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Numerous sectors and services will continue to rely on carbon by 2050. Using captured carbon as a
feedstock to meet unavoidable demand for fuels, chemicals, and materials is crucial to achieving
climate targets and transitioning to a fossil-free, circular economy and a more sovereign EU.

Carbon Capture & Utilisation (CCU) encompasses a range of technologies that capture carbon from point sources or the
natural cycle and use it to produce essential products. CCU has numerous benefits. It allows reducing or avoiding emissions
and, in certain cases, removing CO, from the air, while it also abates the need for virgin fossil feedstock.
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By 2050, the EU could capture about 400 MtCO,, mainly from biogenic (26%), atmospheric (34%) and process emissions
(20%), and convert around half into products, while the rest is stored underground. Although CCU technologies require
significant amounts of low-carban electricity, they could produce more than half of the EU's fuel demand by 2050, reducing
reliance on fossil fuels, strengthening energy sovereignty and cutting greenhouse gas emissions.
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Executive Summary

Europe will need a combination of political actions, economic measures, societal choices and technological
developments to achieve its climate goals and ensure its energetic and economic sovereignty. Among the technological
solutions, Carbon Capture and Utilisation (CCU) is an important pillar. CO2 Value Europe (CVE) is advocating for the
creation of a circular carbon economy based on the principle of CCU. CCU represents a large set of technologies able to
capture carbon at point sources or in the atmosphere and use it as feedstock to produce non-fossil fuels, chemicals and
building materials. Depending on the context, these technologies can reduce or avoid greenhouse gas emissions; and,
in some circumstances, generate negative emissions via Carbon Dioxide Removal (CDR) when CO from the air or from
biogenic processes is sequestered permanently in products.

CVE has developed and published in 2024 the first quantitative assessment® on the crucial role CCU will play in reaching
climate neutrality in Europe. This was an exercise carried out with international industrial, technological, economical,
and academic experts on CCU and related subjects to understand and quantify the potential of CCU, but also to describe
the main parameters and key uncertainties associated with the upscaling of these technologies.

Since then, assumptions and modelling improvements have been carried out and led to an updated report showing a
more accurate quantitative assessment, including, an improved integration of biogas upgrading, carbon monoxide and
mineralisation, but also the development of a new module to calculate the cost of CCU by 2050 and the disaggregation
of results at national level. The key messages of this report are summarized below.

a. The contribution of CCU as a climate-mitigating solution

*  The EU will not reach climate neutrality without CCU. Currently in place economics and regulatory measures
represent only 33% of the effort required to reach climate neutrality. These measures must therefore be
significantly reinforced by additional measures including societal changes (23%) and technological
development (44%). By 2050, more than 19% of GHG reduction from technologies will come from CCU reducing
GHG emissions by about 266Mt in the EU. The annualised cost for the deployment of CCU by 2050 will be
approximately 170 B€, about 7% of the total cost of reaching climate neutrality.

* In 2050, about 400 MtCO: will need to be captured in the EU, 46% will be utilized and the rest stored
underground. 34% of captured CO> will come from Direct Air Capture (DAC), 26% from biogenic emissions, 20%
from remaining process emissions, 26% from biogenic emissions, 4% from CCU fuel combustion and 16% from
the remaining fossil fuel emissions. To substitute fossil-based products and ensure a sufficient non-fossil carbon
supply in the coming decades, a faster ramp-up of carbon capture in industries with high process emissions
and of DAC is crucial, especially to reach the demand for fossil-free fuels and chemicals in the late 2040s.

*  From the 185 MtCO: utilized, 52% will be used to produce CCU fuels, 39% for chemicals production and 10%
will be mineralised in building materials.

b. The role of CCU in different sectors

* CCU plays a crucial role “defossilising” industry and reducing by at least 7% its direct greenhouse gas
emissions, i.e. 4% by using CCU fuels and 3% by capturing CO2 permanently in building materials via
mineralisation. Additional emission reductions along the entire value chain are achieved using approx. 71 Mt
of captured carbon as chemical feedstock. To reach net zero, residual emissions e.g., from process emissions
will need to be compensated by CDR.

* By 2050, 70% of the primary production of the main chemical building block, olefin, will be produced using
captured carbon as feedstock via synthetic ethanol and methanol routes. This represents 30% of the total olefin
production and is the main pathway to produce olefin ahead of other primary routes such as biogenic and
remaining fossil production and the secondary routes (chemical and mechanical recycling).

* CO2zcan be stored permanently in building materials via mineralisation processes. By 2050, at least 18 MtCO:
(8% of the total CO: stored) could be channelled in building materials and be relevant for 76% of the ceramics
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market and 57% for the concrete market (in the form of concrete curing, supplementary cementitious materials
or aggregates). CO2 mineralisation has the potential to perform CDR when the CO: sources captured come from
DAC or biogenic sources.

* In the transport sector, CCU technologies are a key solution to reduce emissions for aviation, maritime and
long-haul vehicles. By 2050, 12% (114 MtCOz) of emission reductions in transports will be coming from CCU
fuel use. GHG emissions from the maritime, aviation and inland transports (including heavy duty and long-haul
vehicles as well as inland waterways) sectors will be reduced by 40, 50 and 4% respectively.

c. The contribution of and challenges for the production of CCU fuels and chemicals

* CCU fuels are drop-in solutions as they do not require changes in infrastructure. By 2050, they will represent
920 TWh of the energy mix in the EU, including 319 TWh for aviation and marine transports, 479 TWh to
replace fossil fuels in the industry and 104 TWh in heavy-duty road vehicles. The EU has the potential to
produce at least 55% of the demand for CCU fuels, the rest will need to be imported.

*  The domestic production of CCU fuels and chemicals for the transport and industry sectors will require up to
1193 TWh of renewable and low-carbon electricity in 2050 (including DAC, carbon capture at point sources,
production of Hz and final product generation). This represents approximately 24% of the modelled
renewable and low-carbon electricity production in the EU by that year.

* Dependency on energy imports through CCU fuels deployment decreases from >60% to approx. 15% in 2050

OUR RECOMMENDATIONS

1. Europe must be more systematic and consistent in including CCU in its legislations to drive down emissions:
every EU legislation addressing the transition away from fossil fuels like the Circular Economy Act or the
Industrial Accelerator Act must address the scale-up of alternatives like CCU.

2. Create definitions, map carbon availabilities, remove red tape: Europe has the right legislative vehicles in the
pipeline to set definitions for sustainable carbon, quantify the sources and revise outdated rules (e.g. allow
CO: to be transported and utilised under MRR), mainstream net zero technologies categories under NZIA, and
include CO2-based products in the CO2 market and infrastructure legislation.

3. EU policies must reward CCU to address the cost gap with conventional products: create under ETS revision
(and in CBAM) a level playing field between captured carbon and virgin fossil carbon to avoid penalising cleaner
alternatives; mobilise instruments to reduce that cost gaps with conventional equivalents (e.g. earmarking of
ETS revenues, double-sided auctions, CCfDs, IPCEI for CCU/CCS/CDR).

4. Amending EU legislations to make them fit-for-purpose for CCU deployment: the EU must amend rules
around renewable hydrogen and derivatives that have failed to deliver on upscaling solutions that reduce fossil
dependency and revise the current rules disincentivising the use of unavoidable industrial CO2 to produce CCU
fuels after 2041. Rules for permanent removals through CO2 mineralisation should also be expedited.

5. Create new incentives for fossil-free feedstocks for chemicals: the EU is still not incentivising the uptake of
fossil-free textiles, packaging, plastics or cleaning products. Market pull mechanisms for sustainable carbon are
a must to change course: the EU should swiftly implement related recommendations from the Critical
Chemicals Alliance in the Industrial Accelerator Act.

6. Take stock of progress and shortcomings of current EU rules from ReFuelEU Aviation & FuelEU Maritime: EU
rules should build on proposals made under the Sustainable Transport Investment Plan, the Communication
AccelerateEU, both of which acknowledged the need for large scale production of sustainable aviation and
maritime fuels, by maintaining targets and complementing them with additional derisking mechanisms.

7. Encourage action at national level and build synergies in EU instruments: the EU should encourage countries
to take action to support CCU projects on their soil, to map their strategic dependencies on fossils, mobilise
new possibilities offered by Clean Industrial State Aid Framework, adopt national strategies on CCU, and assess
NECPs based on the promotion of clean techs, including CCU.
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1 Introduction

Europe has put forward ambitious legal obligations to reduce GHG emissions by at least 55% by 2030 (compared to
1990 levels), 90% by 2040 and reach climate neutrality by 2050. A combination of political actions, economic measures,
societal choices and technological developments will be necessary to achieve those goals. Among the technology-based
solutions that can be implemented, Carbon Capture and Utilisation (CCU) is a crucial climate mitigating solution for
sectors that are hard to “defossilise” such as maritime and aviation transports and some process industries. CCU does
not only provide a way to reduce emissions, but it also generates added-value products to substitute fossil-based ones
facilitating the eventual phase-out of virgin fossil carbon, while increasing energy and feedstock sovereignty.

1.1 Background

1.1.1 Whatis CCU?

CCU represents a large set of technologies in which carbon is captured and used to produce essential products. Carbon
is usually captured from concentrated industrial waste gases in the form of carbon dioxide (CO2) or, sometimes carbon
monoxide (CO). CO2 can also be captured from the natural environment, i.e. from the air via Direct Air Capture (DAC) or
from the ocean. The captured carbon can then be converted into different types of products that have traditionally
been made from virgin fossil carbon sources, such as building materials, synthetic fuels and chemicals (Fig.1). In this
exercise, ocean carbon capture technologies have not yet been considered, because of the current lack of input data
and scientific evidence on their potential impact and environmental consequences.

CCU is recognized by the IPCC? as a climate-mitigating solution to carbon-intensive sectors e.g., process industry,
aviation, maritime and construction where no or very few alternatives exist to reduce emissions and move away from
fossil resources. These solutions should not substitute large-scale efforts to prevent greenhouse gas emissions
especially when more energy-efficient solutions are available, but they should be seen as significant opportunities to
reduce emissions in sectors that will continue to be reliant on carbon-based feedstock and fuels. Moreover, to ensure
real emission reductions over their entire value chain, the climate-mitigation potential of CCU technologies should be
based on a full life cycle assessment?.

Numerous CO2 conversion technologies exist and are at different stages of development including some that are already
commercialized. They can mainly be divided into two categories:

1. The production of fuels and chemicals by using renewable/recycled H, and captured carbon to produce
hydrocarbons which substitute for fossil equivalents. H2 can be produced by water electrolysis using renewable or
low carbon electricity (i.e. the Power-to-X approach) or recycled from industrial processes. Liquid and gaseous
fuels and chemicals can be generated using different types of processes (e.g. biological, thermochemical,
electrochemical, photocatalytic, etc.). Some processes under development aim at bypassing the production of H
as intermediate and react captured carbon directly with water.

2. The mineralisation of CO: is also referred to as carbonation and is a natural phenomenon sequestering CO2 on
geological time-scales in rocks. Ca (calcium)- or Mg (magnesium)-containing minerals react with CO2 to produce
carbonates (CaCOs or MgC0s). The carbonation reaction can be accelerated to take only a few minutes in a
managed processes called “accelerated carbonation”. The latent reactivity of minerals found in solid waste can be
readily reacted with dissolved CO2 to form building materials (e.g. aggregates, concrete blocks) where CO: is
permanently stored. All mineralisation processes discussed in this report are “accelerated carbonation”
technologies.
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FIGURE 1. The concept of CCU

The climate mitigation potential of CCU varies?*°. These technologies can lead to:

*  Net emission reduction when CO2 emitted from one service is captured and used to produce e.g. CCU fuels for

another service.

*  Net zero CO, emissions when CO, emissions used as feedstock for the production process are stored durably in
products (e.g. through mineralisation), or when they are re-emitted at the end-of-life of the product but then
recaptured and recycled, or when CO, is captured from the atmosphere and returned to it at the product’s end-

of-life.

*  Net CO, removal when CO,, which is captured from the atmosphere or from the treatment of biomass, is durably

stored in products via mineralisation processes.

The potential of CCU is recognized by the climate community and discussed in the last report of the IPCC? as a major
opportunity for climate change mitigation, energy transition and a reinvention of the industrial sector, benefiting society
as a whole. A separate methodology report focusing on CCU, CCS and CDR is expected by the IPCC late 2027°.
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1.1.2 What is the current policy framework surrounding CCU?

The European policy framework on CCU has continued to make progress — and yet it still falls short on delivering real

incentives to help scale up CCU projects. EU initiatives are increasingly recognising the role of CCU to reach climate

targets and integrate CCU as part of objectives and levers to mobilise to reduce emissions in Europe, but they still did

not manage to create a favourable environment for their deployment:

On CCU fuels: rules have been adopted but are overly complex and have led to few final investment decisions

On CO2 mineralisation: rules have progressed with the adoption of the permanent CCU rules, but are still
incomplete, for example provisions on biogenic and DAC CO: to mineralisation are still pending

On CCU chemicals: rules have yet to be materialised into concrete incentives; even if policy initiatives are
increasingly recognising the need to transition chemicals away from fossil resources, no provisions (to date) are
delivering concretely on that objective

An overview of the current policy instruments that are relevant for CCU is shown below, highlighting the complexity of

the regulatory framework. All in all, positive developments coexist with missing rules or inconsistencies. If Europe can

correct course and complement the positive progress made over the last years, CCU can indeed realise its potential:

The Industrial Carbon Management Strategy released early 2024 was a major milestone for carbon capture:
Europe clearly defined industrial carbon management, including CO: transport, carbon utilisation, geological
storage and carbon removals, as a common value chain needed to reach climate neutrality in Europe. For the
first time, the Commission framed that “once captured, CO2> becomes a valuable commodity” to replace virgin
fossil carbon. It also for the first time quantified the role of CCU to reach climate neutrality, projecting for “up to
a third” of 280Mt of CO2 captured to be utilised in 2040, and about 200Mt (45%) of a total 450Mt in 2050.

The 2040 Climate Law was enshrined into EU law in 2026, setting a binding 90% net GHG emissions reduction
by 2040 compared to 1990, calling essential to “decarbonise the energy system with (...) all zero- and low carbon
energy solutions (including renewables, nuclear, energy efficiency, storage, CCS, CCU, carbon removals,
geothermal and hydro-energy, sustainable bioenergy)”. The EU sets a clear direction of travel: Europe will need
different technologies to reach climate targets and CCU is one of them

The Emission Trading Scheme (ETS) is due to be revised mid-2026: while current rules do create legal precedents
for the accounting of CCU fuels and CO2 mineralisation, they still fail to properly incentivise captured carbon vs.
virgin fossil carbon in the production of chemicals and materials. Three main issues that are relevant for CCU are
expected to be addressed in this revision, namely the accounting principles for non-permanent CCU, the inclusion
of the Waste-to-Energy sector and the integration of carbon removals

The Carbon Border Adjustment Mechanism (CBAM) mirrors ETS rules for producers based outside Europe: the
extension of the CBAM scope to downstream products will have direct repercussions on CCU projects, given that
the carbon price can very directly influence the playing field between conventional products and alternatives

The Renewable, Recycled and Low Carbon Fuels Delegated Acts have already been at the heart of discussions
for years. The rules set complex and stringent rules to ensure renewable and low carbon hydrogen and its
derivatives achieve emission reductions. The rules are regularly debated and in the process of being adjusted to
increase consistency and to make them more adapted to market realities
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*  The Clean Industrial State Aid Framework enables EU Member States to provide additional State Aid for clean

technologies without breaching EU competition law. It very directly incentivises countries to support projects
around CCU fuels and CO2 mineralisation — but brings very little elements on the table on chemicals.

*  The Industrial Accelerator Act proposes a definition for “sustainable carbon sources”, listing recycled waste,
sustainable biomass, and captured carbon. It also references the need for “laying down Union-level demand-side
measures for products from the chemical industry” to promote “the production and sales of substances and
mixtures of Union origin derived from sustainable carbon sources”

*  The Post-2030 Renewable Energy Framework is set to be the next iteration of the Renewable Energy Directive,
setting targets and directions for electrifying Europe but also deploying green molecules for hard-to-electrify
sectors. This next iteration is due to take stock of progress for the deployment of renewable energy at national
level, reinforcing or amending targets for the uptake of renewables in transport and industry for example

*  The CO2 Markets & Transport Infrastructure Package is due to shape market measures for captured carbon
across EU countries: so far discussions strongly focus on the market of geological storage, however designs of a
single market for CO., without incorporating the value chains of CO2-based products will not be reflect the reality.

* The Carbon Removals Certification Framework delegated act on mineralisation has still not been published
giving the signal that storing biogenic or atmospheric CO2 in construction products is less prioritised compared
to other carbon removals pathways

* The Net Zero Industry Act, in its adopted version, recognises “CO2 transport and utilisation” as a net-zero
technology and also refers to a number of CCU technologies under final products and principal components in
the legislation — including CO: utilisation, renewable fuels of non-biological origin, recycled chemicals and more

*  The Sustainable Transport Investment Plan takes stock of slow progress for the production of alternative fuels
for aviation and maritime and puts a particular focus on synthetic fuels facing many obstacles to compete with
conventional equivalents, calls for adjustments and additional initiatives to correct course and drive investments
into eSAFs (synthetic aviation fuels) and eSMFs (synthetic maritime fuels)

*  The AccelerateEU Communication, released in the context of the crisis of the Straight of Hormuz and price spikes
on fossil fuels, also lists a number of strategic vulnerabilities from the European Union and sets forward targeted
actions to phase out of fossil fuels dependence, including by adjusting rules on renewable fuels, on mapping
alternative feedstocks to fossils or by unlocking additional funding through ETS revenues for fossil-free pathways

*  Although still nascent, the Biotech Act Il, by deploying biotechnology and biomanufacturing, aims at “increasing
the use of feedstock from bio-based carbon, as well as from captured and recycled carbon like COz in CCU”, and
create lead markets by “setting mandatory minimum content requirements for carbon from bio-based feedstock
(biomass, waste), captured emissions (CCU)”

*  The latest revision of the EU Taxonomy finally acknowledges CCU as a sustainable activity within the climate
delegated act, building on the NZIA definitions and categories. However, it fails to include CCU as a technology
contributing to circularity (environmental delegated act) by providing alternative carbon feedstock for chemicals.

The message from this report is clear: CCU is an essential part of climate action. It can deliver climate benefits, but it
requires a supportive regulatory environment to thrive. The EU is now working on several legislations and revisions
which can become game-changing for CCU. This report delivers modelling results to support policy makers adapt rules
to make CCU a mainstream technology in the EU.
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1.2 Objectives

Building on the objectives of our 2024 exercise® that are still valid, the current report was further motivated by the
following factors:

*  Despite progress in CCU coverage at political level, there is still a considerable lack of quantified information on
the contribution of CCU to net-zero. This quantification should not happen in isolation but with CCU as a part of
a holistic system of societal choices and technological developments that will bring us closer to our goals.

*  Welivein a period where changes are happening quite fast and priorities shift at geopolitical level. It is important
to be able to adjust EU’s climate and energy strategies to internal and external developments based on updated
information, data and assumptions. Models like the 2050 Pathways Explorer enable this.

*  While EU paves the way with policy making, CCU facilities will be built at the national territory. It is therefore of
paramount importance that national authorities can work with relevant information and data based on their
national contexts. This was carried in our national model implementation.

2 CCU’s contribution to net-zero

The process of developing this quantitative exercise included two main steps:

(i) the scenario development exercise where more than 30 experts were invited to identify scenarios of what could
happen (“Contrasted scenarios”) and what would be desirable to happen (“Vision Scenario”) in terms of CCU
deployment. The methodology of the scenario development exercise is described in the first version of our quantitative
assessment?; the reader is referred to that report since the updates undertaken didn’t have an influence on that part.

(ii) a modelling exercise to yield quantitative information about the role of CCU by 2050. While a description of the
CLIMACT 2050 Pathways Explorer model is available in the 2024 report (Annex II)}, a more detailed methodology
including background assumptions and sensitivity data will be published in September2026 to complement the present
report that is focusing on the updated modelling results.

2.1 Improvements in the CLIMACT 2050 Pathways Explorer webtool

Continuing the exercise of 2024%, CO Value Europe and CLIMACT develop further 2050 Pathways Explorer, an open-

source web-based energy & climate model that allows the quantification of the climate-mitigating contribution of
CCU as part of a more holistic model integrating both technological and behavioural elements. The Pathways Explorer
enables the exploration of possible futures and assesses the implications and trade-offs of their choices. Simulations
can be performed in real time, offering a direct understanding of the key levers of the low carbon transition. The
exploration scope encompasses the energy system and its dynamics, all GHG emissions, and the associated resources
and socio-economic impacts. The following improvements and additions have been introduced in the Pathways
Explorer since the 2024 exercise:

*  Modelling of additional mineralisation pathways (i.e., mineralisation of CO: to produce supplementary
cementitious materials, mineralisation of CO2 to produce carbonated concrete aggregates)

*  Ex-post calculations of CO as feedstock to produce e-ethanol; CO sources considered were steel-making off-
gases, biomass gasification and CO2 conversion.
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*  Complete modelling of CO2 from biogas upgrading

* Introduction of cost elements (CAPEX, OPEX, fuel costs)

*  Configuration of the national context for the implementation of CVE’s Vision Scenario at Member-State level
(with the case-study of the Netherlands)

*  Additional improvements in the model (update of EUROSTAT latest input data, improved modelling of capture
in refineries, improved circularity modelling,...)

*  Various corrections (domestic aviation data, double counting of CCU fuels for energy and non-energy applications
in the industry, separation of benefits in term of emission reduction and feedstock availabilities for the chemical
industry,...)

2.2 Modelling Results

2.2.1 Whatis CCU’s contribution to climate neutrality by 2050?

“The EU will not reach climate neutrality without CCU as climate-mitigating solution. These technologies play a
significant role by reducing greenhouse gas emissions and by providing alternative carbon feedstock to produce
essential products and substitute virgin fossil carbon use in several key sectors of the EU economy.”

The modelling results confirm the widely reported emission reduction gap between climate objectives and the stated
policy measures’ and show that approximately 2/3 of the effort will have to come from new measures including deeper
societal changes (~23%) and further technology development (~44%). CCU solutions are part of the latter category
representing 8% of total emission reduction in the EU and 19% of the technological effort to reach climate neutrality

(Fig 2).

o,
(@]
2
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-1410
2021 Stated policy Societal choices Techs Remaining GHG in vision
(2050)
< VISION SCENARIO 2050 S
FIGURE 2. Impact of categories of actions to reduce overall GHG emissions in the EU until 2050.

Notes: Data calculated with the CLIMACT 2050 Pathways Explorer Model; Includes the benefits of CCU fuels imported
from outside the EU; Final value of remaining GHG emissions in 2050 is sensitive to small changes in the modelling
and may vary from +/-50 Mt due to high sensitivity of results for land-use carbon sinks; *Other: Aggregated benefits
of actions on low carbon electrification, technology switch, efficiency improvements, fuel switches and CCS.
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2.2.2 How can CCU contribute to reducing greenhouse gas emissions in the EU?

“By 2050, CCU will play a significant role to reduce EU emissions in transports (-12%) and industries (-7%) through the
use of captured carbon to produce CCU fuels, chemicals and building materials.”

In the EU industry sector, the largest reduction of greenhouse gas emissions (-68%) will come from higher investments
in technological development and large-scale improvements in energy renewability and efficiency. However, CCU will
also play aimportant role reducing emissions by approximately 7%, i.e. 4% through the use CCU fuels in industrial sectors
that cannot be electrified on the required time scale and 3% by capturing CO2 permanently in building material via
mineralisation (Fig.3). More than the net greenhouse gas emission reduction it achieves, CCU is crucial in substituting
virgin fossil carbon, i.e. “defossilise” the EU industry and ensure more feedstock sovereignty: approximately 71 Mt of
the captured carbon is used as feedstock (Fig. 5), leading to further emission reductions in downstream sectors.
Moreover, to reach net zero, any residual emissions, e.g. from process emissions, will need to be compensated by
Carbon Dioxide Removal (CDR).

[MtCO,e]

163 4G%

7 -18 31
2021  Stated policy  Societal Techs CCU-fuels CCU-materials Remaining GHG
(2050) choices  (Non CCU) in vision
<~ VISION SCENARIO 2050 _
FIGURE 3. Impact of categories of actions to reduce GHG emissions in the EU industry until 2050.

Notes: Data calculated with the CLIMACT 2050 Pathways Explorer Model; Every increment to the right represents
the net reduction in emissions that is enabled by the represented category; it does not correspond to negative
emissions or any form of Carbon Dioxide Removal (CDR).

In the transport sector, existing policy measures will only induce about 24% of the required emission
reductions. A switch to non-fossil fuels especially for sectors that cannot be easily electrified on short
timescale, i.e. the aviation, maritime, heavy duty and long-haul transports is crucial. This potential can be
acquired by both biofuels and CCU fuels produced using captured carbon and renewable, recycled or low
carbon hydrogen as feedstock. Biofuels are linked to feedstock availability constraints and blending
limitations. Hence, CCU fuels are essential to answer the residual fuel demand by 2050 and substitute as
much as possible fossil fuels. CCU fuels will represent 50% of the fuel demand in the aviation, 45% in the
maritime sector and 10% of fuels used for heavy-duty inland transports by 2050.
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By 2050, 12% of emission reductions in transport will be coming from the use of CCU fuels. Greenhouse gas emissions
from the maritime, aviation and inland transports (including heavy duty and long-haul vehicles as well as inland
waterways) sectors will be reduced by 40%, 50% and 4% respectively (Fig. 4).

<,
S
= 977 [ Inland transport
; """"""" M International aviation
Bl Maritime bunkers
-237
262
246 _— s | (2%
-114 91
2021 Stated policy  Societal choices Techs CCU fuels Remaining GHG
(2050) in vision
VISION SCENARIO 2050 _—>
FIGURE 4. Impact of categories of actions to reduce greenhouse gas emissions in transport until 2050.

Notes: Data calculated with the CLIMACT 2050 Pathways Explorer Model; Every increment to the right represents
the net reduction in emissions that is enabled by the represented category; it does not correspond to negative
emissions or any form of Carbon Dioxide Removal (CDR); Inland transport includes heavy duty and long-haul road
transport as well as inland waterways.

2.2.3 Where will the captured carbon come from?

“In 2050, the main sources of carbon captured will be direct air capture and industries with unavoidable process
emission, complemented by point source capture of fuel combustion (CCU fuels, biofuels and residual fossil fuels) and
upgrading of biogas.”

Most the of the carbon will be captured at point sources until 2035 while DAC is brought to scale. Then, DAC will need
to pick up to supply enough CO: for all the essential CCU applications. To reach climate neutrality in the EU, 400 MtCO:
will need to be captured by 2050. Modelling results show that 34% (134 Mt) will come from DAC, 20% (82 Mt) from
process emissions, 26% (101 Mt) from biogenic sources (biofuel combustion and biogas upgrading), 4% (16 Mt) from
CCU fuel combustion and 16% (65 Mt) from the residual fossil fuel emissions (Fig. 5). Industries with unavoidable process
emissions (e.g. lime plants) will remain important suppliers for captured carbon used in CCU products, but the emissions
from hard-to-abate sectors is assumed to decrease over time as the production methods change.

Based on our modelling assumptions, a fast ramp-up of carbon capture in industries with high process emissions (by
2035) and of DAC (thereafter) is crucial to answer the CCU product demand and substitute fossil-based products for
reaching climate neutrality.
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FIGURE 5. Carbon Capture, Usage and Storage applications based on the Vision Scenario 2050

Note: Data calculated with the CLIMACT 2050 Pathways Explorer Model.

2.2.4 How will the captured carbon be used?

“In 2050, 46% of the captured carbon will be used as feedstock to answer the non-fossil carbon demand and the rest
will be stored underground via CCS. From the 185 MtCO: utilized, 52% (95 Mt) will be used to produce CCU fuels, 39%
(71 M) for chemicals production and 10% (18 Mt) will be mineralised in building materials.”

Fuels: They will provide 920 TWh by 2050 and use the largest amount of CO2 among CCU applications (52%). 319 TWh
will be used for international aviation and maritime transport, 104 TWh for inland transport (including heavy-duty road
vehicles and inland waterways) and 497 TWh to replace fossil fuels in industries. They represent a share of 49%, 10%
and 18% of the final energy consumption per sector, respectively (Fig. 9). The EU has the potential to produce at least
55% of the demand for CCU fuels, the rest will need to be imported. Domestic and imported CCU fuels are considered
in our quantification and the captured CO2 corresponding to the imported CCU fuels represents an additional 18% (70
Mt) in Fig. 5.

Chemicals: Olefins represent key components of the chemical industry and their production, depending today on virgin
fossil gas and oil- In our Vision Scenario, olefin demand decreases from 73 Mt to 49 Mt by 2050, because of increased
material efficiency and circularity. We show that CCU has the potential to become a key alternative to virgin fossil carbon
use and contribute to approximately 70% of the primary production of olefins by using renewable energy and captured
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carbon (including CO) as feedstock. This represents 30% of the total olefin production (including the secondary routes)
(Fig. 7).

[TWh] 2.702

230 CCU fuels (for CCU chemicals)

CCU fuels
267 M Clectricity
M Biofuels
Bl i, (direct use)
Il Ammonia
I rossil fuels
Others

1.044
104

65

Industry Inland International
transport transport

FIGURE 6. Contribution of CCU fuels in the final energy consumption sector by energy carrier ([TWh].
Notes: Data calculated with the CLIMACT 2050 Pathways Explorer Model; Land transport includes heavy duty and
long-haul road transport as well as inland waterways; International transport includes aviation and maritime
transports.

Fossil feedstock

Biogenic feedstock Synthetic ethanol route (CCU)

Synthetic methanol route (CCU)

Mechanical recycling

Chemical recycling
Olefin production [Mt]

FIGURE 7. Contribution of the different pathways to produce olefins in 2050.
Note: Data calculated with the CLIMACT 2050 Pathways Explorer Model
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Building materials: CO, can be stored permanently in building materials via mineralisation. This process has the
potential to sequester permanently at least 4% of the carbon captured (18 MtCOz), which represents at least 8% of the
total CO2 stored. It can produce about 76% of total ceramics production (104 Mt) and can be relevant in about 57% of
the concrete market (900 Mt) through CO:2 curing, carbonated supplementary cementitious materials and carbonated
aggregates (Fig. 8).

CO2 mineralisation does not only reduce COz emissions, it has also the potential to perform CDR when the CO:z captured
comes from DAC or biogenic sources is stored permanently in building materials. And it also reduces the pressure on
raw materials and landfills, while increasing waste recycling.

25%
Ceramics Concrete
I Traditional route Il CO, curing
] co, mineralisation I Carbonated SCM
Il Recycling Carbonated aggregates

Il \Vithout CO, mineralisation
Building materials production [Mt]

FIGURE 8. Contribution of the different pathways to produce building materials in 2050. CO; mineralisation, CO:
curing, carbonated SCM and carbonated aggregates are part of CCU technologies.
Note: Data calculated with the CLIMACT 2050 Pathways Explorer Model.

2.2.5 What will be the electricity consumption of CCU technologies in 2050?

“CCU related technologies required a significant amount of low carbon electricity, but the EU has the potential to
produce more than half of the CCU fuels demand by 2050 to move away from fossil fuels, increasing energy
sovereignty and reducing greenhouse gas emissions”.

The domestic production of CCU fuels and chemicals for the transport and industry sectors will require up to 1193 TWh
(including DAC, carbon capture at point sources, production of Hz and fuel production) in 2050 which represents approx.
24% of the modelled low carbon (i.e., renewable and nuclear) electricity production in the EU by that year (Fig. 9).This
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share can be reduced by reducing CCU fuels demand, by improving energy and material efficiency of CCU technologies,

by optimizing the deployment of renewable systems and recycling energy from industrial processes or by importing
higher share of CCU fuels (45% imports for now) or hydrogen (30% for now); these imports avoid the need for an
additional 16% electricity production domestically. In our assumptions, CCU fuels imports are assumed to be produced
by low carbon electricity hence significant constrains exist as well on the amounts of products that can be imported,
and they are considered in EU GHG reduction calculations.

= 4.934 4.934
E Imports -] 0 30 Exports~ 0
= i - 498
Fossil fuels'| Others 1.997
Biomass / Hydrogen N
| N )
| w196 H, import for CCU fuels
Nuclear! Transport N
Other RES : :
© 608 i CCU-fuel import
Industry ‘
H, (for CCU fuels)
457 )
Offsh(?re . /CCU-fuel synthesis
wind Buildings

91 ' /H, (for CCU chemicals)
" Carbon capture
,/’Iat point source
CCcu 1.193 . .
Direct air capture
/Biogas updgrading

Solar PV

Electricity Electricity ccu
production consumption Applications
FIGURE 9. Electricity consumption of CCU related technologies (right) compared to other sectors (middle) and

modelled electricity production mix in the EU (left).
Note: Data calculated with the CLIMACT 2050 Pathways Explorer Model

2.2.6 What s the role of CCU fuels to ensure energy sovereignty in the EU?

IPCC? and IEA® scenarios show that phase-out of fossil fuel extraction is required to reach global climate targets by 2050.
The EU has the potential to decrease primary energy consumption by combining energy efficiency improvements,
technological breakthroughs, and societal changes. Despite the need for some imports of CCU fuels and Hz to answer
the demand of non-fossil carbon feedstock, CCU fuels, together with renewable energy developments and
electrification will therefore help strengthen EU’s energy sovereignty and decrease import of primary energy from more
than 60% (today) to 15% (by mid-century). (Table 1).
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TABLE 1. Evolution of EU energy sovereignty between 2021 and 2050 based on Vision Scenario.
Note: Data calculated with the CLIMACT 2050 Pathways Explorer Model

- '}
EU energy sovereignty (TWh) 2021 Vision 2050

Primary energy consumption 15395 8130
Imports of fossil fuels 9870 609
Imports of CCU fuels and H> negligible 603
Energy dependency >60 % 15%

2.2.7 How much does it cost?

A new element that has been added in this updated exercise was the calculations of the costs that are associated with
the deployment of our Vision Scenario. The reason for this addition is the ability to answer to questions like how much
investment would be needed to deploy CCU at the scale described by our Vision Scenario and how these costs are
compared to other decarbonisation levers. As total costs we have included the capital investments, the fuel costs and
the operational costs (Fig. 10).

Externalities
(not in scope)

Capital Fuel costs Operations and
investments (imports) Maintenance

Climate change
Air quality
Congestion costs
Noise disturbances
Visual impact
Remaining natural resources
Preservation of fossil fuel resources
Dependence to new resources
Impact on biodiversity services
And other forest benefits
Impact on energy {in)dependence

Total costs

FIGURE 10. Total costs considered under Vision Scenario

Modelling results show that the transition to net-zero can be reached at a lower cost than the current situation, more
specifically our Vision Scenario is 26% less costly that business as usual (Fig. 11). In our scenario, the transport sector
has the largest potential for cost reduction and the energy supply is the sector that drives increase in costs. Our results
show that the system goes towards more capital-intensive assets, with lower operational and fuel costs. Moreover,
while imported fuel decrease in volumes (see Table 1), they are associated with a higher per KWh cost (e.g. hydrogen,
CCU fuels).

Overall, the absolute cumulated cost of realising our Vision Scenario would be approximately 92.133 billion € and given
the emission reduction achieved through this scenario (approx. 2.147 Mt_COz-eq; see Fig. 2), the relative cost would
correspond to approx. 43 €/kgC02-eq.
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FIGURE 11. Undiscounted cumulated total costs between 2021 (Stated policy) and 2050 (Vision Scenario) [billion
€].Note: Data calculated with the CLIMACT 2050 Pathways Explorer Model

4.120

AFOLU

Buildings
Industry 170 2.419
Transport
Energy supply
Stated policy Societal Technology CCu Vision Scenario
(2050) Choices
FIGURE 12. Impact of levers on costs in 2050 by sector — annualised cost [billion €]

Note: Data calculated with the CLIMACT 2050 Pathways Explorer Model; The range of the CCU costs spans between
153-170 BE€, depending on the assumptions on import costs (see also the breakdown in Fig. 13)
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Looking at the contribution of technological solutions versus societal choices and the associated impact on the costs
from an annualised perspective, results show that societal choices can have more than twice the impact of technological
solutions. CCU deployment adds to the final costs, mostly due to the associated energy supply needs. CCU corresponds
overall to approximately 7% (170 B€) of the annualised cost of realising our Vision Scenario (Fig. 12).

Figure 13 shows the breakdown of the cost of CCU per activities. Energy is from far (63%) the largest contributor, mainly
with the costs for imports of CCU fuels and H2 (52% assuming the higher range), but also for capture (approx. 33%) and
for domestic Ha supply (approx. 25%).

170.047 SEEe
" Higher range on import costs

Imports (CCU fuels)
B imports (H,)
M :rs (Capture)
I res (H, electrolysis)
I REs (CCU fuel production)
[ | H,/CCU fuel plants
Direct Air Capture (DAC)
Point source capture
|| Industry
34.103 B co, transport
Il ' ports (fossil fuels)

17.621

CCuU

FIGURE 13. Breakdown of annualised cost of CCU in 2050
Notes: Data calculated with the CLIMACT 2050 Pathways Explorer Model; Industry covers mineralisation and e-
chemicals use; higher range on import costs reflects the uncertainty behind imports (the highest value has been
assumed)

2.2.8 What is the situation at national level?

While results at EU-level are crucial to achieve a wider understanding of CCU’s contribution to climate neutrality and an
appropriate recognition at an overarching political level, it is also evident that support at regional/national level is of
paramount importance. Deployment of CCU installations will take place at the national territory and can only be a result
of a supportive national strategy. The development of such a strategy, that will include CCU, will be based on the
existence of quantified information like the ones provided in this exercise. The 2050 Pathways Explorer allows the
configuration of national background information so that our Vision Scenario is implemented at the level of the Member
State to generate quantified answers to the same questions as in sections 2.2.1 — 2.2.7. The Netherlands is the first
case-study in a series of Member States that have and will be implemented with the updated version of the model. The
key results of the Dutch case are shown in Annex 2 and more national data will soon be available on our new visualization
platform (see section 2.3).

2.3 Future steps

As the current report shows, this quantitative exercise is dynamic and will be regularly updated with further information
and improvements to reflect in the most accurate and transparent way CCU’s contribution to achieving EU’s climate
goals. Future additions include:
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*  As of September 2026, a methodological report detailing all assumptions and methodological choices linked to

CVE’s Vision scenario and the functions of 2050 Pathways Explorer.

*  Continuous addition of further technological pathways (e.g. non-hydrogen-based CCU fuels, further chemical
pathways like polyol production, etc.).

*  Sensitivity analyses for parameters and assumptions with a strong impact on the final results.

*  As of September 2026, a visualization platform, embedded into CVE’s open access database with a user-friendly
illustration of the main results of our exercise, in particular:

*  Sectoral factsheets (e.g. chemistry, transport, construction)
*  Country factsheets based on our national modelling implementation (e.g. NL, FR, BE)

*  Thematic factsheets (e.g. costs, removals)
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3 Recommendations

The modelling results of CVE Vision scenario have provided quantified answers to a series of questions on the role that
CCU can play towards reaching to EU’s climate and circularity goals, with a focus on the 2050 carbon neutrality
milestone. To fulfil this role and allow CCU to realise its potential, a series of actions are needed. The following
recommendations build on the first exercise and incorporate the current results to provide an updated overview of
what needs to be done also at political level to see CCU deploy at an accelerated pace.

RECOMMENDATIONS for EU framework to support CCU upscaling

*  Make CCU an integral part of EU climate and industry policies

o Supporting capture continues to be the number one priority to deliver on carbon management
policies: EU rules must be shaped to ensure that every installation that cannot be electrified is
incentivised to capture carbon and send it to utilisation or storage.

o Europe must be more systematic and consistent in including CCU in its legislations as an important
cleantech solution to drive down emissions. While CCU is increasingly referenced in EU legislations
there are still gaps in consistency in CCU’s consideration under EU law. Market incentives (e.g. ReFuel
EU) and clear recognition (e.g. ICM Strategy) are often undercut by counterproductive provisions (e.g.
overly strict rules under REDII Delegated Acts, or complete exclusion from the Circular Economy Act).

o Create a binding definition distinguishing clearly the unavoidable industrial emissions (e.g. from
process emissions such as lime or cement production) from fossil emissions from the use of fossil fuels
which could be substituted. By doing so, the EU will ensure that capture of carbon in industrial settings
focuses on the hardest to abate sectors.

o Provide a detailed impact assessment on the availability of CO2 sources (atmospheric, biogenic, fossil)
to inform future policy-making decisions, and to possibly foresee shortage of supply of CO> for CCU, CCS
and CDR targets by 2050.

o Update outdated and harmful provisions in the Monitoring and Reporting Regulation (MRR) that
prevent projects to transport CO: and send part of it for reuse and part of it for storage.

o Adopt as soon as possible rules around CO: mineralisation from biogenic and atmospheric CO: for
permanent removal certification.

o Mainstream and simplify net zero technologies categories under the Net Zero Industry Act to ensure
it covers as many utilisation technologies as possible (e.g. capture of CO, production of graphite, etc.).

o Include captured carbon-based products markets under CO, markets and transport infrastructures
legislations, not exclusively mechanisms destined to CO. storage.

o Our exercise has shown the importance of Direct Air Capture for the provision of sufficient COz into the
downstream activities. But, to date, little is done to support DAC-to-CCU and further funding support is
needed (e.g. including DAC better into the Innovation Fund scope).

*  EU policies must reward CCU to address cost gaps compared to conventional products: the report shows that
within a less costly Vision scenario (compared to stated policy), CCU technologies will indeed come with
substantial investment needs. Two levers should address this issue: 1) create at minimum a level playing field
under ETS and CBAM between captured carbon and virgin fossil carbon to avoid penalising cleaner alternatives,
2) mobilise instruments to reduce that cost gaps mirroring the ETS SAF funding scheme to ensure gaps may be
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bridged. Other financial solutions like carbon contracts for difference, double-sided auctions, tax exemptions,
IPCEI on industrial carbon management should also be mobilised to drive investments into CCU solutions.

*  Amending EU legislations to make them fit-for-purpose for CCU deployment

o The incoming ETS legislation needs to address how to account for CCU products that are not
permanently binding CO2 into a product. The situation so far is unfair and inefficient: virgin fossil carbon
isn’t priced under the system, while captured ETS carbon is. EU institutions must create a clear
advantage for captured carbon in comparison to virgin fossil carbon and to ensure that no matter
which accounting principle for non-permanent CCU is adopted, all actors in the CCU value chain see
an incentive in capturing and utilising emissions to substitute fossil equivalents.

o The current Delegated Acts of REDII on RFNBOs, RCFs and LCFs have failed to deliver projects that can
materialise at scale. While the topic has been fiercely debated for years, our recommendation is simple:
one major obstacle from those rules is the sunset clause on industrial CO2 from unavoidable
emissions, after 2040, especially when the ETS cap is expected to be positive well into the 2040s™.

*  Create new incentives for fossil-free feedstocks for chemicals. Policymakers have long recognised the need
to reduce dependency on fossil resources to produce chemicals, but with no concrete measures attached?.
Today, companies still have practically no incentives to produce or source their chemical building blocks from
alternative feedstocks. We need a drastically different approach: we need definitions for sustainable carbon
sources and products, market-pull mechanisms (e.g. sustainable carbon minimum requirements) and tax
incentives to promote alternative feedstocks such as captured carbon, recycled waste or sustainable biomass.
The proposal for an Industrial Accelerator Act has laid out important elements: a definition of sustainable
carbon, a way forward on exploring market-pull options. This is important progress, but without translating
this into concrete provisions, it will remain intentional. The suggestions of the Critical Chemicals Alliance need
to be followed and implemented in this process.

e Take stock of progress and shortcomings of current EU rules set out in ReFuelEU Aviation & FuelEU Maritime:
EU rules should build on the learnings and proposals made under the Sustainable Transport Investment Plan
and the Communication AccelerateEU, which both acknowledged the challenges and solutions needed for the
production en masse of sustainable aviation fuels and sustainable maritime fuels, in particular maintaining
targets and complementing them with additional derisking mechanisms is crucial to help the sector grow. The
work from the Renewable and Low Carbon Fuels Alliance can be an inspiration, and EU institutions must look
at additional actions to support derisking features such as CCfDs, double-sided auctions, EU and national
funding instruments (e.g. IPCEI for industrial carbon management) or public-private investments partnerships.

*  Encourage action at national level. The European Commission needs to support the adoption by EU Member
States of national strategies around CCU and industrial carbon management at large and evaluate NECPs
based on the level of support to deploy carbon capture at national level. The EU needs also to provide know-
how and support to Member States to realise elements of the EU policy that are dependent on national
policies: if the NZIA or the CRMA assigns a project the strategic status but the MS doesn’t have the means, nor
the policies in place to actually support this project, then there is a practical mismatch in the deployment of
cleantech solutions.

1See the presentation from the May 2026 ETS high-level roundtable
2 Already back in December 2021, the Commission brought forward the Communication on Sustainable Carbon Cycles, suggesting a
20% non-fossil carbon in chemicals and plastics. Since then, no action has been taken to translate this in an actual legal provision.
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Annex 1 — Vision scenario assumptions and technology
pathways

The Pathways Explorer employs more than 180 levers of societal and technological nature among different economic
sectors (buildings, transport, industry, energy, etc.). The values and trajectories behind these levers can be consulted
easily and in a transparent way in the web-based tool. Table Al provides only an excerpt of some parameters and
assumptions that have been considered for the development of the Vision Scenario. For more details on the
assumptions and methodological choices, the reader is referred to Annex 2 of the 2024 report?, directly to web-version
and the pending (September 2026) extended methodological report.

TABLE A1l. Examples of assumptions on model input variables — Vision Scenario

Stabilization of average housing temperature at 19°C; Stabilization of the living floor area per capita; Shift towards
more active transport (urban) and public transportations; High increase of the car sharing economy (shared vehicles,
self-driving...); Significant reduction of air transport (-25%); Shift towards a sharing economy for goods; Development
of circular behaviours (Reduce, Reuse & Recycle); Shift towards a healthier diet (reduction of average calories);
Reduction of meat consumption, shift towards non-ruminant meat.

Technological

High renovation rates & depth (limited new constructions); Massive switch towards heat-pumps and district heating;
Electrification of the road fleet (+H2 for some heavy vehicles); Increased energy efficiency for cars (lighter & more
efficient); Massive electrification of the industry, H2 for some heavy industries (steel,...); Development of circular
economy; Massive investment in renewables and grid infrastructure; Stabilization of current nuclear production;
High investment in carbon capture from industries with high unavoidable process emissions; After potential
electrification and efficiency investment, carbon capture is used in sector where it is more difficult to decarbonize
fully; CO2 potential from industrial sources tend to decrease over time as the production methods change (e.g.: H-
DRI steel)

CCU products

Building materials: CO2 can be stored permanently in building material via mineralisation processes. A maximal
estimated potential of CO2 used is assumed, i.e. about 76% for the production of ceramics and 57% of concrete
production.

Chemicals: Captured carbon can be used as feedstock with low renewable hydrogen to produce chemical building
blocks. 70% of the production of primary chemical olefin, a widely used chemical building block, is based on CO»-
based chemicals (35% e-methanol and e-ethanol each). In this assumption, the primary demand for chemicals is
reduced from 73 Mt to 49 Mt by 2050, because of increasing material efficiency and circularity.

Fuels: based on the development of regulations for quotas in the use of CCU fuels in the EU, the assumptions are as
follows for the use of CCU fuels in 2050: 45% of aviation will be powered by CCU fuel (5% electric and 35% biofuel);
50% of maritime will be powered by CCU-methanol (5% electric, 15% biofuel and 15% green NHs); 10% of land
transport, mostly long-haul and heavy-duty vehicles, will be powered by CCU fuels.
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The technological pathways considered in this exercise are included in Table A2, however, more pathways can be
implemented in the future when technical information as well as a proper assessment of product demands are available.

TABLE A2. Modelled technological pathways
Technology

Groups

Name Description Container Replacement

through methanation

E-Methane 4 +Hr®@>CH,

in synthetic methane replaces natural gas

Fischer-Tropsch through Fischer-Tropsch process In synthetic liquid replaces liquid fossil
CCU-Fuels i

process ¥ +H,+ ® > Synthetic fuel fuel fuels

through methanol synthesis In synthetic .
-Methanol | time fuel

e-viethano 4 +H,+ @ > Synthetic methanol methanol replaces martime Tueis
MTO with synthetic methanol

e-MTO ¥ +H,+ ® > Synthetic methanol 2> In Olefins Fossil based olefins
Olefins
Dehydration of synthetic ethanol

e-Dehydration 4 +H,+ ®or CO> 4 +Synthetic ethanol In Olefins Fossil based olefins
- Olefin

Cement material AT, EEISEEEE) SEINE Ee Concrete with
aggregates In concrete

mineralization embedded CO,

Cement+ “ - Concrete

Buildings
materials

Ceramic material

mineralization Carbon bricks

(data for carbstone are + @ & Ca/Me+..> Ceramic
confidential and not included v /Mg

in the presentation)

I - - of industrial emissions stored /
_ CCs Capture of energy supply emissions stored / ¥ Power

a Co,
H, Hydrogen

In ceramics Ceramic bricks
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Annex 2 — The potential of Carbon Capture and Utilisation
to defossilise the Dutch economy.
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THE POTENTIAL OF CARBON é
CAPTURE & UTILISATION TO
DEFOSSILISE THE DUTCH —
ECONOMY

Reaching climate neutrality in the Netherlands is particularly challenging. Limited domestic biomass
resources (<40TWh) and a declining land carbon sink mean that sustainable carbon will remain scarce. Yet
sectors such as the chemical industry will continue to require carbon beyond 2050, making captured carbon
an essential feedstock for producing fuels, chemicals and materials.
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Carbon Capture & Utilisation (CCU) represents an array of technologies able to capture carbon at point sources or from the
natural cycle and use it to produce essential products such as fuels, chemicals and materials. CCU reduces or avoids emissions
and, in certain cases, removes C0O, from the air. It also eliminates the need to use virgin fossil feedstock and increase energy
sovereignty.
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By 2050, the Netherlands could capture around 30 MtCO,, primarily from biogenic (37%), atmospheric (37%) and process
emission (9%) sources. At least 57% of this captured CO, could be converted into valuable products, while the remainder would
be stored underground. Horticulture and greenhouse facilities are important direct CO, users in the Netherlands today. They
will rely on atmospheric and biogenic CO5 in the future, but demand is expected to stabilise after 2030 at around 1.8-3 Mt/yr,
remaining below that of fuels and chemicals.

Direct Emission Reduction
& Overall Yy Aviation 2% Maritime ¢l Industry

14% 20% 27% 1%

(20% of all technological mitigation effort)

Other Benefits

& Carbon feedstock for chemicals EU energy dependency

9 Mt 38%
non-fossil carbon supplied energy dependency by 2050
(additional emissions reduction across the entire value chain) (down from >60% today)
4 Electricity € Cost
91 TWh ~€ 19 bn/year
25% of total electricity demand in 2050 ~13% of 2050 decarbonisation costs

Share of CCU Products in 2050

CCU products will play a major role in defossilising the chemical industry in the Netherlands, but also to preduce CCU-fuels for
sectors that cannot be electrified, such as aviation and maritime.

CCU-based
18% 19% W . Bio-based
e H; (direct
. 10 Mt L 309 TWh Mt B Mt . 2 (direct use)
18% ST | R p—
32 6%
Conventional/Fossil
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