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Key findings

1

Modernising the EU’s industry is imperative: European steel, organic chemical and cement industries — “heavy industry” — rely
75 percent on fossil energy and feedstocks, exposing them to volatile markets. At the same time, geopolitical tensions and global
competition are disrupting the EU’s established business model. Yet clean technologies are ready for deployment at scale. They
reduce dependence on fossil imports and open new markets, if the right investment conditions are created.

By investing in technologies that use domestic renewable electricity, green hydrogen and sustainable biomass, EU heavy
industry can break its fossil import dependence by 2050. Compared to a fossil-dominant pathway, this largely shields the sector
from 17 billion euros in extra costs triggered by a one-year fossil price shock similar in magnitude to the recent Strait of Hormuz
closure. Such an approach costs the EU less than one percent of industrial gross value-added per year.

EU heavy industry can remove more carbon dioxide from the atmosphere than it emits as early as the mid-2040s by increasing
the use of sustainable biomass paired with carbon capture and storage (CCS). These carbon removals contribute to the EU’s
2050 climate neutrality goal and provide a new revenue stream for industry to fund its modernisation. By contrast, using CCS
primarily for fossil emissions risks locking industry into high residual emissions.

To drive innovative industrial production, the EU should now develop an investment framework that maximises the use of
domestic resources. Securing the EU’s strategic sovereignty and its position in tomorrow’s green markets requires a
comprehensive industrial strategy, including three bedrock measures: a robust carbon price signal via the Emission Trading System
(ETS), rapid expansion of renewable electricity, green hydrogen and sustainable biomass and strong demand-side signals to
stimulate offtake of clean products.
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A European heavy industry based on domestic resources reduces exposure
to fossil volatility while contributing strongly to Europe’s climate targets

Key insight: An industrial transformation
strategy based on domestic resources means
European heavy industry can reach net zero
by the 2040s

Yearly net emissions of the EU’s steel, organic chemical
and cement industries’
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Key policy

recommendations

removals

Maintain a robust carbon price
signal and remunerate carbon

Key insight: Prioritising domestic resources
allows European industry to halve its depen-
dence on imported energy and feedstocks

Energy and feedstock demand, 2050
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@ Hydrogen Electricity

and sustainable biomass

Scale critical enablers: renewable energy
sources and grids, hydrogen, carbon management

Key insight: Lowering fossil dependencies
reduces the impact of a fossil price shock by
17 billion euros while allowing for more stable
business operations

Total system costs incl. CAPEX during one year fossil
price shock, 2050
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® Reqgular system costs @ Fossil fuel price shock

Enable investment decisions via
dedicated support and lead market
policies

3 | 1) Excludes plastics end of life emissions, upstream emissions for oil, gas and coal production
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Results overview:

Domestic resources can drive the
transformation of heavy industry
In Europe




The double cost of fossil dependence: Fossil imports expose the EU to
geopolitical risks and volatility, as well as to rising climate-related losses

Energy price developments
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Fossil energy markets have seen high volatility
in the past 5 years. Natural gas prices
temporarily increased almost 10-fold in 2022
and crude oil prices doubled in reaction to the
Iran war.

EU gas imports by supplier, 2025
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The EU imports 97% of its oil and petroleum
and 85% of its natural gas. This makes the EU a
price taker on global markets and exposes it to
volatility and geopolitical shocks.

Sources: Energy prices: Montel (2026), EIA (2026), data as of 29.06.2026; Import Dependence: Eurostat (2026);
Weather- and climate-related economic losses: European Environment Agency (2026)

Annual economic losses caused by
weather- and climate-related
extreme events, EU-27
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@ Meteorological (storms, hail, wind) @ Hydrological (floods)
@ Climatological (heatwaves, wildfires, droughts, cold spells, frost)

Economic losses caused by weather- and
climate-related extreme events are rising
significantly, averaging EUR 45 billion per
year in the 2020s.
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https://www.eia.gov/dnav/pet/hist/RBRTED.htm
https://ec.europa.eu/eurostat/web/interactive-publications/energy-2026
https://www.eea.europa.eu/en/analysis/indicators/economic-losses-from-climate-related
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Prioritising domestic resources allows European heavy industry to save an
extra 1.4 billion tonnes of CO, while improving its value chain resilience

Yearly net emissions of the EU’s steel, organic chemical
and cement industries’
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— A scenario based on increased resource sovereignty allows European
heavy industry to avoid high residual emissions and become climate-
neutral in the 2040s

1) Excludes plastics end-of-life emissions, upstream emissions for oil, gas and coal production;
2) based on European Commission Impact Assessment for 2040 Climate Target Revision

Two scenarios for the EU’s steel, organic chemicals and
cement sectors (see next page for details):

1. Sustained Fossil Dependence scenario: Reduced trans-

formation and resilience policies lead to a continued
reliance on imported fossil fuels and feedstocks. There-
fore, carbon mitigation in these sectors eventually
stalls, leaving residual emissions of 43 Mt in 2050.
Heavy industry misses its climate targets.?

. Increased Resource Sovereignty scenario: More robust

transformation and resilience policies prompt industry
to embark on a decisive shift towards electrification,
circularity, hydrogen, and sustainable biomass,
fostering resilient, innovative and sustainable value
chains. Carbon removals become an important new
business case for industry. The industry sector
contributes strongly to climate neutrality in 2050.
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Scenario description: Resilience, innovation and climate performance of
Europe’s industry depend on political strategy and policy choices

Sustained Fossil Dependence scenario Increased Resource Sovereignty scenario

Medium term: Uncertainty on the future of
Europe’s industry prevents large scale investment
in fossil-free production and enablers.

Long term: Climate ambition increases again,

but investment trajectories in plants and enablers
cannot catch up, leading to missed investment
windows and stalled emission reduction.

Medium term: An industrial strategy built on
a transformation through domestic resources
renews trust in Europe’s strengths, leading to
new investments in plants and key enablers.

Long term: European industry shifts decisively
towards domestic resources, while substantially
reducing emissions.

Policy levers

Carbon price: A weakening of the ETS lowers
confidence and, consequently, the carbon price
signal.

Other policies: Existing support mechanisms are
continued, but no additional policy measures to
enable new investments, scale key enablers and
prioritise domestic resources are launched.

Carbon price: The ETS reform maintains trust in
the system and therefore delivers a strong carbon
price signal.

Other policies: Additional investment support
and lead market policies support a fast build-out
of enablers, infrastructure, circularity, use of
hydrogen, biomass and electrification.

- Policy levers are indirectly modelled by means of a carbon shadow price and a fossil feedstock levy

Details
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CO, emission trajectories: Compliance with climate targets requires
immediate and deep transformation

Net CO, of emissions per industrial sector in both scenarios?

[Mt CO;]
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Sustained Fossil Dependence Increased Resource Sovereignty
Sustained Fossil Dependence scenario: Lower policy support for the Increased Resource Sovereignty scenario: By maintaining an ambitious
transformation in the 2030s delays key investment decisions and policy framework throughout the 2030s, industry can meet its climate
locks in technologies that are incompatible with climate targets targets and become a supplier of carbon removals in the 2040s
@ Total net direct emissions @ lron and steel @ Organic chemicals @ Cement Plastic Eol?

1) Incudes Scope | emissions of the three modelled sectors. However, as end-of-life emissions account for more than half of the g

o o . L - . : . . o Wuppertal UNIKASSEL Agora
overall lifetime emissions of plastics, emissions generated by incinerating plastics are displayed; 2) EoL= end-of-life emissions Institut VERSITAT Industry



Through circularity, electrification and biomass use, Europe’s heavy industry can
reduce its dependence on imported energy and feedstocks from 75% to 27%

Energy and feedstock demand

[TWh/year]
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1) Based on modelled 2025 data adjusted for observed production volumes; 2) fossil fuel use in cement is not differentiated by fuel type;

Hydrogen Electricity

9 | 3) HBI imports are assumed natural-gas-based in the SFD scenario, hydrogen-based in the IRS scenario.

Natural gas

— The EU possesses comparatively few fossil fuel

resources, making it heavily dependent on imports.
EU heavy industry is particularly exposed: around
75% of its current resource base are fossil fuels and
feedstocks, the overwhelming majority of which are
imported.

— With a decisive strategy to foster recycling,

electrification and biomass usage, EU industry can
reduce these dependencies by two thirds to only
27%, meeting the vast share of its resource demand
with domestic resources. This leads to more resilient
value chains across the industrial sector and
strengthens value creation in Europe.

— By contrast, a more fossil-based transition keeps

European industry exposed to fossil risks, particularly
through a potential shift from coal to gas.
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Reducing import dependence to 27% costs less than one percent of industry
gross value added compared to a fossil-based approach

Total system costs?! in 2050... — The EU’s low level of fossil reserves make it a price

taker on global markets and susceptible to price
... at reference ... during one-year AN . aMe .
fossil fuel prices fossil p%ce il volatility and supply shocks. This volatility induces
high economic costs for companies, as value chains

150 are disrupted and investment cases weakened.
o0 — Reducing the fossil volatility exposure of its key
industrial sectors to 27% costs the EU less than one
- percent of industrial gross value added per year
compared to a fossil-based approach.
0 . . — By contrast, continuing to rely on imported fossil
Sustained Increased Sustained Increased . . ] . . .
Fossil Resource Fossil Resource fuels for its key industrial production maintains a
Dependence Sovereignty Dependence Sovereignty . .
dependence of more than 50%, keeping EU industry
@ Regularsysiemcosts (@ Fossil fliel price shack exposed to disruptions: a one-year fossil price shock
. . . . . increases the costs of a fossil-based scenario by
- Building heavy industry on domestic resources is more expensive. I ) . ]
However, this cost premium amounts to less than one percent of EU EUR 27 billion*. An industry built on domestic
industrial GVA, and it largely shields companies from fossil price shocks. renewable resources is much less affected.

1) Total system costs include CAPEX as well as OPEX; 2) all monetary values in this study are represented as real EUR 2024; 3) gross value added
10 | (GVA) of EU manufacturing sector amounted to 2.7 trillion euros in 2025 (Eurostat 2026); 4) fossil fuel price shock calculation: Wholesale prices Wuppertal UNITKASSEL Agora
rise to EUR 66/MWh (natural gas) and USD 114/barrel (crude oil). Institut VERSITAT
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https://ec.europa.eu/eurostat/databrowser/view/NAMA_10_A10__custom_21946665/default/table?page=time:2025

Large-scale new capacities in innovative and transformative production
processes need to become operational by 2035 to meet climate targets

Capacity investments entering operation per five-year period — For investments to become
operational in the early 2030s,
133 on. 198 on. final investment decisions need
total investment total investment ) )
[EUR bn] needs needs to be taken well in advance. It is
50 crucial that they are taken in the
years 2026 to 2030 (see next
40 .
slide).
30 — Additional investment needs for
. transitioning away from
imported resources in steel and
10 cement are moderate.
. ] | - — In chemicals, the significant
2025' | 2030 2035 2040 | 2045 2050 2025' | 2030 2035 2040 | 2045 2050 need to build up new, innovative
Sustained Fossil Dependence Increased Resource Sovereignty productlo.n routes E)FOVIdES the
opportunity to tap into new
@ Steel @ Organic chemicals @ Cement & CCS at waste incineration market opportunities.

11 | 1) Based on announced project pipeline; 2) FID = Final investment decision Wuppertal UNIKASSEL Agora
Institut VERSITAT Industry



Lead times for key investments in production and enablers, as well
as stranded-asset risks, necessitate key strategic decisions in the next years

| ,;k Decision window

> FID 4 2050
l
Transformation-compatible ramp-up speeds are still achievable, but only if course is set early

@ Lead-time (@m ) Required ramp-up speed
soes T )
CCS at cement plants ~4-5years | >5 cement plants with CO, capture and CO, infrastructure per year 0
Chemical recycling plant ~3years =10 chemical recycling plants with CO, capture and CO, infrastructure per year Q

H, grid ~3-4 years? Progressive grid buildout Q
Offshore CO, storage ~5years > 2 new large storage projects (5 Mtpa capacity each) per year o

@
== B

Reinvestments in fossil-based production come with high stranded-asset risks as carbon prices rise

uﬁ"“% { X Life span @ Stranded-asset risks
% N
\ .| Blast furnace reinvestm. ~2years >10y @
\
A Major naphtha cracker reinvestm. | ~5 years

Naphtha production reinvestm. | ~5years

1) Based on Increased Resource Sovereignty scenario; 2) up to 2,000km. Sources: DRI capacity: timeline communication from Stegra and Salzgitter

12 plants; CCS at cement plants: timeline communication for Brevik und Padeswood plants; chemical recycling: own assumption; H, grid: German H,
core network timeline; Offshore CO, storage: Agora (2026); blast furnace: own assumption; naphtha cracker: Moerdijk SC communicated timeline; Institut

| asseL  AQora
TAT Industry
Naphtha production: own assumption.
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Policy implications: A strong ETS is the foundation for a future-proof EU
industry, while support for plants and infrastructure unlocks investments

a robust CBAM as the foundational pilar of transformative investments.

Maintain a reliable and strong carbon price signal through the ETS coupled with

Regulatory
framework Remunerate high-quality carbon removals to create an additional revenue stream for
industry and incentivise the development of a sustainable biomass value chain.
Upstream: Accelerate the scale-up of critical enabling infrastructure and resource availability,
e:ablers ' particularly renewable power sources and electricity grids, the hydrogen economy,
CO, transport and storage infrastructure and biomass availability.
Midstream: Offer targeted regulatory, investment and operational support for key technologies, such
installations as DRI plants, CCS at cement plants, methanol-based production routes and electrification.
Downstream: Secure mid- to long-term financing of domestic resource-based production via the
markets implementation of lead market policies.

13 | Wuppertal uniKkAassSEL  AQOr3
Institut VERSITAT Industry



Key enablers: electrification, sustainable
biomass, hydrogen and carbon storage are
key enablers for the future of EU industry




Electricity becomes a cornerstone of sustainable production in heavy
industry, making its availability at competitive prices a key necessity

Electricity use — Evenin a scenario with sustained fossil dependence,
@Stcel @ Cement @ Organic chemicals rolling out electric arc furnaces in steel, capturing
carbon in cement and partially electrifying steam
[Twh/year] production in chemicals drive a significant increase
e > in electricity use.
300 — A scenario built on a deep transformation in
chemical production significantly increases electricity
200 demand in petrochemicals, driven by additional
steam demand for chemical recycling, stronger
100 i electrification of steam production and additional
l energy demand from e-cracker.
Y S s qu 5050 5050 — A strong buildout of renewable energy sources forms
SUDS;:igﬁgefgs" 'ncrgg\s,eefe*i?gerftoyurce the basis of a stable and cheap electricity supply for
Europe’s industry. At the same time, grids must be
— Electricity needs for heavy industry rise substantially in both scenarios — expanded, particularly in industrial clusters that are

making fast deployment of renewable energy sources and an expansion

of electricity grids a key priority seeing arise in production levels through the

transformation.

15 | Wuppertal UNIKASSEL Agora
Institut VERSITAT Industry



Electrolytic hydrogen from domestic renewables is a transformative enabler
and an innovative product where Europe still has a technological edge

Hydrogen use? — Electrolytic hydrogen produced from domestic
@Stecl @ Organic chemicals renewable power is a key enabler for fossil-free
industrial processes: in a scenario built on sovereignty

[TWh/year]

- through the use of domestic resources, hydrogen fully
replaces natural gas in iron reduction and plays a key

60 role in efficiently using biomass as a renewable
carbon source in chemicals production.

= — Securing offtake of hydrogen produced with European
electrolysers bolsters Europe’s technology leadership

= in electrolyser manufacturing. This technology is also

3 important to produce synthetic fuels, making it vital
0 _quuo_ - 050 for Europe’s defence.
Sl I - The targeted expansion of hydrogen transport and

storage infrastructure is therefore an important

- Industrial hydrogen needs are robust, particularly for climate-neutral ) , . .. )
requirement for Europe’s resilience and its industrial

steel production — but the amounts depend largely on whether Europe

prioritises strategic sovereignty through reduced fossil fuel imports transformation.
16 | 1) In organic chemicals, in-scope hydrogen demand is limited to dedicated hydrogen production for the polymer production route and Wuppertal UNIKASSEL Agora
hydrogen produced from byproducts is not considered. Hydrogen demand from refinery processes is out of scope of the modelling. Institut VERSITAT Industry



If prioritised for biogenic carbon, CO, storage allows for carbon removals via
industrial production — opening a new revenue stream for businesses

CO Captured @ Unspecified plastics Eol' @ Process - cement
é d ® H355|l - cement .H}ssn — organic chemicals
and store @ rossil - iror el @ Biogenic - cement
Biogenic - C}rqamc chemmals . quemc — iron and Steel
MISO.year —
100
50

2040 2050 2040 2050
Sustained Fossil Dependence Increased Resource Sovereignty
Residual
emissions incl. 229 Mt 97 Mt 132 Mt -24 Mt
plastics EOL

— Both scenarios rely on CCS, but while Fossil Dependence uses CCS
mainly to store fossil CO,, Resource Sovereignty prioritises CCS for
biogenic CO,, allowing industry to become a CO, sink.

—> Rapidly scaling CO, storage and transport infra-
structure is a key need in both scenarios. This requires
coordinated infrastructure planning and de-risking
policy measures. Given the early stage of these value
chains, there is a risk of storage volumes becoming a
bottleneck.?

— A strategic approach to using CCS is therefore essential:

* A fossil-based scenario uses available storage mainly
for fossil CO,, leaving considerable residual emissions
and untapped value streams in industry.

* A domestic resources scenario prioritises other
mitigation options and pairs CCS with biogenic carbon.
As a result, a net-negative industry can compensate
unavoidable economy-wide residual emissions and
generate new revenue for industry. This requires
dedicated CDR policy incentives.

17 | 1) EolL = End-of-life; 2) Agora Industry and Oko-Institut (2026): Deploying carbon capture and storage (CCS) for climate neutrality. Wuppertal UNITKASSEL Agora ‘
Institut VERSITAT Industry



Sustainable biomass can become a key strategic resource for the EU’s
industry — but avoiding misallocations requires a suitable policy framework

Biomass use in 2050 @5Stcel @ Cement @ Petrochemicals — Sustainable biomass use is a key lever to decrease
JlemEle Sesie | JSEED il e fossil dependence in all three sectors. If paired with
@ Lignocellulosic crops and residues
@ Bio-methanol imports @ Bio-ethanol imports capture and permanent storage of the generated CO,,
its usage also creates significant potentials for negative
(PJ] s [y seciog 52 g e emissions. Remunerating these carbon removals

makes using energetic biomass particularly attractive,

1,000 especially in steel and cement.

— In organic chemicals, while domestic biomass use can
be efficiently complemented by bio-ethanol and bio-
methanol imports, building up domestic bio-based
value chains allows new jobs and value-added to be
created in Europel.

500

Sustained Fossil Increased Resource Sustained Fossil  Increased Resource — Biomass availa blllty for industry is constrained by
Dependence Sovereignty Dependence Sovereignty o . . . .
competing demand, e.g. from aviation and shipping,

- Biomass demand from heavy industry increases more than threefold necessitating a suitable policy framework to shift

in the Increasted Reso.ur.ce Sove_relgnty scenario, with lignocellulosic available biomass to the sectors with the greatest
crops and residues gaining considerable importance. ) ] ]
climate and economic benefits.

18 | 1) Agora Industry, Carbon Minds and Frauenhofer IKTS (2026): Innovations for tomorrow: opportunities for a climate-neutral Wuppertal u
chemical industry. How transitioning away from fossil fuels boosts industrial resilience and employment. Institut v
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Steel sector: Scrap-based steelmaking
and direct reduction of iron are

no-regret strategies for competitive-
ness and emissions reduction




Maximising scrap-based steelmaking is a no-regret way forward
for resource-constrained European countries

Crude steel production

[Mt/year] @ Br-BOF DRI-EAF/BOF @ Scrap-EAF

150
) . . . .
50

0 - . Eeee——

Status quo 2040 2050 2040 2050
Scrap 0, 0, 0, 0, 0,
e 43% 51% 54% 54% 56%
Sustained Fossil Increased Resource
Dependence Sovereignty

— Both scenarios see a large increase in scrap-based steelmaking and
an associated strong push towards electric arc furnaces.

20 |

— While overall steel production remains largely constant
until 2050, the share of scrap-based steelmaking
increases significantly.

— The sector’s transition away from blast furnaces means
that electric arc furnaces (EAF) become the dominant
steelmaking route, able to process high shares of scrap
and direct reduced iron inputs.

— Further increasing the share of scrap is limited by
the availability and quality of steel scrap. High-quality
scrap becomes a key strategic resource and securing its
availability a strategic task for European steelmakers.

— Current recycling practices limit the use of scrap from
many high-end applications. Unlocking higher scrap
qualities requires targeted approaches along the entire
product value chain, from design-for-disassembly to
advanced sorting and processing techniques.

Wuppertal UNIKASSEL Agora
Institut VERSITAT Industry



Direct reduction becomes the main route for primary steel, requiring hydrogen

and biomass for climate neutral production — both must be scaled early

Iron production
@ Blast furnace DRI NG DRI H. @DRI bio HBI import

[Mt/year]
100

80

66
61 62 58

60

Status quo 2040 2050 2040 2050

Sustained Fossil Increased Resource
Dependence Sovereignty

40

20

0

— Both scenarios move away from blast furnaces towards DRI, but the
speed of infrastructure buildout determines whether DRI capacity is
locked into natural gas and prolonged fossil dependency, or transitions
fully towards a balanced mix of hydrogen, biomass and HBI imports.

21 |

— As blast furnaces become uncompetitive due to rising
CO, prices, they are gradually replaced by direct
reduction (DRI) from the mid-2030s.

— In the SFD scenario, delays to early DRI investments
lead to subsequent DRI deployment bottlenecks and
to life extensions of blast furnaces.

— Natural gas can play a temporary role until hydrogen
and sustainable biomass enable the long-term
transition of steel production away from imported
fossil fuels. Scaling these supply chains early is critical
to avoid locking in fossil-based CCS.

— Gradually complementing domestic production with
green iron imports from renewable-rich countries can
diversify value chains, reduce costs and improve
steelmakers’ competitiveness. Mutually beneficial
strategic partnerships are needed to this end.
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Dedicated support for electricity, hydrogen and sustainable biomass
infrastructure promote a resilient and clean steel production in Europe

Total energy supply

[TWh/year]
444

400

200

0
Status quo

@ Coke @ PCl coal

22 |

406

37

-

2040 2050

Sustained Fossil
Dependence

385

363

e

2040 2050

Increased Resource

Sovereignty

Coking coal Natural gas @ Charcoal Electricity

Hydrogen @ Biomass

HBI imports

— Overall energy consumption falls significantly due to
a move away from coal-based production.

— The steel sector’s electricity demand more than
doubles in both scenarios as steelmaking switches to
EAFs. Reliable and affordable clean power supply by
expanding renewable generation and grids is thus a key
prerequisite for future-proof European steel industry.

— Besides electricity, direct iron reduction requires a gas-
based reductant. Prioritising hydrogen and bio-based
syngas over imported natural gas reduces the sector’s
import dependency and promotes local value chains.

— Enabling investments to scale hydrogen and biomass
supply require dedicated policy support until CO,
pricing and demand side signals make them
commercially competitive.
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The investment outlook for a future-proof European steelmaking is robust:
DRI plants and EAFs need to be scaled via targeted investment support

Cumulative steel capacity investments entering operation per five-year period

42 villion 46 villion
o i o invég’;[re:wlent
80 '”Vr?g;@f”t needs

L 24
bn. EAF L 23
bn. EAF
. 25
bn. DRI 22
bn. DRI
2035 2040 2045 2050 2035 2040 2045 2050
Sustained Fossil Increased Resource
Dependence Sovereignty

@ Blast furnace @ Basic oxygen furnace (BOF) @ Direction reduction (DRI) @ Electric arc furnace (EAF)
@ Smelter @ Biomass gasification @ Heat furnace @ Mill

— Investments in direct reduction
plants and electric arc furnaces
are a key strategic choice for
Europe’s future industrial
prosperity and resilience.

— Given the structural challenges
of Europe’s steel industry today,
targeted investment support is
needed for the required rapid
scale-up.

— Additionally, investments in
enabling infrastructure and
resources are critical to provide
planning security for
steelmakers.
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Increases in steel supply costs are lower in a scenario based on natural gas
DRI, but this exposes Europe’s steel industry to volatile natural gas markets

Average finished steel supply costs?! — Costs of feedstocks (iron ore, scrap and HBI imports)
@ CAPEX @ctnergy @ Feedstock @ Logistics and energy account for more than two thirds of
CURs €0, T&S @ Other OPEX @ Fossil price shock average finished steel supply costs in both scenarios.
800 — Average finished steel supply costs rise by less than
+18% 20% in both scenarios, assuming stable fossil fuel
600 +8% prices. This translates into a cost surcharge of less
than one percent for a car made completely from
400 clean steel.
- — Although a scenario based largely on natural gas
based DRI with CCS sees a lower baseline cost
0 increase, this creates new dependencies on energy
Status quo 2050 2050 imports and exposes the steel industry to inter-
Sustained Fossil Increased Resource . . .
Dependence Sovereignty national natural gas markets and their volatility.

- . . . . Residual and upstream emissions mean the carbon
— Finished steel® supply costs rise less in a more fossil-based scenario.

. , . .
However, such a scenario is much more susceptible to volatility from fossil footprmt of the EU’s steel prOdUCt'on IS h'gher than
fuel markets. A one-year price shock almost eradicates the cost difference. in a scenario based on hyd rogen and biomass.

1) Finished steel products are products that are not further processed by the steel industry; for example, hot-rolled strip is only considered Wuppertal UNIKASSEL Agora
a finished product if it is not subsequently cold-rolled. Costs are represented excl. CO, costs and remuneration. Institut VERSITAT Industry



Feedstock change in chemicals:
an opportunity for resilience and
Innovation




A robust ETS price signal and complementary measures are necessary to
unlock deep transformation in chemicals

CO, emissions in organic chemicals in both scenarios — Based on a reliable ETS price
signal, steam is partially

[Mt CO;] electrified in both scenarios.

150
— However, without additional

100 policy measures, chemicals
production remains fossil-

" WO based, leading to plateauing
0 direct emissions and high CCS
demand for EoL? emissions
b — Additional policy measures
2100 allow chemical industry to
invest in domestic feedstock
% o025 2030 2035 2040 2045 2050 2025 2030 2035 2040 2045 2050 and circularity, leading to more
Sustained Fossil Dependence Increased Resource Sovereignty resilient value chains and

negative emissions
@ Net emissions' Gross direct emissions Eol® emissions @ Biogenic carbon used?

@ rossil CCS @ Biogenic CCS CES Eals

1) Only direct emissions (Scope 1) from petrochemicals; 2) EoL = End-of-Life; 3) the use of biomass is recorded as a sink in the sector. As a counter-entry, the

26 | biogenic CO, released during processing or disposal of plastic products is recorded as an emission. The temporary sequestration in products is thus accounted Y::t‘i,t‘:lirtal : : :‘ KSAI STS.: IT‘ Agora
) S d t
for across various sectors, throughout the entire life cycle, and over the years. vty



A transformation based on domestic resources allows petrochemicals to
diversify its feedstock and become less dependent on resource imports

Feedstock input

Sustained Fossil Dependence
[Mt C/year] [in %]
50

40
30
20

10

0
2025 2030 20385 2040 2045 2050 2050

— In a fossil-based pathway, naphtha cracking is
partly substituted by light alkane cracking.
Mechanical recycling is a no-regret technology
and cost-competitive in both scenarios.

27 |

Increased Resource Sovereignty

[Mt C/year] [in %]

50 .
@ Fossil naphtha

@ Fossil aromatics

@ rossil ethane

@ rossil propane

@ Biomass

@ Bio-methanol

@ Bio-ethanol

@ Waste directly to chemical recycling
= Residuals from mechanical to
échemical recycling

@ Waste to mechanical recycling

40

30

20

10

0
2025 2030 2035 2040 2045 2050 2050

— In a scenario based on a shift towards domestic feedstock,
petrochemicals can reduce its fossil resource input to less than 35%.
To achieve this, the carbon recycling loop is closed more because
mechanical recycling is complementing by chemical recycling. Domestic
biomass use is complemented by bio-methanol and bio-ethanol imports.

NIKASSEL Agora(
ERSITAT Industry
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Without additional incentives for recycling and biomass use, chemical
production will remain vulnerable to price shocks from imported resources

Energy and feedstock demand

[TWh/year]
1000 o
844 [E—
800
600
400
Import

ldnggggdence dependence _rport

=00 72% 59% dependence
32%
Status quo 2050 2050
Sustained Fossil Increased Resource

Dependence Sovereignty

@ rossil naphtha @ Fossil imported aromatics @ Fossil ethane
@ Fossil propane Natural gas @ Imported bio-ethanol and -methanol
Electricity @ Waste to chemical recycling' @ Waste to mechanical recycling
@ Hydrogen @ Biomass

28 | 1) Also includes residues from mechanical recycling sent to chemical recycling

— In a scenario of sustained fossil dependence, the
exposure to price shock risks remains high, as more
than half of the resource demand needs to be
imported.

— Decisive policy measures to increase resource
sovereignty through electrification and feedstock
change can allow petrochemicals to reduce import
exposure to one third of overall resource demand
and halves the absolute demand for fossil imports.

— In this scenario, electricity becomes the key energy
carrier for chemicals, with demand increasing sixfold
due to electrification of process heat and energy
demands from chemical recycling.

Wuppertal
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Partly-electrified steam production is a no-regret solution, but additional
incentives are necessary to substantially decrease gas demand

Process heat production by energy source

Increased Resource Sovereignty

30
N ‘ s
10

[TWh] Sustained Fossil Dependency
150
E
o 100
r
" F
0
2025 2030 2035 2040
_ [Twh]
m 40
=
et
=]
o
<))
Q
E
b
1=
=
= 0
2025 2030 2035 2040

Natural gas

29 | 1) Process heat demand >500°C

Electricity @ Biomass Hydrogen @ By-product

- |Investments in steam

electrification are no-regret as
hybrid electric boilers
complement gas boilers in both
scenarios.

— Investments in heat storage and

the use of hydrogen in back-up
capacities are necessary to
allow for natural gas to be fully
phased out in steam
production.

— Complex biomass routes, CCS

use and chemical recycling lead
to a sharp increase in steam
demand, which can be met by
electrification.

Wuppertal UNIKASSEL Agora
Institut VERSITAT Industry



Increasing domestic resources use avoids high investment needs in CCS at
waste incineration and unlocks investments in innovative technologies

Capacity investments entering operation per five-year period - In a scenario of sustained fossil

dependence, less than one
[EUR bn] Total investments: 51 bn. Total investments: 110 bn. fourth of investments are spent

on building up domestic value

40 chains, while large shares are
rotal invested into maintaining fossil
ota .
30 12 bn Total value chains3.
i 77 bn.
?;S”;Uefj'; domestic - Additional investments needed
e0 investments' resouree to increase resource sovereignty
- Investments .
amount to EUR 60 billion. These
10 - investments support innovative
. — - technology and product
— B )
0 development, especially
2030 2035 2040 2045 2050 2030 2035 2040 2045 2050 o . .
Sustained Fossil Dependence Increased Resource Sovereignty eIeCtrlflcatlon; recydmg
technologies and methanol-
@ Conventional routes @ €-Cracker, fossil (E-)Cracker, non-fossil @ CCS direct @ CCS Eol i
@ Clean energy technology' @ Chemical recycling @ Biomass routes @ Methanol synthesis @ Other investments? based prOdUCtlon routes.

1) Includes investment in electricity, biomass and hydrogen use for steam and high temperature heat production; 2) Includes reinvestments in ‘

. . - e . . . UNIKA EL
30 | monomers, intermediates & polymerisation (partly accounted for); 3) Fossil investments include investments into naphtha and ethane cracker Yr\::t‘i,t'::;"al YERSI STS.A. T Aglodrla
ndustr

(electric and non-electric, incl. flexible cracker), CCS at waste incineration and propane dehydration) ’



Increasing resilience of chemical production comes at a cost, but also allows
larger share of value added to be maintained within Europe

Average polymer supply costs? — In a scenario of sustained fossil
dependence, a growing need to
68% i —
EUR/Y 8% import r.1aphth.a due to |
- resource use decreasing refinery production —
' 41% :
oo 1,050 increases feedstock costs.
1,000 resource use | e L
45% — Shifting to more resource
800 728 Z=e 8% sovereignty creates additional
oo business opportunities and jobs
in Europe generates negative
400 emissions and enhances
- resilience. While price premiums
on the end product are often
0 o/4 T
E—— - - less than 2%*, policy instruments
Sustained Fossil Increased Resource need to ensure that costs are
Dependence Sovereignty . . .
fairly distributed along the value
@ Capex @Energy @Feedstock @ Other OPEX Transport @ CCS transport & storage® chain.
1) Doesn’t include carbon costs or remuneration; 2) based on 2018/2019 values; 3) only includes costs of carbon transport and storage Wuppertal UNIKASSEL Agora t
from CCS at chemical plants, costs of CCS at waste incineration are not included; 4) Systemiq (2022) Institut VERSITAT industry


https://www.systemiq.earth/wp-content/uploads/2022/09/Main-report-v1.20-2.pdf
https://www.systemiq.earth/wp-content/uploads/2022/09/Main-report-v1.20-2.pdf

Cement Sector: Low-cost trans-
formation requires a diversified
solution mix, from clinker
reduction to carbon removals




Reducing the clinker content in cement with alternative materials is an
economically viable no-regret strategy in both scenarios

Materials used for cement (including new binders)

[Mt/year]
200
150 e ————
N

100 - -
50

2025 2030 2035 2040 2045 2050
Clinker 0 0 o o 0 o
. 74% 70% 66% 60% 58% 57%

@ Blast furnace slag @ Clinker Ground limestone

@ Other SCM @ Calcined clay @ Gypsum @ Novel binders

— Both scenarios show a significant reduction in the use of clinker to pro-
duce cement, while supplementary materials play an increasingly large

role. Only the Increased Resource Sovereignty scenario is depicted here.

— Most of the cement sector’s emissions come from
clinker production. Reducing clinker use with
alternative materials reduces both the energy
demand and CO, emissions of the cement industry.

— Waste materials from other industrial processes such
as blast furnace slag from steelmaking have tradi-
tionally been used as supplementary cementitious
materials (SCM), but these are becoming less
available as blast furnaces are phased out.

— Novel cement types using innovative SCM, such as
calcined clay, present a new opportunity to reduce
the clinker share. Calcined clay-based cements, using
locally sourced low-cost clay, reduce the clinker
content of cement and thereby cut its CO, footprint
by up to 50% (compared to Portland Cement).
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Clinker production decreases by over 40% by 2050 — the remaining capacity
is successively equipped with carbon capture installations (CCS)

Clinker production capacity Cement kiln w/o CO, capture — Clinker production itself decreases by over 40% by
- .Cegecr‘ftrﬂﬁr?m”gx";fcufl”&%f E:';t'ireef 2050 due to a combination of demand and supply
- @ Cement kiln w/ post-combustion amine scrubbing levers, including lower clinker-content cements and
173 @ tement kinigilgestseomblalomEyeaenit a more efficient use of cement and concrete in
. construction.
2 113 — To address clinker overcapacity, not all kilns are
00 = reinvested and some are eventually retired. The
average utilisation rate of remaining kilns increases
. from 67% to more than 75% in both scenarios.
—> Access to CO, infrastructure becomes a critical
. locational factor for individual sites.
Status quo 2040 2050 2040 2050

S e e - AImF)st all rgmammg mstallatlons.are progressively
Dependence Sovereignty equipped with carbon capture. Different

_ o _ , _ _ technologies play a role (see next slide).
—> Clinker production is equipped with carbon capture in both scenarios —
but a more uncertain political environment and weaker policy support

means the buildout happens more slowly in the SFD scenario than in IRS.

34 | Wuppertal unikasseL  AQOra
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Early investments in carbon capture at cement plants can avoid bottlenecks
along the CCS value chain — but require clear policy signals

Investments in CO, reduction technologies

entering operation
@ CCS - amine scrubbing @ CCS - cryogenic

@ CCS - oxyfuel Biofuel pretreatment
@ CCS - LEILAC @ Flash calciner @ Heat pump
[EUR bn]

5

Lagging No investment
investments bottlenecks

4

; =

2035 2040 2045 2050 2035 2040 2045 2050
Sustained Fossil Dependence Increased Resource Sovereignty

- Weaker policy support and carbon price signal leads to lagging
investments in SFD, shifting a greater burden to later years.

35 |

— Carbon capture deployment needs to start early:
each site is a bespoke, complex project with long
construction lead times. Early scale-up also
accelerates learning curves of different technological
pathways for CO, capture.

— The buildout of CO, infrastructure also requires an
early and stable demand-signal for CO, transport
capacities. Without rapid progress on the emitters’
side, CO, infrastructure will not scale in time.

— Without adequate investment signals in the years
until 2035, investments lag behind achievable rates
(Sustained Fossil Dependence scenario), shifting
a much greater burden to later years. This entails
a high risk of investments not materialising before
2050 if engineering capacities, financing and
infrastructure are not developed early enough.

NI1KASSEL Agora
ERSITAT Industry
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Substituting fossil fuel usage with biomass and leveraging CCS infrastructure
allows the sector to generate significant amounts of negative emissions

Energy use
[Twh]
150
150 I
Status quo 2040 2050 2040 2050
Sustained Fossil Increased
Dependence Resource

Sovereignty

@ Fossil fuels @ Non-renewable waste
@ Biogenic waste and residues

Electricity

CO, captured per type of CO,

[Mt/CO,]
80
61
60
47
40 33 N
]
T | —
e
2040 2050 | 2040 2050

Residual
emissions 47 -1 23 =17
(Mt CO,)

Sustained Fossil
Dependence

Increased Resource
Sovereignty

CO; process @ CO; fossil CO; bio

— Cement kilns are particularly
well suited to process waste
streams for energy, including
biogenic waste.

— This allows the cement sector to
gradually replace its fossil fuel
use with alternative fuels.

— As clinker kilns are successively
equipped with CCS to address
the process- and energy-related
emissions of clinker production,
the CO, from biomass use is also
captured, leading to carbon
removals and the cement sector
becoming a carbon sink.

Wuppertal UNIKASSEL Agora
Institut VERSITAT Industry
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Supply costs of cement can be stabilised in the long term if negative

emissions are remunerated

Production costs of cement incl. CO, costs

and remuneration
@ Production cost net
CO; price/removal remuneration @ Other costs'
@ cnergy CO; transport & storage

[EUR/t]
150

+44% +32%

100

50

-50
Status quo 2050 2050

Increased Resource Sustained Fossil
Sovereignty Dependence

— Cost drivers for clean cement, notably the increased energy demand
and added CO, transport and storage costs from CCS, can be partially
offset by negative emission revenues.

1) Other costs: CAPEX, fixed OPEX, materials & transport; 2) Based on Agora Industry (2024):
Creating markets for climate-friendly basic materials. Potentials and policy options.

— A diversified solution portfolio offers a least-cost
transformation pathway, by combining material
efficiency, clinker substitution, alternative fuels
and carbon capture and storage (CCS), rather than
relying on any single lever.

— CCS is an important cost driver: capture, transport
and storage costs are highly uncertain variables
and depend on CO, infrastructure deployment.

— The overall production cost increases would cause
a comparatively small cost increase of about
1-3%?2 for a building made with clean cement.

— Remuneration of negative emissions can provide
an additional revenue stream and dampen the
overall cement cost increase. Carbon removals
(CDR) is thus a strategic tool of both industrial and
climate relevance.

Wuppertal

UNIKASSEL Agora
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Annex: Modelling methodology
and assumptions




How we modelled the European industry pathways: a site-specific, bottom-
up approach based on localised resources and commodity prices

Targeted output level for < Production volumes for 53 industrial products, based on demand from downstream sectors,
industrial production trade flows and recycling potentials (material flow analysis)

* Technology-specific investment and operational costs, energy and resource use and lifespans
* Site-specific reinvestment windows of existing plants based on plant age (for large assets)
* Intra-European trade costs

Techno-economic
parameters

* Country- and region-specific price input parameters for electricity and hydrogen
* Biomass and materials availability and costs
¢ Site-specific CO, transport and storage availability and costs

Commodity prices and
resource availability

* Least-cost optimisation on individual plant level for EU-27 + 3 (UK, NO, CH) with five-year time steps

Bottom-up least cost (see slide). In this presentation, only EU-27 results are shown.
optimisation (with ITOM * Main model driver: Both scenarios are shaped by a CO2 shadow price as a composite of diverse
— see next slide) policy intervention (see slide). Additional sector specific assumptions in line with the scenario narratives
are taken.
Scenario results The modelling results in two scenarios: 1. Sustained Fossil Dependence, 2. Increased Resource Sovereignty
39 | }o::t;i::ﬁrm 3 : kasseL  AQOra
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Overview of Industrial Transformation Optimisation Model (ITOM)

Input material
(externally provided)

Intermediate
product(s)

Process

Intermediate
product(s)

Final product
(external demand)

40 |

Linear optimization models. Programmed in Python. Available on an open access-basis at
https://github.com/wupperinst/itom (previous model versions with different parameter values)

ITOM optimises the total discounted costs of an industrial sector over the time-period
— 3 models used (one per sector). Cross-sector alignment through CO, price and iterations

Representation of individual production assets and sites, including transport options between
them (e.g. pipelines, rivers)

Main driver: an externally defined demand for basic final products — finished steel, polymers,
cement — must be met under (user-defined) constraints

The value chain covers various production steps that process input materials into intermediate
products — such as DRI, methanol and cement clinker — and further to final products

Trade of intermediate products between sites with costs differentiated by product and distance
(pairs of regions)

The model endogenously allocates production of (intermediate) products in an optimal way
across locations, technologies and time (optimisation of production networks)

NI1KASSEL Agora
ERSITAT Industry
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https://github.com/wupperinst/itom
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Model suite — key features

Main Inputs:

* Demand for basic
materials

e CO, shadow price

* Commodity
prices

* CO, T&S costs

Scope 1, GHG accounting following IPCC standards

ITOM-Petchem ITOM-Steel

* Bottom-up modelling of HVC * Bottom-up modelling * Bottom-up modelling

%@ ITOM-Cement

and polymer production
(18 final products)

Based on site-specific
capacity data for 130 sites
Spatially differentiated
demand (5 regions)
Includes options for
feedstock transformation
via chemical recycling and
biomass use, supplemented
by material use of by-
products

of iron and steel production
(13 final products) from
raw materials and scrap
(50 sites)

Spatially differentiated
demand (9 regions)
Differentiation of product
and scrap qualities in five
categories

Allows flexible mix of DRI
and scrap in EAFs

Use of off-gases for steel
milling and electricity auto-
production

of clinker and cement
production (194 sites
for clinker)

Spatially differentiated
cement demand and
availability of blast-
furnace slag and
alternative fuels

(14 regions)

4 different CO, capture
technologies

Wuppertal
Institut

UN
V E

Main Outputs:

* Production by
technology and
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location
Installed capa-
cities and
investments
CO, emissions
Energy and
feedstock use
Captured and
stored CO,
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A CO, shadow price is used as the primary model driver. It represents a
composite of diverse policy intervention with the ETS at its core.

Applied shadow CO, price —> Both scenarios are shaped by a CO, shadow price,
which represents a composite of diverse policy

e intervention. In the modelling, the CO, shadow price

400 therefore reflects the overall ambition to transform

+0 industrial value chains.

300

250

— Strong carbon pricing via the ETS is a central part
0 of the assumed policy mix and underpins all
e transformation efforts, but the CO, shadow price

100 does not reflect assumed ETS prices.

50

0

2030 2035 2040 2045 2050 — Other policy measures include CAPEX and OPEX
support for individual installations, demand-side
signals through lead market policies and support for

-> The CO, shadow price rises continuously until 2050%. This reflects a infrastructure development.

composite of an underlying carbon price and the effect of other policy
interventions expressed in carbon pricing terms.

= Sustained Fossil Dependence ===|ncreased Resource Sovereignty

1) In the Increased Resource Sovereignty scenario, the CO, shadow price for the cement sector follows the price trajectory of Wuppertal

UN
Sustained Fossil Dependence after 2040. Institut V E
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Commodity prices I: Electricity and hydrogen

Industry baseload power price incl. grid costs

[EUR/MWA]
120
100 —
80 e —
40 -
20
0
2030 2040 2050
— raNCE — |3y e Nortwest Europe

e Central and Eastern EUrOpe e Nordics e |heria

The modelling uses country-specific hourly electricity prices including industry-
specific grid fees. Regional and yearly averages are displayed here.

Source: Prognos (wholesale prices), own calculation based on Eurostat (grid fees). We also thank FFE Munich
for in-depth discussion and quantitative support on electricity price projections.

Hydrogen price for industry incl. infrastructure costs

[EUR/kg]
8.0
7.0
6.0
5.0

4.0
3.0 \
2.0

10
0.0

2030 2040 2050

— r3NCe e N\ Ordics (SE, FI) e |Deria

e NOrthwest Europe — 13y e Central Europe (based on CZ)

The modelling uses region-specific hydrogen prices including infrastructure
costs (transport, storage). Hydrogen prices include assumptions on intra-
European hydrogen trade.

Source: Own calculation based on Prognos

Wuppertal UNIKASSEL Agora
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Commodity prices II: Crude oil and natural gas

Crude oil and oil product prices Industry NG price incl. grid costs for selected EU countries
[EUR/T] [EUR/MWH]
1000 2
900
800 40
700
500 Rttt L LS -
---‘--_--‘--- il d Lo X
400 ik T TP Y 30
300
200 25 —
100
0 20
2015 2020 2025 2030 2035 2040 2045 20 2025 2030 2035 2040 2045 2050
e Brent crude oil e Naphtha a—— D[OP3NE e \\/holesale |EA — (GETMANY — SP3IN
- « = Brent (scenario) = « = N3aphtha (scenario) - «® = Dropane (scenario) —C3NCE e [ 13|y e N etherlands

The modelling uses region-specific natural gas prices including industry-

The modelling uses yearly average prices at ARA ports. specific grid fees.

Source: INSEE, Eurostat, Prognos (Brent price projection), own assumptions Source: Own calculation based on IEA, Eurostat and Prognos

44 | Wuppertal uniKkAassSEL  AQOr3
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Differentiated representation of CCS ensures its use at feasible levels

Median CO, Transport and Storage Costs - The model uses site-specific CO, transport and
per country (2040) storage costs, reflecting a shift in transport mode
from trains to pipelines at different years depending

37 B 1oC cUR/t CO, on the country.

— Offshore storage in the North Sea and, to a lesser
extent, the Mediterranean are the key storage sites
used. Onshore storage is assumed for Central and
Eastern European countries and Denmark from 2040.

—> Storage capacity for these three aggregated storage
regions / types (EU North, EU South, Onshore) was
assessed based on announced projects and is used
to validate feasibility of CCS amounts in the scenario.

— Due to uncertainty on the availability of onshore

’ storage sites, this storages potential is more strictly
N prioritised, with a stronger focus on using it for

| emissions from the cement sector.

Wuppertal U
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Steel — Model scope
and key assumptions




Steel modelling assumptions and methodology: European steel production
recovers from the depressed levels of the mid-2020s

Production volume of final iron + steel products (Eu-27 + uk)

[Mt/year]
160
140
120
100

80
60

40
20
0

Status quo 2040 2050
m (ast iron & steel m Wire rod m Hot rolled bar (incl. rebar)
m Sections & rail m Plate m Welded tube
m Seamless tube m Hot rolled coil m Cold rolled coil

Both scenarios see a moderate increase of crude steel productionin
Europe, albeit starting from a relatively depressed production level

47 | Source: Material Flow Analysis and projections by Wuppertal Institute & University of Kassel

Modelling scope and key assumptions

— The model scope covers EU-27+3. Electricity auto-
production, coke ovens and steel mills are fully
within the model scope and included in the results.

— 7 demand sectors and 19 steel product categories
with different quality requirements.

— Low-carbon production routes for primary steel
focus on DRI-based production due to economics
and technology-readiness.

— Imports of DRI are limited (scenario specific). The
scenarios are agnostic regarding the origin of DRI

— Upscaling of DRI is limited by engineering capacities

— Upscaling of biomass use is limited (scenario
specific).

Wuppertal UNIKASSEL Agora
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Steel: Key scenario — specific differences in assumptions

m Sustained Fossil Dependence Increased Resource Sovereignty

DRI import limit 7.5 Mt 20 Mt
Natural gas-based DRI is imported from the market The EU engages early on in mutually beneficial
(e.g. Middle East) due to bottlenecks in the buildout partnerships with renewables rich countries to secure
of European production capacities the supply of green DRI

Biomass use limit 26 PJ 200 PJ
Only little biomass available due to a lack of strategic Clear transformation targets and dedicated measures
allocation and higher willingness-to-pay in the fuel facilitate the creation of bio-based value chains
sector

Use of CCS for natural-gas Allowed. Not allowed.

based DRI CCS is seen as viable solution for the competitivenes Scarce storage capacities are reserved for unavoidable
of the EU steel industry CO, from waste and minerals industries and for biogenic

CO, (carbon removals)

KASSEL Agoral
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Organic chemicals —
Model scope and key assumptions




Organic chemicals modelling assumptions and methodology

Polymer production (eu-27 + uk)

D
[kt/year] m SBR

45000 mPVC
mPS
PP
- - m Polyols
- m LDPE and LLDPE
m HDPE
25000 m PC

40000

35000

30000

m PMMA
m PET
m PBR

20000

15000

m Nylon 66
10000

mNylon 6
m MDI

. .

5000

0

2025 2040 2050

Both scenarios see a moderate increase of polymer production in
Europe, albeit starting from a relatively depressed production level due
to a negative net trade balance in 2025

50 |

Modelling scope and key assumptions

— The model scope covers EU-27+3 and encompasses
the input of petrochemical feedstocks (fossil and
renewable), via HVCs and intermediates to final
polymers.

— Ammonia and chlorine are only partly included as
input for polymer production.

— The model operates under regional availability limits
for biomass and plastic waste.

— A neutral net trade-balance of the EU is assumed by
2035.

— The model encompasses scope-1 CO, emissions;
scope-3 emissions from waste treatment of plastics
are calculated ex-post.

Wuppertal UNIKASSEL Agora
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Organic chemicals: Key scenario—specific differences in assumptions

m Sustained Fossil Dependence Increased Resource Sovereignty

Fossil feedstock tax Not applied Applied starting 2035, based on CO, shadow

(penalty for the use of fossil price development, used as representative of

carbon contained in policy tools that incentivize CO, mitigation via

feedstock). carbon recycling and feedstock change.

Steam production The switch from natural gas boilers to Switch from natural gas boilers to hybrid
hybrid electrical boilers is possible. systems with heat storage for load balancing in

summer months. Forced to switch to H, as
natural gas replacement in 2050

High temperature heat (HT) Natural gas only Option to switch to H, or electric heaters.
Assumed diffusion of 15% biomass in 2050.
Availability of bio-based 10% 10% in 2040, 15% in 2045, 20% in 2050
methanol imports of total carbon system demand for HVC of total carbon system demand for HVC
production production due to an expanding methanol
economy

Wuppertal
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Cement —
Model scope and key assumptions
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Cement Modelling Assumptions and Methodology: Less cement is needed
but it remains indispensable for the construction sector

Binder demand, EU-27

[Mt]

150

100

50

2025 2030 2035 2040 2045 2050

@ Total binder demand @ Cement @ New binders

— Total binder demand decreases in the medium to long-term due
to increased material efficiency (exogenous assumption).

— New cementitious binders which do not use conventional clinker or use
clinker produced through completely new processes (e.g. electrolysis) play
a small but increasing role (exogenous assumption).

— The cement sector is modelled from quarrying trough clinker production
to cement milling. Clinker production is modelled site-specific while cement
milling is represented per model region.

— The use of supplementary cementitious materials (SCM) is either limited
by their regional availability (blast furnace slag, calcined clays) or by their
maximum specific content in cements (ground limestone, other SCM).

— The model endogenously and flexibly decides about fuel use considering
that high-calorific fuels are required at the main burner.

—> Limits to maximum new CO, capture capacity depends on previous time
steps (build-up of engineering capacities and CCS value chains).

Wuppertal UNIKASSEL Agora
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Cement: Key scenario — specific differences in assumptions

_ Sustained Fossil Dependence Increased Resource Sovereignty

Upscaling of CO, capture Only projects with FID are All projects with FID and in advanced planning
(short to medium term) implemented as planned. Projects state are implemented as planned.

which are currently in an advanced

planning state are delayed by 5 years.

Upscaling of bio-fuel use The capacity to implement The capacity to implement technologies for
technologies for biofuel treatment is biofuel treatment is expanded early on.
limited to a few projects per year and
only expanded around 2040 .

Availability of blast-furnace Higher Lower

slag (from steel scenarios) In particular in time period 2030-2040 In particular in time period 2030-2040

Availability of Stable over time Reduction over time in line with reduced

non-renewable waste plastic waste due to increased (chemical)

(as fuel) recycling (cf. scenarios for organic chemicals).
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