ‘Sustainable biomass’, between ~1 and ~1,5 Mton 
hydrogen from biomethane is used for methanol. 

5) Hydrogen demand increases sharply between 2019 and 2050 

Overall trends 

Between 2019 and 2050, hydrogen demand increases sharply, rising from ~1,5 Mt in 2019 to between 
~6 (in ‘CO2 capture’) to ~17,5 Mt (in ‘Fostering circularity’ and ‘Sustainable biomass’) in 2050.  
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Figure 56: Hydrogen demand for all four illustrative scenarios, including own production process 

Only a share of this hydrogen is produced by the model, that is to say assumed to be produced by 
the chemical sector. Hydrogen production within the chemical sector increases from ~1,5 Mt in 2019 
to between ~4 (in ‘CO2 Capture’) and 6,6 Mt (in ‘Fostering circularity’). The remainder is drawn upon 
by the model and is assumed to be produced beyond the boundaries of the chemical sector (called the 
hypothetic hydrogen market). When hydrogen demand is high (in ‘Sustainable biomass’ and ‘Fostering 
circularity’), the majority of the sector’s hydrogen demand in 2050 is met by purchasing hydrogen.  

The variation in demand (and production) across scenarios is due to 2 factors: it’s use to produce heat 
and its use as a feedstock both for renewable ammonia and, combined with CO2, to produce methanol. 

• Hydrogen as an energy source: In both the ‘Sustainable biomass’ and ‘Fostering circularity’ 
scenarios, hydrogen is mostly used as a source of heat. ~10 Mt of hydrogen are used for heat 
in both. By construction, hydrogen used for heat is not produced by the model but purchased 
from the market.  

• Hydrogen as a feedstock: The use of hydrogen as a feedstock is comparable across scenarios, 
with a difference to produce methanol through chemical valorisation of CO2.. Ammonia uses 
3 Mt hydrogen as a feedstock in all scenarios other than in the ‘CO2 Capture’ scenario. In this 
scenario, ammonia production is combined to CCS rather than developing the renewable 
ammonia production route (renewable ammonia is produced using green hydrogen coming 
from renewable power sources). Methanol capacities are ~+33% higher in ‘Fostering 
circularity’ than in ‘Sustainable biomass’ and ‘High electrification’. Hydrogen demand for this 
process is correspondingly higher.  
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Figure 57: Invested capacities between 2019 and 2050 for hydrogen production technologies per 
scenario 

Production capacity 

In terms of hydrogen production capacity within the chemical sector, the technology mix invested in 
over the period varies across scenarios: 

• Methane pyrolysis is the dominant technology in all scenarios except ‘High electrification’. 
Over the period, methane pyrolysis represents between 43 (in ‘High electrification’) and 63% 
(in ‘CO2 Capture’) of deployed hydrogen capacities. Increasingly, to 2050, biomethane is used 
as a feedstock to produce hydrogen with this technology.  

• Alkaline electrolysis is the main hydrogen producing technology in the ‘High electrification’ 
scenario. But it develops across all scenarios other than ‘CO2 capture’.  

• Steam Methane Reforming is also invested in, particularly prior to 2030, but only rarely 
thereafter. 

In the specific case of ‘CO2 Capture’, demand for hydrogen is limited. Ammonia production is indeed 
combined to CCS to capture emissions and there is no transition to renewable ammonia production. 
In addition, no methanol from CO2 and H2 production capacities are invested in. Finally, hydrogen is 
not used for energy production as biomass is used as the major source of heat. As such, only 3 Mt of 
additional capacity are deployed up to 2050.  

The considerable increase in hydrogen production while driven by methane pyrolysis, leads to an 
increase in electricity demand (see section on electricity consumption -2.2.6). 

5.5.3 Resources 

1) Reaching climate neutrality does not necessarily mean de-fossilisation. 

In the model’s cradle-to-gate approach, reaching climate neutrality does not necessarily mean 
phasing out the use of fossil fuel feedstocks.  
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Figure 58: Raw material consumption per type of carbon according to estimated carbon content per 
scenario in 2050 and 2019 (Mt) 

Raw material quantities used by the sector in 2050 vary significantly from one illustrative scenario 
to another: from 130 Mt raw material in ‘CO2 capture’ and in ‘Fostering circularity’ scenarios to around 
170 Mt in the ‘High electrification’ and ‘Sustainable biomass’ scenarios. 

In 2050, the share of hydrocarbons is between 53% (in ‘Sustainable biomass’) and 88% (in ‘CO2 
Capture’) of the sector’s raw material consumption, estimated on a carbon content basis. The major 
difference resides in the amount of biomass used to produce biogenic based feedstocks. Circular 
carbon raw materials (i.e., plastic waste used for chemical recycling and chemical valorisation of CO2) 
playing a significant role in the ‘Fostering circularity’ scenario where available recycled feedstocks are 
higher.  

Biomass as feedstock 

In the ‘Sustainable biomass’ scenarios, 120 Mt dry matter of biomass is consumed in 2050, 92 Mt in 
‘high electrification’ and 42 Mt and 10 Mt in ‘fostering circularity’ and ‘CO2 Capture’.  

Circular carbon 

• Chemical recycling of plastic waste: In the ‘Fostering circularity’ scenario, total available 
plastic waste which the model can draw upon for chemical recycling is far higher than in other 
scenarios (~10 vs ~3,5 Mt). Furthermore, only in the ‘Fostering circularity’ scenario are these 
resources drawn upon to their quasi-maximum (9,5 vs <0,5 Mt in other scenarios). Indeed, in 
this scenario, parameters for the revenues associated to chemical recycling are more 
favourable with co-products benefiting from revenues. In other scenarios, to the exception of 
PET and PS chemical recycling, the model does not deploy the capacities to chemically recycle 
other polymers. This implies that deploying chemical recycling is not cost-effective as against 
other emission abating technologies other than if and when coproducts are valorised. 

• CO2 as a feedstock: Use of CO2 as a feedstock is limited. CO2 feedstock in 2050 varies from 
13 Mt in the ‘Fostering circularity’ scenario to 9 Mt in the other scenarios. At most, circular 
carbon represents 13% of total feedstock demand in 2050. The use of CO2 as a feedstock hinges 
on the development of methanol production units. In the case of the ‘Fostering circularity’ 
scenario, methanol, notably for the production of olefins and specifically ethylene, is selected 
by the model. This leads to an increase in methanol production to ~20 Mt in 2050 as compared 
to ~3 Mt in 2019, a 7-fold increase over the period (see key finding 4) on the methanol). For 
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the sector to act as a carbon sink for other sectors, consideration should be given to developing 
methanol production capacities. 

Feedstock trends by product 

Over the period, fossil fuel feedstock demand increases in absolute terms. This increase is due to 
growing demand for ethylene (and propylene) production and BTX which represent the majority 
(~66%) of feedstock consumption overall and fossil feedstocks specifically. Across all scenarios, 
ethylene feedstock demand shifts from naphtha toward NGL. In most scenarios, to the exception of 
‘Fostering circularity’, ethylene feedstock demand increases over the period. BTX feedstock demand 
draws mostly on naphtha, with an increase across each scenario. BTX abatement options are limited. 
Demand for BTX therefore leads to an increase in feedstock consumption. 

Hydrogen as a feedstock 

While demand for hydrogen as a feedstock increases substantially over the period, it remains a 
marginal contributor to the overall primary feedstock mix in 2050. In 2019, hydrogen demand is 
estimated to be around 1 Mt. In 2050, this demand is between ~3,5 (in ‘CO2 Capture’) and 6,5 Mt (in 
‘Fostering circularity’). In 2050, it represents between ~2 (in ‘Sustainable biomass’) and ~4% (in ‘CO2 
Capture’) of primary feedstock consumption  

2) While production of bio-based feedstock remains overshadowed by fossil hydrocarbon 
feedstocks in 2050, demand for raw biomass materials will be substantial. Securing the 
sector’s availability is as much of priority as securing low carbon energy prices.  

Overall trends 

Across all scenarios, the sector draws mostly upon woody biomass and agricultural residues, often 
up to maximum availability. Other biomass resources and hydrogen (assumed to be produced beyond 
the chemical sector) are called upon more sporadically, rarely using total available resources. Woody 
biomass and agricultural residues are more versatile resources than sugar crops or lignocellulosic 
biomass as both can be used in the production of feedstock or heat. These feedstocks can be drawn 
upon by a variety of value chains. For example, biomethane generated with agricultural residues can 
be used to produce ammonia, methanol, ethylene or hydrogen in lieu of natural gas. Other biomass 
resources can only be used to produce other feedstocks. 

 
Figure 59: Breakdown of biomass feedstock by scenarios in 2050 

 
Generally, the model seeks to maximise biomass use, with a preference for certain types of biomass 
according to the entire cost of their production and deployment within the value chain. Given the 
cradle-to-gate scope of the model, the carbon content of all biomass resources used as a feedstock is 
considered negative. A share of these carbon removals is allocated to the chemical sector and the 
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model can draw upon these resources to compensate emissions65. Doing so is often more cost-
effective than investing to deploy new production capacities. In its total sector cost optimising 
approach, the model therefore tends to heavily draw upon biomass resources often considering this 
option as the most cost-efficient way of reducing emissions.  

Overall, biomass is a critical low-carbon feedstock to reduce emission in each scenario. In 2050, 
bioethanol, biomethane and bionaphtha represent the majority of low-carbon feedstock in all 
scenarios except ‘CO2 Capture’. The organic chemical production needs to use atoms of carbon 
whether biogenic or from fossil fuels. While CO2 as a feedstock represents an alternative carbon source 
to biomass, model outcomes demonstrate the importance of biomass above circular carbon as a 
feedstock.  

Focus on specific biomass resources 

In 2050, demand for woody biomass varies between 0 (in ‘CO2 Capture’) and 61 Mt dry matter (in 
‘Sustainable biomass’). Woody biomass is used primarily to produce bionaphtha, replacing naphtha 
which serves a feedstock for the production of ethylene and BTX and, to a lesser extent, as an energy 
source for biomass boilers. Despite drawing on all woody biomass resources available, bionaphtha 
production is limited due to low conversion rates. 

Lignocellulosic biomass resources are called only in some scenarios. Demand in 2050 varies between 
0 (‘CO2 Capture’ and ‘Fostering circularity’) and 43 Mt dry matter (‘High electrification’). In the 
‘Sustainable biomass’ scenario, 7% (16 Mt) of total sustainable EU27 resources are used by the 
chemical industry.  

Both ligno-cellulosic biomass and sugar crops are used to produce bioethanol for ethylene. Production 
of bioethanol with lignocellulosic biomass is activated only in the ‘High electrification’ and ‘Sustainable 
biomass’, growing over the period. Lignocellulosic production of bioethanol is more expensive and less 
efficient than producing bioethanol from sugar crops. Emission reduction associated to this route is 
higher than with sugar crops. In the ‘High electrification’ scenario, the ability to use CCS is limited. To 
achieve climate neutrality, the model draws on all available biomass resources to maximise negative 
biogenic emissions which explains the high mobilisation of sugar crops and ligno-cellulosic biomass. 
Pressure to generate negative biogenic emissions in the Sustainable biomass scenario is less high. It 
therefore draws first on sugar crops. Once all sugar crops have been used, it switches to producing 
bioethanol with ligno-cellulosic biomass. Following the same logic, some bioethanol is produced in the 
Fostering circularity scenario, but without reaching total available resources in 2050. Nevertheless, this 
still represents 50% of total available sugar crops resources in this scenario (7,5 Mt of sugar crops for 
a total resource of 15,7 Mt).  

As for woody biomass, agricultural residues are heavily drawn upon over the period, reaching total 
available EU27 resources in 2050 in all scenarios (34 Mt) except for the CO2 Capture scenario (4 Mt or 
12% of the total available EU27 sustainable potential).  

Agricultural residues are used solely for the production of biomethane. Biomethane is used as both a 
feedstock and as a source of heat. It serves as a feedstock for methanol, ammonia and ethylene 
production, replacing natural gas.  

Biomethane growing from a transition fuel to a feedstock source 

 

 
65 For carbon embedded in bio-based resources used for heat supply (notably BECCS), a 100% carbon credit is considered, adjusted to align 
with direct boiler emissions, as well as for biomethane pyrolysis. In case there is no investment in CCS, emissions are accounted as zero. For 
carbon in bio-based feedstock, a 50% carbon credit is granted to account for end-of-life carbon release. 
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Biomethane serves as a source of heat in the interim period to 2050 and acts as a transition fuel. 
Biomethane appears as a key vector to reduce heat emissions particularly for the rest of industry. 
Biomethane to generate heat grows in the fostering circularity and sustainable biomass scenarios to 
2041 reaching between 6,5 and 7,5 Mt. Thereafter it decreases radically and is, virtually, no longer 
used a source of heat by 2050. In the case of the ‘CO2 Capture’ and ‘High electrification’ scenarios, 
reliance on biomethane as a source of heat is very limited. In the case of the former, this is because 
woody biomass can be drawn upon as a source of heat. In the case of the latter, biomethane as a 
source of heat is unnecessary as it can be generated via electric boilers given a fully decarbonised mix. 
By 2050, it is solely used as a feedstock. 

Globally, the model selects biomethane mostly as a feedstock as from 2040, with the split between 
heat and feedstock uses growing in favour of feedstock over the period. In 2050, between ~0 (in ‘CO2 
capture’) and ~17 (in ‘Fostering circularity’) Mton of biomethane is used to produce H2. Other than in 
the ‘CO2 capture scenario’, biomethane use for H2 production represents between ~7 Mt and ~14 Mton 
for a production of between 3,5 and 4,5 Mton of H2. In ‘High electrification’, the majority is used for 
ammonia production. For the two other scenarios (‘Sustainable biomass’ and ‘Fostering circularity’), 
the majority is used to produce methanol. 

3) Between 2019 and 2050, the sector’s final energy demand increases by 78% to 98% and is 
largely low carbon without a clear energy carrier preference 

In all scenarios, final energy consumption is expected to drastically increase, by up to a factor of 2, in 
2050 as depicted on Figure 60. Depending on the scenarios, energy consumption is expected to 
increase from 78% (in the ‘Fostering circularity’ scenario) to 98% (in the ‘CO2 Capture’ scenario) 
compared to 2019 levels. Indeed, the ‘CO2 Capture’ scenario is more energy intensive than the three 
others as capturing and storing or valorising CO2 are particularly energy consuming. 

About 30% of this increase is due to the production increase. The remaining 70% is due to technology 
changes that lead to energy consumption, partly mitigated by higher energy efficiency of existing 
processes).  

 

 

Figure 60: Chemical industry final energy consumption levels in 2050 by scenario 

The expected increase is linked to three main factors: 
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• Energy efficiency improvements have been captured for the most part and will not play an as 
significant role from 2019 as it did in the last two decades. The potential for additional 
energy efficiency of existing processes is estimated at ~18%. 

• Production is expected to increase by 39% between 2019 and 2050 in a climate-neutral 
world. 

• The new technologies put in place to reduce emissions are more energy intensive than the 
fossil-fuelled technologies.  

Energy can either be used as a source of heat and steam or dedicated to other speciality uses. The 
energy used to produce heat is represented on Figure 61 below.  

 

Figure 61: Heat generation sources by scenario in 2050 

For heat generation, the four illustrative scenarios come out with significantly different pathways. 
The main energy source used to produce heat may be electricity (82% in the High electrification 
scenario), hydrogen (62-65% in the ‘Sustainable biomass’ and ‘Fostering circularity’ scenarios), 
biomass (40% in the ‘CO2 Capture’ scenario) and natural gas when CCS is available (35% in the ‘CO2 
Capture’ scenario). In any scenario, a significant portion of the heating needs is still covered by natural 
gas consumption, from 18% to 35% of the total heat requirements. 

The flexibility in the different heat sources that the chemical sector can use demonstrates the 
importance of exogenous parameters in defining the pathways to climate neutrality. More detailed 
analysis for electricity, hydrogen and biomass is provided below. 

Electricity 

In the ‘High electrification’ scenario, electricity is fully decarbonised and using electricity as a heat 
source is thus an emission-effective choice (electricity covering more than 80% of the chemical 
industry’s final energy requirements). In other scenarios, electricity is not fully decarbonised, and the 
heat sources are more diversified and less reliant on electricity. As a result, the ‘High electrification’ 
scenario is able to abate the most energy-related emissions compared to the other three scenarios, 
that all keep a more significant part of fossil fuels.  

Hydrogen 

The increase in electricity consumption due to hydrogen production varies considerably between 
scenarios, reaching 500 TWh in fostering circularity and sustainable biomass, with a majority of market 
supplied H2 in those scenarios and the remaining part from alkaline electrolysis. The electricity 
consumption from hydrogen production is represented on Figure 62 below for all four illustrative 
scenarios. 
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Figure 62: Total electricity consumption from hydrogen production in 2050 vs 2019 per scenario and 
process (TWh) 

Indeed, hydrogen from the market is much more electricity-intensive than hydrogen from methane 
pyrolysis or SMR, as it is mainly produced from GHR, steam methane reformers and electrolysis. In the 
‘Fostering circularity’ and ‘Sustainable biomass’ scenarios, it represents the majority of the volumes of 
hydrogen consumed by the sector. 

Biomass 

In the ‘CO2 Capture scenario’, biomass plays a key role, accounting for 40% of the heat generation. As 
a matter of fact, this scenario uses biomass boilers and carbon capture to reach net-zero emissions in 
2050, whereas in the other scenario, biomass is mostly used a feedstock rather than an energy 
source. 

4) Electricity demand varies considerably according to external conditions, increasing 
between 37 and ~320% by 2050.  
 

 

Figure 63: Electricity consumption by use in 2019 and 2050 per scenario 
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Across all scenarios, electricity demand increases. Electricity demand increases by 37% (~225 TWh) in 
the ‘CO2 capture’ scenario, around 100% in ‘fostering circularity’ and ‘sustainable biomass’ (~320 and 
~330 TWh, respectively) and 323% in ‘high electrification’.  

The considerable increase in ‘high electrification’ is partly due to the full decarbonisation of the 
electricity mix (which is considered not achieved in the other scenarios). With a decarbonised 
electricity mix, the arbitrage to draw upon electricity is more favourable as it reduces residual 
emissions and the need to offset them. In this scenario, recourse to electricity is also due to limited 
biomass availability. The model’s general arbitrage is to favour the use of biomass, particularly as a 
feedstock but, given sufficient resources, also as an energy source.  

The major difference between the ‘high electrification’ scenario and others is the use of electricity to 
produce heat and steam (48% of total electricity demand in 2050). Generally speaking, electricity as a 
source of heat is a second order preference for the model. In the ‘high electrification’ scenario, ~2,7 Mt 
capacity of electric crackers are deployed. In 2050, electricity consumption for crackers is, on average, 
for all other scenarios, ~6PJ. In ‘high electrification’, demand is 78 PJ, with 73 PJ for the electric cracker 
(+~1200%). 

The majority of the electricity demand increase between 2019 and 2050 is linked to production of 
hydrogen, the use of CCS technology and production increase for the rest of industry.  

Hydrogen  

Compared to 2019, electricity demand for intermediates, which includes hydrogen, grows from 3 TWh 
to between ~20 (in ‘CO2 capture’) up to ~153 TWh (in ‘high electrification’). While the total amount of 
hydrogen produced by the chemical sector over the period is comparable across scenarios, production 
methods vary. In the ‘high electrification’ scenario, the fully decarbonised electricity mix incentivizes 
the production of hydrogen from alkaline electrolysis (~30% of total hydrogen volume produced). In 
other scenarios, the share of alkaline electrolysis is between 0 and 13%. In the ‘CO2 capture’ scenario, 
hydrogen is produced solely from SMR and methane pyrolysis.  

CO2 capture and storage 

Electricity demand linked to CO2 capture technologies varies from ~3 TWh in ‘high electrification’ to 
~27 TWh in ‘CO2 capture’. In the case of the CO2 capture technology, this represents 12% of total 
electricity consumption in 2050. In other scenarios, the share is <3%. The increase in electricity 
consumption is directly explainable by the extent of CO2 capture technology deployment. 

Rest of industry 

Electricity demand for the rest of industry grows by 14% (from ~118 to ~134 TWh) in 2050 across all 
scenarios. This is entirely correlated to the assumed increase in production to 2050.  

5) Mechanical recycling can be considered a societal no regret option. Chemical recycling 
based on depolymerisation technologies is generally picked at maximum capacity.  

In addition to the deployment of new and conventional technologies, plastic waste collection and 
sorting plays a key role in achieving climate neutrality across all scenarios. Any efficiency loss in this 
feedstock would lead to a higher challenge for neutrality.  

Once collection and sorting have taken place, waste can be retreated via three main processes: 
Mechanical recycling, pyrolysis and chemical recycling. Mechanical recycling is the simplest form of 
recycling. It can accept many types of plastic materials (including polyethylene, polypropylene, PVC 
and PET). Pyrolysis and chemical recycling, however, are more complex processes which can accept, 
for now, only certain types of plastic feedstocks to produce specific products.  

Mechanical recycling 
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In the four scenarios, mechanical recycling is an exogenous hypothesis to the iC2050 model and plastic 
waste collection and sorting volumes are assumed considering a series of factors regarding sector 
evolution. Plastic waste volumes available for mechanical recycling in 2050 are assumed to be 44% 
higher in the ‘Fostering circularity’ scenario compared to the other three scenarios, yet mechanical 
recycling is essential and a key backbone technology to achieve climate neutrality in all scenarios.  

Total feedstock in ‘Fostering circularity” is 20 Mt lower in 2050 compared to the average of the three 
other scenarios. While this shows that mechanical and chemical recycling can considerably reduce 
feedstock demand, conclusions cannot be drawn that recycling is entirely responsible for this decrease 
as other parameters (e.g. availability of biomass may come into play).  

Chemical recycling 

PET Chemical recycling by solvolysis is a relevant technology invested in across all scenarios. Apart 
from the ‘High electrification’ scenario where polystyrene production still relies entirely on 
conventional polymerisation technologies in 2050, polystyrene for chemical recycling appears in 
‘Sustainable biomass’ and ‘CO2 capture’. Since polystyrene plastic waste volumes are higher than 
polystyrene coming from construction and e-waste, polystyrene pyrolysis presents a higher share than 
dissolution in the three scenarios.  

 

Figure 64: Chemical recycling shares by type of technology in 2050 per scenario 

 

Pyrolysis 

Mixed plastic waste pyrolysis is deployed at a significant rate in the ‘Fostering circularity’ scenario: 
mixed plastic waste volumes are almost twice as high in this scenario compared to the others, and 
pyrolysis oil costs are 65% lower, thus promoting a heavy deployment of this technology. Thanks to 
this technology, overall recycling processes – excluding mechanical recycling – are 20 to 25 times 
higher in the ‘Fostering circularity’ scenario compared to all others, using 9.6 Mt of recycled plastic as 
feedstock in 2050.  

Thanks to circularity and recycling, demand for polymers is 14% lower in ‘Fostering circularity’ 
compared to the three other illustrative scenarios, thus reducing the demand for raw materials by at 
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least 32% compared to ‘High electrification’ and ‘Sustainable biomass’ and decreasing energy and 
feedstock-related costs as well. 

Investment costs for mechanical recycling are not included within the scope of this report. 

Chemical and pyrolysis recycling investments costs over the period vary between 415 M€2019 in ‘High 
electrification’ and ~5 bn€2019 in ‘Fostering circularity’. In ‘Fostering circularity’, 67% of investments go 
toward mixed plastic waste pyrolysis, followed by PET recycling for Solvolysis representing 22% of cost.  

5.5.4 Costs 
1) The cost of reaching climate neutrality and meeting demand in 2050 results in total 

investment costs over the period vary between 159 and 321 bn€2019.  

Reaching climate neutrality is the greatest sustainability challenge the chemical industry has ever 
faced. It means shifting from habitual production processes, feedstocks and energy sources at -in 
many cases- substantial additional costs. Alternative production technologies will represent an 
important share of such costs.  

Box 6  Cost of alternative vs conventional production technologies 
 
New technologies are habitually more expensive compared to conventional counterparts. In the case of 
ethylene, for instance, the cost of investing in a Methanol-to-olefins facility is almost 10 times higher than 
investing in a conventional naphtha steam-cracking plant. Total investment costs for both the Bioethanol 
dehydration process and the Electrified steam-cracker are ~3,5 times as high as the conventional Naphtha 
steam-cracker, yet they are nearly 3 times lower than the Methanol-to-olefins process. Comparing Hydrogen 
production technologies, the cost of investing in Methane pyrolysis is twice as high as investing in the 
conventional Steam Methane Reforming (SMR) process, and Alkaline electrolysis costs are even 16% higher 
than those of Methane pyrolysis.    
 

In this analysis looking at the most cost-efficient pathways in an aggregated manner, the sector’s 
annual rate of investment would increase by a minimum of ~50%, on average to achieve climate 
neutrality by 2050. Total CAPEX costs range between 340bn€2019 and 160bn€2019. Assuming the sector 
currently invests 20bn€ annual and further assuming this rate of investment corresponds to 
maintaining and optimising existing assets, this represents an additional investment of between 5 and 
11 bn€2019 per annum. Such a figure represents a minimum. 

Box 7  Reminder on the costs covered in the model  
 
To understand these results, clarifying what is covered by each cost category is important. 
 
CAPEX costs cover investment costs for new capacities to meet both the demand and climate 
neutrality constraint. These CAPEX costs are supplementary to expected investment cost to 
maintain and upgrade the current industrial capacity. Assuming there is no fixed lifetime to existing 
installations and given restrictions to limit stranded assets, the current EU27 production capacity is, 
largely, expected to continue. Investments to maintain and upgrade current capacities are not 
included within CAPEX figures. Investments in mechanical recycling, infrastructure upgrading, 
energy and process efficiency (while assumed), are excluded from this CAPEX total. Energy efficiency 
is expected to grow without any additional investment considered. Thus, the model may occult 
some high investment cost for the latest energy efficiency gains. 
 
OPEX covers the fixed operation and maintenance cost of new capacity, assumed to represent a 
fixed share of CAPEX costs.  
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Variable costs cover all costs associated to producing chemical products to meet annual demand: 
cost of energy and cost of feedstocks. It is commonly addressed as ‘energy bill’ since all feedstocks 
considered are also energy sources. 
 
Global analysis of these total costs with current production costs are therefore complex, as this data 
does not fully represent all costs the sector will bear. But it provides useful insight on the order of 
magnitude, given a comparable perimeter between scenarios, and where such costs are borne. 

 

 

Figure 65: Total Capital investment cost between 2019 and 2050 per scenario broken down by family 
of technologies 

While the model optimises investments across multiple production pathways at EU27 level and with 
full information over the period as a coherent whole, such an eventuality is unlikely in a complex, 
multifaceted sector with significant regional constraints and specificities. Finally, the variety of 
products covered by the ‘rest of industry’ implies a variety of technological options not included in the 
model which may be more expensive than CCS. Nevertheless, with habitual investment cycles in the 
sector measured in decades, it is clear that an acceleration in the rate of investment is needed to 
achieve climate neutrality by 2050. 

The cost of getting to climate neutrality increases over time. While it is a feature of any cost 
optimising scenarios running over long periods to tend to delay investments, it is also true that to meet 
the climate neutrality constraint, the sector will need to draw up increasingly costly options, whether 
technologies or feedstocks over time. Over the period, all costs rise, with no particular differentiation 
across scenarios. Variable costs rise in line with energy and feedstock price assumptions. However, the 
costs continue increasing to 2050 across all scenarios aside from the CO2 Capture scenario. 

The least expensive scenario is the ‘CO2 capture’ scenario. As such, widespread deployment of CCS 
appears to be a cost-efficient way of reducing investment costs on the path to climate-neutrality. In 
the other scenarios, investments are far higher due to two types of investments: 

• The development of capacities to produce low and circular carbon feedstocks (e.g. production 
of bionaphtha via ligno-cellulosic biomass). This represents an additional +~127 to +~182 bn€ 
2019 over the period.  

• The deployment of alternative production processes (e.g. electric crackers or MtO). This 
represents an additional ~+35 to 37 bn€2019.  

Investing an additional ~40 bn€2019 in CCS technologies, leads to a reduction in total investment costs 
of approximately 140 bn€2019 as compared to the average investment cost of the other scenarios.  
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To achieve climate neutrality within the chosen emission scope, efforts should first and foremost 
focus on reducing heat and steam-related emissions, then on producing low-carbon feedstocks 
which can be using with existing processes before investing in more capital intensive investment to 
change the production processes further allowing the use of low-and circular carbon feedstocks. This 
also shows that the transformation of the EU27 chemical sector production apparatus need not change 
dramatically if climate neutrality is the sole objective. Furthermore, it is worth pointing out that 
reliance on fossil fuel feedstocks does not condition the sector’s climate neutrality objective as long as 
associated emissions are not emitted. Nevertheless, other sustainability objectives relative to fossil 
feedstocks, beyond climate neutrality, and end-of-life considerations not covered within this project’s 
emissions scope do merit significant and further consideration on the role of fossil fuels in the sector.  

2) In most scenarios, the majority of investment costs (27 to 209 bn€2019 over the entire 
period) are borne by technologies to produce low-carbon feedstocks (e.g. biomethane and 
bioethanol production).  

Setting aside the ‘CO2 Capture’ scenario, in all other scenarios, the majority of investment costs are 
associated to producing low-carbon and circular carbon feedstocks. To compensate feedstock-related 
emissions, low-carbon feedstocks are necessary. The costs associated to producing these feedstocks 
are covered by the model even though these may well, in reality, like costs associated to fossil 
feedstock production, lie beyond its boundaries.  

 

Figure 66: Investment costs per scenario until 2050 

In all scenarios, the majority of low and circular carbon investments costs are to develop biogenic 
carbon feedstock. Investments to produce biomethane represent the majority, varying between ~63% 
(in ‘sustainable biomass’) and ~87% (in ‘fostering circularity’) of all low and circular carbon 
investments. Thereafter, significant investments go towards the production of bioethanol from 
cellulosic biomass (between 0 and 42 bn€ 2019), liquid fuel from biomass gasification and fischer 
tropsch (between 1 and 46 bn€2019) and on bioethanol from sugar fermentation (between 0 and 7 
bn€2019). 
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Other investments cover feedstocks from plastics waste and methanol production routes using circular 
carbon.  These represent between 4 and 11% of investments toward feedstock development. Across 
all scenarios, investments in chemical recycling technologies represent less than 4% of investments in 
low carbon feedstocks. To the exception of fostering circularity, chemical recycling technologies are 
not developed to their full potential by the model. Methanol production using circular carbon 
represent between ~2% and ~7% of investment costs to develop low carbon feedstocks.  

3) The cost of energy and feedstocks doubles  

 

Figure 67: Evolution of ‘the energy bill’ (feedstock and energy costs) between 2019 and 2050 with 
2019 as a 100-index base, at 5 year intervals per scenario 

The majority of costs to achieve climate neutrality are variable costs, the so-called “energy bill”. In 
all scenarios, variable costs represent between 72% (Sustainable biomass and Fostering circularity) and 
75% (CO2 Capture) of the cost to achieve climate neutrality.  

This increase is in part the results of exogenous assumptions on the evolution of feedstock and energy 
prices. 

Energy and/or 
feedstock source 

2019 2050 Variation (%) Source 

Electricity 
(€/MWh) 

48€ • 88€ (in most 
scenarios) 

• 60€ (in High 
electrification 

• +83% (in 
most 
scenarios) 

• +25% (in High 
electrification
) 

Deloitte research 
on the future of 

electricity 

Fuel oil & crude oil 
(USD19/barrel) 

63 85 +35% IEA, WEO2020 
 

Natural gas 
(€/MWh) 

23 28 +23% 

Natural gas 
liquids (€/MWh) 

31,5 39 

Naphtha 
(USD/ton) 

500 615 

Agricultural 
residues (€/GJ) 

4,42 5,08 +15% ENPRESO 
database 
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Woody biomass 
(€/GJ) 

3,4 2,6 -23% 

Lignocellulosic 
crops (€/GJ) 

11,1 10,2 -8% 

Table 14: Assumptions on the evolution of feedstock and energy average prices until 2050 

However, it is also the natural result of moving away from more efficient technologies toward less 
efficient technologies and from lower cost, high-emitting, fossil-fuel, to higher cost, lower emitting 
carbon feedstocks. 

This doubling of variable costs will likely have an impact on markets supplied by the chemical sector 
and, in fine, on the consumer.  

The costs described below do not reflect the full societal costs. Further investments, for example on 
the decarbonisation of the electricity mix or on mechanical recycling costs are not covered by the 
model. 
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5.6 Regional analysis 
In this section, the current (2019) status of 8 regional clusters in terms of connections, trade dynamics, 
nameplate capacity and access to feedstock are presented. This preliminary analysis serves as a 
background to assess the cluster’s possible evolution given the national policy context, regulations and 
roadmaps and foreseen cluster internal and contextual evolution. 

The outputs from the 4 illustrative scenarios are qualitatively compared to each cluster considering 
known future trends has.  The materiality of production pathways is evaluated for every cluster based 
on:  

Ø The cluster’s product mix 
Ø The technology’s potential in materially abating the cluster’s emissions  
Ø Feedstock access and resource availability  
Ø Existing infrastructures in the cluster and the access to offshore CO2 storage sites 
Ø Local and national policies 
Ø Key on-going projects in the region. 

 

 

Figure 68: Regional analysis of key European clusters 
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5.6.1 The Netherlands cluster 

Netherlands –Cluster overview 

General description 

 

• The Netherlands cluster includes production units located across 

the country but is especially concentrated around production 

sites in the vicinity of the port of Amsterdam, the port of 

Rotterdam (Pernis, Europort, Maasvlakte) with additional units in 

Moerdijk, Terneuzen, Chemelot and Delfzijl. 

• Chemical companies operating in the cluster are mainly 

downstream integrated refiners, or international chemical 

companies benefiting from the cluster’s gateway position. 

Indeed, this cluster serves as a gateway or hub for international 

imports as it has significant storage capacity.  

• The cluster accounts for ~10% of the EU-27 nameplate capacity. 

Since 1990, its nameplate capacity has increased by almost 100% 

(from ~ 30 million tons in 1990 to close to 60 million tons in 

2020). 

Trade relationships Access to feedstocks 

• The Netherlands forms a common cluster 

with the petrochemical industry in Belgium 

and Germany: the ARRRA cluster (Antwerp-

Rotterdam-Rhine-Ruhr-Area).  

• The Netherlands has several global ports 

(Rotterdam, Moerdijk, Amsterdam, 

Eemshaven) and has many storage and 

logistical infrastructure available for the 

ARRA cluster.  

• ARG, a common ethylene network carrier 

connects the Rotterdam industrial cluster 

with the Port of Antwerp and the German 

Ruhr region. The pipelines are largely 

owned by chemical companies and 

refineries. 

• The cluster is a large consumer of naphtha as a feedstock supplying 

crackers for olefins production. Some crackers are directly linked to 

refineries while others may receive naphtha (or other feedstocks) 

from different suppliers. Crude oil and reformate are also consumed 

to produce aromatics. 50% of crude oil is imported into the 

Netherlands. 

• The Netherlands had access to abundant national natural gas reserves 

and is now switching to imports to meet the domestic demand. 

• Some industrial gases are produced in the cluster (LNG, hydrogen, 

etc.). A share of bio-based feedstocks is imported from Southeast Asia. 

• A nuclear plant, renewable electricity, a biomass power station and 

three gas-fired power stations provide power to the cluster. The 

cluster’s two coal-fired power stations will be closed by 203066. 

Production overview 
Key building blocks produced in the 

cluster 

CO2 emissions (2019 Direct and 

power-related emissions) 

• The cluster has large olefins nameplate 

capacities (ethylene and propylene) 

and produces a large amount of 

inorganic chemicals (ammonia, 

hydrogen and chlorine). 

• All the key building blocks are 

produced in the cluster and, to a large 

extent, consumed within the area to 

manufacture intermediates, often 

exported thereafter. 
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66 State aid: Commission approves compensation for early closure of coal fired power plant in the Netherlands, European Commission, 2020 

N.B.: The map focuses on the cluster and is therefore not to 
scale 
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• As a historic fuel hub, it is an obvious 

location for chemicals consumed directly or 

used as intermediates for products feeding 

the gasoline pool: ETBE/MTBE, biodiesel, 

ethanol, aromatics, methanol. 

P
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 − Polyethylene 

− Polypropylene 

− PET 

− PVC 

 
 

Netherlands – Cluster evolution 

National context & long-term strategy Dynamic and evolution of the cluster 

• The Netherlands have set a target to reduce greenhouse gas emissions 

by 95% by 2050 compared with 1990 figures, with an interim target of 

-49% by 2030. The Netherlands also wants to achieve a carbon neutral 

energy supply in 2050, targeting a 27% share of renewable energy in 

2030. The industry also targets an additional 14.3Mt CO2 reduction to 

the Dutch Climate Agreement, covered by a Dutch carbon tax on 

industry. 

• The country also aims to generate 100% CO2 neutral electricity by 2050. 

The Climate Act specifies a final target for 2050 and an interim target 

for 2030 and legally enshrines the long-term objectives of the climate 

policy. 

• Multi-year industrial frontrunner 

programs are being developed in each 

regional cluster to promote emission 

abatement solutions. 

• National and private roadmaps are 

focusing on the electrification of chemical 

processes (Chemelot Strategy 2050), CO2 

capture, Hydrogen development 

(Hydrogen Valley), biomass usage (Bio-

based Delta), etc. 

Resource availability of the chemical sector 

• CO2 as a feedstock is expected to be abundant nation-wide given the 

importance of important hard to abate industry located in key clusters.  

• The Dutch government has set a technology-blind 100% low-carbon electricity 

objective to which offshore wind potential in the North Sea is likely to play a 

critical part. Given the high capacity of the region’s electricity network, low 

carbon electricity is abundant in the cluster. However, this low carbon 

electricity comes at a relatively high cost. 

• The extensive natural gas grid with international links and LNG terminals in 

Rotterdam is an asset for the cluster to develop its usage of biomethane, 

hydrogen and natural gas grid. Nevertheless, these resources are likely to be 

in competition for usage with the heating, mobility, and industrial sectors. 

• Circular and low carbon availability, i.e., biomass and plastic wastes, are 

limited in the Netherlands. Importing them would be required to achieve 

significant volumes.  Moreover, demand for biomass and plastic waste from 

aviation and shipping for fuels may affect their availability for the chemical 

sector. 

 

Resource availability: 

0: None 

1: Low 

2: Moderate 

3: High 

4: Very high 

Emission abatement pathways 
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LOW CARBON 
AND STEAM 

SUPPLY 

• The Netherlands are well suited for an energy system in which hydrogen plays a significant role: an 

extensive gas grid, large industrial clusters close to the coast and therefore to nearby offshore wind 

farms. The country aims to produce important quantities of renewable hydrogen. This implies 

developing its renewable power capacity.  

• However, there are reasons to doubt whether sufficient renewable electricity will be available to 

produce anticipated volumes of renewable hydrogen. An important share of power will be consumed 

with the electrification of society and processes. The current 2.3 GW offshore wind capacity is likely to 

be rapidly insufficient. In spite of companies’ investments in renewable power facilities to secure access 

to green electricity from the North Sea, the large-scale generation of renewable hydrogen requires a 

rapid drop in electrolyser costs and for the price of power from wind farms to be competitive with low-

carbon hydrogen production. 

•  As the country’s dependence to natural gas is unlikely to change overnight, low-carbon hydrogen might 

be the optimal pathways to make significant quantities of hydrogen available rapidly. 

ALTERNATIVES 
PROCESSES 

ENABLING THE 
USE OF LOW-

CARBON ENERGY 

• With an important high share of emissions due to inorganic chemicals production (mainly ammonia and 

Hydrogen), green and blue hydrogen processes present a high abatement potential for the cluster. With 

available storage in the form of depleted gas fields in the North Sea, the production of ammonia with 

CCS appears more economically attractive in the Netherlands than the production of ammonia with 

green H2. 

• However, the important quantities of olefins produced in the cluster is a favourable condition to the 

development of Methanol production from green H2 to produce olefins with a Methanol-to-Olefins 

process. Today, the region has very limited methanol capacities. Developing these processes would 

imply significant infrastructure investments. E-crackers are also a solution to abate olefin production 

emissions by producing heat for cracking furnaces from electricity rather than with fossil fuels. 

ALTERNATIVE 
PROCESSES 

ENABLING THE 
USE OF 

CIRCULAR 
CARBON 

• With the proximity of large offshore storage sites in the North Sea, CCS is likely to play a major role in 

the Netherlands’ climate neutrality objective. Key projects are underway in the port of Rotterdam and 

in the Amsterdam area to respectively develop CO2 storage and transport infrastructures. A Project of 

Common Interest (PCI) dedicated to the construction of a cross-border carbon dioxide network is also 

active. 
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Netherlands – Cross-analysis with the illustrative scenarios 

Key takeaways 

• Considering available low and circular 

carbon resources, the Netherlands 

cluster seems to be best aligned with the 

CO2 Capture scenario.  

• To decrease emissions associated to 

inorganic chemical production, in all 

scenarios, ammonia is expected to be 

produced from renewable hydrogen 

processes rather than SMR processes 

combined with CCS. 

• In all scenarios, the cluster will have to 

significantly increase recycled plastic 

waste feedstocks to meet climate 

neutrality objectives. 

 
Main alignments with the 

scenarios 
Main obstacles with the scenarios 

 
− CCS technologies 

− Renewable ammonia 

production 

− Plastic wastes resources 

 
− Electrical boilers 

− Renewable ammonia 

production 

− Biomass resources 

− Plastic waste resources 

 
− Hydrogen availability 

− Renewable ammonia 

production 

− Biomass resources 

− Plastic waste resources 

 

− Hydrogen availability 

− Renewable ammonia 

production 

− CO2 as a feedstock 

availability 

− Low methanol production 

capacities 

− Biomass resources 

− Plastic waste resources 

Comparison with the four different scenarios 

 

 

CO2 Capture 

scenario 

• The CO2 capture scenario is compatible with the high circular carbon resources availability in the 

cluster. Indeed, the cluster has intensive CO2 emitting industries and the proximity of depleted gas 

fields in the North Sea are favourable terrain to develop CO2 capture technologies. Carbon as a 

feedstock is nevertheless not valorised in this scenario and steam cracking processes would still be the 

dominant olefins production pathways. Nonetheless, Methanol-to-Olefins could be a great 

opportunity for the cluster to abate emissions. 

• Constructed at an aggregated EU-27 level, the model and the scenarios do not capture regional 

dynamics. For example, considering CCS’s limited capacity, renewable ammonia production from 

renewable hydrogen appears to be the preferred pathway to reduce emissions from the cluster’s 

inorganic chemicals production rather than SMR processes coupled with carbon capture in this 

scenario. 

• In this scenario, biomass is used as a source of fuel for heat. The cluster’s limited biomass resources is 

not well aligned with this dimension of the “CO2 carbon capture” scenario. Energy demand in the 

cluster would appears more likely to rely on natural gas mainly and low carbon electricity.  

 

 

High 

electrification 

scenario 

• The Netherlands cluster can be suited for a High electrification scenario given its access to low 

emission electricity and the potential energy from the North Sea wind. In this scenario, electric boilers 

are the first source of energy.  

• Nevertheless, the cluster does not have sufficient biomass and recyclable plastic resources to align 

with the scenario’s raw material requirements. Imports, in substantial volumes, may be required. The 

scenario first considers the use of plastic waste resources for gasification processes rather than for 

circular naphtha purposes.  

• Considering the high CO2 resource availability of the cluster, the low availability of other circular 

carbon resources and the high potential for green H2 in the cluster, the development of Methanol-to-

Olefins processes could be a regional dynamic to abate emissions not captured by the model in this 

scenario. 

• In this scenario, the cluster would rather see the development of renewable ammonia production 

from renewable hydrogen rather than Steam Methane Reforming traditional technologies combined 

with CCS. Hydrogen will be used a feedstock for the chemical industry rather than as an energy carrier. 

 

 

Sustainable 

biomass 

scenario 

• On the one hand, the low availability for biomass resources in the Netherlands cluster could be a 

challenge for the chemical industry to meet the climate neutrality objectives as achieved in this 

scenario where sustainable biomass availability is key. The cluster would hence rely on large biomass 

imports. On the other hand, in such a scenario, the high availability of hydrogen would be an asset for 

the cluster to meet the chemical industry demand for energy.  
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• To decrease the cluster’s main source of emissions due to the production of inorganics, renewable 

ammonia production processes from renewable hydrogen appears preferable to Steam Methane 

Reforming traditional technologies combined with CCS. Considering the cluster’s small methanol 

production capacities MtO would be a good option to abate emissions associated to the production 

of olefins. 

 

 

Fostering 

circularity 

scenario 

• The small methanol production capacities in the cluster is a challenge for the Dutch chemical industry 

to reach carbon-neutrality in a scenario focusing on circularity. Indeed, this scenario’s preferred 

abatement technologies foster plastic recycling and CO2 emissions valorisation to produce methanol. 

Developing these capacities would require large investments for the cluster. 

• Moreover, looking at the low feedstock availability, plastic waste and biomass would probably need 

to be imported to align with the scenario’s pathway. Nevertheless, the scenario still emphasises the 

development of renewable ammonia processes from renewable hydrogen, enabling to reduce 

drastically the high share of the cluster’s emissions due to inorganics’ production. 
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5.6.2  The Antwerp area cluster 

Antwerp Area – Cluster overview 

General description 

• Antwerp is the largest integrated petrochemical cluster in Europe. In 2019, the 

cluster accounts for ~5% of the EU-27 chemical sector’s nameplate capacity. 

• The nameplate capacity in the Antwerp cluster has increased from ~ 6.7 million 

tons in 1990 to ~ 29 million tons in 2020 -a staggering growth of around 331%.  

• This growth is the result of company investment to satisfy domestic market 

driven demand, therefore, by European companies. Large scale investments 

have increased the cluster’s attractivity drawing other companies into the 

cluster. 

• The Antwerp cluster accounts for just over half of Belgium’s chemical 

production (compared to around 43% in 1990).  

Trade relationships Access to feedstocks 

• With connexions to the petrochemical industry in the 

Netherlands, Belgium and Germany, the port of Antwerp is part 

of the ARRA cluster (Antwerp-Rotterdam-Rhine-Ruhr-Area).  

• The port’s pipelines are central to the North European region 

for the transit of, for example, crude oil, naphtha, ethylene, 

propylene, or natural gas  

• Antwerp offers very strong logistical and transport 

infrastructure and is well connected, with about 1 000 

kilometres of intra-port pipeline infrastructure. In addition, the 

port of Antwerp is an important hub for distribution and trade, 

automotive industry, chemical products, biopharmaceuticals 

and food processing.  

• The recent construction of the biggest European ethylene 

terminal has comforted Antwerp’s role as a hub for basic 

organic chemicals, providing raw materials at competitive 

prices, distributed to several European plants.  

• 10% of the world’s maritime chemical flows either originate 

from or are shipped to Antwerp.  

• Crude oil is supplied via the Rotterdam-Antwerp 

Pipeline and is then processed into a range of 

products, such as LPG, petrol, naphtha, kerosene, 

diesel, gas oil, fuel oil, sulphur, and raw materials 

for the chemical industry. 

• Natural gas is supplied via the pipeline network. 

CHP (combined heat & power) generates part of 

the cluster’s steam needs. Industrial gases and part 

of the electricity are locally generated with grid 

connexions both within the cluster and beyond. 

Electricity from the Belgium grid is also called upon. 

The high concentration of chemical companies in 

the port area has led to significant synergies within 

the Antwerp cluster. Excess process water is open 

for co-siting. 

• The three refineries and three steam crackers in 

the port ensure raw material availability. Europe’s 

largest single train steam cracker is located in 

Antwerp. 

Production overview 
Key building blocks produced in the 

cluster 

CO2 emissions (2019 Direct 

and power-related 

emissions) 

• The cluster is home to large olefins (ethylene 

and propylene) and polyolefins 

(polypropylene and polyethylene) production 

capacities. 

• The cluster has a well-developed 

petrochemical industry for production of 

basic chemicals, such as olefins, C4 fractions 

(from butane) and aromatics, some of which 

are processed into polymers (high density 

polyethylene). It is therefore a well-

integrated cluster for downstream 

production of major (petro)chemicals. 
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Antwerp Area – Cluster evolution 

National context & long-term strategy Dynamic and evolution of the cluster 

• Belgium aims to reduce its GHG emissions by at least 80% 

and up to 95% by 2050 compared to 1990. As yet, no federal 

climate neutrality objective has been set. 

• Belgium’s Long-Term Climate strategy is the composition of 

all three regions’ individual strategies. Flanders plans to 

reduce non-ETS sectors’ emissions by 85% by 2050 with the 

ambition to move toward climate neutrality by 2050.  

• For the Belgian chemical sector to achieve climate 

neutrality a significant, secured, volume of electricity 

will be required.  

• National and corporate climate neutrality roadmaps 

focus on circular carbon, biomass and hydrogen 

technologies. 

Resource availability of the chemical sector 

• The cluster concentrates CO2 emissions and the proximity to the 

Netherlands’ offshore storage sites makes CCS an interesting option to 

capture the cluster’s emissions.  

• Natural gas resources are widely available. The cluster is well connected 

to inter-country natural gas pipelines. 

• Hydrogen is available in the cluster. It stands at a central location within 

the European hydrogen backbone development plans. 

• Plastic waste resources availability is limited. In the future, the cluster 

holds the potential to become an important European recycling hub. 

Investments in waste collection and sorting and, more generally, in the 

plastic waste value chain will be required to secure and improve access to 

this resource. 

• Biomass resources are limited in the Antwerp region. Competition for 

biomass resources is high, mostly from the food industry. Imports will be 

necessary to cover demand. The cluster has limited biomethane resources 

with no significant national plans to develop it. 

 

Resource availability: 

0: None 

1: Low 

2: Moderate 

3: High 

4: Very high 

Emission abatement pathways 

LOW CARBON 
AND STEAM 

SUPPLY 

• Belgium scheduled a progressive nuclear phase out. By 2025, 3.9 GW power capacity will need to be 

replaced to compensate this nuclear power plant closure. Adequate measures and investments are 

required to guarantee Belgium’s security of power supply. Thus, while Belgium aims to achieve a carbon 

neutral mix by 2050, expectations are that electricity demand may outweigh production with a need to 

increase capacity substantially in the short term, particularly to meet ambitious low carbon H2 

production. 

• The extensive natural gas grid in Belgium represents an opportunity to transport hydrogen and develop 

facilities in the country. It is expected that hydrogen use in the chemical industry towards 2030 and 2050 

will be a combination of blue and green or other low carbon forms of hydrogen. However, local 

production is unlikely to meet the entirety of the cluster’s hydrogen demand. To close the demand gap, 

hydrogen will also have to be imported.  

ALTERNATIVE 
PROCESSES 

ENABLING THE 
USE OF LOW 

CARBON 
ENERGY 

• Olefin production represents the cluster’s major source of emissions. On the one hand, the short-term 

uncertainty of the Belgium electricity capacity might jeopardise the development of electric cracker 

technologies.  

• The limited biomass and plastic waste resources in the cluster may also be an obstacle for the 

development of biomass dehydration processes and plastic waste pyrolysis technologies. However, the 

cluster’s connexions through its port areas is a key facilitator to import biomass. On the other hand, since 

projects fostering circularity and valorising CO2 to produce methanol are currently under development 

in the region, Methanol-to-Olefins technologies represents an interesting option to reduce the cluster’s 

olefins production emissions. Nevertheless, since the cluster’s methanol capacity is limited, the 

development of such technologies would require large infrastructure investments. 

• Given the cluster’s CO2 potential, hydrogen-based technologies are likely to be widely developed in the 

cluster and to play a key role to reduce both organic and inorganic chemical production emissions. 
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ALTERNATIVE 
PROCESSES 

ENABLING THE 
USE OF 

CIRCULAR 
CARBON 

• The Port of Antwerp accounts for most of the country’s CO2 chemical industry emissions providing a 

favourable backdrop to carbon valorisation and carbon capture technologies. The cluster’s geographic 

proximity to the Netherlands’ depleted North Sea gas fields is an additional circumstance increasing CCS 

technologies’ potential. Infrastructure to transport CO2 up to the port of Rotterdam are already being 

looked into by several chemical and energy companies from the Antwerp area67. 
 

Antwerp Area – Cross-analysis with the illustrative scenarios 

Key takeaways 

• The Antwerp area cluster’s resource 

analysis points towards the CO2 

Capture scenario. 

• The cluster would have to rely on large 

plastic waste and biomass imports to 

meet raw material demand. 

Methanol-to-Olefins routes appear an 

interesting pathway to decrease 

olefins production’s emissions in the 

cluster. Nevertheless, the small-scale 

methanol capacities in the cluster 

would imply large infrastructure 

investments for this route to provide 

substantial emissions abatement 

potential. 

 Main alignments with the scenarios Main obstacles with the scenarios 

 

− Natural gas availability 

− CCS technologies 

− Renewable ammonia 

production 

− Plastic waste resources 

 − Renewable ammonia 

production 

− Low carbon electricity, 

biomass, and plastic wastes 

resource 

 − Hydrogen boilers 

− Hydrogen availability  

− Biomass resources 

− Plastic waste resources 

 
− Hydrogen boilers 

− CO2 as a feedstock availability 

− Hydrogen availability 

− Biomass resources 

− Plastic waste resources  

− Lack of methanol production 

Comparison with the four different scenarios 

 

 

CO2 

Capture 

scenario 

• The region concentrates CO2-intensive industries. The cluster is located close to the North Sea offshore 

storage sites with on-going projects to develop an international CO2 transport infrastructure.  
• However, this scenario also relies upon biomass for heat and steam production. The cluster’s limited 

biomass resources limit such an alignment. To be congruent with this scenario, the cluster would need to 

rely on large biomass imports from other countries, facilitated by its central position in Europe. 
• In this scenario, considering CCS limited capacity, production of ammonia from renewable hydrogen 

appears to be the preferred pathway compared to SMR processes coupled with carbon capture to reduce 

emissions from the cluster’s inorganic chemicals production. This result does not catch the regional 

dynamic of the cluster considering the large availability of natural gas resources, the close to CO2 storage 

sites in the North Sea and the electricity supply constraints of the cluster. 

 

 

High 

electrificati

on scenario 

• Uncertainty regarding Belgium’s short-term security of power supply appears in contradiction with a 

scenario dependent upon high availability at a low-cost of low-carbon electricity. Further interconnexion, 

and network capacity upgrades appear essential to meet this requirement. 

• Equally, the cluster does not have sufficient biomass and recyclable plastic resources to fulfil the raw 

material needs and might need to consider large imports.  

• Considering the high CO2 resource availability of the cluster, the low availability of other circular carbon 

resources and the availability of H2 in the cluster, the development of Methanol-to-Olefins route is 

attractive to abate emissions generated by olefins’ production. Since the cluster ‘s methanol production 

capacities are very small, large investments would be required to develop such technologies. 

• In such a scenario, the cluster would rather see the development of renewable ammonia production from 

renewable hydrogen rather than SMR traditional technologies combined with CCS. Hydrogen will be used 

as a feedstock for the chemical industry rather than as an energy carrier in this scenario. 

 

• The limited biomass resources in the Antwerp region represents a challenge for the cluster in this 

scenario. The position of the port of Antwerp as an important hub for distribution and trade could 

 

 
67 https://www.maritime-executive.com/article/port-of-antwerp-works-with-industry-partners-on-carbon-storage 
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Sustainable 

biomass 

scenario 

nevertheless be an asset for to meet future biomass needs with imports. Equally, the cluster will have to 

significantly increase availability of plastic waste to align with this scenario’s needs. The high availability 

of hydrogen in the cluster appears as an asset to meet the energy consumption requirements. 

• Since the methanol capacities in the cluster are very limited, large investments would be needed to align 

with this scenario even considering that steam crackers would still be leading olefin production 

technology. 

 

 

Fostering 

circularity 

scenario 

• The high hydrogen availability in the Antwerp cluster, mainly thanks to its central position in Europe and 

the expected hydrogen backbone infrastructure   between Belgium and the Netherlands, is an asset for 

the cluster for a scenario favouring circular feedstocks. Even though, CO2 emissions are largely available 

and on-going CO2 valorisation projects of are underway in the region, the lack of plastic resources and 

biomass could represent a hurdle. Large imports would be required to fulfil this demand.  

• Moreover, since the cluster has a very small Methanol production capacity, the cluster would have to 

make large investments to align with this scenario. One of the key technologies proposed by the model 

to decrease the cluster’s emissions is to rely on renewable ammonia production from renewable 

hydrogen to decrease inorganic emissions. 
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Rhine River – Cluster evolution 

National context & long-term strategy Dynamic and evolution of the cluster 

Germany’s national climate goal aims to reduce GHG emissions by at least 

65 % by 2030 compared to 1990 levels, with an interim target of 88% by 

2040, and climate neutrality by 2045. Germany also aims to source 30% 

renewable energy share in its gross final energy consumption in 2030 to 

contribute to the EU 2030 goal. These commitments go together with 

energy efficiency targets to reduce primary energy consumption by 30% 

compared to 2008 in 2030. 

To achieve climate neutrality, the German 

chemical industry will require large amount of 

renewable electricity. To this end, the country 

is developing its renewable energy capacities 

and embracing partnerships with other 

countries for hydrogen production and imports. 

Resource availability of the chemical sector 

• With the closure of nuclear and coal-based power plants, power supply volatility 

is likely to increase in the cluster. Reliance upon imported electricity is likely to 

increase in consequence. 

• CO2 as a resource is abundant in the cluster due to the presence of CO2-

intensitve industries (energy, cement, steel, metal, etc.). Given national CCS 

regulation, reliance on CCS implies facing significant CO2 transportation and 

storage costs. 

• Low-carbon and renewable hydrogen can be made available, largely from 

abroad, partly via ammonia as an LOHC from seaports and potentially via a 

pipeline from the Benelux. The construction of a hydrogen pipeline network as 

part of the European and National Hydrogen Strategy is underway. 

• Biomass and biomethane availability are currently limited in the cluster.  

• Plastic waste resources are likely to be insufficient to meet increasing demand. 

The cluster has large natural gas resources. 

 
Resource availability: 

0: None 

1: Low 

2: Moderate 

3: High 

4: Very high 

Emission abatement pathways 

LOW CARBON 
AND STEAM 

SUPPLY 

• Germany is stepping out of nuclear and coal-based electricity to develop and enhance its share of 

renewable energy in final energy consumption. To maintain the current security of supply level, the 

electricity distribution and the North-South connector capacities need to be enhanced. Also, energy storage 

opportunities, such as Power-to-H2, need to be considered. Although hydrogen could play a major role in 

the transition to a low-carbon energy system and the high availability for wind energy in the north of the 

country, the few connection between the North and the South of the country might jeopardize the 

development of electrolysis processes to fulfil the hydrogen demand in the future. 

• Moreover, Germany’s industry uses large amounts of natural gas and the high readiness of CCS technologies 

encourages the development of low-carbon hydrogen processes, despite the fact that CCS processes face 

a strong societal resistance. To deploy H2, Germany will need to build up a larger infrastructure compatible 

with industrial plants. 

ALTERNATIVE 
PROCESSES 

ENABLING THE 
USE OF LOW 

CARBON 
ENERGY 

• Olefins represent the major source of emissions in the cluster. Low availability of plastic waste and biomass 

resources in the cluster would require large methanol imports to produce olefins to via Methanol-to-Olefins 

routes. Moreover, even if CO2 valorisation projects are being explored in the region, green methanol might 

be produced via other processes involving lower production costs. Considering the increasing share of low-

carbon electricity, e-crackers processes for the production of olefins would considerably reduce emissions. 

The increasing share of renewables in the energy system will contribute to reducing the cluster’s chlorine 

production emissions and to encourage the development of renewable ammonia and hydrogen processes.  

ALTERNATIVE 
PROCESSES 

ENABLING THE 
USE OF 

CIRCULAR 
CARBON 

• CCS is seen with distrust in Germany. A CCS law has set maximum storage capacity per site and maximum 

CO2 storage per annum. This law, still under legislative scrutiny, increases the likelihood captured CO will 

be exported. As part of the European Projects of Common Interest (PCI), construction of a cross-border 

carbon dioxide network, an infrastructure to transport CO2 from industrial areas in Germany, among other 

countries, to the Netherlands is being considered. This would allow for CO2 to be transported and stored in 

North Sea depleted gas fields. 

• Chemical valorisation of CO2 projects is being considered by private companies where CO2 plus renewable 

hydrogen are used to produce biofuels. 
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Rhine River – Cross-analysis with the illustrative scenarios 

Key takeaways 

• Since the Rhine River cluster has access to many 

resources, no scenario seems to particularly stand 

out. 

• In all scenarios, one of the key technologies 

considered to decrease the cluster’s emissions is 

the production of renewable ammonia from low-

carbon hydrogen.  

• Considering the availability of CO2 resources, 

Methanol-to-Olefins processes also appear an 

interesting pathway not captured by the model to 

decrease emissions related to the production of 

Olefin. Nevertheless, efforts to secure biomass 

and plastics waste resources will be required, 

either through more ambitious policies or 

European imports, to   meet raw material 

demand. 

 
Main alignments with the 

scenarios 

Main obstacles with the 

scenarios 

 

− Natural gas availability 

− Renewable ammonia 

production 

− CCS technologies and on-

going projects 

− Biomass resources  

 − Renewable ammonia 

production 

− Methanol production 

− Low-carbon 

electricity 

− Biomass resources 

− Plastic waste 

resources 

 

− Low-carbon hydrogen 

availability 

− Renewable ammonia 

production 

− Methanol production 

− Biomass resources 

− Plastic waste 

resources 

 

− Low-carbon hydrogen 

availability 

− Renewable ammonia 

production 

− Methanol production 

− Biomass resources 

− Plastic waste 

resources 

Comparison with the four different scenarios 

 

 

CO2 Capture 

scenario 

• In the case of a scenario focusing on CO2 capture, the Rhine River cluster’s proximity to the North Sea 

depleted gas-fields and the on-going discussions to build a cross-border carbon dioxide network as part 

of the European PCI align with this scenario 

• Considering the large share of emissions associated to the production of ammonia, the development of 

renewable ammonia processes from renewable hydrogen would have a high impact in abating the 

cluster’s emissions. Conjointly, even if the technology is not selected by the model, low-carbon ammonia 

production pathways represent an interesting option given the high availability of natural gas and the 

cluster’s proximity to CO2 offshore storage sites in the North Sea. 

• Nevertheless, moderate biomass and plastic waste availability point toward the need for more 

ambitious policies and/or increasing the possibility of importing these resources.  

 

 

High 

electrification 

scenario 

• To meet electricity demand in this scenario, the Rhine River region would need to invest in electricity 

production and distribution infrastructure, particularly to increase network capacity. Electricity required 

as an energy vector for heat production could be imported Interconnection projects, for example, 

between Germany and Austria, improving network e flexibility are being considered. Furthermore, the 

cluster does not have sufficient biomass and recyclable plastic resources to meet the scenario’s 

projected raw material needs. These may need to be imported from other European regions or beyond. 

Considering the high CO2 resource availability, and the cluster’s current g Methanol production capacity, 

low availability of other circular and low carbon resources and the availability of low-carbon H2 in the 

cluster, the development of Methanol-to-Olefins processes represents an attractive production 

pathways not considered by the model in this scenario, to abate olefin emissions.  

 

 

Sustainable 

biomass 

scenario 

• The cluster’s central location in Europe is an asset to access to low-carbon hydrogen for heat production. 

Nevertheless, considering the moderate feedstock availability, plastic waste and biomass would 

probably need to be imported from other European regions to align with the scenario’s projections. 

Although steam crackers remain the main olefin production technology and considering the cluster’s 

current methanol production capacities, Methanol-to-Olefins processes could be an interesting 

pathway to reduce emissions. 
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Fostering 

circularity 

scenario 

• The cluster’s existing methanol capacity could be an asset for the Rhine River region in a scenario 

focusing on carbon circularity. Considered as a hub for methanol in the ARRRA cluster, the Rhine River 

region would nonetheless need to drastically increase its methanol production capacities to meet the 

regional demand associated with deploying MtO processes. 

• Nevertheless, given the moderate regional plastic waste and biomass raw material availability, imports 

from other European regions would be required to meet the scenario’s projections. Using CO2 as a 

feedstock to produce methanol could also encourage investments in low-carbon hydrogen production 

technologies. In turn this could encourage investment in renewable ammonia processes which could 

considerably decrease the cluster’s inorganic emissions. 
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5.6.4  The Nordic countries cluster 

Nordic Countries – Cluster overview 

General description 

 • The chemical industry is an important industrial activity in the region. 

It is one of the biggest Finnish industries. Battery chemicals are 

considered as one of its rising, promising, innovative activities. In 

Sweden, chemistry is one of the main manufacturing activities with 

vehicles manufacturing, machinery, pulp & paper and wood products, 

pharmaceuticals, steel, metal, industrial food processing, refinery 

products and mining. 

• Favoured by significant biomass resources, the Nordic chemical 

industry has been an early mover in developing new kinds of 

alternative and renewable products, including plastics from renewable 

sources. 

• In 2019, the cluster accounts for ~3% of the EU-27 nameplate capacity.  

• Since 1990, the cluster nameplate capacity has increased from 

~7 million tons to ~15 million tons in 2020 -a significant growth of over 

100%. 

Trade relationships Access to feedstocks 

• While there is no domestic ammonia or 

methanol capacities, the region is an 

important consumer of ammonia relying 

on imports, principally from Russia and 

Germany, and methanol used for 

fertilisers, formaldehyde and fuel 

applications.  

• The potential for industrial synergy is high 

with many chemical companies in this 

cluster. 

• In Finland, feedstocks and raw materials 

are mainly imported from Russia. Products 

manufactured in the cluster are exported, 

by ship, to the rest of the continent. 

• There is no natural gas production in Sweden and Finland. Both 

countries are therefore dependent upon fossil fuel imports. There are 

two natural gas pipelines supplying Finland: one from Russia, the 

other from Estonia with the majority coming from Russia. There is an 

LNG terminal in Lithuania which reduces dependence on Russian gas. 

There are also two terminals in Finland, Tornio and Pori, and two in 

Sweden, Lysekil and Nynäshamn. 

• The Baltic Pipe, a strategic infrastructure project to create a new 

natural gas supply corridor, plans to connect the Norwegian North 

Sea to Poland, via Denmark and an offshore area in Sweden.  

• In Sweden, nuclear power and hydropower are the main sources of 

electricity. A new transmission line, the Aurora project, should 

increase Finland and Sweden’s cross-border capacity. 

Production overview 
Key building blocks 

produced in the cluster 

CO2 emissions (2019 Direct 

and power-related emissions) 

• The cluster’s olefins nameplate capacities (ethylene and 

propylene) represent an important share of the cluster’s 

overall capacities. It also produces a lot of polymers 

(polyethylene, PVC and polypropylene). 

• The cluster is structured around the production of 

ethylene with two steam crackers located in Porvoo, 

Finland and Stenungsund, Sweden. 

• While large-scale production capacity for methane-based 

(ammonia/methanol) feedstocks is absent from the 

cluster, a small green methanol plant was recently 

commissioned in Sweden.  
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Nordic Countries – Cluster evolution 

National context & long-term strategy Dynamic and evolution of the cluster 

• Sweden and Finland have respectively set targets to achieve carbon-

neutrality by 2045 and 2035. To do so, Swedish GHG emissions 

should decrease by at least 85% in 2045 compared to 1990 figures. 

• Finland has the additional objective to reach a minimum of a 51% 

share of renewable energy in its final energy consumption by 2030. 

Sweden aims at a  100% low carbon energy electricity production 

(notably by extending nuclear power plant lifetime) by 2040 and a 

50% improvement in energy efficiency by 2030 compared to 2005 

figures. 

The Nordic countries work collaboratively to 

meet national climate markets targets sharing a 

common ambition to make the region a green 

energy and sustainable energy pioneer. 

A common energy vision for 2030 was agreed 

upon, followed by a roadmap for its 

implementation.  

Resource availability of the chemical sector 

• Wind resources and hydropower are abundant in the region. Given high 

electricity decarbonisation targets, green electrons are expected to be 

widely available. Competition for mobility and other industrial applications 

should, however, not be ignored.  

• Sweden and Finland have the largest industrial emission-sources of CO2 in 

the Nordic region. CO2 as a feedstock is expected to be abundant. The cluster 

is located close to CO2 offshore storage sites in the North Sea. 

• Natural gas is easily procurable in the cluster even though the resource 

represents a minor share in the regional chemical energy demand. 

Competition for natural gas is low, as its use for chemical applications is 

limited  (no ammonia production plants in the cluster). 

• While a  part of the cluster has an extensive, internationally connected,  

natural gas network, further investments would be needed to establish a 

biomethane and/or hydrogen adapted gas grid. Also, other sectors, such as 

transport, are likely to increase competition for biomethane. 

• The cluster has large biomass resources.  

• For the most part, plastic products are exported. As such the cluster’s plastic 

waste resources are limited. To develop recycled plastic availability, further 

infrastructure investments would be required. 

 
Resource availability: 

0: None 

1: Low 

2: Moderate 

3: High 

4: Very high 

Emission abatement pathways 

LOW CARBON 
AND STEAM 

SUPPLY 

• Norway, Sweden, Finland and Denmark share a single and integrated electricity market. The Nordic 

electricity market is very flexible, which facilitates the integration of large shares of intermittent 

renewable energy into the system. At the same time, industrial demand for electricity to 2050 is likely 

to increase in both countries. This will require major investments to balance supply and demand across 

the common electricity market. 

• With the current and projected future share of low carbon electricity (nuclear and high wind and solar 

potential), the Nordic countries have the wherewithal to develop low-carbon hydrogen technologies. 

Considering the large availability of natural gas in the cluster, SMR technologies coupled with CCS 

remains a potential hydrogen production pathway. These conditions favour the use of hydrogen as an 

energy carrier.  

ALTERNATIVE 
PROCESSES 

ENABLING THE 
USE OF LOW-

CARBON ENERGY 

• Given the share of emissions allocated to olefin production in the cluster and the low availability of 

plastic waste resources, alternative processes such as e-crackers, biomass dehydration or Methanol-to-

Olefins processes should be considered. 

• Even if Sweden and Finland have a high hydrogen development potential, short term opportunities for 

hydrogen as a feedstock in the chemical industry are limited. Hydrogen as a feedstock will likely first be 

used by other industries such as the steel or iron (see, for example, the HYBRITT project in Sweden) 

before being used in the chemical sector. Nevertheless, the dynamic generated by other sector is likely 

to benefit the chemical industry in the medium to long term.  



146

 

146 
 

ALTERNATIVE 
PROCESSES 

ENABLING THE 
USE OF 

CIRCULAR 
CARBON 

• Both countries have large biomass reserves and while climate change is expected to affect forest 

management and biomass quality, the shift from biomass for heat toward electricity will increase the 

availability of biomass for other sectors such as the chemical industry. For example, considering the 

large share of emissions due to olefin production, despite the current absence methanol capacities in 

the cluster, Methanol-to-Olefins or bioethanol dehydration processes represent potential abatement 

pathways. Moreover, the use of by-products from the forest industry could support the demand for 

energy. 

• Today, use of captured CO2 in industrial processes and/or using storage capacities appears limited in 

the cluster.  
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Nordic Countries – Cross-analysis with the illustrative scenarios 

Key takeaways 

• Considering its resources, the Nordic 

countries cluster seems best aligned 

with the high electrification scenario.  

• To secure its access to recycled 

feedstocks, the cluster could rely on 

large imports from other European 

countries and new regulations. 

 
Main alignments with the 

scenarios 
Main obstacles with the scenarios 

 − Biomass resources 

− Extensive natural gas grid 

− Low CCS availability 

− Plastic waste resources 

 
− Low-carbon electricity 

availability 

− Biomass resources 

− Plastic waste resources 

 

− Biomass resources 

− Renewable hydrogen 

potential 

− Plastic waste resources 

 − Biomass resources 

− Green hydrogen potential 
− Plastic waste resources 

Comparison with the four different scenarios 

 

 

CO2 Capture 

scenario 

• Even though natural gas is yet not used as a feedstock in the cluster to a significant extent as  there is no 

ammonia production in either Sweden and Finland, the cluster has access to an extensive natural gas 

grid making it available for energy consumption purposes. The cluster is also biomass rich. Biomass could 

be used to produce heat. 

• The lack of plastic waste in the cluster could be an issue in this scenario. New regulations to supervise 

the use of virgin materials and imports would have to be considered to meet demand.  

• The cluster has no direct access to CO2 offshore storage sites (they are mainly located in Norway and 

Denmark) and transportation infrastructure to neighbouring countries and depleted gas fields in the 

North Sea would be needed to align with the CO2 Capture scenario. 

 

 

High 

electrificatio

n scenario 

• Given the cluster’s high availability of renewable electricity, it appears well aligned with the high 

electrification scenario. Indeed, the interconnection of the Nordic market contributes to securing access 

to electricity. Moreover, even if the cluster has important biomass resources at its disposal, steam 

cracking processes continue, in this scenario, to  dominate olefins production. 

• Renewable ammonia production processes from green hydrogen is a differentiating technology to abate 

emissions in this scenario. Even if there is, currently, no production of ammonia in the cluster, the 

availability of low-carbon electricity is likely to develop the renewable hydrogen market and hence could 

tend to deploy ammonia production processes in the cluster. 

• Regarding resources, the cluster would nevertheless have to import plastic waste resources from other 

European countries and apply regulations on virgin materials to meet the demand for recycled materials. 

 

 

Sustainable 

biomass 

scenario 

• The cluster has plenty of biomass resources but would have to significantly increase the recycled 

feedstocks availability to meet this raw material’s the demand for raw materials. Hydrogen is also 

expected to be largely available for energy purposes thanks to a high share of renewable and low-carbon 

electricity and a high potential for green H2 production. Moreover, even if the cluster is rich in biomass 

resources, steam cracking processes would still be leading the way to produce Olefins in the cluster and 

large investments could be required since the cluster has no methanol production capacities to date. 

• Renewable ammonia production processes from renewable hydrogen appear to be a differentiating 

technology to abate emissions in this scenario. Even if there is to date no production of ammonia in the 

cluster, the availability of low-carbon electricity is likely to develop the renewable hydrogen market and 

hence could tend to deploy ammonia production processes in the cluster. 

 

 

Fostering 

circularity 

scenario 

• In a scenario focusing on circularity, the cluster would have to increase the availability of plastic waste. 

Indeed, the cluster has no production capacities of polystyrene and PET, limiting the development of 

local streams of chemical recycling and would hence have to consider large importations to meet the 

demand. 

• The high availability of biomass and the high potential for renewable hydrogen development, in regard 

to the availability of low-carbon electricity, is an asset for the cluster in this scenario. 

• Since there are no methanol production capacities in the cluster, large investments would be required 

to ensure tangible abatement pathways in the region. 
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5.6.5  Marseille/Fos-sur-mer 

Marseille/Fos–sur–mer – Cluster overview 

General description 

 

• The cluster of Marseille/Fos-sur-Mer is composed of three chemicals 

parks with large capacity chemical plants: Fos-sur-Mer, Berre and 

Lavera. It includes activities beyond the chemical industry with a close 

integration with oil/refining industry but also metal working industry or 

naval repairs and other industries. 

• The cluster is managed by different entities. The Piicto association in 

Fos-sur-Mer includes 40 actors (industrial companies, local 

administration, etc.) with the objective to create an industrial ecology 

dynamic. Other players include the Port of Marseille Authority, Union 

Maritime et Fluvial of Marseille (UMF). 

• In 2019, the cluster accounts for ~2% of the EU-27’s chemical nameplate 

capacity, about 5% of the European olefins production and covers 40% 

of the French chlorine and derivatives capacity. The chemical production 

capacities in the cluster increased by around 30% between 1990 and 

2019 from about 9 million metric tons to about 12 million metric tons. 

Trade relationships Access to feedstocks 

• The cluster of Fos Marseille serves as a gateway for the chemical 

industry in Southern Europe thanks to its well-developed 

infrastructures and connexion (access to the sea, rail, etc.). The port of 

Marseille is France’s largest port; handling both containers and bulk 

liquid and solid materials. Oil products and chemicals are imported and 

chemical intermediates and polymers are exported via the port of 

Marseille. 

• Since 1990, most of the new production capacities have been the 

result of expansions and debottlenecking at existing sites for the 

production of chemical building blocks, intermediates and polymers 

rather than the development of new units and integration into new 

value chains. Debottlenecks of crackers and increased olefin 

production has supported downstream investments into chemical 

intermediates and polymers such as PE, PP, polyester polyols, PVC. 

• A well-developed pipeline network for 

crude oil, refined products, chemicals, 

natural gas and industrial gas is combined 

with large capacity storage infrastructure 

for bulk liquids. Among the latest 

investments in the area is the construction 

of a large ethylene storage facility. 

• Industrial gas production facilities are 

available on-site. 

• The cluster is connected to the grid and 

power is also generated with a gas turbine, 

connected to the national grid with 4,63KV 

and 4,225 KV stations. 

• The cluster is home to a waste treatment 

centre specialised in waste recovery. 

Production overview 
Key building blocks 

produced in the cluster 

CO2 emissions (2019 direct 

and power-related 

emissions) 

• The cluster is home to large olefins (Ethylene and Propylene), 

polyolefins and chlorine production units. 

• The Fos Marseille cluster is closely connected to existing 

refineries located in the area and has developed toward the 

light olefins value chains as well as in the chlor-alkali value 

chain.  

• The close connexion to refineries supplying products such as 

propane, butane, gasoline, jet fuel, gasoil and bunker fuels has 

led to some downstream integration into ethanol, ETBE and 

MTBE consumed into the gasoline pool.  

• A bio-refinery is being created in the cluster. 
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Marseille/Fos-sur-mer – Cluster evolution 
National context & long-term strategy Dynamic and evolution of the cluster 
• France has set targets to reduce its GHGs emissions by -

39.5% by 2030 compared to 1990 levels and a reduction of 

17% in final energy consumption (with reference to 2012) by 

2030. 

• France also aims to reduce primary fossil fuel consumption 

by 36% in 2030 (compared to 2012) and aims to reach 33% 

of renewable energy in gross final energy consumption by 

2030.  

• The French long-term strategy aims to achieve carbon-

neutrality by 2050.  

• For the industrial sector, the French government aims 

to achieve carbon-neutrality by 2050 by focusing on 

energy efficiency and electrification. National carbon 

sinks will serve to compensate emissions for hard to 

abate sectors (e.g. aviation, cement, etc.). 

• The first industrial demonstrator of Power-to-Gas in 

France is being considered in the cluster. 

Resource availability of the chemical sector 
• There is a high potential for solar-based energy in the region and a high share of low-

carbon electricity thanks to nuclear power plants in the overall French energy mix.  

• The cluster is a large CO2 emitter in the region (cement and petrochemical industries) 

but the site is very distant from potential CO2 offshore storage sites located in 

Northern France. 

• The low-carbon electricity generated by France’s nuclear fleet may represent a specific 

opportunity for (pink) hydrogen. Moreover, in the future, the two LNG terminals in 

Fos could be converted into terminals for renewable & low-carbon gases (e.g. 

hydrogen, bioLNG, synLNG) or other products (e.g. syngas). There might be a 

competition for H2 from the mobility sector.  

• The French government supports biomethane development but competition for 

biomethane particularly for heating or from other less energy-intensive industries is 

likely to be high. 

• Since there is no production of ammonia in the cluster, the cluster is not very 

dependent of natural gas as a feedstock. 

• France is rich in biomass resources but climate change could reduce its availability in 

the South of France. The National Strategy for Biomass Mobilisation defines the 

priority uses for biomass. 

 
Resource availability: 

0: None 
1: Low 
2: Moderate 

3: High 
4: Very high 

Emission abatement pathways 

LOW CARBON 
AND STEAM 

SUPPLY 

• Even though the grid capacity has been stabilised over the past years, the direct electrification of 

processes will depend on the cluster’s ability to increase its local electricity production and/or 

investments in the regional grid. For instance, the South of France region has a high potential for solar-

based energy generation. 

• Even if in its NECP France considers hydrogen as a long-term storage solution for low-carbon electricity 

ensuring grid stability with mass deployment of intermittent renewables, the limited electricity network 

capacity in the region may constrain the development of renewable hydrogen processes. 

ALTERNATIVE 
PROCESSES 

ENABLING THE 
USE OF LOW-

CARBON 
ENERGY 

• Olefins’ production is the major source of CO2 emissions in the cluster. Even if e-crackers could 
significantly abatement the cluster’s emissions, limitations associated to regional electricity grid capacity 

could impinge this pathway.  

• Although climate change might jeopardise biomass availability, the availability of the resource in the 

cluster opens the possibility to envisage MtO production routes. The lack of methanol production 

capacities in the cluster would nevertheless require large infrastructure investments. 

• Since there is no ammonia production in the Fos/Marseille cluster, hydrogen will be used more likely as 

an energy carrier or as a feedstock for the production of biofuels rather than as a feedstock for the 

chemical industry. If MtO processes were to be adopted in the cluster, green methanol production would 

increase demand for renewable hydrogen. 
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ALTERNATIVE 
PROCESSES 

ENABLING THE 
USE OF 

CIRCULAR 
CARBON 

• On the one hand, chemical valorisation of CO2 has a strong industrial potential in the region since the 

cluster of Fos/Marseille accounts for a large amount of CO2 emissions and is home to CO2 intensive 

industries. The trans-regional Vasco program and the European Carbon4PUR program are already 

working on capturing industrial fumes to transform them into biofuels. On the other hand, the cluster 

has a low potential for CCS technologies deployment since only two zones have been identified in France 

for a potential offshore storage of CO2: around Dunkerque and Le Havre (in the North of France). 
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Marseille / Fos-sur-Mer – Cross-analysis with the illustrative scenarios 

Key takeaways 

• Considering resource accessibility and 

cluster location, the Sustainable biomass 

scenario and the Fostering circularity 

scenario seem the most adapted to the 

cluster. Both scenarios would respectively 

require large investments to increase the 

electricity network capacity and in 

methanol production capacities. 

• For all scenarios, the model results are 

not in line with local cluster dynamic 

especially with regards to Methanol-to-

Olefins routes. 

 
Main alignments with the 

scenarios 

Main obstacles with the 

scenarios 

 − Plastic waste resources 

− Natural gas availability 
− CCS storage sites 

 − Plastic waste resources 

− Biomass resources 

− Electrical network capacity 

− No methanol production 

 

− Plastic wastes resources 

− Biomass resources 

− Hydrogen availability 

− No methanol production 

 

− Plastic wastes resources 

− Biomass resources 

− CO2 as a feedstock availability 

− Hydrogen availability 

− No methanol production 

Comparison with the four different scenarios 

 

 

CO2 Capture 

scenario 

• Located far from offshore storage sites, the cluster of Fos/Marseille would not have the enabling 

conditions to rely on CCS. Indeed, the location of the cluster would require large investments and imply 

the construction of a large CO2 transport network to the Adriatic Sea or to the North of France.  

• Access to a moderate amount of biomass resources could also be an issue for the cluster to meet 

scenarios biomass for heat levels. It appears likely that the cluster would have to rely on its natural gas 

resources.  

 

 

High 

electrification 

scenario 

• The strained electricity network in the region, would be a challenge for the cluster under the high 

electrification scenario. The cluster would have to drastically increase its local electricity production 

and reinforce the regional capacity grid to comply with the scenario’s electricity demand. The cluster 

has moderate access to biomass and plastic waste, below the scenarios called upon volumes. More 

ambitious policies and/or imports from other European countries would be required to answer the 

demand for raw-materials feedstocks. Additional regulations and incentives on plastic waste would also 

be needed. 

• Since most of the cluster’s emissions are allocated to the production of olefins, other pathways might 

be considered to decrease emissions such as ethanol dehydration routes or MtO, even though it would 

require large investments since the cluster has no methanol production capacities today. 

 

Sustainable 

biomass 

scenario 

• France is rich in biomass resources, but climate change could jeopardised its availability in the future. 

Investments will be required to secure its availability going forward. Even if the cluster is rich in biomass 

resources, steam cracking processes remain the dominant olefins production technology in the cluster. 

• Since the cluster has no methanol production capacities, large investments could be required to 

enhance the development of biomass gasification technologies and abate the emissions linked to the 

production of olefins. 

 

 

Fostering 

circularity 

scenario 

• Considering the remoteness of the cluster to CO2 offshore storage sites and the presence of intensive 

CO2 -emissions industries in the region, chemical valorisation of CO2 has a strong potential. The lack of 

methanol production capacities in the cluster would nevertheless require large infrastructure 

investments. 

• Considering the moderate/high availability of plastic waste resources and since the cluster has no 

production capacities of PET and PS, Marseille/Fos-sur-Mer could opt for European cooperation and 

trade to increase the variety and volumes of plastic waste, especially with close region with high 

recycling rates such as Northern Italy. 

• One the one hand, since there is no ammonia production in the Fos/Marseille cluster, the potential for 

renewable hydrogen generation based on solar-based energy is likely to first and foremost meet direct 

electricity demand. Moreover, as for the other scenarios, considering that renewable ammonia isn’t in 

the cluster’s product mix and given the possible future investments to increase methanol production 

capacities, other routes such as Methanol-to-Olefins or biomass dehydration could be explored, even 

if steam crackers would remain the major technology used to production olefins. On the other hand, 
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the potential for low carbon hydrogen generation could also develop ammonia production routes in 

the cluster as many consumers in the region have encountered issues with ammonia transportation 

over the past years. 
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5.6.6  Tarragona 

Tarragona – Cluster overview 

General description 

 
• The cluster is composed of a Northern and Southern area both 

connected to Tarragona’s port. The Northern industrial park is 

composed of a refinery and an integrated petrochemical 

complex. The Southern industrial park regroups multi-

company intermediates, polymers and speciality chemicals 

sites. Both parks spread across 1,200 hectares. 

• The cluster produces 20 million tons of chemicals per year and 

is the third-largest ethylene producer in Europe. It accounts 

for about 60% of Spain’s plastic production. 

• The cluster accounts for ~2% of the EU-27 nameplate capacity. 

Chemical production capacities in the cluster almost doubled 

between 1990 and 2019, from 5 million metric tons to around 

10 million metric tons. 

Trade relationships Access to feedstocks 

• A third of the manufactured products 

are used within the cluster as inputs 

for other manufacturing stages. 

• 50% of Tarragona’s production is 

exported to the Mediterranean area. 

• Natural gas is provided via the Trans Pyrenean pipeline link Calahorra from 

France and from the Maghreb-Europe Gas pipeline from Algeria to Spain 

and from the 6 LNG regasification plants located in the country. 

• Two combined cycle power plants provide electricity to the cluster. 

Production overview 
Key building blocks 

produced in the cluster 

CO2 emissions (2019 Direct and 

indirect emissions) 

• The cluster has large olefins nameplate capacities 

(ethylene and propylene) and produces a lot of 

polymers (mainly polyethylene and polypropylene). 

• The petrochemical cluster of Tarragona is structured 

around two steam crackers, connected to an existing 

refinery and located in the same vicinity. 

• The chemical production is integrated downstream 

into: 

• Olefins including PE and PP. 

• Styrenics with production of ethylbenzene and 

styrene. 

• Ethylene oxide with downstream MEG and 

ethoxylates Nameplate capacity. 

• Polyurethane with isocyanates and polyols nameplate 

capacity. 

• The cluster is also the home to a small chlor-alkali 

facility with downstream capacity into the vinyl value 

chain. 
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Tarragona – Cluster evolution 

National context & long-term strategy Dynamic and evolution of the cluster 

• Spain has set a target, below the EU climate and energy targets, to 

reduce greenhouse gas emissions by 23% by 2030 compared with 1990 

figures. It includes a target of 42% renewable share in final energy in 

2030, 39.5% improvement of energy efficiency in 2030 and 74% 

renewables share for electricity generation in 2030. 

• In the governmental roadmap towards climate neutrality by 2050, 

‘Decarbonization long-term strategy- 2050’, the objective for the 

industrial sector is to reduce greenhouse emissions by 90% in 2050 

compared to 2020. 

• Some private companies are investing in 

the cluster in circular economy projects to, 

notably, reduce their GHG emissions. 

• Additionally, there is a coordinated 

initiative to develop a H2 cluster in 

Catalonia ‘La Vall’ to boost renewable H2 

use in different sectors: refineries, 

chemical industry, mobility, and port 

handling. 

Resource availability of the chemical sector 

• Low carbon electricity is expected to be abundant since the Spanish government plans 

to achieve 100% renewable electricity system leveraging on utility scale wind, solar 

technologies and distributed renewable generation. There might be competition for 

electricity for heating and from the mobility sector. 

• Hydrogen is likely to be widely available in the cluster thanks to governmental support 

and high renewable energy resource availability. 

• Spain plans to boost biogas production. Even though the Catalonia region’s in Spain’s 

biogas total potential is 15–20%, biomethane could be in high demand given the existing 

infrastructure developed for natural gas use and its abatement potential. 

• The cluster is home to an extensive natural gas grid with international links and LNG 

terminals. 

• CCS is unlikely to be developed in the cluster since the region is located far from 

potential CO2 offshore storage sites. 

• The cluster does not have access to large biomass resources. 

 
Resource availability: 

0: None 

1: Low 

2: Moderate 

3: High 

4: Very 

high 

Emission abatement pathways 

LOW CARBON 
AND STEAM 

SUPPLY 

• Spain’s solar and wind potential are important. With this potential and its geographical position, Spain is 

well positioned to become a green H2 exporter. Indeed, important renewable resource can provide cheap 

and low-carbon electricity for electrolysis, which increases Spanish H2 competitiveness and Spain could 

become a H2 corridor leveraging the connecting infrastructure between Europe and North Africa.  

• Moreover, with the closure of one of the two nuclear plants of the region, significant investments in 

renewables may lead to a high electricity deficit in the region. Nevertheless, the development of large-

scale renewable hydrogen production would require proportional investments in transport and 

distribution infrastructure. Some projects, known as the Green Hydrogen Valley project, have started to 

connect the French and Spanish hydrogen networks. 

ALTERNATIVE 
PROCESSES 

ENABLING THE 
USE OF LOW 

CARBON ENERGY 

• Olefins’ production is the major source of emissions in the Tarragona cluster. Since biomass availability 

is limited,  technologies involving bioethanol dehydration or biomass gasification do not appear 

promising as a means to produce olefins in the cluster. with a growing share of renewable electricity, 

electrified steam cracker processes to produce olefins could represent a good opportunity to abate the 

cluster’s CO2 emissions. 

• Ammonia is not produced in the cluster. Inorganics represent a small share of direct and indirect 

emissions.  As such, hydrogen demand may be drawn mostly for mobility applications (to produce 

synthetics fuels for example) or as an energy carrier rather than as a raw material for the chemical 

industry. Hydrogen production is currently based on natural gas steam methane reforming. The cluster’s 

low CCS potential inhibits the development of low-carbon hydrogen processes. 

• The integration of higher share of renewables into the electricity grid can decrease emissions related to 

chlorine production. 
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ALTERNATIVE 
PROCESSES 

ENABLING THE 
USE OF 

CIRCULAR 
CARBON 

• Spain is a large producer of plastic products but since most of them are exported, plastic waste 

availability in the cluster is low. Moreover, there are no plastic pyrolysis plants in Spain. While, today, 

there are no methanol production units in the cluster, there are ongoing projects aiming to convert 

municipal waste into methanol. Thus, even if the Tarragona cluster imports methanol, projects enabling 

the production of bio-methanol will be an asset to further develop olefins production processes through 

Methanol-to-Olefins routes. 

• In the vicinity of the cluster, biomass is not available in large volumes. 

• Carbon capture projects are not likely to be developed in the cluster since it is located far from CCS 

offshore CO2 storage sites. 
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Tarragona – Cross-analysis with the illustrative scenarios 

Key takeaways 

• Considering the large share of emissions allocated to the 

production of Olefins and the low availability of circular 

carbon resources, the High electrification, Sustainable 

biomass and Fostering circularity scenarios could all 

represent illustrative pathways for the cluster. The CO2 

capture scenario would be a challenge for Tarragona 

because of the remoteness of CO2 offshore storage sites. 

• For all scenarios, since the cluster has no ammonia 

production capacities, the cluster will not be able to 

decrease emissions with renewable ammonia 

production processes from renewable hydrogen as 

widely called upon by the model. Constructed at the EU-

27 level, the model parameters have limitations when 

applied to specific regions. 

 
Main alignments with the 

scenarios 

Main obstacles with the 

scenarios 

 − Natural gas availability 

− Plastic waste resources 
− CCS storage sites 

 − Low-carbon electricity − Biomass resources 

 
− Hydrogen availability 

− Biomass resources 

− Plastic waste 

resources 

 − Hydrogen availability 

− Plastic waste resources 

− Plastic waste 

resources 

− Biomass resources 

− No methanol 

production 

Comparison with the four different scenarios 

 

 

CO2 capture 

scenario 

• Located far from CO2 offshore storage sites, the cluster is not well aligned with a scenario focusing on 

CCS. 

• Moderate biomass availability could be a further challenge in seeking congruence with this scenario. 

In this scenario, biomass is used as a source of heat. It appears more likely that the cluster will rely on 

natural gas mainly and low carbon electricity to fulfil its energy demand. Policies and incentives would 

be required to ensure a secure and sustainable supply in biomass going forward. 

 

 

High 

electrification 

scenario 

• Spain has high solar and wind resources. In this scenario, the increasing share of renewable electricity 

would facilitate abating CO2 emissions linked to heat generation. 

• The cluster has moderate access to biomass and plastic waste thus, policies and incentives would be 

needed to regulate their access and prioritise demand for raw-materials feedstocks. 

• Renewable ammonia production processes from renewable hydrogen appear to be a differentiating 

technology to abate emissions in this scenario. Even if there is today no production of ammonia in the 

cluster, the availability of low-carbon electricity encourage the development of a renewable hydrogen 

market and could, in turn, support the deployment of ammonia production processes in the cluster. 

Olefins still represent the major share of emissions. The significant low-carbon electricity availability 

may also encourage the development of e-crackers in the region.  

 

 

Sustainable 

biomass 

scenario 

• Thanks to its potential for low-carbon electricity and its geographical position, Spain is well positioned 

to be a competitive H2 producer. Hydrogen should be widely available in the cluster to be used as an 

energy carrier and abate heat emissions. 

• Since biomass availability is limited, technologies involving bioethanol dehydration or biomass 

gasification are not likely to be considered to produce Olefins. Moreover, the current absence of 

methanol production capacities in the cluster would mean large investments to deploy Methanol-to-

Olefins production. Steam crackers are still expected to dominate olefin production in this scenario. 

 

 

Fostering 

circularity 

scenario 

• To find alignment with this scenario, focusing on circularity, the cluster would have to increase plastic 

waste availability. Indeed, even if the cluster is home to large PE, PP and PVC production capacities, 

the cluster does not produce polystyrene and PET, limiting the development of local streams of 

chemical recycling. It would hence have to consider cooperation with other clusters with 

complementary needs and trade recycled feedstocks to meet its demand, as prescribed in this 

scenario. As for biomass, limited regional supply would imply reliance upon large-scale imports. The 

high availability of low-carbon hydrogen is an asset for the cluster to decrease heat emissions in this 

scenario. 

• Moreover, considering the remoteness of the cluster to CO2 offshore storage sites, CO2 chemical 

valorisation could be considered in the cluster to abate unavoidable CO2 emissions. Nevertheless, since 

there are no production capacities of methanol to date in the cluster, large investments would be 

required to ensure tangible abatement pathways, in line with this scenario, in the region. 
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5.6.7  Central Europe  

Central Europe – Cluster overview 

General description 

 

• The Central Europe analysis covers Austria, Slovakia, Hungary, Poland, and 

Czech Republic.  

• There are 3 chemical clusters in the Czech Republic: Northern Bohemia, 

Central-East Bohemia and Northern Moravia. Some plants are 

interconnected by product pipelines.  

• In Austria, the key chemical clusters are located in upper Austria near Linz 

and in the Vienna region. The Austrian chemical industry is the 3rd largest 

industrial sector.  

• There are three chemical clusters in Hungary, which are Northern Hungary, 

Central Hungary and Central Transdanubia.  

• As for Slovakia, the chemical industry is located in the Western part of 

Slovakia close to Bratislava.  

• Finally, in Poland, the chemical industry represents around 17% of the total 

Polish industry. The production sites are dispersed throughout the country. 

• In 2019, the cluster accounts for ~15% of the EU-27 chemical nameplate 

capacity. The cluster capacity has increased from over 37 million tons in 

1990 to around 85 million tons in 2019, a significant growth of around 

130%.  

Trade relationships Access to feedstocks 

• The central Europe chemical industry is a, 

mostly, land-locked cluster with connections 

to the Baltic Sea via Poland. 

• The Czech industry is export-oriented. 

Heavy, highly energy intensive, industry 

plays a key role in the Czech economy. The 

Czech industry is centred around 

automotive, chemical, pharmaceutical, 

wood and paper, steel, cement, heavy 

machinery and electronics activities. 

 

• The OPAL (Ostsee-Pipeline-Anbindungsleitung) natural gas pipeline 

in Germany connects the Nord Stream pipeline with the JAGAL (gas 

from the Yamal-Europe pipeline), and the STEGAL (gas from the 

Central-European Russian gas transit system (Transgas) 

via Czechia and Slovakia) pipelines. On the German-Czech border the 

pipeline will be connected with the planned Gazela Pipeline, to 

connect gas export pipelines in Czechia. 

• Crude oil is supplied to the region from 2 directions – from the East 

via the Družba pipeline (suppling mainly URAL type of Crude to the 

Polish, Slovak, Hungarian and Czech refineries) and from the South 

via the Adria and the TAL/IKL pipelines (supplying crude delivered by 

sea to Terst and Omišalj ports to Austrian, Hungarian and Czech 

refineries). 

Production overview 
Key building blocks produced in the 

cluster 

CO2 emissions (2019 

Direct and power-

related emissions) 

• The cluster is home to large ammonia, Olefins and 

Polyolefins production capacities. 

• The cluster is home to 10 ammonia plants (one each 

in the Czech Republic, Austria and Slovakia, three in 

Hungary and four in Poland) which are downstream 

integrated into urea, ammonium nitrate / calcium 

ammonium nitrate, ammonium sulphate, 

ammonium phosphate, urea and other fertilizers.  

• The cluster is also primarily integrated downstream 

into polymer production (PE, PP, PVC and PS/EPS) 

with production capacity for chemical intermediates 

such as ethylbenzene, styrene, EDC, VCM. 
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Central Europe – Cluster evolution 

National context & long-term strategy Dynamic and evolution of the cluster 

While Austria plans to be climate-neutral in 2040, Hungary and 

Slovakia in 2050, Poland has pledged to decrease its GHG emissions 

by 30% in 2030 compared to 1990 and the Czech Republic to 

decrease them by at least 80% in 2050 compared to 1990. 

The focus is given by both governments and private 

companies to develop hydrogen production facilities 

and infrastructures in the cluster. 

Resource availability of the chemical sector 

• The cluster has ambitious transition objectives for low carbon electricity supply but 

the current high dependency on fossil fuel and imports raises questions on 

the availability of green electrons in the future. Competition considerations with 

other industries (the steel industry, for example) may be expected.  

• CO2 is abundant in the region, mainly from power and petrochemical plants. 

Nevertheless, to the exception of Poland, there are no offshore CO2 storage sites 

and limited CO2 storage opportunities generally. Carbon Capture and Storage 

technologies are currently banned in Austria. Projects are being explored in the 

cluster to develop chemical valorisation of CO2 processes.  

• Low carbon nuclear electricity generated in the region and the extensive natural 

gas infrastructure might be an asset for the development of green H2 in the cluster. 

Nevertheless, high competition is expected with other sectors such as mobility and 

heating.  

• The cluster has a high availability of natural gas with key pipelines crossing the 

region. 

• The cluster has abundant biomass resource, yet the region might face climate 

constraints and challenge. There is a limited availability of biomethane in the 

region. 

• The cluster has large plastic waste resources but the low recycling rates in some 

countries of the cluster (mainly Austria, Hungary and Poland) limits their 

availability for the chemical industry. 

 
Resource availability: 

0: None 

1: Low 

2: Moderate 

3: High 

4: Very high 

Emission abatement pathways 

LOW CARBON 
AND STEAM 

SUPPLY 

• To the exception of Austria, renewables represent a limited share in the cluster’s electricity generation 

today although in their NECPs, all countries aim to further develop renewable to achieve GHG 

abatement targets.  

• Nuclear power is widespread in the cluster and might be expanded at the exception of Austria where it 

has been banned both nationally and as imported electricity. The current and future nuclear plants and 

the extensive natural gas grid represent a high potential to produce low-carbon H2 in the cluster.  

• Nevertheless, considering the limited renewable power generation in the region, imports should be 

considered to meet the industrial hydrogen demand. 

ALTERNATIVE 
PROCESSES 

ENABLING THE 
USE OF LOW 

CARBON 
ENERGY 

• Ammonia represents most of the inorganic chemical production. Abating these emissions will therefore 

depend on the availability of low-carbon hydrogen. Given existing natural gas availability, low-carbon 

hydrogen is a likely production route in the near future with some low-carbon hydrogen from nuclear 

electricity. In the case of low-carbon hydrogen, limited offshore CO2 storage capacity68 could constitute 

a significant barrier. The use of renewable hydrogen could be a complementary route for regions, like 

Central Europe, far from offshore storage sites. 

• While analysis varies from one country to another, generally, limited availability of plastic waste results 

in the need to consider the production of olefins via MtO or electrification pathways. With the 

availability of low-carbon electricity, limited offshore CO2 storage* and no methanol production 

capacities, such paths appear tenuous and imply considerable infrastructure investments (H2 and/or CO2 

pipeline). Nevertheless, the development of chemical valorisation of CO2 (such as the ViennaGreenCO2 

 

 
68 For social acceptance reasons, our analysis only encompasses offshore CO2 storage sites.  
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project or the Carbon2ProductAustria project) could bring new players around the table and help 

developing MtO routes in the cluster. Ethylene production with biomass may be an option in some 

countries but competition  for alternative uses of biomass (heat, for biofuels) is likely to be high. 

ALTERNATIVE 
PROCESSES 

ENABLING THE 
USE OF 

CIRCULAR 
CARBON 

• The cluster only has access to offshore CO2 storage sites in the Baltic Sea, in Poland. Thus, even if natural 

gas is widely available in the region, considering the limited CO2 storage capacity*, production of 

hydrogen via SMR with CCS appears to be constrained. Nevertheless, a CCS interconnection project is 

being studied in the Polish hinterland to further develop permanent CO2 storage. 

• Chemical valorisation of CO2 is also being explored in the region by private companies. 
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Central Europe – Cross-analysis with the illustrative scenarios 

Key takeaways 

• No specific scenario seems more aligned than 

another to the Central Europe cluster. This is 

mainly due to the cluster’s diversity and wide 

geographical expanse with significant  differences 

in resources availability across the different 

countries the cluster covers. 

• In all scenarios, one of the technologies that 

would be key to decrease the cluster’s emissions 

is the production of renewable ammonia from 

low-carbon hydrogen. A secure access to biomass 

and plastic waste resources remain one key 

challenge for the cluster to integrate circularity 

objectives. 

 
Main alignments with the 

scenarios 

Main obstacles with the 

scenarios 

 
− Renewable ammonia 

production 

− CCS technologies 

− Plastic waste 

resources 

− CCS technologies 

 

− Low carbon electricity 

availability 

− Renewable ammonia 

production 

− Plastic waste 

resources 

− Biomass resources 

 

− Renewable ammonia 

production 

− Plastic waste 

resources 

− Biomass resources 

 

− Renewable ammonia 

production 

− Low-carbon H2 production 

− Plastic waste 

resources 

− Biomass resources 

Comparison with the four different scenarios 

 

 

CO2 capture 

scenario 

• The cluster has quite important natural gas and moderate biomass resources limiting the need for 

imports. Nevertheless, not all countries in the cluster would be favoured by this scenario. Only Poland 

has direct access to CO2 storage sites in the Baltic Sea. Large infrastructure would be required to 

connect the production sites of Hungary, the Czech Republic, and Slovakia to the depleted Polish gas 

fields and enable the development of CCS technologies across the cluster. Austria currently bans the 

use of CCS technologies. 

• Regarding plastic waste availability, the cluster would also need to increase the recycling within the 

cluster or consider imports to fulfil recycled feedstocks demand levels associated to this scenario. 

Taking into consideration the lack of methanol production capacities in the cluster, the production of 

olefins would still be mainly ensured by steam cracker processes.  

• Since most of the cluster emissions are related to the production of inorganics, especially ammonia, 

the development of low-carbon hydrogen represents an important opportunity for the cluster to abate 

emissions. 

 

 

High 

electrification 

scenario 

• The high nuclear share of electricity in the cluster could be an asset to meet the cluster’s low-carbon 

energy demand. As the major share of emissions in the cluster is associated to ammonia production, 

low carbon electricity could support the development of renewable ammonia processes from 

renewable hydrogen, significantly abating the cluster’s emissions. 

• The cluster has moderate availability in plastic waste. Imports may be required to meet this scenario’s 

the raw material needs. Equally, while biomass resources are abundant in the region, policies providing 

the chemical sector with a secured access to biomass resource and/or imports from other European 

countries should be considered. 

• Considering the lack of methanol production capacities to date in the cluster and the low demand for 

MtO processes in the direct electrification scenario, Olefins would still be produced through steam 

cracking processes. The large availability of low-carbon electricity would also encourage the 

development of e-crackers in the region abating olefins production emissions. 

 

 

Sustainable 

biomass 

scenario 

• Although all countries do not have equal access to resources (for example the Czech Republic’s access 

to biomass is limited), overall, the cluster is rich in biomass resources. Logistical investment would be 

required to ensure a guaranteed and sustainable supply of biomass, particularly as climate change may 

reduce biomass availability in the region. Equally, although the cluster has a high plastic waste 

resource potential, investments would be needed to improve the collection rates and meet this 

scenario’s recycled feedstock demand. For heat technologies, resource availability whether biomass, 

hydrogen, or electricity) is likely to differ on a country per country basis, (/Interconnection and 

cooperation between countries is likely to be necessary to meet this scenario’s hydrogen demand for 

boilers. 
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• In the sustainable biomass scenario, ammonia from low carbon hydrogen holds a high potential to 

abate the large share of emissions associated to ammonia production.  

 

 

Fostering 

circularity 

scenario 

• As with the sustainable biomass scenario, the region will need to secure its access to biomass and 

plastic waste resources. Nevertheless, considering the lack of methanol capacities in the cluster, such 

a scenario would imply large investments in methanol capacities. The development of chemical 

valorisation of CO2 processes could bring new players to the table and pave the way to the deployment 

of MtO processes. 

• It should also be noted that a scenario where efforts are concentrated on  using CO2 emissions as a 

feedstock for the production of methanol could also encourage the development of low-carbon 

hydrogen technologies and hence, encourage the development of renewable ammonia processes.  
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5.6.8  Northern and Central Italy cluster  

Northern and Central Italy – Cluster overview 

General description 

 

• Northern & Central Italy is a wide and fragmented cluster composed of numerous 

companies. Production sites are spread across numerous locations, but the cluster 

is primarily concentrated around the following four production centres: Mantova 

in Lombardy, Rosignano in Tuscany, Ravenna in Emilia-Romagna and Porto 

Marghera in Venetia. Production sites located north of Livorno are considered are 

included in this cluster. 

• Since 1990, the Italian chemical industry went through a wave of rationalisation 

and site closures. Over this period, the Northern & Central Italy cluster diversified 

and expanded into new segments. Between 1990 and 2019, cluster capacity 

increased by almost 70% from over 15 million metric tons to around 26 million 

metric tons. In 2019, the cluster accounts for ~4% of the EU-27 nameplate 

capacity. 

• Beyond the chemical industry, Northern & Central Italy is home to several 

industries such as upstream oil & refining, metallurgy, iron & steel, glass & 

ceramic, and construction. 

Trade relationships Access to feedstocks 

• The cluster has access to three ports: Genoa, Livorno and 

Porto Maghera, and can therefore import and export 

substantial volumes of chemical feedstocks and end 

products. The port of Genoa is the second port in Italy and 

the main industrial port. It is centrally located, allowing the 

Italian chemical industry to import products and supply its 

multiple production sites.  

• Production facility closures (e.g. toluene plants) have 

reduced pre-existing synergies, especially for by-products. 

The production of intermediates has decreased, in turn 

reducing Italy’s self-sufficiency to produce final chemical 

products.  

• Italy is home to numerous refineries including Busalla, 

Livorno, Sarpom and Sannazzaro,all located in the 

cluster, the Falconara refinery located just south of the 

cluster on the Adriatic coast and a biorefinery located 

in Porto-Marghera. 

• Natural gas is primarily supplied from gasoducts and 

LNG terminals. Russia, Algeria and to a lesser extent 

Libya are Italy’s main natural gas suppliers. The cluster 

is home to a single gas-based (Ammonia) chemical 

plant. 

• Finally, the cluster relies on imports of certain chemical 

building blocks and intermediates to feed downstream 

chemical and polymer plants. 

Production overview 
Key building blocks produced in the 

cluster 

CO2 emissions (2019 Direct 

and power-related 

emissions) 

• The cluster has very large inorganic chemicals 

production capacities (ammonia, chlorine and 

hydrogen), and large olefins, polyolefins and 

styrene production capacities. 

• There is one steam cracker (Porto Maghera), with 

associated aromatics production as well as one 

ammonia plant. 

• The cluster is integrated to produce commodity 

polymers (PE, PP, PS) and relies on importing 

chemical intermediates for other polymers such 

as PET. Production units from the polyurethane 

value chains, the vinyl acetate value chain and the 

rubber industry are also represented in the cluster 

and serve the regional market. 
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Northern and Central Italy – Cluster evolution 

National context & long-term strategy Dynamic and evolution of the cluster 

• Italy has set a -43% (GHG) emission reduction target by 2030, as compared 

to emissions in 2005 for Emission Trading Scheme (ETS) sectors and at -

33% for Effort Sharing Regulation (ESR) sectors. 

• By 2030, Italy aims for 30% of its gross final energy consumption to come 

from renewables.  

• Reaching climate neutrality is expected to require doubling its current 

electricity production level and for hydrogen to meet 20% hydrogen of 

final energy demand. 

Some roadmaps have been drafted. They 

focus on developing energy transmission 

infrastructures with coastal LNG storage 

terminals on the Adriatic coast. Carbon 

Capture and Storage and renewable 

hydrogen projects are also under 

development. 

Resource availability of the chemical sector 

• Low carbon electricity is expected to be abundant in the cluster given Italy’s 2050 

ambition to double electricity production with offshore wind and solar energy. 

Network capacity improvements and distributed storage systems are needed to 

support this goal. 

• Given important ‘hard-to-abate’ industries located in Northern & Central Italy, 

CO2 is expected to remain abundant nationally. The cluster’s proximity to 

offshore CO2 storage sites legitimates the possible development of CCS 

technologies. 

• The cluster presents opportunities to develop renewable hydrogen production 

with extensive renewable energy capacity and a country-wide gas transport 

network. Competition for H2 from the transport sector (heavy road transport and 

aviation) and other industries (such as the steel industry) is expected to be high. 

• The availability of biomass resources is moderate, with under-exploited national 

resources, concentrated in Northern and Central Italy. 

• National incentives to develop biomethane in the cluster, public investments and 

incentives to support the biomethane market are likely to attract new players. 

• Italy is highly dependent upon natural gas imports to sustain its domestic 

demand. 

 

 

 
Resource availability: 

0: None 

1: Low 

2: Moderate 

3: High 

4: Very high 

Emission abatement pathways 

LOW CARBON AND 
STEAM SUPPLY 

• Electricity production facilities are undergoing a major transformation in Italy. The government plans 

to phase out coal-fired generation as early as 2025 while promoting the widespread use of renewable 

energy sources. High-temperature process heat represents a very high share in Italy’s industrial energy 

demand. Hydrogen could be a potential fuel for this heat demand. As such, it appears as a major 

emission abatement pathway for the cluster.  

• The extensive renewable energy capacities and country-wide gas transport network are assets for the 

development of low-carbon hydrogen. Moreover, with its central Mediterranean location, Italy could 

become a hub for hydrogen trade exported from Africa and the Middle East and consumed in Northern 

Europe. In the short term, given current technology costs, low-carbon hydrogen production could be 

a means to abate emissions. Carbon capture and storage or CO2 chemical valorisation technologies are 

investigated and may be used to abate emissions from other sources. 

• However, expanding hydrogen production comes at a high cost, that represents a barrier to its 

development. 

ALTERNATIVE 
PROCESSES 

ENABLING THE USE 
OF LOW CARBON 

ENERGY 

• Since ammonia production accounts for a large share of the cluster’s emissions and natural gas is 

currently an important fuel in Italy’s industry (around 36% of the final energy mix), the development 

of renewable hydrogen holds a high emission abatement potential. The extension of the natural gas 

network from the east Mediterranean gas reserves and the deployment of CCS technologies might 

also foster the production of blue H2 and by extension low-carbon ammonia. 

• Considering the anticipated increase in renewable capacity and the moderate availability of biomass 

resources in the cluster, e-crackers and dehydration of bioethanol processes represent potential 

alternative olefin production pathways. 



164

 

164 
 

• With a strong agricultural sector, Italy’s woody biomass and biomass waste resources are relatively 

abundant. Plastic waste is equally available. However, there is currently no methanol capacity in the 

cluster which could valorise these resources and open the MtO route.  

ALTERNATIVE 
PROCESS 

ENABLING THE USE 
OF CIRCULAR 

CARBON 

• The Italian Long-Term Climate Mitigation Strategy considers CCS as necessary to reach zero residual 

emission. Proximity to offshore storage sites in the Adriatic is favourable to the deployment of carbon 

capture and transport technologies. One of world’s largest CO₂ storage hub is being created off the 

coast of Ravenna. 

• Current fiscal conditions surrounding virgin plastics, national recycling targets and the presence of 

crackers in the cluster are likely to stimulate the development of plastic waste pyrolysis technologies. 

Nevertheless, to meet the plastic waste raw material demand associated to this scenario, further 

investment would be needed to develop waste collecting and sorting infrastructures. 
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Northern and Central Italy – Cross-analysis with the illustrative scenarios 

Key takeaways 

• No single scenario stands out to meet the 

cluster’s specific characteristics. 

Nevertheless, in all scenarios, one of the 

pathways to decrease the cluster’s 

emissions is ammonia production from 

renewable hydrogen. 

• To align with the illustrative climate 

neutrality scenarios presented, the 

cluster would have to invest in securing 

biomass and plastic waste resources, 

present in the cluster but currently 

underexploited.  

 Main alignments with the scenarios 
Main obstacles with the 

scenarios 

 

− Renewable ammonia production 

− CCS technologies 
− Biomass resources 

 − Renewable ammonia production 

− Low carbon electricity availability 
− Biomass resources 

 

− Renewable ammonia production 

− Opportunity for low-carbon H2 

imports 

− Biomass resources 

 

− Renewable ammonia production 

− Opportunity for low-carbon H2 

imports 

− Biomass resources 

Comparison with the four different scenarios 

 

 

CO2 Capture 

scenario 

• The cluster is close and has access to CO2 offshore storage sites in the Adriatic Sea. CCS projects on the 

coast of Ravenna are under consideration and represent an opportunity. Biomass imports might be 

required to meet the demand for energy consumption and abate the cluster’s heat emissions. 

• Considering the very large share of emissions associated to inorganics production, and especially 

ammonia, switching to renewable hydrogen would significantly abate the cluster’s emissions. 

Conjointly, even if the technology is not selected by the model, natural gas’ high availability and 

proximity to CO2 offshore storage sites could favour low-carbon ammonia processes. 

 

 

High 

electrification 

scenario 

• Italy has extensive existing renewable energy assets and moderate biomass and plastic waste 

resources. In both cases, national investments will be required to improve biomass availability for the 

chemical industry and secure higher plastic waste recycling rates. Indeed, a large variety of plastics is 

produced in the cluster and could serve as a feedstock. 

• Considering the major share of emissions allocated to the production of ammonia in the cluster, low 

carbon electricity would encourage the development of renewable ammonia processes from 

renewable hydrogen thereby significantly abating chemical industry emissions in the region. 

 

 

Sustainable 

biomass 

scenario 

• Italy has the potential to play a role as a hydrogen hub between Africa, the Middle East and Northern 

European Countries. This could be an opportunity for the cluster to have access to cheap and renewable 

hydrogen meeting the cluster’s energy consumption needs.  

• The cluster has access to moderate biomass and plastic waste resources and might consider further 

imports to meet this raw material demand. 

• Considering the very large share of emissions associated to inorganic chemical production, particularly 

ammonia, the development of renewable ammonia processes from renewable hydrogen would have 

a high impact to abate the cluster’s emissions. 

 

 

Fostering 

circularity 

scenario 

• The cluster has abundant CO2 resources with other emission-intensive industries operating in the area.  

• To align with this scenario, the region will need to secure its access to biomass and plastic waste 

resources.  

• Nevertheless, considering the lack of methanol capacities in the cluster today, such a scenario would 

imply large investments in methanol capacities. It should also be noted that a scenario where efforts 

are concentrated in the valorisation of CO2 emissions as a feedstock to produce methanol could also 

encourage the development of low-carbon hydrogen technologies and hence, encourage the 

development of renewable ammonia processes that would considerably decrease the cluster’s 

emissions.  

• Italy benefits from a large natural gas network that could be retrofitted for H2 transportation but could 

also benefit from cheaper hydrogen coming from Africa and the Middle East. 
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5.7 Discussion of results and limits to the modelling exercise 
Any modelling exercise has its limits. A model is a simplified, imperfect, representation of reality. This 
holds even more true when representing an industry with complex dynamics and interplay like the 
chemical industry. The section below presents the limits of the results prior to providing general 
conclusions and recommendations for the sector.  

5.7.1  Scope limitations 

So far, the model provides limited view on downstream emissions resulting from the use and end of 
life of products. In the perspective of a climate-neutral Europe, and without seeking to pre-empt policy 
debates, there is a question regarding the perimeter of actions of economic actors for their 
downstream emissions. While this lies beyond the scope of the report, the impact of this decision 
ought to be given careful consideration in drawing up conclusions, based upon these model’s results, 
on the sector’s pathway to climate neutrality and in upcoming policy discussions.  

Given the fact that only certain products are modelled into detail, and the selection of new 
technologies considered, the model is limited in its ability to reduce CO2 and non-CO2 GHG emissions 
in the ‘rest of industry’. Non-CO2 GHG emissions are included in the model. However, the model does 
not currently include specific technologies to abate these emissions directly. Some technologies are 
expected to reduce the amount of N2O from the fertilisers sector and are included in the model as 
exogeneous. Non-CO2 emissions vary as the model reassigns production capacity to technologies with 
different emission outputs. However, by 2050, across all scenarios, non-CO2 GHG emissions remain, 
yet are compensated. The cost and optimal technological mix to abate these emissions are not 
optimised and constitute an additional potential gap between model results and reality. 

To represent the entire chemical industry, all products except for the 18 selected, were grouped into 
a category referred to as rest of industry. While the 18 selected products cover the majority of 
upstream chemical building blocks, intermediates and polymers, this ‘rest of industry’ covers hundreds 
of thousands of products, production processes and thousands of companies in Europe. While 
conclusions can be reached on the extent to which CCS and switching heat sources can contribute to 
reducing these emissions, it is clear that the important means and associated costs are not assessed in 
a sufficient level of granularity to provide detailed perspectives on the abating emissions for the rest 
of industry . 

The model does not prioritise the reduction of emissions within the sole perimeter of the chemical 
installations. It has been designed to show how to achieve climate neutrality by 2050 across a wide 
scope of emissions covering direct sector emissions, upstream emissions (including feedstock related 
emissions) and electricity related emissions. Model outcomes would be different if the scope of 
emissions were limited to direct emissions and with interim targets.   

While the chemical sector can aim to reduce its feedstock and electricity related emissions, it remains 
largely dependent on supply of decarbonised electricity and alternative sources of feedstock. Because 
the model optimises across these scopes, its objective is not to achieve climate neutrality purely on 
the sector’s direct emissions. If the climate neutrality objective covered only direct emissions, or had 
additional objectives for direct emissions, model results could vary significantly. 

Given the finite number of technologies included in the model to reduce direct emissions, some 
process emissions cannot be abated by the model. This covers emissions in the ‘rest of industry’, 
represented as an aggregate, simplified, single process. Some process emissions remain as CCS and 
use of low-carbon heat are the only two levers included in the model. While non-CO2 GHG emissions 
decrease as processes change and with assumptions on the evolution of the carbon content of 
feedstocks to 2050, some remain too. A wider scope of technologies able to address these remaining 
emissions would be required to reach climate neutrality solutions without or with limited recourse to 
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negative emission solutions associated to carbon removal. At the same time, such technologies may 
not be picked. Indeed, a cursory assessment of N2O abating technologies available today shows that 
CCS is more cost effective. As such, model results may not substantially differ even with a wider range 
of technologies. Irrespective, all four illustrative scenarios require carbon removal to reach climate 
neutrality. Without the upstream, the model’s ability to decrease emissions by drawing upon biogenic 
carbon removal would be limited to burning biomass for heat combined to CCS. If climate neutrality 
was to be achieved on the sector’s direct scope, without including upstream emissions and therefore 
the hypothetical carbon credits associated to biomass use as a feedstock, deeper and more extensive 
investments to transform processes at a significantly higher cost would be likely. 

Assumptions on carbon accounting rules are a critical factor in the model’s arbitrage. It is assumed that 
half of the biogenic carbon content of feedstocks is credited as carbon removal within the value chain 
using this feedstock. The use of this biogenic feedstock leads to reduce direct emissions in the model. 
The underlying hypothesis is that this carbon is stored long-term in chemical products. Assigning a 50% 
share is a proxy considering that half of biogenic emissions would be embedded in short-lived chemical 
products and the other half would be stored in chemical products with a long lifetime or recycled 
products. While this proxy can be debated, carbon removal is essential for the model to achieve climate 
neutrality across the entire emission scope. However, such carbon accounting rules, while in line with 
current standards, do not currently exist in legislation. It implies that the chemical sector would be 
allowed to allocate the biogenic carbon it embeds into its products as a negative contribution. While 
carbon management lies at the heart of the chemical sector and is one of the only means to reuse 
carbon without being directly emitted in the atmosphere, whether the chemical sector can be 
considered as a carbon sink is a debate yet to be had. Again, it is clear that, without this lever, model 
results would be significantly different with far higher investment costs and a much more substantial 
change in the industrial apparatus. 

5.7.2  Costs 

All costs underestimate reality. The model is a cost optimising one. It seeks the least cost pathway 
given a series of constraints: resource availability, CCS deployment possibility, hypotheses on the 
dynamic rate of deployment of capacities, availability of new technologies, etc. Furthermore, it acts as 
a central planner, making optimal decisions across value chains and over the period at least cost to 
meet annual demand and climate neutrality by 2050.  It therefore represents outcomes if all economic 
decisions were purely rational and made by a single fully informed actor. In reality, such decisions arise 
from the thousands of economic actors within the European chemical sector. Regional and local 
circumstances play a key role in these decisions. Furthermore, the ability to invest varies from one 
company to another. The difference between the model’s fully optimised, European approach and the 
reality of industry implies a significant gap between the total cost of achieving climate neutrality and 
meeting demand by 2050 in theory and in reality. Costs presented in the results are therefore closer 
to the least possible cost which the sector may bear. The difference between this output and reality is 
likely to be several orders of magnitude greater. 

Overall, investment in new and capacity replacement are likely to be far higher in reality than projected 
in project results.  Limitations were placed on the sector’s ability to deploy new capacities. Emulating 
reality, a lead time between investment decision and production, a limit on the sector’s ability to renew 
its capacities and a limit on the growth of new technologies were applied. Finally, the baseline 
production capacity was, by and large, considered as continuing to operate up to 2050. In reality, 
current capacity can be expected, according to company plans, to close if their lifetime is considered 
achieved. More investments to meet future production, compensating projected closures, are likely.  
 
Indeed, the lifetime of a given chemical installation is unclear with regular upgrades and maintenance 
extending the lifetime. While the hypotheses retained in the modelling exercise were taken as upper 
bounds in the literature likely reflecting the sector’s current investment and transformational capacity, 
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climate neutrality is likely to require a much more profound renewal of the production apparatus. In 
this case, the extent to which the sector is able to renew its capacity is likely to far exceed current and 
historical rates of investment.  

Finally, the full costs to society, covering infrastructure which is not included in the model (e.g 
associated to decarbonising the energy mix, but also the cost to consumers is not covered in the model 
. 

5.7.3  Regional dynamics 

The translation of EU27 of the four illustrative scenarios climate neutrality pathways is, at times, 
incongruous with the local circumstances and characteristics of the eight regional clusters analysed in 
this report.  

A number of key technologies upon which all scenarios depend for climate neutrality are not available 
in each cluster. De facto, the cluster becomes misaligned with the identified illustrative pathways. this 
applies to ammonia and methanol. In all illustrative scenarios, renewable ammonia production routes 
play an important part in achieving climate neutrality. However, not all clusters have ammonia 
production capacity. There is a gap between the four illustrative pathways and the cluster’s industrial 
capacity.  Today, methanol capacities in the EU27 are very limited. In most of the eight clusters 
analysed, there are no methanol production units today. When methanol is produced in the cluster, 
the production capacity is very limited. In all scenarios, MtO processes are called upon. With limited 
methanol availability (or even without) such an option is at the very least challenging at the cluster 
level.  

Regional variability in CO2 storage sites access is not captured by the model. This variability, in reality, 
conditions the ability to rely upon CCS technologies.  The model was built with limits on the overall  
European CO2 storage available for the chemical industry and assumptions on average transport costs. 
Some regions, such as Marseille or Tarragona, have no direct access to offshore CO2 storage sites. On 
the other hand, the proximity of some clusters to depleted gas fields and access to specific resources 
such as natural gas, as in the case of the Netherlands for example, may encourage the development of 
low-carbon hydrogen processes. To be relevant in certain clusters, scenarios with significant CCS 
deployment capacity (like CO2 Capture ) would imply the deployment of Europe-wide CO2 transport 
infrastructure. 

Finally, access to circular and low-carbon resources and feedstocks in the clusters is not homogeneous 
and, generally, insufficient for the cluster to align with the illustrative scenarios’ prospective demand. 
The sum of regional demand, estimated according to proximity, is not equal to the total EU27 resource 
availability. The overwhelming majority of clusters will need regulatory and policy support to develop 
the availability of these resources for the chemical sector. Imports (whether intra-European or from 
the rest of the world) are also likely to be necessary.  

These limitations leads to two considerations:  

1. European partnerships -in terms of trade of feedstocks, raw-materials and infrastructures- are 
likely to be critical to meet climate objectives. 

2. The economic optimum is different from one region to another. The optimal pathway to 
climate neutrality will differ from the illustrative scenarios according to the existing product 
mix, evolution of demand, local resource availability and technology development.  
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6 CONCLUSION 

6.1 First findings from testing the iC2050 model 

6.1.1  Emission responsibility & carbon accounting rules 

When defining climate neutrality, the following GHG accounting rules will have a far-reaching, 
material, impact: 

• The scope of emissions assigned to the sector, which may be decisive for the sector’s 
pathway to climate neutrality.  

• The accounting rules that will apply to biogenic carbon and how any potential carbon credit 
will be allocated across different actors using biogenic feedstock with a given value chain. 

Our initial findings show that setting the scope beyond merely cradle-to-gate, by including upstream 
emissions, opens pathways which contribute to reducing the cost of climate neutrality. Nevertheless, 
this adds to the chemical sector’s emissions burden. Balanced and careful examination of the benefits 
and disadvantages of such an approach will be critical. 

The chemical sector cannot be expected to abate emissions alone. Cross sectoral discussions and 
cooperation should be encouraged. The feedstock and energy supply sectors hold a significant 
capability to reduce the chemical sector’s emissions, while potentially calling upon similar low-carbon 
resources.  

Irrespective of the illustrative scenario considered, some chemical sector emissions are expected to 
remain in 2050. Negative emission solutions will be needed whether biomass with carbon capture and 
storage or negative credits associated to using circular carbon or biogenic carbon as feedstock for 
products with long lifetimes. The chemical industry has specific solutions to transform carbon into 
useful, socially and economically valuable, durable, products which could be a means to store carbon 
in a fully circular economy.  

There is no one size fits all solution which benefits every chemical sector product. Initial model runs 
show the complex interplay of the chemical industry value chains. Cooperation and coordination 
across chemical product value chains and production pathways should be considered. There is no 
guarantee, indeed, that a given policy and accounting framework will benefit all products. The pathway 
to climate neutrality will designate winners and losers (from a product perspective). For this reason, 
but also because future decisions may lead to potentially unforeseen consequences upon the sector’s 
economic optimum, when setting the sector’s future emission trajectories, a full, per product, value 
chain analysis, comparable but beyond the one in this project, should be undertaken.  

6.1.2 Funding 

Achieving climate neutrality will require significant investment to and to bring to market less mature 
technologies. Few investment cycles remain to transform the chemical industry by 2050. 

In all scenarios, energy costs are expected to rise significantly, often by a factor of two. Even today, 
such costs are a burden upon the sector’s competitiveness and could significantly impact costs industry 
wide and, thereafter for consumers.   

The priority will be to decarbonise heat and power sources. Moving away from fossil fuel feedstocks 
comes at a greater cost, often relying upon less mature technologies which have yet to reach the 
market. 
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6.1.3 Technologies and resources 

In all scenarios, methanol production is a common denominator on the path to climate neutrality. New 
methanol production capacities could act as future energy and carbon platforms. They hold the 
potential to reuse CO2, by producing syngas from CO2 and H2. They can open new feedstock production 
routes and thereby contribute to reducing upstream chemical sector emissions. Reducing these 
emissions is critical to the sector’s success in meeting climate neutrality. 

Strong circularity goals increasing the availability of recycled feedstock, specifically for the chemical 
sector, can reduce investment and resource consumption, accelerating the pace toward climate 
neutrality.  

Biomass availability at a reasonable cost for the chemical sector is also key to achieve climate neutrality 
in all of the illustrative scenarios. Specifically, biomethane acts as a key resource. It can significantly 
decrease the sector’s emissions without necessarily leading to a considerable change in its production 
processes.  



171

 

171 
 

7 REFERENCES 
 
ADEME (2019). Emissions factors. 
Butnar, I., Cronin, J., & Pye, S. (2020). Review of Carbon Capture Utilisation and Carbon Capture and Storage in 

future EU decarbonisation scenarios. 
Bassil et al. (2018). Chemical Recycling of Polystyrene using Pyrolysis.  

Batool and Wetzels (2019). Decarbonisation Options for the Dutch Fertiliser Industry.  
Biodiesel Magazine (2020):  2020 EU biodiesel production remains stable, consumption down 6% | 
BiodieselMagazine.com 
CE Delft and RH DHV (2020). Bio-Scope: Toepassingen en beschikbaarheid van duurzame biomassa.  
Cefic (2019). A journey into the Future of Europe with the European Chemical Industry. 
Cefic (2019). Cefic Facts and Figures. 

CEMBUREAU (2019). Cementing the European Green Deal.  
CONCAWE (2020). Clean Planet for all: Impact assessment on the potential implications for our refining system 

and the link with Refinery 2050.  

Danish Energy Agency (2021). Technology Data for Energy Carrier Generation and Conversion. 

Dechema (2019). Roadmap Chemie 2050 - On the way to a greenhouse gas neutral chemical industry in Germany. 

Deloitte (2021). Future of Power study.  
DNV GL. (2018). CO2 Reductie Roadmap van de Nederlandse Raffinaderijen.  
EEA (2019). EU27 emission factors. 

EUROFER (2019). Low carbon roadmap, pathways to a CO2 neutral European steel industry. 

European Commission (2008). Communication from the Commission on the revision of the method for setting the 

reference and discount rates.  
European Commission (2018). A Clean Planet for all.  
European Commission (2019). Eurostat energy balance. 
European Commission (2020). Impact Assessment of the 2030 Climate Target Plan. 

European Commission (2021). EU Emissions Trading System (EU ETS). 

Eurostat (2006). NACE Rev. 2 Statistical classification of economic activities in the European Community.  

Eurostat (2020). Natural gas price statistics.  

Fraunhofer Institute, ICF (2019). Industrial Innovation: pathways to deep decarbonisation of industry.   
FuelsEurope (2018). Vision 2050: a pathway for the evolution of the refining industry and liquid fuels.  
H-vision (2019). Blue hydrogen as accelerator. 

Hoefnagels, R., & Germer, S. (2018). Supply potential, suitability and status of lignocellulosic feedstocks for 

advanced biofuels - D2.1 Report on lignocellulosic feedstock availability, market status and suitability for 

RESfuels.  
Iaquaniello et al (2017). Waste-to-methanol - Process and economics assessment. 

IATA (2021). Jet Fuel Price Monitor: IATA - Fuel Price Monitor 
IEA (2019). The Future of Hydrogen study. 

IEA (2020). World Energy Outlook. 

IEAGHG. (2017). Techno-Economic Evaluation of SMR Based Standalone (Merchant) Hydrogen Plant with CCS.  

IFPen, SINTEF, Deloitte (2021). Hydrogen for Europe project (H2 4EU). 
IRENA (2018). Hydrogen from Renewable Power Technology Outlook for the Energy Transition. 

JRC (2020). ENSPRESO: https://data.jrc.ec.europa.eu/dataset/74ed5a04-7d74-4807-9eab-b94774309d9f 
Kawecki et al. (2018). Probabilistic material flow analysis of seven commodity plastics in Europe. 
Lensink and Schoots. (2021). EINDADVIES BASISBEDRAGEN SDE++ 2021.  
Morgan (2013). Techno-Economic Feasibility Study of NH3 Plants Powered by Offshore Wind, Ch. 6.5 
Navigant. (2019). SDE+ Expansion Report with Industrial Options.  
Nyari et al (2020). Application of Synthetic Renewable Methanol to Power the Future Propulsion. 

OECD/ FAO (2020). Agricultural Outlook 2020-2029. 
Oliveira Machado Dos Santos. (2020). Pyrolysis Oil Production from Plastic Waste.  
PBL (2021). Conceptadvies SDE++ 2022 Chemische en fysische recycling van kunststoffen. 

Perez-Fortes and Tzimas (2016). Methanol synthesis using captured CO2 as raw material: Techno-economic and 

environmental assessment. 
SINTEF. (2017). Evaluating the Cost of Retrofitting CO2 Capture in an Integrated Oil Refinery.  
Ruiz et al. (2019). ENSPRESO-an open, EU-28 wide, transparent and coherent database of wind, solar and 

biomass energy potentials. Energy Strategy Reviews, 26(100379). 



172

 

172 
 

Romgens, B., Dams, M. (2018). CO2 Reductie roadmap van nederlandse raffinaderijen, DNV&VNPI. 

Roussanaly et al. (2021). International Journal of Greenhouse Gas Control. 
Rutten, L., (2020). Technology factsheet: H2 industrial boiler, TNO.  
Sahinidis et al. (1989). Optimization model for long range planning in the chemical industry.  
Sahinidis and Grossmann (1992). Reformulation of the multiperiod MILP model capacity expansion of chemical 

processes. 

SimaPro (2019). ecoinvent database.  
SINTEF (2017). Evaluating the Cost of Retrofitting CO2 Capture in an Integrated Oil Refinery. 
Szima and Cormos (2018). Improving methanol synthesis from carbon-free H2 and captured CO2: A techno-

economic and environmental evaluation. 

Towler and Sinnott (2013). Chemical Engineering Design (Second Edition), Butterworth-Heinemann, Boston. 
Trading Economics (2021): https://tradingeconomics.com/commodity/naphtha 
Uslu et al. (2021) Demand for Renewable Hydrocarbons in 2030 and 2050. 
 



173

 

173 
 

• GLOSSARY 
 
ADEME  Agence de la Transition Ecologique  
ARRRA  Antwerp-Rotterdam-Rhine-Ruhr-Area  
ATR  Auto Thermal Reforming  
BECCS  Biomass for energy associated with carbon capture and storage  
BHET  Bis(2-hydroxyethyl) terephthalate monomer 
BTX  Aromatics: benzene, toluene, xylene 
CAPEX  Capital expenditure 
CEMBUREAU The European Cement Association 
CHP  Combined Heat and Power 
CCR  Continuous Catalytic Reforming 
CCS  Carbon capture and storage  
CCU  Carbon Capture and Utilisation 
C20  Code 20 defines all activities included within the chemical industry 
DECHEMA Deutsche Gesellschaft für Chemische Technik und Biotechnologie e.V.  
DEEM  Deloitte European Electricity Market model 
EC  European Commission 
EDC  Ethylene Dichloride 
EEA  European Environment Agency 
EEE  Electronic and Electrical Equipment 
ENSPRESO An open, EU28, dataset for energy models on renewable energy potentials, at national 

and regional levels for the 2010-2050 period 
EO Ethylene Oxide 
EPB  Ethane Propane Butane 
EPS  Expanded Polystyrene 
ESR  Effort Sharing Regulation 
ETBE  Ethyl Tertiary-butyl Ether 
EUA  European Emissions Allowances 
EU27  European Union 
EU ETS  EU Emissions Trading System  
EUROFER The European Steel Association 
EV  Electric Vehicle 
FCC  Fluid Catalytic Cracking 
GAMS  General Algebraic Modeling System 
GDP  Gross Domestic Product 
GHG  Greenhouse gas 
GHR  Gas-Heated Reforming 
HAD  HydroDealkylation 
HCl  Hydrochloric acid 
HFCs  Hydrofluorocarbons 
IEA  International Energy Agency 
JRC  Joint Research Centre 
LCA  Life Cycle Assessment 
LPG  Liquid Petroleum Gas 
MEG  Mono-ethylene Glycol 
MtA  Methanol-to-Aromatics 
MTBE  Methyl Tertiary-butyl Ether 
MtO  Methanol-to-Olefins  
NG  Natural Gas 
NGL  Natural Gas Liquids 
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NACE  Nomenclature of Economic Activities 
NaCl  Sodium chloride 
OPEX  Operational expenditure 
PCI  Project of Common Interest 
PDH  Propane Dehydrogenation 
PE  Polyethylene 
PET  Polyethylene terephthalate 
PFCs  Perfluorocarbons 
PP  Polypropylene 
PPA  Power Purchase Agreement 
PS  Polystyrene 
PTA  Purified Terephthalic Acid 
PU  Polyurethane 
PVC  Polyvinyl chloride 
R&D  Research and Development 
REST  Rest of the industry (aggregate product) 
RDF  Refuse-Derived Fuel 
SMR  Steam Methane Reforming 
VCM  Vinyl Chloride Monomer 
VOM  Variable Operations and Maintenance Costs 
WEO  World Energy Outlook 
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APPENDIX 1: FURTHER METHODOLOGICAL CONSIDERATIONS 

APPENDIX 1.1. EMISSION CALCULATIONS BY PROCESS AND 
ALLOCATION RULES 

 

The processes considered in the model are listed below by product: 

• Ethylene: steam cracking. 
• Propylene: steam cracking, Refinery FCC, propane dehydration, metathesis. 
• Benzene: reformate, pygas, coke oven,  
• Toluene : hdrodesalkylation, selective toluene disproportionation, toluene transalkylation. 
• Toluene: reformate, pygas, styrene. 
• Xylene: reformate, pygas, toluene disproportionation, selective toluene disproportionation, 

toluene transalkylation. 
• Methanol: production from natural gas, heavy liquid feedstock and bio-feedstock. 
• Ammonia: production from natural gas. 
• Hydrogen: only merchant hydrogen (neither captively used by the refineries nor in the 

production of ammonia/methanol) is estimated and considered in the scope. As a 
consequence, hydrogen produced from refineries is excluded from the scope. To estimate 
emissions, only on-purpose hydrogen production has been included. Emissions relative to 
hydrogen by-product from electrolysis and steam crackers are de facto included. 1990 is 
excluded both because the size of the merchant hydrogen demand was minor and because 
the quality of available data is low. Hydrogen can also be a by-product of crackers or chloro-
alkali units. 

• Chlorine: diaphragm cell, mercury cell, membrane cell, from HCl, with metal production. 
• Styrene: EB/SM and PO/SM process. 
• Ethylene oxide: catalytic ethylene oxidation. 
• MEG: conventional ethylene oxide hydration, glycerine/sorbitol hydrogenolysis. 
• PTA: Amoco process, Invista process, Mitsubishi process, Eastman process. 
• PE: polymerisation of HDPE, LDPE, LLDPE. 
• PP: polymerisation in bulk slurry, gas phase, hydrocarbon slurry, liquid/gas phase, multiple gas 

phase. 
• PS: GP crystal, high impact, GP/high impact. 
• PVC: suspension, bulk/mass, dispersion/emulsion/microsuspension, copolymer. 
• PET: DMT, PTA, chip 

The emission calculation for the 18 key products were conducted using IHS Markit’s methodology. 
Indeed, as part of its Process Economic Program (PEP), IHS Markit has developed a method to calculate 
GHG emissions associated with chemical processes. The PEP team originated at Stanford Research 
Institute (SRI) in 1963 and has served clients for over 50 years. It provides independent process 
economics assessment of both commercial and emerging processes for the chemical, biochemical, and 
refining industries. 

Eurostat data could not be used as it does not provide a similar level of granularity, grouping some 
individual products with others. upon other authoritative sources, namely IHS Markit, was required.  

The in-depth process analysis is based on: 

• Fundamental process design 
• Simulation 
• Mass and energy balance 
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• Equipment accounting 

PEP is widely recognized as the leader in providing detailed process technology evaluations used by 
process engineers and R&D scientists. It is among the first choice of process economics information 
for most global chemical and energy companies. 

All emission estimates are derived from information extracted from a PEP design using process flow 
diagram and the material balances for each chemical process. The emission data is thus computed by 
multiplying production volumes with theoretical yields.  

More precisely, 

Direct process-related CO2 emissions were calculated using theoretical emission factors that were 
multiplied with the production volumes of the different years. In fact, if there is n (a natural number) 
processes to produce a chemical c, its process-related emissions in a year y (a natural number) are: 

Direct	process	emissions	(chemical	c, year	y)

= 	5emission	factor	(process	i) ∗ production	volume	(process	i, year	y)
!

"#$
 

 

Direct utilities-related CO2 emissions were calculated using theoretical energy yields of the different 
processes multiplied with the production volumes of the different years and theoretical emissions 
factors of the combustion of the different energy vectors, provided by IHS Markit. In fact, if there is n 
(a natural number) processes using p (a natural number) different energy carriers to produce a 
chemical c, its utilities-related emissions in a year y (a natural number) are: 

Direct	utilities	related	emissions	(chemical	c, year	y)

= 	5production	volume	(process	i, year	y)
!

"#$

∗ (5emission	factor	(energy	carrier	j)
%

&#$
∗ theoritical	yield	(process	i, energy	carrier	j)) 

 

Direct CO2 equivalent emissions were afterwards approximated using CO2 /CO2 e ratio calculated based 
on the EEA EU-27 2019 figures and EcoInvent69 product emissions’ factors.  

For process emissions, ammonia emissions have been recalculated using EEA’s 2.B.1 – Ammonia 
Production 2019 figures-based ratio. Methanol, chlorine, and hydrogen have been calculated using 
products’ specific EcoInvent based CO2 /CO2 e ratios. CO2 e emissions of the other key 18 building 
blocks and products have been calculated using EEA’s 2.B.8 – Petrochemical and Carbon Black 
Production 2019 figures CO2 /CO2 e ratio. 

For utilities emissions, all CO2 equivalent emissions have been calculated using EEA’s 1.A.2.c –
 Chemicals 2019 figures. 

 

 
69 Ecoinvent is an LCI database. The datasets in ecoinvent cover a wide array of products, services and processes, from building materials to 
food and from resource extraction to waste management. 
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Among other methods tested to convert IHS Markit CO2 inventory data into full GHG inventory data, 
the EEA/EcoInvent bottom-up approach provided the most accurate results. 

Power purchased CO2 equivalent emissions were calculated using the European Energy Agency’s (EEA) 
yearly emission factors of the electricity grid at a European scale multiplied with the production 
volumes of the different years and theoretical electricity yields of the different processes. In fact, if 
there is n (a natural number) processes to produce a chemical c, its power purchased emissions in a 
year y (a natural number) are: 

Electricity − related	emissions	(chemical	c, year	y)
= 	emission	factor	of	the	electricy	grid	(year	n)

∗ 5(theoritical	electricity	yield(process	i)
!

"#$
∗ production	volume	(process	i, year	y)) 

 

Upstream feedstock-related CO2 equivalent emissions were calculated using theoretical feedstock 
yields of the different processes multiplied with the production volumes of the different years and 
theoretical emissions factors of the upstream of the different fossil feedstocks, computed by IHS 
Markit. In fact, if there is n (a natural number) processes using a feedstock f (a natural number) to 
produce a chemical c, its upstream feedstock-related emissions in a year y (a natural number) are: 

Upstream	feedstock	related	emissions	(chemical	c, year	y)

= 	5production	volume	(process	i, year	y)
!

"#$
∗ upstream	emission	factor	(feedstock	f(i))
∗ theoritical	yield	(process	i, feedstock	f(i)) 

 

Upstream utilities-related CO2 equivalent emissions were calculated using theoretical energy yields of 
the different processes multiplied with the production volumes of the different years and theoretical 
emissions factors of the upstream of the different energy vectors, computed by IHS Markit. In fact, if 
there is n (a natural number) processes using p (a natural number) different energy carriers to produce 
a chemical c, its upstream utilities-related emissions in a year y (a natural number) are: 

Upstream	utilities	related	emissions	(chemical	c, year	y)

= 	5production	volume	(process	i, year	y)
!

"#$

∗ (5upstream	emission	factor	(energy	carrier	j)
%

&#$
∗ theoritical	yield	(process	i, energy	carrier	j)) 

 

In order to avoid double counting of the emissions of the value chains, upstream feedstock-related 
emissions were all allocated to the first product of the chain in our scope. For instance, upstream 
feedstock-related emissions of the polyethylene value chain are allocated to the steam cracking 
process and afterwards split between Ethylene and Propylene on a mass allocation basis. 

Allocation rules and scope considerations are described below in more detail for each product and/or 
process. 
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Ø Ethylene: emissions are calculated at the steam cracker level based on a set of feedstock 
specific yields (ethane, propane, butane, naphtha, gasoil). For simplification, given the project 
scope, emissions are then split across ethylene and propylene based on a mass approach 
considering the specific production ratio per feedstock. 

Ø Propylene: emissions are calculated at the steam cracker level based on a set of feedstock 
specific yields (ethane, propane, butane, naphtha, gasoil). For simplification, given the project 
scope, emissions are then split across ethylene and propylene based on a mass approach 
considering the specific production ratio per feedstock. For refinery grade propylene coming 
out of an FCC unit linked to refineries, only upstream emissions have been considered with no 
direct or power purchased emissions considered with the chemical industry’s scope. Chemical 
and polymer grade propylene from FCC splitters have however specific Direct and power 
purchased emissions associated to the splitter part as well as upstream emissions. 

Ø Benzene, Toluene, Xylene: aromatics production is broken down between the by-product 
routes from reformate/pygas/colo (coken-oven light oil) and the on-purpose routes in the case 
for benzene and mixed-xylene. The capacities and the breakdown between benzene, toluene 
and xylene reflect the configuration of the units and the associated feedstocks (reformate, 
pygas, coke oven). Emissions are calculated at the unit level and distributed based on a mass 
approach across benzene, toluene and mixed xylene. A specific yield set for reformate on one 
hand and pygas/colo on the other hand has been applied. This approach was applied to direct, 
power purchased and upstream emissions. For upstream emissions, only the reformate route 
is considered. Upstream emissions for pygas falls under the cracker emissions while for colo, 
this has not been considered because of the negligible aromatic volume derived from it. 
Feedstock from reformate has all been allocated to Benzene production. 

Ø Methanol: all direct, power purchase and upstream emissions related to methanol production 
through natural gas are allocated to methanol. 

Ø Ammonia: all direct, power purchase and upstream emissions related to ammonia production 
through natural gas are allocated to ammonia. 

Ø Hydrogen: to estimate emissions, only on-purpose hydrogen production has been included. 
Emissions relative to hydrogen by-product from electrolysis and steam crackers are de facto 
included. Energy consumption or CO2 emissions are not allocated to hydrogen but to other, 
principal (e.g. chlorine), products. 

Ø Chlorine: 100% of the process-related emissions have been allocated to chlorine. Scope 3 
upstream feedstock-related emissions are considered negligible for chlorine. 

Ø Styrene: emissions for styrene cover both the ethylbenzene/styrene and the propylene 
oxide/styrene monomer (POSM) routes. For the POSM route, emissions have been associated 
to styrene based on the mass approach. 

Ø Ethylene oxide: direct, power emissions and upstream utilities-related emissions cover the 
catalytic Ethylene oxidation process. Upstream feedstock-related emissions are allocated to 
ethylene. 

Ø MEG: direct, power purchase and upstream utilities-related emissions cover the conventional 
ethylene oxide hydration process. Upstream feedstock-related emissions are allocated to 
ethylene. 

Ø PTA: direct, power purchase and upstream utilities-related emissions cover the Amoco 
process, Invista process, Mitsubishi process and Eastman process. Upstream feedstock-related 
emissions are allocated to xylene.  

Ø PE: direct, power purchase and upstream utilities-related emissions cover the polymerisation 
of HDPE, LDPE, LLDPE. Upstream feedstock-related emissions are allocated to ethylene. 

Ø PP: direct, power purchase and upstream utilities-related emissions cover the polymerisation 
in bulk slurry, gas phase, hydrocarbon slurry, liquid/gas phase, multiple gas phase. Upstream 
feedstock-related emissions are allocated to propylene. 
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Ø PS: direct, power purchase and upstream utilities-related emissions cover the GP crystal, high 
impact, GP/high impact processes. Upstream feedstock-related emissions are allocated to 
Propylene and Ethylene. 

Ø PVC: direct, power purchase and upstream utilities-related emissions cover the Suspension, 
bulk/mass, dispersion/emulsion/microsuspension, copolymer processes. Upstream feedstock-
related emissions are allocated to ethylene. 

Ø PET: direct, power purchase and upstream utilities-related emissions cover the polymerisation 
from PTA and MEG and polymerisation from DMT.  

Ø As for the rest of the industry, emissions have been calculated in two steps for direct and 
power purchased emissions. 

Direct emissions of the rest of the industry were estimated based on the revised EEA 2019 dataset for 
the chemical industry (sum of 1.A.2.c – Chemicals and 2. B-Chemical Industry). The EEA 2019 dataset 
was revised to include information on the utilities’ emissions of Germany, since the baseline does not 
comprise information on the 1.A.2.c- Chemicals category for Germany for historical reasons. The 
estimation of the German utilities’ emissions was extrapolated from a Dechema study70 and validated 
with VCI71. The Germany add-in represented an ~25% uplift on EEA 2019 emissions.  

Then, direct emissions of the rest of the Industry were calculated by subtracting the IHS 18 key 
products’ direct emissions from the EEA 2019 revised baseline (including the Germany add-in). 

For the rest of the industry emissions related to power purchases were estimated by subtracting the 
emissions from the 18 building blocks from the Eurostat 2019 data on EU27 purchased electricity for 
the entire sector A global EU27 2019 EEA emission factor were used to convert Eurostat data into 
MtCO2 e. 

APPENDIX 1.2. FEEDSTOCKS AND EMISSION CALCULATION METHODS 
 

Feedstocks included in the model are the main feedstocks of the different processes listed in Appendix 
1.1. We consider in the terminology ‘feedstock’ any material, coming from outside the chemical 
industry, that is used to produce chemicals. Indeed, the industry point of view is adopted here and 
even though ethylene is technically a feedstock for polyethylene production, it cannot be considered 
as a feedstock for the chemical industry. In our report, the feedstock terminology only refers to non-
chemical products. 

They are composed of: 

Ø Naphtha, which is used in naphtha steam crackers. 
Ø Reformate, which is used in the reformate route for BTX. 
Ø Liquefied natural gas, which is used in butane, ethane and propane steam crackers. 
Ø FCC gasoline, which is used to produce propylene through the FCC process. 
Ø Natural gas, which is used to produce methanol and ammonia. 
Ø Gas oil, which is used in gasoil steam crackers. 
Ø Biogas, which is used to produce methanol. 

 

 

70 Roadmap Chemie 2050 – On the way to a greenhouse gas neutral chemical industry in Germany – 2020 figures 

 

71 VCI: Verband der Chemischen Industrie — the German Chemical Industry Association. 
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When a process produces different outputs, the feedstock consumption is allocated to the main output 
of the process. For instance, in the case of steam crackers, all feedstock consumption is allocated to 
ethylene. Likewise, all reformate consumption is allocated to benzene.  

Feedstock consumption is calculated using IHS Markit PEP, described in Appendix 1.1. All feedstock 
estimates are derived from information extracted from a PEP design using process flow diagram and 
the material balances for each chemical process. The feedstock data is thus computed by multiplying 
production volumes with theoretical yields.  

APPENDIX 1.3. ENERGY CARRIERS AND EMISSION CALCULATION 
METHOD 

 

The energy carriers considered in the landscape report are the main sources of the different processes 
listed in Appendix 1.1. They include: 

Ø Electricity 
Ø Fuel oil  
Ø Natural gas 
Ø Steam, which is considered to be produced from fuel oil without any energy losses. 

Energy consumption is calculated using IHS Markit PEP, described in Appendix 1.1. All energy estimates 
are derived from information extracted from a PEP design using process flow diagram and the energy 
balances for each chemical process. The energy data is thus computed by multiplying production 
volumes with theoretical yields.  

The combustible energy vector used for each process is allocated on the basis of the feedstock. Indeed, 
if a process uses natural gas as a feedstock, it was considered that its combustible energy source is 
natural gas and not fuel oil for simplification purposes. 

IHS Markit does not consider any energy efficiency improvements in its theoretical yields and is thus 
applying energy efficiency levels of 2019 to all its data. To estimate energy efficiency improvements 
between 1990 and 2019, an energy efficiency factor of 48% was applied between 1990 and 2019 
(coefficient corrected for production increase). This corresponds to about 1.0%/year decrease. 

This coefficient has been calculated looking at the energy yield (MJ/t) increase between 1990 and 2019 
using Eurostat’s energy consumption and production data for the petrochemical industry. This 
estimate thus includes process efficiency as well. 

The consistency with EEA 1990 emission data and Eurostat 1990 electricity consumption data has been 
verified and validated. 

The rest of the industry energy consumption has been calculated by using Eurostat Energy Balance and 
by subtracting our 18 products estimate. 
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APPENDIX 2: TECHNOLOGY SELECTION 
 

APPENDIX 2.1. TECHNOLOGY LONG-LIST 
 

Output/category Process/technology Existing technology High 
impact TRL 

Ammonia Haber-Bosch ammonia synthesis x     
Ammonia Plasma + electrochemical conversion       
Methanol Methanol synthesis from syngas x     
Methanol Methanol via CO2 + H2   x High 
Syngas Syngas via SMR x     
Syngas Syngas via biomass gasification   x High 
Syngas Syngas via plastic waste gasification   x High 
Syngas Syngas via coke oven gas reforming     High 
Syngas Autothermal reforming x     
Chlorine Sodium chloride electrolysis x     
Hydrogen Reformed Syngas to H2 and CO2 removal   x High 
Hydrogen PEM electrolysis     High 
Hydrogen SOEC electrolysis     Medium 
Hydrogen Alkaline electrolysis   x High 

Hydrogen Methane pyrolysis to hydrogen and solid 
carbon 

    Low 

Olefins Naphtha steam cracking x     
Olefins Ethane steam cracking x     
Olefins LPG steam cracking x     
Olefins Gas oil steam cracking x     

Olefins Conventional steam cracking w/drop in 
bionaphtha 

      

Olefins Conventional steam cracking w/ crude tall oil 
bionaphtha 

      

Olefins Conventional steam cracking w/ plastic waste 
pyrolysis oil feedstock 

      

Olefins Methanol-to-olefins   x High 
Olefins Electrified steam cracking   x   
Olefins Naphtha catalytic cracking       
Olefins Dissolution and separation of PE, PP     Low 
Ethylene Bioethanol dehydration   x High 
Propylene Propane dehydrogenation x     
BTX Biomass gasification to BTX     Low 
BTX BTX via biomass pyrolysis and upgrading     Low 
PE Polymerisation x     
PET Polymerisation x     
PET Bio based PET alternatives     Medium 
MEG MEG production x     
PP Polymerisation x     

PS 
Polystyrene production (aggregated 
ethylbenzene production, styrene production, 
and polymerisation) 

x 

    
PTA PTA production x     

PVC PVC production (aggregated vinylchloride 
production and polymerisation) 

x 
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Output/category Process/technology Existing technology High 
impact TRL 

Ethylene oxide Direct oxidation from ethylene x     
Plastics recycling Plastic waste pyrolysis for mixed plastic waste   x High 

Plastics recycling Plastic waste gasification to syngas with mixed 
plastics 

  x High 

Plastics recycling Plastic waste gasification to olefins + BTX     Low 
Plastics recycling PVC recycling process     Medium 
Plastics recycling Chemical recycling to B-HET (PET monomer)     Low 
Heat generation Natural gas boilers x     
Heat generation Natural gas CHP x     
Heat generation Electric boiler   x High 
Heat generation Heat pump       
Heat generation Biomass boiler   x High 
Heat generation Biogas burner       
Heat generation Hydrogen boiler   x High 
Heat generation Geothermal       
Heat generation Hydrogen burners   x High 

Carbon capture Add-on for low concentrations (utilities & 
steam crackers) 

  x High 

Carbon capture Add-on for high concentrations (eg. SMR, 
ethylene oxide) 

  x High 

CO2 transport 
and storage Pipeline transport   x High 

CO2 transport 
and storage Underground storage   x High 

Carbon capture Blue H2 via ATR from fuel gas       
Plastics recycling PS recycling by dissolution       
Olefins Olefins via Fischer Tropsch       
Olefins Olefins via DME       
Olefins Olefins via biomass pyrolysis and upgrading       
BTX Methanol-to-aromatics       
Plastics recycling Mechanical recycling       
Carbon capture Direct air capture       

Polymers Sugar fermentation to ethanol and lactic 
acid/PLA       

Hydrogen Methane pyrolysis to hydrogen and acetylene 
+ hydrogenation of acetylene to ethylene       

Propylene Ethene to propene metathesis       
Olefins Methane oxidative dehydrogenation - Siluria       
Hydrogen ATR + heat recovery       
Olefins Polyurethanes       
Olefins Cellulose-acetate       
Polystyrene  PS recycling by pyrolysis       
PET Chemical recycling to PET bottle grade       
Olefins Partial electrified naphtha steam cracking   x   
Methanol Methane plus CO2 dry reforming      
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APPENDIX 2.2. SELECTED NEW ABATEMENT TECHNOLOGIES – TECHNICAL 
DESCRIPTION 

 

Low-carbon heat and steam supply:  

Electric boiler: Electric boilers, also known as electrode boilers, produce steam. Typical boilers of this type 
are in the range of 0–60 MW, with the most common ones having a capacity of 5 to 50 MW. The generic 
technology included in the model comprises a 20 MW boiler, producing steam between 100 and 350 °C. 
For an improved analysis, two different operating pressures were included: up to 20 bar and between 40–
80 bar. 

Electric boilers contribute to climate neutrality when emissions from purchased electricity are lower than 
the emissions that would occur from an alternative steam-generating utility. 

Biomass boiler: Biomass boilers can be used to produce steam and/or medium-to-low temperature heat. 
The generic technology included in the model describes a 20 MWth boiler, producing steam between 100 
and 350 °C.  

Hydrogen boiler: Hydrogen boilers can produce steam and/or medium-to-low temperature heat. The 
chosen generation technology describes a 50 MWth boiler, producing steam between 100 and 500 °C. 

High temperature hydrogen burner: Hydrogen burners can be used to produce high-temperature heat –
 i.e. above 500 °C. The selected burner has a heat-generating capacity of 50 MWth. 

Alternative processes enabling the use of low-carbon energy:  

Electrical cracker: Electrified steam-crackers use electricity, rather than fossil fuel combustion, to produce 
very-high-temperature heat to convert long hydrocarbon molecules like naphtha, into high-value 
hydrocarbons. This abatement technology replaces the conventional CO2-intensive one to produce 
ethylene and propylene as the main products. Hydrogen, fuel gas, acetylene, butadiene, other C4s, 
pyrolysis gasoline, aromatics and fuel oil are other by-products. The fact that electrification can only occur 
gradually is considered in the model, with a partial electrification of the crackers included in intermediary 
years. Due to the replacement of fossil fuels in the cracking furnaces, there would be an excess of fuel gas 
in the system, hence it is important that this fuel gas has a further low-carbon usage.   

Methane (and fuel gas) pyrolysis to H2 and solid carbon: This thermal decomposition process splits the 
methane molecule directly into its components: hydrogen and carbon. The great advantage of this 
technology is the production of a CO2-free hydrogen. The carbon by-product could potentially be 
marketable, which would improve the economics of the process. This technology is still being tested at a 
laboratory scale. The excess fuel gas from the Electrified steam-cracker could be used as feedstock for this 
technology.  

Water/Alkaline electrolysis for renewable hydrogen: Electrolysers use electricity to separate high-purity 
water molecules to produce hydrogen and oxygen, both with > 99% purity. Low-temperature heat is also 
produced in this process. Although this a mature technology, significant cost reductions are expected with 
mass deployment and manufacturing improvements. 

Ammonia from low-carbon hydrogen: This technology converts hydrogen and nitrogen into ammonia. The 
reaction is the same as the one in the conventional Haber-Bosch process; the main difference is the use of 
climate-friendly hydrogen climate-friendly hydrogen – coming from renewable and other low-carbon 
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sources – as the feedstock rather than steam-reformed natural gas. Ammonia synthesis is an exothermic 
reaction. Electricity is required for the air separation unit.  

Circular carbon feedstocks:  

Plastic waste pyrolysis to circular naphtha (i.e. pyrolysis oil): Pyrolysis is a process where plastic is thermally 
cracked due to rapid heating in the absence of oxygen, reducing the plastic’s long polymer chains into 
much shorter hydrocarbons. This process takes place in four stages, resulting in the production of vapours 
and char. The pyrolysis process occurs in a fluidised bed reactor at atmospheric pressure and at a fixed 
reaction temperature. Thermal cracking of plastics occurs within the temperature range of 450–650°C, 
depending on the heating rate and the composition of the plastic waste. The reaction temperature directly 
influences the pyrolysis product yields. The pyrolysis vapours include both condensable and non-
condensable gases. The condensable gases deliver the oil that, after being upgraded to naphtha, can be 
used as feedstock in the steam-crackers. The composition of the non-condensable gas depends on the 
mixture of the plastic waste that is being pyrolysed, although the main components are hydrogen, along 
with C1, C2, C3 and C4 hydrocarbons. Char is a carbon-rich, solid by-product. The combustion of these by-
products (i.e. char + the non-condensable gases) satisfies the pyrolysis thermal energy demand; hence no 
external heat source is needed, and a surplus of heat can even be exported. Electricity is also required in 
this process. CO2 emissions are released during the combustion step.  

Although the plastic waste composition can vary significantly, the generic technology included in the 
model assumes the waste is composed of 50% polyethylene, 25% polypropylene and 25% polystyrene.  

Polystyrene pyrolysis: This technology turns polystyrene plastic waste into a liquid styrene product with a 
99.9% purity. The plant includes a rotary-kiln pyrolysis reactor and a distillation train that isolates the liquid 
products. Pumps, blowers, and storage equipment are also required. Heat and electricity are optimally 
integrated using heat exchangers to reduce the cost of purchased utilities. In addition to the polystyrene, 
the reaction also yields useful liquid fuel products – such as ethylbenzene, toluene, and methylbenzene –
 which could be sold. 

Plastic waste gasification to circular syngas for methanol: This process converts municipal solid waste 
(RDF) into methanol via gasification. Gasification is the thermal conversion of any carbon-based material 
with a small amount of air or oxygen in a heated chamber, into a mixture of combustible gases – hydrogen, 
carbon monoxide, carbon dioxide and some trace compounds – known as syngas. The syngas is then 
converted into methanol in an endothermic reverse water-gas shift reaction, using Cu-ZnO as the catalyst. 
Electricity is used as the main energy source in this process. 

PET chemical recycling by Solvolysis: B-HET and PTA (PET monomers) can be recycled via catalytic glycolysis 
with MEG (mono ethylene glycol) in a process called Solvolysis. The steps of the process are: 1) reaction 
with MEG; 2) settling tank/adsorption bed; 3) crystallisation; 4) filtration to separate MEG from the solids; 
5) drying; 6) extrusion of pellets; 7) distillation of the liquid bath with MEG to be reused in a closed loop. 
This depolymerisation technology can process various types of PET (including coloured one), which is an 
advantage when comparing it to mechanical recycling. The recycled B-HET and PTA can also present a 
higher quality compared to their PET input. Both B-HET and PTA can be used in the polymerisation process 
that produces PET. 

Polystyrene (PS) chemical recycling by Dissolution: Polystyrene plastic waste can be recycled via chemical 
Dissolution. The steps of this process are: 1) solvent dissolution; 2) removal of solid impurities and 
precipitation, turning the PS into a gel, while leaving the additive HBCD in the liquid phase; 3) gel 
separation and drying, becoming a granulated polymer; 4) distillation of the liquid bath with the additive 
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to be reused (closed loop); 5) proper treatment of the residue containing the HBCD. Electricity and steam 
are both required in this process. 

This technology can recycle Expanded Polystyrene (EPS), which is commonly used as an isolation material 
in the construction sector and has been processed with brominated flame retardants. Dissolution facilities 
are expected to be repurposed to be able to accept as feedstock PS coming from e-waste (waste from 
electronics). PS from packaging is most likely to be recycled via pyrolysis.  

Ethylene from bioethanol dehydration: In this technology, ethanol is dehydrated to produce Ethylene. The 
reaction is carried out between 300–500 °C using aluminium oxide catalysts. Steam is used to heat and 
evaporate ethanol before entering the reactor. The hot stream leaving the reactor is used to generate 
steam internally to be reused in the process; hence, additional external steam is not required. Since the 
reaction is endothermic, furnaces are required to produce fire heat. Emissions from the furnaces are 
related to their energy consumption and vary depending on the fuel chosen by the model. 

Biomass gasification to bio-syngas to methanol: This process consists on gasifying biomass using oxygen 
that comes from an air separation unit (ASU) to produce syngas. The syngas is cleaned, and the CO2 and 
sulphur content are removed. The syngas is then converted into methanol in a catalytic reactor. The 
mixture leaving this reactor undergoes a distillation step and high concentration methanol is obtained (> 
99wt%). Electricity is required for the ASU and distillation steps. On-site heat recovery avoids the use of 
external heat for the different stages of the process. Although the type of biomass used as feedstock can 
vary widely – from municipal solid waste to agricultural residues – woody biomass (lignocellulosic) was 
considered as the generic feedstock in the model.  

CO2 as feedstock for methanol: Methanol synthesis from H2 and captured CO2 could be the basis for an 
entirely fossil-free chemicals’ production chain (if the sources of the carbon dioxide and hydrogen are also 
fossil-free). Methanol synthesised from captured CO2 and H2 can be used as a final product or as an 
intermediary product to obtain olefins and aromatics (see next technology). Commercial methanol is 
mainly synthesised from natural gas via syngas and a mixture of CO, H2 and CO2. Methanol production 
from CO2 and H2 occurs under similar process conditions as the conventional one, yet its yield is much 
lower, given that a third of the H2 ends up as water. The reaction is exothermic, where the heat produced 
can be used for further distillation and compression stages. Cu-ZnO (the typical catalyst used in 
conventional methanol synthesis) is not optimal for CO2-to-Methanol, hence research for new catalysts 
may be incentivized as this route gains interest.  

Methanol-to-Olefins (MtO): Methanol-to-Olefins is an alternative process to the production of Olefins 
from a naphtha cracker. Methanol can be produced using several renewable and non-renewable routes 
and it is later converted into olefins (carbon selectivity of 78% – 82%) at around 500 °C and 250 kPa over 
SAPO-34-type zeolite catalyst. The different olefins produced – primarily ethylene, propylene, a fraction of 
C4s and LPG – are recovered in a distillation train similar to the one currently used in the petrochemical 
industry. Water is obtained as a by-product. Steam and electricity are required in the process. 

CO2 capture, transport, and storage technologies:  

CO2 capture: CO2 capture technologies are classified into two categories:  
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High purity: High purity CO2 (> 95% in volume) is captured from flue gas72 streams in the chemical sector, 
where further separation stages are not required. The only steps required in this process are 
compression/liquefaction, drying and limited purification. Power is used mainly to compress the CO2 to 35 
bars, the level needed for gaseous pipeline transport. 

Low purity: Chemical absorption with amine scrubbing is the most mature post-combustion CO2 capture 
technique. This process uses MEA solvents (amine) to capture CO2 coming from low-purity gas streams (up 
to 20% in volume of CO2 concentration in the flue gas) in the chemical sector. Costs and energy 
requirements are highly dependent on the concentration of CO2 in the gas stream – high purity sources of 
CO2 can be captured more easily and at lower costs, while lower purity sources require more energy and 
more costly equipment. As in the high purity case, power is used mainly for compressing the CO2 to 35 
bars, the level needed for gaseous pipeline transport. Thermal energy (steam) is needed for the recovery 
boiler, where solvents are regenerated to be re-used in the process. The CO2 output stream has a 95% 
purity. 

CO2 pipeline transport: CO2 can be transported in several ways. Only pipeline transport is included in the 
model; however, both inland (onshore) and subsea (offshore) transport are considered. Inland transport 
takes the CO2 from sequestration facilities to coastal areas, and later subsea transport moves the CO2 from 
coastal areas to offshore wells. 

CO2 underground storage: CO2 can be stored in various sites throughout Europe, both onshore and 
offshore, and in different geological formations: depleted oil and gas fields, offshore aquifers in the North 
Sea and onshore aquifers. Hence, storage capacity and costs vary widely. Onshore storage is subject to 
acceptability issues across Europe. The model takes a conservative approach and only focuses on offshore 
storage sites, including reusable wells. 

Blue H2 via ATR with CCS: Autothermal Reforming (ATR) is a process for producing syngas by partially 
oxidizing a hydrocarbon feed with oxygen and steam, and a subsequent catalytic reforming step. Low-
carbon hydrogen production includes a CO2 capture unit.  

  

 

 
72 Flue gas refers to a chemical by-product substance that is generated as a result of a combustion reaction that has escaped through long pipes 
such as those in boilers, furnaces or steam generators.  
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APPENDIX 3: DETAILED EXPLANATION ON ESTIMATION BIOMASS POTENTIAL IN 
THE EU27 

1 Introduction 
This Appendix presents a briefing on the methodology used to develop an estimation of the availability of 
sustainable biomass for the European chemical industry for the period 2020 to 2050, and the key findings. 
The analysis is based on a literature study, and results are intended to feed into the iC2050 model 
developed for Cefic.  

2 Approach 

2.1 Scope 

Time period 

The biomass availability estimation considers the period from 2020 to 2050, at a five-year step granularity. 
Most data sources do not provide such a detailed timeline, but rather look at the biomass potential in one 
or two years in the future (mostly 2030 and/or 2050). Based on these data, we provide an estimate of the 
development over time.  

Geographical scope 

The estimation of total sustainable biomass availability is split up geographically into two parts: biomass 
produced in the EU, and biomass imported to the EU from the rest of the world. Biomass demand from 
other sectors, assessed in chapter 6, is estimated for the EU only.  

Sustainable potential 

Different types of biomass potential can be discerned. Two main ones assessed in literature are the 
‘technical potential’ and the ‘sustainable potential’. The technical potential represents the amount of 
biomass that could technically be supplied, taking into account technical/physical limitations to the 
production, collection and transport of biomass, and leaving out biomass that is used for the production 
of food, animal feed and clothes. Regarding forestry, trees used for the wood processing industry are often 
excluded from the technical potential estimation as well, when considering the availability of forestry 
streams for energy production or as feedstock for other industries. 

The sustainable potential represents the amount of biomass that could be supplied in a sustainable way. 
Because different sustainability criteria can be considered here, many different definitions of ‘sustainable 
biomass potential’ exist. The overall sustainable biomass potential is considerably lower than the overall 
technical potential because the harvesting of trees and plants that lead to environmental damage 
(according to the applied definition of sustainability) are not included in the sustainable potential. 

In this report and project, we only consider the sustainable biomass potential.  

Biomass categories 

Different generic biomass categories can be distinguished. One common way of differentiation is to look 
at the origin of the biomass: 

• Production streams for agriculture 
• Residual streams from agriculture 
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• Production streams for forestry 
• Residual streams from forestry 
• Production streams for aquaculture 
• Residual streams from aquaculture 

In the residual streams, a further distinction can be made between primary, secondary and tertiary residue 
streams. Primary residues are typically parts of plants that are left behind on the field or in a forest after 
harvest, secondary residues are biomass residues that remain behind in a production process (e.g. in a 
sawmill), tertiary residues are biomass products usually interpreted as waste, such as organic waste from 
households (CE Delft and RH DHV, 2020).Each biomass category consists of various subcategories and 
types of feedstocks. For example, production streams from agriculture include the subcategories of sugar 
crops, starch crops, oil crops and lignocellulosic crops. Unfortunately, different organisations and studies 
use different categorisations. 

When considering the suitability of each of these biomass categories for use in the chemical industry, it 
seems that all could be used as a feedstock and/or as an energy source. Therefore, we do not exclude any 
biomass category from our analysis73. However, not all types of biomass considered here are suitable 
feedstock for all processes considered in the iC2050. We do not analyse this suitability in this report, that 
was part of the technology assessment of the project.  

2.2 Methodology 

The main research steps are listed below and visualised in Figure 69.These lead to an estimation of the 
sustainable biomass potential for the European chemical industry, in the form of quantitative scenarios 
for 2020 to 2050 with a five-year interval. The analysis and outcomes of the different steps are presented 
in the next section. 

 
1) Estimation of sustainable biomass potential in the EU: For this first step, we use the ENSPRESO 

dataset on biomass from JRC (JRC, 2020), which has been compiled for the purpose of energy 
modelling (Ruiz et al, 2019). This dataset is of a recent year, includes a large list of biomass 
categories (compared to other sources), three different sustainability scenarios, and estimations 
for various years (2010, 2020, 2030, 2040 and 2050). It was also confirmed that the data are in line 
with a number of other recent studies, such as (CE Delft and RH DHV, 2020) and (EC, 2020). The 
database was developed for energy modelling purposes, not for feedstock for the (chemical) 
industry, but both applications use the same types of biomass. The data therefore represent 
sustainable biomass potential for both energy and feedstocks. We adopt these scenarios, and add 
estimations for the missing years, by means of interpolation. 
 

2) Estimation of the import potential for the EU: In order to estimate the amount of sustainable 
biomass that could be imported to the EU from the rest of the world, we first present the results 
of a literature study of the global sustainable biomass potential that was carried out within the 
Dutch ‘Bio-Scope’ project (CE Delft and RH DHV, 2020). To allow for comparison with the EU 
potential found in the previous step, these results are adapted to the biomass categorisation used 
in ENSPRESO. Next, we present the results of a literature study of sustainable biomass export 

 

 
73 Note that aquatic biomass is not considered here. Research into large-scale production is ongoing but still at an early stage, so that reliable 
estimates for future growth of this potential do not yet exist.  
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potential to the EU that was performed within the European ADVANCEFUEL project (Hoefnagels 
& Germer, 2018). We then discuss the Bioscope and ADVANCEFUEL estimations and use these to 
estimate the sustainable biomass EU import potential for the future decades. 

3) Estimation of the biomass potential for the EU: We can then add up the biomass potential in the 
EU and the export potential to the EU to get the total sustainable biomass potential for the EU in 
future years. 
 

4) Assessment of competing demand for sustainable biomass, resulting in three scenarios for 
sustainable biomass availability for the European chemical industry: In this step, we first assess 
how the demand for sustainable biomass will develop in other sectors and industries in the EU 
between now and 2050. This then leads to an estimate of how much of the total sustainable 
biomass potential for the EU could become available for the European chemical industry – the 
final result of this analysis which is used in the scenarios of the iC2050. 
 
 

 
 

Figure 69: Research steps 

 

3 Sustainable biomass potential in the EU 
To estimate the sustainable biomass potential that will become available within the EU, we make use of 
the ENSPRESO biomass dataset (JRC, 2020), which has been developed by JRC for the purpose of energy 
modelling (Ruiz et al, 2019). This dataset is of a recent year, includes a large list of biomass categories 
(compared to other sources), three different sustainability scenarios, and estimations for various years. 
We adopt both the biomass categorisation and the set of scenarios used by the JRC in our report. The 
three JRC scenarios, called ‘High’, ‘Medium’ and ‘Low’, use a different set of assumptions that relate to the 
strictness of the applied sustainability criteria and the productivity of agriculture and forestry. Key 
parameters that vary between the different scenarios are (JRC, 2020): 
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• Productivity of energy crops (available land, yield increase), limitations of feedstocks and available 
land for biomass crops. 

• The share of agricultural residues available for energy and feedstock. 
o This depends on competition for alternative use, collection ratio of residues, harvest ratios 

for pruning, straw, etc. 
• Timber demand and harvesting techniques. 
• Competing use for stem wood and residues from forestry, wood and pulp & paper industries. 
• Collection ratio and competing use of various biomass waste streams. 

To illustrate the rationale behind the scenarios: The ‘Low scenario’ applies the strictest sustainability 
criteria and is also most conservative in productivity rate increases. Moreover, in the Low scenario it is 
assumed that fewer policy stimulation measures are in place, leading to lower levels of mobilisation of 
domestic biomass supply.Using the ENSPRESO biomass dataset, we arrive at an estimation of the 
sustainable biomass potential in the EU, for the scenarios Low, Medium and High, for the years 2020, 2030, 
2040 and 2050, as shown in Table 15 and Figure 70: Sustainable biomass potential in the EU, in the Low 
scenario (Mt dry matter)Figure 70 to Figure 72.We make the following main observations: 

• In the Medium scenario, the total sustainable biomass potential remains relatively stable over 
time. 

• Biomass streams from agriculture and forestry have a similar contribution. 
• The potential in the Medium scenario is estimated to be 1.4 to 1.6 times higher than the potential 

in the Low scenario. The potential in the High scenario is 2.2 to 2.8 times higher than in the Low 
scenario.  

• The range in biomass availability is mainly due to different estimates for the potential for primary 
forestry residues, followed by lignocellulosic crops, agricultural residues and manure. 

  

  2020 2030 2040 2050 
Low scenario 

 Agriculture  219 235 246 248 
 Forestry  228 193 193 164 
 Total  447 428 440 412 

Medium scenario 
 Agriculture  304 337 345 350 
 Forestry  304 276 279 294 
 Total  608 613 623 644 

High scenario 
 Agriculture  447 501 519 535 
 Forestry  556 575 580 610 
 Total  1.003 1.077 1.099 1.145 

 

Table 15: Sustainable biomass potential in the EU in all scenarios, based on JRC (ENSPRESO - Biomass, 
2020) (Mt dry matter)  
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Figure 70: Sustainable biomass potential in the EU, in the Low scenario (Mt dry matter) 

 

 

Figure 71: Sustainable biomass potential in the EU, in the Medium scenario (Mt dry matter) 
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Figure 72: Sustainable biomass potential in the EU, in the High scenario (Mt dry matter) 

 

To confirm that these data are realistic, we compared them to our findings in the Bio-Scope study, see 
Annex A. 
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4 Import potential of sustainable biomass to the EU 
To estimate the import potential of sustainable biomass to the EU, we first estimate the global sustainable 
biomass potential, excluding the European potential. Secondly, we estimate which part of the biomass 
potential in the rest of the world could become available to be imported by the EU. 

4.1 Global potential including the EU 
The Bio-Scope study (CE Delft and RH DHV, 2020) included an extensive literature analysis regarding the 
global biomass potential that could become available as a source for energy and industry feedstock. The 
main results from the Bio-Scope literature study on the global sustainable biomass potential are shown in 
Figure 73.74.  

 

 
 

Figure 73: Sustainable biomass potential worldwide from the Bio-Scope study (Mt dry matter) 

 
These results show that the global sustainable potential in agriculture in 2030 could be a factor 2.5 to 3.5 
larger than current biomass production, and the sustainable potential in forestry by a factor 1 to 2. 
Furthermore, the sustainable potential from agriculture in 2050 is estimated to lie within the range for 
2030. More efficient farming and the use of degraded lands for agriculture may improve biomass 
production, but a growing world population and a possible reduction of arable land due to soil depletion, 
desertification and flooding may cancel out such developments.  

Similarly, we see that the estimated sustainable potential from forestry in 2050 lies within the same range 
as in 2030, indicating that the availability of sustainable biomass from forests may not increase between 
2030 and 2050 either. In many climate modelling scenarios from the IPCC and other institutes, 

 

 
74 For an overview of the literature that was assessed to arrive at these data, we refer to (CE Delft and RH DHV, 2020) 
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afforestation and forest conservation are important measures to mitigate global warming, limiting the 
availability forest resources for our economies. These measures are also important to protect ecosystems. 
Therefore, it is well conceivable that the sustainable potential of biomass from forestry will stabilise 
between 2030 and 2050, despite possible improvements in forestry management. 

4.2 Potential in the rest of the world (outside the EU) 

Based on these data, we estimated the sustainable biomass in the rest of the world outside the EU. Results 
are shown in Table 16. These were derived by taking the following steps: 

• The main input data is formed by the global biomass potential reported above, from the Bio-Scope 
study. 

• We subtracted the Bio-Scope estimations of the EU potential from the global biomass potential 
estimations from the same study. The resulting values represent an estimation of the potential in 
the rest of the world. 

• Next, we reclassified the biomass categories that were used in Bio-Scope to match the categories 
list used in JRC ENSPRESO (JRC, 2020), and adapted the data accordingly. This involved the 
following: 

o The agricultural production stream from Bio-Scope was divided into sugar crops, starch 
crops and oil crops using the shares of these biomass types that were given in the 
ENSPRESO data for the EU. 

o The potential for lignocellulosic crops was not included in the Bio-Scope data and needed 
to be added. For 2050, a potential of 3.6-57 EJ was included, which is based on estimation 
of ‘global tradable resources’ in CCC (Biomass in a low-carbon economy, 2018). We 
assume that 25% of this potential is reached in 2030, and that the potential in the current 
situation is equal to zero. 

o Specific estimates of municipal solid waste, sewage sludge, manure and landscape care 
wood were not included in the Bio-Scope data. We assume that these biomass resources 
are not available for global trade. 

o The estimation of tertiary residues from forestry from Bioscope have been added to the 
secondary forestry residues category. 

  2020 2030   2050   
    Min Max Min Max 
Sugar crops 81 1280 1187 880 880 
Starch crops 37 424 393 249 249 
Oil crops 40 85 297 200 200 
Lignocellulosic crops 0 53 838 212 3353 
Agricultural residues 1412 988 2541 3529 4412 
Manure 0 0 0 0 0 
Municipal solid waste 0 0 0 0 0 
Sewage sludge 0 0 0 0 0 
Roundwood 718 1065 1735 971 971 
Primary forestry residues 1338 294 271 694 1106 
Secondary forestry residues 1362 682 647 959 982 
Landscape care wood 0 0 0 0 0 
Sum 4988 4871 7909 7694 12153 

Table 16: Sustainable biomass potential in the rest of the world, based on Bio-Scope study (Mt dry 
matter) 
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4.3 EU import potential 

Only a limited amount of the sustainable biomass potential in the rest of the world will be available for 
export to the EU, because the countries of origin and other world regions will demand their share as well. 
Within the European ADVANCEFUEL study, Hoefnagels & Germer (Supply potential, suitability and status 
of lignocellulosic feedstocks for advanced biofuels - D2.1 Report on lignocellulosic feedstock availability, 
market status and suitability for RESfuels, 2018) have performed a literature study of the export potential 
to the EU of solid biomass and biofuels. The resulting comparison of findings from literature for solid 
biomass is shown in Figure 74. 

 
 

Figure 74: Comparison of export potential scenarios of solid biomass to the EU compared to imports in 
2014 from ADVANCEFUEL study (Mtoe) (Hoefnagels & Germer, 2018) 

 
Summing up the minimum and maximum estimations of the EU import potential for solid biomass and 
biofuels from Hoefnagels & Germer (Supply potential, suitability and status of lignocellulosic feedstocks 
for advanced biofuels - D2.1 Report on lignocellulosic feedstock availability, market status and suitability 
for RESfuels, 2018), we obtain a range for the total import potential in 2020, 2030 and 2050. See Table 17 
for the results.When we compare the sustainable biomass potential in the rest of the world (as estimated 
in the previous section) with the EU import potential, we find a maximum EU import share of 2.0%.  

 



196

 

196 
 

 

 

  2020 2030 2050 
  Min Max Min Max Min Max 
Biomass potential in rest of the world 
(see previous section) (Mt dry 
matter) 

4988 4988 4871 7909 7694 12153 

EU import potential, based on 
ADVANCEFUEL study (Mt dry matter) 

20 97 32 161 42 228 

EU import share based on 
ADVANCEFUEL 

0.4% 1.9% 0.7% 2.0% 0.6% 1.9% 

Table 17: Estimation of EU import share based on ADVANCEFUEL (Hoefnagels & Germer, 2018) 

 

According to the lead author of the ADVANCEFUEL fuel project deliverable, an EU import share of 1 to 2% 
is not unexpectedly low. After all, sourcing countries will first fulfil their own biomass demand, and other 
world regions compete with the EU for biomass. Moreover, the capacity to mobilise and process biomass 
resources in the different sourcing countries is an important limiting factor for export.75 Nevertheless, 
there are two reasons why we consider that the calculated import shares may be somewhat too 
conservative: The studies/scenarios collected by Hoefnagels & Germer (Supply potential, suitability and 
status of lignocellulosic feedstocks for advanced biofuels - D2.1 Report on lignocellulosic feedstock 
availability, market status and suitability for RESfuels, 2018) look at a limited amount of countries, and do 
not consider all biomass streams that were included in the Bio-Scope study. To take these caveats into 
account, we estimate that the EU import share could increase to 3.0% of the global potential outside the 
EU and applied this value to the estimation of the biomass potential in the rest of the world from the 
previous subsection. To then also take into account the uncertainty in global potential, we developed three 
different scenarios that can align with scenarios for EU biomass availability. We used the minimum and 
maximum estimations from Bio-Scope for the Low and High import scenario, respectively. The values for 
the Medium scenario were then determined by using the same ratios to the ones in the Low and High 
scenario of the EU ENSPRESO data. The values for 2020 are the same for the different scenarios, because 
this year represents the current situation. The results are shown in Table 18. 

 
 

2020 2030 2050 
Scenario Low Medium High Low Medium High Low Medium High 
Sugar crops 2 2 2 38 38 36 26 26 26 
Starch crops 1 1 1 13 12 12 7 7 7 
Oil crops 1 1 1 3 4 9 6 6 6 
Lignocellulosic crops 0 0 0 2 8 25 6 36 101 
Agricultural residues 42 42 42 30 43 76 106 114 132 
Manure 0 0 0 0 0 0 0 0 0 
Municipal solid waste 0 0 0 0 0 0 0 0 0 

 

 
75 Ric Hoefnagels, University of Utrecht, personal communication, April 2021. 
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Sewage sludge 0 0 0 0 0 0 0 0 0 
Roundwood 22 22 22 32 38 52 29 29 29 
Primary forestry residues 40 40 40 9 9 8 21 25 33 
Secondary forestry 
residues 

41 41 41 20 20 19 29 29 29 

Landscape care wood 0 0 0 0 0 0 0 0 0 
Total 150 150 150 146 172 237 231 273 365 

 
Table 18: Estimation of EU import potential (Mt dry matter) 

 

5 Availability of sustainable biomass for the EU 
To estimate the availability of sustainable biomass for the EU, we simply add up the estimations of the 
sustainable biomass potential in the EU from section 3 and the estimations of the EU import potential from 
section 0. This leads to the outcomes shown in Figure 75 to Figure 77 and in Table 19. 

We can make the following main observations: 

• Most of the available sustainable biomass will come from the European Union itself. The share of 
sustainable biomass that could come from outside the EU is limited to 25-36% of the total 
availability in the Low scenario, and 13-24% in the High scenario.  

• The sustainable biomass potential increases over time in the Medium and High scenario. The 
estimated availability increases between 2020 and 2050 by 8% in the Low scenario, 21% in the 
Medium scenario, and 31% in the High scenario. 

• Biomass streams from agriculture and forestry have a similar contribution, especially in the High 
scenario. In the Low and Medium scenarios, the share of agricultural biomass rises from ca. 45% 
in 2020 to ca. 60% in 2050. 

• The potential in the Medium scenario is estimated to be 1.3 to 1.4 times higher than in the Low 
scenario. The potential in the High scenario is 1.9 to 2.3 times higher than in the Low scenario. 

To put these data in perspective, a comparison with some key data of the current situation is included in 
Annex B. 
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Figure 75: Availability of sustainable biomass for the EU in 2030 and 2050, including imports (Mt dry 

matter) 

 

 

Figure 76: Availability of sustainable biomass for the EU, in the Low scenario, including imports (Mt dry 
matter) 
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Figure 77: Availability of sustainable biomass for the EU, in the Medium scenario, including imports (Mt 

dry matter) 

 
Figure 78: Availability of sustainable biomass for the EU, in the High scenario, including imports (Mt dry 
matter) 
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  2020 2025 2030 2035 2040 2045 2050 
High availability scenario  
 Sugar crops  40 85 86 86 40 85 86 
 Starch crops  13 28 26 24 13 28 26 
 Oil crops  15 21 20 20 15 21 20 
 Lignocellulosic crops  148 203 242 279 148 203 242 
 Agricultural residues  154 192 215 252 154 192 215 
 Manure  93 93 94 95 93 93 94 
 Municipal solid waste  29 34 41 48 29 34 41 
 Sewage sludge  2 2 3 4 2 2 3 
 Roundwood  154 196 199 205 154 196 199 
 Primary forestry residues  376 336 330 370 376 336 330 
 Secondary forestry 
residues  

100 86 91 91 100 86 91 

 Landscape care wood  29 38 36 36 29 38 36 
 Total  1.153 1.314 1.382 1.510 1.153 1.314 1.382 
Medium availability scenario 
 Sugar crops  37 82 81 81 37 82 81 
 Starch crops  12 27 24 23 12 27 24 
 Oil crops  14 15 18 18 14 15 18 
 Lignocellulosic crops  97 122 132 144 97 122 132 
 Agricultural residues  104 103 136 170 104 103 136 
 Manure  62 62 63 64 62 62 63 
 Municipal solid waste  24 29 33 38 24 29 33 
 Sewage sludge  2 2 2 3 2 2 2 
 Roundwood  142 164 168 176 142 164 168 
 Primary forestry residues  179 116 122 134 179 116 122 
 Secondary forestry 
residues  

70 47 54 54 70 47 54 

 Landscape care wood  15 15 14 14 15 15 14 
 Total  757 785 849 917 757 785 849 
Low availability scenario 
 Sugar crops  37 83 82 81 37 83 82 
 Starch crops  12 27 24 23 12 27 24 
 Oil crops  14 5 18 18 14 5 18 
 Lignocellulosic crops  68 82 82 82 68 82 82 
 Agricultural residues  84 68 105 139 84 68 105 
 Manure  30 31 32 32 30 31 32 
 Municipal solid waste  21 22 22 23 21 22 22 
 Sewage sludge  1 1 2 2 1 1 2 
 Roundwood  140 151 153 157 140 151 153 
 Primary forestry residues  124 63 62 48 124 63 62 
 Secondary forestry 
residues  

58 34 34 35 58 34 34 

 Landscape care wood  9 8 7 4 9 8 7 
 Total  597 575 623 643 597 575 623 

 
Table 19: Detailed results: availability of sustainable biomass for the EU, including imports (Mt dry 

matter)  
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6 Competing demand for sustainable biomass in the EU 
 
There will be many sectors competing for the available sustainable biomass, so only a part of the total 
sustainable biomass potential will become available for the European chemical industry. To understand 
how much of the total available sustainable biomass is available for the European chemical industry, we 
must make an estimation of the demand for biomass in other European sectors. Since these data are not 
readily available, this analysis consisted of the following steps: 

1. Determine current and future EU biomass demand for energy 

2. Translate these overall data to demand per biomass type 

3. Estimate which share of this overall demand is for the chemical industry 

4. Calculate EU biomass demand from other sectorsIn the next chapter, we then combine the resulting 
demand scenarios with the availability scenarios, to develop the final scenarios for the availability of 
sustainable biomass for the chemical industry.1. Determine current and future EU biomass demand for 
energy 

This assessment is based on the scenarios developed by the European Commission for the Impact 
Assessment of the Climate Target Plan (EC, 2020). The Impact Assessment reports EU-wide results for 
various scenarios, on total biomass demand per biomass-category and per sector. The sectors that will be 
the main competitors for sustainable biomass are the transport and energy sector, as can be seen in the 
following graph, from (EC, 2020). which shows the bioenergy use in the various scenarios developed by 
the European Commission. This includes biomass demand for fuels for intra EU aviation and navigation, 
where different scenarios reflect different ambition levels of the ReFuel EU aviation and FuelEU maritime 
initiatives76.  

 
Figure 79: Bioenergy use in the EU27 in 2015, 2030 and 2050, results of different scenarios (EC, 2020) 

 

 
76 Please note that (EC, 2020) does not provide data on biomass use for feedstock. 



202

 

202 
 

 

2. Translate these overall data to demand per biomass type 
 
The demand data per biomass category in the Impact Assessment (Figure 80) is on a higher aggregation 
level than our own estimations. To translate these high-level data to demand per biomass type, the 
biofuels demand data from the Impact Assessment is divided between sugar crops, starch crops and oil 
crops by using the 2020 distribution of availability of those crops. The same methodology is applied to 
distribute the high-level data on demand of biosolids between lignocellulosic crops, roundwood, primary 
forestry residues, secondary forestry residues and landscape care wood. It is therefore assumed that 
current availability of biomass reflects the distribution of demand for specific crops in various scenarios.   

 

Figure 80: Gross inland consumption of biomass and waste for energy (EC, 2020) 

For the 2030 low and high biomass demand scenarios we use respectively the mix-50 and the ALLBNK 
scenario from the Impact Assessment. For the 2050 low and high scenarios we use the REG and ALLBNK 
scenario.  

 

3. Estimate which share of this overall demand is for the chemical industry 

The demand data include the chemical industry, but for the purposes of this report the forecast of demand 
from the chemical industry has to be excluded from the scenario results. This level of detail is not included 
in (EC, 2020), and had to be estimated based on the consumption of biomass per sector that is reported 
in The Impact Assessment (shown above, in Figure 80). However, the bioenergy demand is reported for 
EU industry as a whole.  

The chemical industry is currently the largest industrial consumer of biomass, and that share is likely to 
expand because of the increased use of biomass for feedstock-purposes. 

To estimate this share, we used the analysis in the Bio-Scope study (CE Delft and RH DHV, 2020), which 
included an assessment of biomass demand in industry in the Netherlands. Some key results are shown in 
Table 20.This study finds that the majority of biomass used in industry is currently used for heat, in the 
chemical industry (43% of the total, in 2015) and in other industrial sectors (47%). Current industrial 
demand for biomass as feedstock in the chemical industry is limited. In projections for 2030 and 2050 the 
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demand for industrial heat is reduced (possibly to zero) or increases only slightly. The share of biomass 
demand for feedstock purposes increases to 53% (2030 low scenario) up to 100% (2050 high scenario).  

 
2015 2030 2030 2050 2050   

high low high low 
Feedstock chemical industry 9% 90% 10% 81% 100% 
Heat demand chemical industry 43% 5% 43% 9% 0% 
Heat demand other industry 47% 5% 47% 10% 0% 
Total demand industry 100% 100% 100% 100% 100% 

Table 20: Distribution of biomass demand in industry in the Netherlands (based on findings in (CE Delft 
and RH DHV, 2020)) 

The Bio-scope study also contains a literature analysis with regard to the crops used in the chemical 
industry, covering the same biomass sources that are distinguished in this report. However, one of the 
conclusion from the analysis in (CE Delft and RH DHV, 2020) is that it is not easy to determine which types 
of biomass will be used and to what extent, due to lack of data as well as uncertainties in the future 
developments.  

4. Calculate EU27 biomass demand from other sectors. 

We can now subtract the estimated biomass demand by chemistry from the overall biomass demand to 
determine the non-chemical demand for biomass. These results are based on the assumption that demand 
for the various biomass types is reduced uniformly, i.e. demand for the various biomass types is reduced 
by the same percentage Table 21 shows the results we then find for demand outside the chemical sector.  

 
2020 2030 2050 

Scenario Low Medium High Low Medium High Low Medium High 
Sugar crops 24 23 22 33 32 30 71 66 61 
Starch crops 7 7 7 11 10 9 23 21 19 
Oil crops 9 9 8 12 12 11 27 25 23 
Lignocellulosic crops 36 35 33 35 33 32 48 43 39 
Agricultural residues 8 8 8 7 7 8 8 9 11 
Manure 27 27 26 35 33 31 113 112 110 
Municipal solid waste 38 39 39 35 37 39 38 37 37 
Sewage sludge 8 7 7 7 5 4 8 6 4 
Roundwood 38 53 69 36 51 65 50 65 80 
Primary forestry residues 92 76 61 89 73 58 121 96 71 
Secondary forestry residues 24 27 29 24 25 27 32 33 33 
Landscape care wood 7 6 4 7 6 4 9 7 5 
Total 318 315 313 333 325 317 547 520 492 

Table 21: Detailed results: demand for sustainable biomass in the EU27, excluding the chemical sector 
(Mt dry matter) 
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7 Conclusion: Availability of sustainable biomass for the European chemical 
industry 

 
As a final step in this analysis, the results from the previous chapter can be linked to the total biomass 
availability scenarios developed earlier. We have 3 total availability scenarios and 3 scenarios for demand 
from other sectors, these have to be integrated into 3 scenarios for the biomass availability for the 
chemical industry. These can then be used as constraints in the IC2050 model for Cefic. 

Different combinations of these availability and demand scenarios are possible. We recommend using the 
scenarios that combine high availability with high demand from other sectors, and likewise medium 
demand with medium availability and low demand with low availability. It is reasonable to assume that 
higher availability is likely to go together with lower cost and therefore higher demand. Table 22 shows 
the results for those scenarios. 

  2020 2025 2030 2035 2040 2045 2050 
High availability scenario               
 Sugar crops   17   34   51   42   33   21   8  
 Starch crops   5   11   17   13   9   5   2  
 Oil crops   6   7   9   4   0   0   -    
 Lignocellulosic crops   112   140   168   185   201   216   231  
 Agricultural residues   132   155   179   191   203   212   222  
 Manure   65   62   58   39   20   10   -    
 Municipal solid waste   -     -     -     2   4   7   10  
 Sewage sludge   -     -     -     -     -     -     -    
 Roundwood   116   138   159   158   156   156   156  
 Primary forestry residues   284   266   247   236   224   237   249  
 Secondary forestry 
residues  

 75   69   62   63   63   61   59  

 Landscape care wood   22   26   31   29   27   27   26  
 Total   835   908   982   962   942   952   962  
Medium availability 
scenario 

2020 2025 2030 2035 2040 2045 2050 

 Sugar crops   14   32   50   41   32   20   9  
 Starch crops   4   11   17   13   9   5   2  
 Oil crops   5   4   4   2   -     -     -    
 Lignocellulosic crops   63   76   89   91   94   97   100  
 Agricultural residues   76   80   83   97   111   111   110  
 Manure   35   32   29   14   -     -     -    
 Municipal solid waste   -     -     -     -     -     0   1  
 Sewage sludge   -     -     -     -     -     -     -    
 Roundwood   89   101   113   112   111   111   111  
 Primary forestry residues   103   73   43   40   38   38   38  
 Secondary forestry 
residues  

 44   33   21   23   25   23   21  

 Landscape care wood   9   9   10   9   8   7   7  
 Total   442   451   460   443   427   412   398  
Low availability scenario 2020 2025 2030 2035 2040 2045 2050 
 Sugar crops   15   31   48   43   38   27   16  
 Starch crops   5   11   18   14   10   7   4  
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 Oil crops   5   3   -     1   1   1   -    
 Lignocellulosic crops   35   42   50   49   47   45   43  
 Agricultural residues   52   47   41   40   39   37   34  
 Manure   4   2   0   0   -     -     -    
 Municipal solid waste   -     -     -     -     -     -     -    
 Sewage sludge   -     -     -     -     -     -     -    
 Roundwood   71   78   86   82   78   66   54  
 Primary forestry residues   63   34   5   2   -     -     -    
 Secondary forestry 
residues  

 30   18   6   5   4   3   1  

 Landscape care wood   4   4   3   3   3   1   -    
 Total   284   271   257   238   220   186   152  

Table 22: Detailed results: sustainable biomass available for the chemical sector (Mt dry matter) 

 
When subtracting the demand from other sectors (Table 21) from the total available sustainable biomass (Table 22), we found that for some 
biomass types the demand exceeded the availability due to the sometimes quite rough assumptions that had to be made in this analysis. We 
correct this by assuming that if demand exceeds availability for a specific crop, the surplus demand shifts towards alternative crops, as 
shown in Table 23. This correction ensures that all demand is accounted for in the calculation. 
 

Table 23 - Assumptions on shifts in demand, when demand exceeds availability for specific crops. 

Crop Alternative crop when demand > availability 
Oil crops Sugar crops 
Manure, Municipal solid waste, Sewage sludge Agricultural residues 
Primary forestry residues, Landscape care wood Roundwood 
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8 Comparison with the current situation 
To put our findings into perspective, we compared our estimations for the year 2050 with the current use 
and import of biomass by the EU. The results are shown in Table 24. 
 

 

 Our 
estimation 
for 2050 

Current 
situation 

Source current 
situation 

Remarks on the data for the current situation 

Biomass supply 
for the EU, 
excl. biofuels 
import (Mtoe) 

 140 (EC Knowledge 
Centre for 
Bioeconomy, 2019) 

Supply from within EU plus import of solid 
biomass. Excluding import of biofuels. Figure 
from 2016. 

Biofuels import 
(Mtoe) 

 3 (Bioenergy 
International, 2019) 

3.3 Mt of biodiesel in 2018, converted using an 
energy content of 37.8 MJ/kg. 

Biomass 
supply for the 
EU (Mtoe) 

261-613 143  Biomass supply for EU plus biofuels import. 

Within the EU 167-465 134.4 (EC Knowledge 
Centre for 
Bioeconomy, 2019) 

96% of 140 Mtoe. 

Import 94-148 8.6   4% of 140 Mtoe, plus 3 Mtoe biofuels import. 
Import share 24-36% 6%   

Table 24: Comparison of estimated available biomass for the EU with current situation 

Most of the biomass currently used for bioenergy in the EU originates from the EU itself. In 2016, 96% 
came from within the EU (EC Knowledge Centre for Bioeconomy, 2019). For wood that is used in the EU 
as a material, a biomass flow diagram from the JRC shows that most of the wood used as a material comes 
from the EU as well (Georgieva & Zaimova, 2019). In addition, most of the biodiesel used in the EU is 
produced within the EU itself.77 A volume of 3 Mtoe of biodiesel was imported by the EU in 2018 
(Bioenergy International, 2019). 
 
Comparing our estimation for 2050 with the current situation, we can see that there is a substantial 
potential for growth of both sustainable biomass production within the EU (by a factor of 1.3 to 3.5) and 
biomass import in the coming decades (by a factor 11 to 17). Also, the comparison indicates that the 
relative importance of biomass import may increase if the import potential is used to a fuller extent in the 
future (from 6% in the current situation to 24-36% in 2050). 
 

  

 

 
77 The EU production of biodiesel in 2019 was more than four times larger than the biodiesel import 
(http://www.biodieselmagazine.com/articles/2517090/2020-eu-biodiesel-production-remains-stable-consumption-down-6). 
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Table 26 Import hypothetical prospects considered in the four scenarios 

Imports (Mt) 2019 2020 2025 2030 2035 2040 2045 2050 Source 

Ammonia 

Confidential 

0,4 0,4 0,5 0,5 0,5 

Own 
assumptions 

based on 
IHS Markit 

data 

Benzene 1,4 1,7 1,9 2,3 2,6 

Chlorine 0,0 0,0 0,0 0,0 0,0 

Ethylene 1,8 1,9 2,0 2,0 2,1 

ETOX 0,1 0,1 0,1 0,1 0,1 

Hydrogen 0 0 0 0 0 

MEG 0,9 0,9 0,9 1,0 1,0 

Methanol 5,0 5,2 5,3 5,4 5,5 

PET 1,2 1,1 1,0 0,9 0,9 

Polyethylene 6,1 6,3 6,5 6,8 7,1 

Polypropylene 3,9 4,0 4,1 4,4 4,8 

Polystyrene 0,3 0,3 0,3 0, 0,3 

Propylene 0,8 0,8 0,8 0,8 0,8 

PTA 1,2 1,1 1,1 1,1 1,1 

PVC 0,8 0,7 0,7 0,6 0,6 

Styrene 1,0 1,0 1,0 1,0 1,0 

Toluene 0,2 0,2 0,2 0,2 0,3 

Xylene 0,1 0,1 0,1 0,2 0,2 
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Table 27 Exports prospects considered in the four scenarios 

Exports (Mt) 2019 2020 2025 2030 2035 2040 2045 2050 Source 

Ammonia 

Confidential 

0.9 0.9 0.9 0.9 0.9 

Own 
assumptions 

based on 
IHS Markit 

data 

Benzene 0.9 0.9 0.9 0.9 0.8 

Chlorine 0.1 0.1 0.1 0.1 0.1 

Ethylene 0.1 0.1 0.1 0.1 0.1 

ETOX 0.1 0.1 0.1 0.1 0.1 

Hydrogen 0.0 0.0 0.0 0.0 0.0 

MEG 0.8 0.8 0.9 0.9 1.0 

Methanol 0.5 0.5 0.7 0.7 0.9 

PET 1.5 1.5 1.6 1.6 1.6 

Polyethylene 8.1 8.1 7.0 7.0 6.6 

Polypropylene 4.8 4.8 3.6 3.6 3.3 

Polystyrene 0.8 0.8 0.8 0.8 0.8 

Propylene 0.6 0.6 0.7 0.7 0.7 

PTA 3.0 3.0 3.2 3.2 3.4 

PVC 3.6 3.6 3.6 3.6 4.0 

Styrene 0.6 0.6 0.6 0.6 0.6 

Toluene 0.4 0.4 0.5 0.5 0.5 

Xylene 0.4 0.4 0.4 0.4 0.4 
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Table 28 Assumed CAPEX (2019 MEUR/Mt or GWth) per technology 

Process 2019 2020 2025 2030 2035 2040 2045 2050 Source 

Ammonia from 

Haber-Bosch with 

green H2 

 350 350 350 350 350 350 350 
Morgan 

(2017), ECN 
(2017) 

Biomass 

gasification 
4228,687 4228,687 3467,524 2706,36 2664,073 2621,786 2579,499 2537,212 Danish Energy 

Agency (2021) 
Liquid fuels from 

biomass 

gasification and 

Fischer Tropsch 

6613,757 6613,757 6283,069 5952,381 5740,262 5528,143 5409,574 5291,005 Danish Energy 
Agency (2021) 

Bioethanol from 

cellulosic biomass 
5543,956 5543,956 4019,368 2494,78 2342,321 2189,862 2134,423 2078,983 Danish Energy 

Agency (2021) 
Bioethanol from 

sugar fermentation 
704,524 704,524 690,433 676,343 661,419 646,495 645,487 644,479 Danish Energy 

Agency (2021) 
Bioethanol 

dehydration 
433,333 433,333 433,333 433,333 433,333 433,333 433,333 433,333 Uslu et al. 

(2021) 
Methanol-to-

Olefins 
1248,809 1248,809 1248,809 1248,809 1248,809 1248,809 1248,809 1248,809 Uslu et al. 

(2021) 

Electric boiler 115 115 112,154 109,378 106,67 104,03 101,455 98,944 
Danish Energy 
Agency (2021) 

Hydrogen boiler 238,391 238,391 238,391 238,391 238,391 238,391 238,391 238,391 Rutten (2020) 

Hydrogen burner 359,377 359,377 359,377 359,377 359,377 359,377 359,377 359,377 Romgems et 
Dams (2018) 

Biomass boiler 121,105 121,105 118,108 115,184 112,333 109,553 106,841 104,197 Towler et 
Sinott (2013) 

Alkaline 

electrolysis 
 13850,83 10419,61 6988,398 5074,703 3161,008 3161,008 3161,008 IRENA (2018) 

Blue H2 via ATR 

from natural gas 
  2230,009 2230,009 2230,009 2230,009 2230,009 2230,009 H-vision 

(2019) 
Blue H2 via ATR 

from fuel gas 
  2230,009 2230,009 2230,009 2230,009 2230,009 2230,009 H-vision 

(2019) 

Methane pyrolysis    3500 3150 2800 2520 2520 Dechema 
(2019) 

Methanol from 

CO2 and H2 
292,156 291,69 289,362 287,034 284,706 282,377 280,049 277,721 Nyari (2020) 

Methanol from 

biomass via syngas 
1456,326 1456,326 1456,326 1456,326 1456,326 1456,326 1456,326 1456,326 Uslu et al. 

(2021) 
Methanol from 

mixed plastic waste 

gasification 

 1800 1631,027 1462,054 1462,054 1462,054 1462,054 1462,054 Iaquaniello et 
al (2017) 

Polystyrene 

chemical recycling 

by Dissolution 

2270,731 2270,731 1339,962 1339,962 1339,962 1339,962 1339,962 1088,387 PBL (2021) 

PET chemical 

recycling by 

Solvolysis 

1179,679 1179,679 1179,679 727,902 727,902 727,902 727,902 591,24 PBL (2021) 

Polystyrene 

pyrolysis 
1731,56 1731,56 1731,56 1068,431 1068,431 1068,431 1068,431 867,836 Bassil et al. 

(2018) 
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Table 29 Assumed OPEX (2019 MEUR/Mt or GWth) per technology 

Process 2019 2020 2025 2030 2035 2040 2045 2050 
 

Ammonia from Haber-

Bosch with green H2 
 8,75 8,75 8,75 8,75 8,75 8,75 8,75 

Morgan (2017) 

Biomass gasification 67,997 67,997 56,157 44,317 43,429 42,541 41,653 40,765 
Danish Energy 
Agency (2021) 

Liquid fuels from 

biomass gasification 

and Fischer Tropsch 

158,73 158,73 158,73 158,73 157,764 156,798 157,764 158,73 
Danish Energy 
Agency (2021) 

CCS Low purity 18,017 18,017 15,388 14,229 13,158 12,168 11,252 10,405 Lensink (2021) 

CCS High purity 1,24 1,24 1,24 1,24 1,24 1,24 1,24 1,24 Lensink (2021) 

Bioethanol from 

cellulosic biomass 
106,328 106,328 79,746 53,164 53,357 53,55 53,357 53,164 Danish Energy 

Agency (2021) 
Bioethanol from sugar 

fermentation 
56,751 56,751 56,751 56,751 56,751 56,751 56,751 56,751 

Danish Energy 
Agency (2021) 

Bioethanol 

dehydration 
21,667 21,667 21,667 21,667 21,667 21,667 21,667 21,667 Uslu et al. (2021) 

Methanol-to-Olefins 62,44 62,44 62,44 62,44 62,44 62,44 62,44 62,44 Uslu et al. (2021) 

Electric boiler 1,132 1,132 1,105 1,079 1,053 1,026 1 0,973 Danish Energy 
Agency (2021) 

Hydrogen boiler 4,189 4,189 4,189 4,58 4,58 4,58 4,58 4,58 
Romgems et Dams 

(2018) 

Hydrogen burner 3,594 3,594 3,594 3,594 3,594 3,594 3,594 3,594 Rutten (2020) 
 

Biomass boiler 1,132 1,132 1,105 1,079 1,053 1,026 1 0,973 Towler et Sinott 
(2013) 

Alkaline electrolysis  554,034 416,785 279,536 202,988 126,44 126,44 126,44 IRENA (2018) 

Blue H2 via ATR from 

natural gas 
  55,75 55,75 55,75 55,75 55,75 55,75 

H-vision (2019) 

Blue H2 via ATR from 

fuel gas 
  55,75 55,75 55,75 55,75 55,75 55,75 

H-vision (2019) 

Methane pyrolysis    175 175 175 175 175 Dechema (2019) 

Methanol from 

CO2 and H2 
5,843 5,879 6,056 6,233 6,411 6,588 6,766 6,943 Szima & Cormos 

(2018), Nyari (2020) 
Methanol from 

biomass via syngas 
72,816 72,816 72,908 73 73 73 73 73 Uslu et al. (2021) 

Methanol from mixed 

plastic waste 

gasification 

 66,667 60,408 54,15 54,15 54,15 54,15 54,15 
Iaquaniello et al 

(2017) 

Polystyrene chemical 

recycling by Dissolution 
274,191 274,191 274,191 274,191 274,191 274,191 274,191 274,191 PBL (2021) 

PET chemical recycling 

by Solvolysis 
154,403 154,403 154,403 154,403 154,403 154,403 154,403 154,403 PBL (2021) 

Polystyrene pyrolysis 456,3 456,3 456,3 456,3 456,3 456,3 456,3 456,3 Bassil et al. (2018) 
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Table 30 Assumed VOM (2019 MEUR/Mt or PJ) for each technology 

Process 2019 2020 2025 2030 2035 2040 2045 2050 Source 

Biomass 

gasification 
33,999 33,999 28,078 22,158 21,714 21,27 20,826 20,382 Danish Energy Agency 

(2021) 
Liquid fuels from 

biomass 

gasification and 

Fischer Tropsch 

12,987 12,987 12,987 12,987 12,994 13 12,994 12,987 

Danish Energy Agency 
(2021) 

Bioethanol from 

cellulosic biomass 
0,025 0,025 0,019 0,013 0,013 0,012 0,013 0,013 Danish Energy Agency 

(2021) 
Bioethanol from 

sugar fermentation 
56,751 57,933 57,933 57,933 57,933 57,933 57,933 57,933 

Danish Energy Agency 
(2021) 

Electric boiler 0,147 0,147 0,147 0,147 0,132 0,118 0,118 0,118 

Danish Energy Agency 
(2021) 

Biomass boiler 0,8 0,8 0,8 0,8 0,8 0,8 0,8 0,8 Towler et Sinott (2013) 

Methanol from CO2 

and H2 
8,793 8,793 8,793 8,793 8,793 8,793 8,793 8,793 

Perez-Fortes et Tzimas 
(2016) 

Polystyrene 

chemical recycling 

by Dissolution 

266,585 266,585 266,585 266,585 266,585 266,585 266,585 266,585 PBL (2021) 

PET chemical 

recycling by 

Solvolysis 

264,345 264,345 264,345 264,345 264,345 264,345 264,345 264,345 PBL (2021) 

Polystyrene 

pyrolysis 
242,619 242,619 242,619 242,619 242,619 242,619 242,619 242,619 Bassil et al. (2018) 
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Table 31 Assumed CO2 prices (EUR19/t) 

Year 
CO2 Price 
(EUR19/t) 

2019 50 

2025 100 

2030 150 

2035 200 

2040 250 

2045 300 

2050 350 

Note: Hypothetical trajectory based on discussion with experts. In the trajectory considered, the EU 
Emission Allowance (EU) price reaches 350€/tCO2 in 2050 in line with the European Commission 1.5°C 

scenarios (in-depth analysis accompanying the Communication “A Clean Planet for all”) starting from 50€ 
today.  

Table 32 Assumed feedstock prices 

Raw material Price unit 2019 2020 2025 2030 2035 2040 2045 2050 
Source 

Agr. residues EUR19/GJ 

Confidential 

5,353 5,471 5,588 5,706 4,941 Ruiz et al. 
(2019) 

Biodiesel EUR19/kg 0,858 0,858 0,858 0,858 0,858 
OECD/FAO 

(2020) 

Biomethane EU19/MWh 30,643 25,643 25,643 25,643 46,714 IEA (2020) 

Bionaphtha EUR19/kg 0,663 0,663 0,663 0,663 0,893 
Trading 

Economics 
(2021) 

CCU other 

ind. 
EUR19/tCO2 112 131 150 169 93 

CE Delft 
assumptions 
based on CE 
Delft and RH 
DHV (2020) 

Crude oil EUR19/barrel 75,86 75,86 75,86 75,86 56,219 IEA (2020) 

Fuel oil EUR19/barrel 75,86 75,86 75,86 75,86 56,219 IEA (2020) 

Hydrogen EUR19/kg 2,379 2,472 2,486 2,5 2,649 

IEA (2019), 
IFPen, SINTEF, 

Deloitte 
(2021) 

Jet fuel EUR19/kg 0,564 0,564 0,564 0,564 0,564 IATA (2021) 

Ligno. 

biomass 
EUR19/GJ 11,647 11,824 11,647 11,471 12,412 Ruiz et al. 

(2019) 
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Naphtha EUR19/kg 0,602 0,602 0,602 0,602 0,447 
Trading 

Economics 
(2021) 

NG EUR19/MWh 26,925 28,275 32,25 35,025 22,875 IEA (2020) 

NGL EUR19/MWh 36,733 38,606 44,063 47,891 31,195 Eurostat 
(2020) 

RDF EUR19/GJ 0,059 0,059 0,059 0,059 0,059 
Ruiz et al. 

(2019) 

Sugar crops EUR19/GJ 5,294 5,353 5,471 5,588 5,706 
Ruiz et al. 

(2019) 
Woody 

biomass 
EUR19/GJ 3,882 3,647 3,412 3,294 3,176 Ruiz et al. 

(2019) 
 

Table 33 Assumed emissions per type of feedstock (tCO2e/Mt of feedstock) 

Raw material 2019 2020 2025 2030 2035 2040 2045 2050 
Source 

Agr. residues 41975 41975 37778 33580 29383 25185 20988 16790 

CE Delft 
assumptions 
based on CE 

Delft and 
RH DHV 
(2020) 

Biomethane 50000 50000 45000 40000 35000 30000 25000 20000 

Own 
assumptions 
based on CE 

Delft and 
RH DHV 
(2020) 

Crude oil 470781 470781 423703 376625 329547 282469 235390 188312 

Own 
assumptions 

based on 
IHS Markit 

data 

Fuel oil 470781 470781 423703 376625 329547 282469 235390 188312 

Own 
assumptions 

based on 
IHS Markit 

data 

Hydrogen 8024554 8024554 8131219 782834 698018 613202 552407 491613 

IEA (2019), 
IFPen, 

SINTEF, 
Deloitte 
(2021) 

Ligno. biomass 274375 274375 246938 219500 192063 164625 137188 109750 

CE Delft 
assumptions 
based on CE 

Delft and 
RH DHV 
(2020) 

Naphtha 589146 589146 530231 471316 412402 353487 294573 235658 Own 
assumptions 
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based on 
IHS Markit 

data 

NG 244476 244476 220028 195580 171133 146685 122238 97790 

Own 
assumptions 

based on 
IHS Markit 

data 

NGL 804010 804010 723609 643208 562807 482406 402005 321604 

Own 
assumptions 

based on 
IHS Markit 

data 

RDF 50000 50000 45000 40000 35000 30000 25000 20000 

CE Delft 
assumptions 
based on CE 

Delft and 
RH DHV 
(2020) 

Sugar crops 27079 27079 24372 21664 18956 16248 13540 10832 

CE Delft 
assumptions 
based on CE 

Delft and 
RH DHV 
(2020) 

Woody 

biomass 
230159 230159 207143 184127 161111 138095 115079 92064 

CE Delft 
assumptions 
based on CE 

Delft and 
RH DHV 
(2020) 

CCU other ind. 0,45 0,45 0,45 0,45 0,45 0,45 0,45 0,45 

CE Delft 
assumptions 
based on CE 

Delft and 
RH DHV 
(2020) 

 

Table 34 Assumed import emissions (tCO2e/Mt) 

Product 2019 2020 2025 2030 2035 2040 2045 2050 

Source 

Ammonia 1987421 1987421 1722432 1457442 1192453 927463 662474 397484  
 

Own 
assumptions 
based on IHS 
Markit data 

 
 
 
 

Benzene 716110 716110 677917 639725 601532 563340 525147 486955 

Chlorine 1408518 1408518 1222948 1037379 851809 666239 480670 295100 

Ethylene 2617128 2617128 2477548 2337967 2198387 2058807 1919227 1779647 

Ethylene 

oxide 
2833974 2833974 2679906 2525839 2371771 2217703 2063636 1909568 
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Hydrogen 9651690 9651690 9631301 9610913 9590525 9570136 9549748 9529359  
 
 
 

 
Own 

assumptions 
based on IHS 
Markit data 

MEG 2090439 2090439 1974499 1858559 1742619 1626679 1510739 1394799 

Methanol 495231 495231 445708 396185 346662 297139 247616 198092 

Propylene 2087773 2087773 1976426 1865078 1753730 1642382 1531034 1419686 

PTA 2452946 2452946 2370991 2289037 2207082 2125128 2043173 1961218 

Styrene 2189317 2189317 2104802 2020288 1935774 1851259 1766745 1682231 

Toluene 1141132 1141132 1080272 1019411 958551 897691 836830 775970 

Xylene 1440176 1440176 1363367 1286557 1209748 1132938 1056129 979320 
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Table 35 Assumed CO2 transport cost (MEUR/Mt/km) 

Transport 2019 2020 2025 2030 2035 2040 2045 2050 Source 

Inland 

Confidential 
0,042 0,042 0,042 0,042 0,042 

(Roussanaly 
et al. 2021) 

Subsea 0,034 0,034 0,034 0,034 0,034 

 

Table 36 Assumed CO2 transport distances (km) 

Transport 2019 2020 2025 2030 2035 2040 2045 2050 Source 

Inland 

Confidential 

1200 1200 1200 1200 1200 
Own 

assumptions 
based on 

expert 
consultations  

Subsea 300 300 300 300 300 

Note: distance values can be changed in the model to produce alternative scenarios or sensitivities. 

 

Table 37 Assumed CO2 storage cost (MEUR/Mt) 

Storage 2019 2020 2025 2030 2035 2040 2045 2050 Source 

Offshore Confidential 165 232,5 300 360 420 
(Roussanaly 
et al. 2021) 

 

Table 38 Assumed CO2 storage capacity (Mt) 

Storage 2019 2020 2025 2030 2035 2040 2045 2050 Source 

Offshore Confidential 165 232,5 300 360 420 

Own 
assumptions 

based on 
IFPen, 

SINTEF, 
Deloitte 

(2021), H2 
4EU data 
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Table 39 Mechanically recycled products assumed in each scenario 

Scenario 
Mechanical 

recycling (Mt) 
2019 2020 2025 2030 2035 2040 2045 2050 Source 

Fostering 

circularity 

PET 

Confidential 

1,62 1,781 1,942 2,0865 2,231 

Own assumptions 
based on Deloitte 

analysis 

Polyethylene 4,571 5,498 6,425 6,791 7,157 

Polypropylene 2,8 3,275 3,75 3,983 4,216 

Polystyrene 0,328 0,3575 0,387 0,3925 0,398 

PVC 1,598 1,832 2,066 2,293 2,52 

All other 

scenarios 

PET 

Confidential 

1,225 1,445 1,665 1,8125 1,96 

Polyethylene 4,138 4,8575 5,577 5,993 6,409 

Polypropylene 2,417 2,7785 3,14 3,4495 3,759 

Polystyrene 0,255 0,287 0,319 0,3385 0,358 

PVC 0,89 0,935 0,98 1,0125 1,045 

 

Table 40 Plastic waste availability for chemical recycling and pyrolysis assumed in each scenario 

Scenario 

Availability 

of plastic 

waste (Mt) 

2019 2020 2025 2030 2035 2040 2045 2050 Source 

Fostering 

circularity 

Recycled 
PET 

Confidential 

0,000 0,321 0,641 0,971 1,301 

Own assumptions 
based on Deloitte 

analysis  

PE for 
pyrolysis 

1,338 2,818 4,298 5,965 7,632 

PP for 
pyrolysis 

1,023 1,930 2,837 3,894 4,950 

PS for 
pyrolysis 

0,000 0,114 0,227 0,337 0,446 

All other 

scenarios 

Recycled 
PET 

Confidential 

0 0,0915 0,183 0,2775 0,372 

PE for 
pyrolysis 

0,446 0,792 1,138 1,523 1,908 

PP for 
pyrolysis 

0,266 0,445 0,624 0,824 1,024 

PS for 
pyrolysis 

0 0,021 0,042 0,0605 0,079 
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Table 41 Maximum availability of sustainable biomass assumed in each scenario 

Scenario 

Maximum 

biomass 

available to 

the chemical 

industry after 

sustainability 

criteria (Mt) 

2019 2020 2025 2030 2035 2040 2045 2050 Source 

Sustainable 

biomass 

AgrRes 

Confidential 

40,81 40,09 39,37 36,84 34,32 

Own assumption 
based on the 

methodology of 
appendix 3 

Ligno Biomass 168,34 184,54 200,74 216,10 231,46 

RDF 0,00 2,01 4,01 7,00 10,00 

Sugar Crops 51,08 42,08 33,08 20,51 7,94 

Woody 
Biomass 

73,79 72,01 70,23 67,81 65,39 

CO2 capture 

AgrRes 40,81 40,09 39,37 36,84 34,32 

Ligno Biomass 89,03 91,46 93,89 97,04 100,19 

RDF 0,00 0,00 0,00 0,36 0,71 

Sugar Crops 50,48 41,43 32,38 20,45 8,51 

Woody 
Biomass 

73,79 72,01 70,23 67,81 65,39 

High 

electrification 

and Fostering 

circularity 

AgrRes 40,81 40,09 39,37 36,84 34,32 

Ligno Biomass 50,36 48,59 46,82 45,05 43,28 

RDF 0,00 0,00 0,00 0,00 0,00 

Sugar Crops 47,50 42,65 37,79 26,78 15,77 

Woody 
Biomass 

14,86 10,48 6,10 3,78 1,47 

 
Table 42 Assumed average electricity price and CO2 intensity for each scenario 

Scenario 

Electricity 

price and 

CO2 

intensity 

2019 2020 2025 2030 2035 2040 2045 2050 Source 

High 

electrification 

Electricity 
price 

(€/kWh) 
Confidential 71,11 64,64 58,16 59,33 60,49 

Own 
assumptions 

based on 
Deloitte 
(2021), 

Future of 
Power 

Electricity 
CO2 

intensity 
(tCO2/PJ) 

80360 66600 46711 29514 22994 16475 8238 0 

All other 

scenarios 

Electricity 
price 

(€/kWh) 
Confidential 79,59 83,77 87,95 88,23 88,50 

Electricity 
CO2 

intensity 
(tCO2/PJ) 

80360 66600 46711 29514 22994 16475 11983 7492 
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Table 43 Assumed cost of carbon capture (CC) for each scenario 

Scenario 

Cost of 

CCS 

(M€/Mt 

of 

installed 

CO2 

Capture 

capacity) 

2019 2020 2025 2030 2035 2040 2045 2050 Source 

CO2 

Capture 

scenario 

CC Low 
purity  
CAPEX 

Confidential 

258,426 238,972 220,983 204,348 188,965 

Own 
assumptions 

based on 
SINTEF 
(2017), 
IEAGHG 
(2017), 

Lensink and 
Schoots 
(2021) 

CC High 
purity 
 CAPEX  

30,594 30,594 30,594 30,594 30,594 

CC Low 
purity  
OPEX  

7,753 7,169 6,629 6,130 5,669 

CC High 
purity 
OPEX  

0,918 0,918 0,918 0,918 0,918 

All other 

scenarios 

CC Low 
purity  
CAPEX 

Confidential 

313,821 290,197 268,352 248,151 229,471 

CC High 
purity  
CAPEX  

41,35 41,35 41,35 41,35 41,35 

CC Low 
purity  
OPEX  

14,229 13,158 12,168 11,252 10,405 

CC High 
purity  
OPEX  

1,24 1,24 1,24 1,24 1,24 

 

Table 44 Assumed cost of e-crackers for each scenario 

Scenario 

Cost of e-

crackers 

(M€/Mt of 

installed 

capacity) 

2019 2020 2025 2030 2035 2040 2045 2050 Source 

High 

electrification 

scenario 

e- steam cracker 
CAPEX 

Confidential 

522,5 522,5 522,5 522,5 522,5 

Own 
assumptions 

based on 
DNV GL 
(2018), 

Navigant 
(2019) 

Partiale-steam 
cracker CAPEX  265,228 265,228 265,228 265,228 265,228 

e- steam cracker 
OPEX 2,6125 2,6125 2,6125 2,6125 2,6125 

Partial e- steam 
cracker OPEX  1,326 1,326 1,326 1,326 1,326 

All other 

scenarios 

e- steam cracker 
CAPEX 

Confidential 

3010,41 3010,41 3010,41 3010,41 3010,41 

Partial e- steam 
cracker CAPEX  1528,127 1528,127 1528,127 1528,127 1528,127 
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e- steam cracker 
OPEX 37,63 37,63 37,63 37,63 37,63 

Partial e- steam 
cracker OPEX  19,102 19,102 19,102 19,102 19,102 

 

Table 45 Assumed pyrolysis oil costs and emissions for each scenario 

Scenario 
Pyrolisis oil costs and 

emissions 
2019 2020 2025 2030 2035 2040 2045 2050 Source 

Fostering 

circularity 

scenario 

Mixed plastic waste 
pyrolysis CAPEX 
(M€/Mt Cap.) 

Confidential 

530,125 505,243 480,360 455,478 430,595 

Oliveira 
Machado 

Dos Santos 
(2020) 

Mixed plastic waste 
pyrolysis OPEX 
(M€/Mt Cap.) 

266,667 266,667 266,667 266,667 266,667 

Mixed plastic waste 
pyrolysis  VOM(M€/Mt 

Prod.) 
33,867 33,867 33,867 33,867 33,867 

Mixed plastic waste 
pyrolysis  Direct 
(tCO2/Mt Prod.) 

345709,42 345709,42 345709,42 345709,42 345709,42 

All other 

scenarios 

Mixed plastic waste 
pyrolysis CAPEX 
(M€/Mt Cap.) 

Confidential 

1514,643 1443,55 1372,457 1301,365 1230,272 

Mixed plastic waste 
pyrolysis  OPEX 
(M€/Mt Cap.) 

761,905 761,905 761,905 761,905 761,905 

Mixed plastic waste 
pyrolysis  VOM 
(M€/Mt Prod.) 

96,762 96,762 96,762 96,762 96,762 

Mixed plastic waste 
pyrolysis Direct 
(tCO2/Mt Prod.) 

987741,2 987741,2 987741,2 987741,2 987741,2 
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