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PARIS REINFORCE modelling activities

Ongoing communication
and dissemination of results

i Demand-driven
1 modelling through
! Transparency

Policymakers
and other
stakeholder
groups

|

12AM

PUBLIC INTERFACE ¢

Defining policy questions,
modeling assumptions,
parameters, priorities

o)
&

The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation
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The I2AM PARIS public interface | € P47 once

* You may find a detailed, dynamic, and

comparative documentation of all PR
(and non-PR) models & harmonisation
heatmaps across models, including a
policy brief on modelling capabilities
(‘What can our models do?).

In theme-specific workspaces, you may
find a user-friendly presentation and
visualisation of policy-relevant results
and policy prescriptions, in response to
co-created policy/research questions, as
well as libraries with relevant papers and
policy briefs.
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All modelling teams can provide a
detailed documentation of their
model(s), so that we can include it in
our database and documentation.

Like the public interface, experts can
also view the advanced scientific
presentation of modelling results,
databases, etc.; as well as access similar
templates to provide us with the topics
(research  questions) they  have
addressed, as well as their modelling
inputs and results to host in 1AM PARIS.

The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation
Programme under grant agreement No 820846.

The I12AM PARIS scientific interface | € Fei orce

Data exchange and |
harmonisation for

Robustification & Uncertainty analysis,
Socio-technical analysis,

Robustness
National, regional, global modelling runs,
. model iner-comparisons, data alignment
—®
N
N
TN :
x| Consortium
PARIS = e
TN modelling
S | communities,
= researchers
TEAN
o | X
8
—©
l
|
1

Transformative policy pathways




o PARIS
Objectives ‘ REINFORCE

EU-level: next
NDC; national

level: NECPs S O C | ety

Sectoral analyses
for detailed EU
2050 roadmap

Co-creation: needs
scenarios,

sssomptions | PSS Sl

emitters; other Enhanced

itti transparency &
less emitting | Pt' y I12AM PARIS: open New paradigm: IPCC AR6 & other
countries égiumacy ¥ : .
access, multi modelling ensembles, = assessments: reviews,
Improved modelling, data robustness analysis, global analyses &
Forum for understanding of exchange platform systems of innovation inter-comparisons

discussing game- models
changing topics

The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation
Programme under grant agreement No 820846.




Why are we here? ‘ y\) Bémﬁgoncg

UK industry among project national/sectoral case studies

Koasidis, K., Nikas, A., Neofytou, H., Karamaneas, A., Gambhir, A., Wachsmuth, J, & Doukas, H.
(2020). The UK and German low-carbon industry transitions from a sectoral innovation and system
failures perspective. Energies, 13(19), 4994.

Workshop objectives:

o Present implications of EU net-zero for key fuel demands in UK industry
o Discuss challenges for sector in net-zero context

o Co-create transformative policy mixes to overcome bottlenecks

In light of:

o COVID-19/recovery (GVA drop by 35% in manufacturing/heavy, changes in product lines, automotive
& aerospace industry hits, limited access to raw materials due to supply chain shocks & CN export)

o Ukraine/energy crisis (energy bills up, operational hours down, job cuts, reduced demand due to

inflation, power cuts, potential for own power generation, insolvencies due to energy costs)

The PARIS REINFORCE project has received funding from the
* European Union’s Horizon 2020 Research and Innovation
* Programme under grant agreement No 820846.
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Thank you!
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% Overview of key industrial energy system transitions in the
b UK and EU

www.paris-reinforce.eu Ajay Gambhir (Imperial) & Baptiste Boitier (SEURECO)
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UK Energy and Climate Transition ‘ REINFORCE

CCC Balanced Net Zero Pathway
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Emissions and
abatement (M1CO,e)

Mitigation options for industry \
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Current progress ‘ %) gémﬁéonce

 Emerging set of policies to:
e cap emissions via the UK emissions trading scheme (UK ETS)
* upgrade the least-efficient operations
e support innovation and early deployment

 However, there are several policy gaps including on:
* resource efficiency
 electrification
e off-road mobile machinery
e decarbonisation of the 40% of emissions from smaller operations
that are outside the UK ETS
* energy efficiency policy

The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation
Programme under grant agreement No 820846.




Switch to 50 TWh of low-carbon fuels by
2035

Energy efficiency saving 11 MtCO, by
2035

Initiatives to shift to low-carbon
products

The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation
Programme under grant agreement No 820846.

Industrial Decarbonisation Strategy = € refionce

THEUK'S LARGEST CLUSTERS BY INDUSTRIAL EMISSIONS ONLY

A 4.3MCO,
KEY
MECO, = million tonnes TEESSIDE
of earbon dioxide (C0,) 3] I‘Ilﬂﬂz
EFMISSIONS per year
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NZE in EU ‘ yo PARIS
The models REINFORCE

«» Seven different models

Type Institute Geographical coverage

Bottom-up sector perspective
ALADIN Fraunhofer ISI All EU-27 individualised + UK + NO + CH
(Transport)

All EU-27 individualised + UK + NO + CH +

E4SMA-EU-TIMES Energy system model E4SMA IS

Bottom-up sector perspective
FORECAST Fraunhofer ISI All EU-27 individualised+ UK + NO + CH
(Industry and Buildings)

GCAM Global Partial Equilibrium BC3 EU15 (including UK) + EU13

GEMINI-E3 Global — General equilibrium | o EU28 (including UK)
model

ICES Global  General  equilibrium CMCC 9 MS individualised + Benelux + Rest-of-EU
model + UK

NEMESIS Macroeconometric model SEURECO fs” EU-27 individualised + UK + NO + CH =

The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation
Programme under grant agreement No 820846.




Where are we heading?

Core scenarios

Paris Agreement Compliant

EU-27

WWH21

forecasting medium to long term impacts
of current climate policy in EU

NZE Benchmark

backcasting least-cost scenario with GHG
trajectory as from “Fit for 55” and revised
“Long-term strategy 2050”

NZE EU Policy Standard

as NZE Benchmark + burden sharing
between ETS and ESR sectors

—

ALADIN

EU-TIMES

FORECAST

GCAM

GEMINI-E3

ICES

NEMESIS

X

The scenario design | ¢

X

PARIS

REINFORCE

NZE Benchmark Lpalla 5]
Standard
X

X

UK

standard™
2030 2050 2030 2050 2030 2050 2030 2050 2025 2030 2035 2050
GHG emissions _58%
. . -55% -68% -78%
GHG emissions reduction -40% -55% get. Zéro -55% ENe.t Z.ero reduction (wo LULUCF & in't (wLULUCF & wo | (wLULUCF&wo | (wLULUCF&w NZE
(W.I’.t 1990) ission missions (w.r.t 1990) transports) in't transports) in't transports) in't transports)
EU-ETS GHG emissions carbon Adjusted to EU-ETS GHG | 2021-2025:736 | (ypon
ducti 43% h 61% reach NZE L. MtCOzeq. .
reduction -43% price o EU-level RSSO 2026-2030: 630 price
(w.r.t. 2005) equivalent tar| O ival
get MtCOzeq. equivalent
_A0Y
ESR GHG emissions -30% (‘;:): ESR GHG emissions
: ; : R . -37%
reduction (Wt. nat't°;13| national 80% reduction (wort 20005)
(w.r.t. 2005) SIBERS targets) o
* X * The PARIS REINFORCE project has received funding from the
: * European Union’s Horizon 2020 Research and Innovation
* * Programme under grant agreement No 820846.




© CO, emissions reduction per sector:

= NZE is reached rapidly in the supply
sector with NZE between 2035 and

2045, but, it means a rapid and lai ...

EU-TIMES

deployment of BECCS FORECAST 1

= Decarbonisation is slower in other ]
sectors and particularly in the e
transport sector e
.. NEMESIS

= Industry CO, emissions reduce suson]
between 60% and 77% in NZE e
scenarios in 2030 and 85% and
100% in 2050 (w.r.t 1990). s ]

FORECAST +
GLANM A
GEMINILE3
ICES +
NEMESIS

= In UK, similar results, with more ALADI ]

EU-TIMES
FORECAST +

homogeneous mitigation efforts Geal

GEMINI-ES

across sectors NewESS

* X x The PARIS REINFORCE project has received funding from the
: : European Union’s Horizon 2020 Research and Innovation
* * Programme under grant agreement No 820846.

NZE in EU @o

Decarbonisation by sector

CO, emissions reduction by sector in EU

(w.r.t 1990 emissions level)
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EU carbon sinks (MtCO./y.)
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Which is the role of carbon sinks? |
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v" Carbon sinks play a fundamental
role in delivering net-zero in the
EU

v Biomass CCS (with net-negative
emissions) balances hard-to-abate
sectors

v" Sinks are primarily related to
electricity generation

The UK case
v' Up to 75 Mt/y. in NEMESIS
v" No in EU-TIMES
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© Electricity and H, penetration in the
EU industry

B0%

v Electricity and H, shares grow
with the decarbonisation of the
industry sector

v Electricity share reaches
between 30%-89% in 2050
(median value around 50%)

v H, share between 3%-25%

40%

20%

Share of hydrogen and electricity in the industrial final energy consumption (%)

=)
&

O In UK:

v From 25% in 2020, electricity share in industry final energy grows to 33%-60% in NZE scenarios

-20%

NZE in EU: Electricity and H, in industry ‘
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Model
EU-TIMES
FORECAST
GCAM
GEMINI-E3
ICES
NEMESIS

LI B R A

Scenario

*  VWWH21
4 NZE Bench. Med.
B NZE EU Policy Stand.

Fuel

. Electricity

Hydrogen

v And hydrogen share is marginal in EU-TIMES (0-4%) and significant in FORECAST with 24% and even

37% in the hydrogen-oriented scenario

* X * The PARIS REINFORCE project has received funding from the
: * European Union’s Horizon 2020 Research and Innovation
* * Programme under grant agreement No 820846.




© GDP deviation by Member States

v" In NEMESIS, the economic burden of GHG
emissions mitigation to reach NZE is limited
with EU GDP deviation between 2020 and 2050
about 0,5%

GEMINI-E3 delivers slightly higher GDP loss

over the period 2020 to 2050, with up to -1,5%
in the worst case

When mitigation options are limited (no CCS

and H, and few technological details), reaching
NZE can drastically impact GDP, as in ICES, up
to -20% in 2050 (with respect to WWH21)

GDP deviation (% w.r.t. WWH21 scenario)

NZE in EU
Economic impacts

PARIS
REINFORCE

NEMESIS

ICES

0%

-10%

-20%

GDP deviation (% w.rt WWH21 scenario)

-30%

R gt s

* EU27

* UK

2030

2040

2050

2030

2040

2050

Illustrative figure on GDP deviation in Members States + UK
(w.r.t. the WWH21 scenario — NZE EU Policy Standard scenario)

2020-2030 2030-2050 2020-2050
GEMINI-E3} ICES NEMESIS (GEMINI-E3[ ICES NEMESIS (GEMINI-E3| ICES NEMESIS
NZE Bench. Low -0.24% -- 0.01% -1.30% -- -0.75% -1.02% -- -0.55%
NZE Bench. Med. -0.22% -- 0.01% -1.20% -- -0.56% -0.94% -- -0.41%
NZE Bench. High -0.20% -0.30% 0.03% -1.01% -7.07% -0.46% -0.80% -5.35% -0.32%
NZE EU Policy Stand] -0.24% -0.84% -0.08% -1.97% -7.83% -0.58% -1.53% -5.97% -0.44%

* X x

* *

The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation
Programme under grant agreement No 820846.
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Employment deviation by sector in some MS and UK

(in NZE EU Policy Standard scenario, thousand w.r.t. WWH21 scenario)

(Source: NEMESIS)

# Total

Employment

. Agriculture

. Energy Supply

. Energy Intensive
Other. Manufactures

Senices

Industrial employment deviation by sector in 2030: -115,000 in EU and

-23,000 in UK and (in NZE EU Standard Policy scenario, w.r.t WWH21 scenario)

NZE in EU
Economic impacts

#~ PARIS
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© Employment deviation by sector in
some MS:

v' Total employment is declining in
almost all MS, in 2050:

-75,000 in Germany
-190,000 in Italy
-290,000 in Poland
-89,000 in UK

v" Employment in industry (energy
supply, energy intensive and other
manufacturing sectors) is positively
impacted thanks to investments needs
for the climate transition

v' Except in countries with higher
abatement costs such as Poland that
lose in relative competitiveness
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Thank You

www.paris-reinforce.eu

Contact:
baptiste.boitier@erasme-team.eu

The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation
Programme under grant agreement No 820846.
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 REINFORCE

Focus on Mitigation Pathways for
Energy-Intensive Industries and
Transition Bottlenecks

Khaled Al-Dabbas, Jakob Wachsmuth, Philine Warnke
x5 % (Fraunhofer ISI)

S UK workshop, 7t September 2022, London

www.paris-reinforce.eu
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Climate neutrality in 2050 requires profound change

Diverse challenges across all
application areas

High temperature limits
use of renewables

Strong reliance on

New CO2-neutral production natural gas
processes address important
sources of emissions

Strong reliance
on natural gas
(also as
feedstock)

In 2018, the Iron and Steel and
Chemical industries were responsible
for 28% of the UK’s industrial
emissions

But action is needed
in all areas Coke technically required in

Process emissions chemically blast furnace
linked to production

* Excluding refineries; Source: Fraunhofer ISI

The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation
Programme under grant agreement No 820846.
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Bottom-up modelling of energy demand & GHG emissions

Input data Macre Results

Drivers: Production, value added, employment, end-userenergy prices

-

Energy-intensive Space heating &
Processes cooling

) High technology resolution

) Consideration of all
important abatement
options

) Energy and greenhouse gas
balance

Electric motors Furnaces

& lighting Steam & hot water

Results by sub-sector, energy carrier, temp. level, end-use, country

) Annual results
until 2050

Interfaces and add-ons

-:FORECAST

FORecasting Energy Consumption Analysis
and Simulation Tool

https://www.forecast-model.eu

The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation
Programme under grant agreement No 820846.
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Overview of key scenario assumptions for industry

WWH21 Focus electrification Focus hydrogen

Current Policy NZE-Mix-Electric NZE-Mix-H2

GHG reduction 2050 80% GHG reduction At least 95% GHG reduction compared to 1990 for industry

(in line with overall GHG neutrality)
GHG reduction 2030 40% GHG reduction Reduction in line with FF 55 meeting overall 55% GHG reduction
target
Economic growth Continued long-term growth of industry GVA ~0.8%, recovery of Covid-crisis with higher growth before 2030
Process switch Diffusion of Best Available Technologies (BAT) with  Diffusion of innovative technologies with Technology Readiness
(8-9 TRL) Level (TRL) above 4
Energy and material efficiency and Ambitious energy efficiency measure and Ambitious progress
circular economy continuation of current trends in recycling
fuel and feedstock switch - Priority electrification Priority hydrogen
CCS and CCU - Included for cement and lime plants only
Low EU ETS prices in line with Ref2020 50€/tCO2- Higher CO2 price for the EU ETS

CO2 price eqin 2030 110€/tCO2-eq in 2030

200€/tC02-eq in 2050 490€/tC0O2-eq in 2050

The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation
Programme under grant agreement No 820846.
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Material efficiency reduces demand for energy-intensive products in the NZE
scenarios but No Carbon Leakage

Assumptions on production outputs of selected basic

materials
Material efficiency assumption 250,0

More efficient steel use and substitution result in 200,0

decreasing the production by about 9% 6—
_—-'-'--_.______
150,0

100,0

Efficient concrete use and substitution, concrete
recycling and re-use result in 7% decrease in
production. 20% decrease in the clinker share

Production in [Mt]

Reduced demand for lime from blast furnace and
power plants >0.0

——————
Chemical Plastics substitution, reduced fertilizer demand and i

emicals more efficient material use 2015 | 2020 | 2025 | 2030 | 2035 | 2040 | 2045 | 2050
= rude steel 166,3 139,8 157,5 158,3 158,2 157,5 155,9 153,3

—C e ENt 167,8 176,0 180,5 181,6 180,6 174,7 1685 162,1

13% decrease in container glass as result to more ———Ammaonia 7.7 17,2 6,8 16,3 15,8 15,4 14,9 14,4

SRR e ——Fthylene 21,7 23,2 23,1 23,0 22,9 22,5 22,2 21,8

e (3255 40,2 41,0 1,8 42,0 4,2 40,6 40,0 39,4

e AlUMTIINUM 12,5 12,5 12,6 12,6 12,6 12,6 12,7 12,7

p Structural change: Reductions in graphic paper are —inc 23 23 2,3 2.3 2.3 2.3 2.3 2.3
aper overcompensated by packaging demands ammPaper products|  176,6 | 180,6 | 1857 | 1898 | 191,8 | 193,7 | 1954 | 197,0
— | 35TiCS 31,1 32,2 33,4 34,6 35,8 37,1 38,4 39,7

The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation
Programme under grant agreement No 820846.
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Diffusion of new low-CO2 production Routes

Steel Cement
100% 100%
mSecondary
Focus-EL Steel ECement
v 75% L 75% witout
= o ccs
(7] wv
g o LEH |E
100% H-DR share by 2050 f‘a j‘-a
2 25% = 250 HCement
EBlast ° with CCS
Strong diffusion of CCS reaching ~80% of production 0% :g;’:ae‘:e?"d
Cement and capacity by 2050 28 8 § 9 8 O o ;o w o
: 8 &8 8 &8 R 8 8 o @® o 3 %
lime : . ~1E0Q & R 2 8 R” 88
Slow increase in low-carbon cements to ~15% market
share by 2050 (new binders)
Ammonia Ethylene
Chemical 100% Feedstock H2 for Methanol, ethylene, ammonia and 100%
feedstocks other feedstocks - BAmmonia | @ BEthylene
® H2 = methanol-
S “’3 based
. . . © 50% <
70% Electric furnaces by Higher share of hybrid - =
2050 furnaces s =
25% @ Ammonia EEthylene
NG
. . H2 boilers, hybrid boilers 0% o © Wnm © wmw o
Steam Electric boilers and heat ) » Y . T2 AR BELR 5 2 2 3 2 48
n - . electric heat pumps, limited £ 2999988388 ~ 8 & & | R/
generation pumps, limited biomass biomass

The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation
Programme under grant agreement No 820846.
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Industrial transformation requires high quantities of CO2-neutral energy
carriers

EUZ27 Final Energy demand

3.000
= Reduction in FED compared to 2015 (14% in 5 750 X ahycrogen
CP and 24% in NZE scenarios) 00 MR ae_ BN Am minls

B
I I mE-gas

= 2.250 l
= The direct and indirect electrification of FED & ,, | daEEn I Natural gos
. . 4 . . ; ’ L L — LT N S o |nc:o er
is a persisting trend in both scenarios: 2 4 750 = oD,
= 1519 TWh electricity demand in the NZE- E 500
Mix-Electric (UK: 144 TWh) 5 1 250 m Solids
2.
. . E 1.000 aoil
= 559 TWh Hydrogen demand in the NZE-Mix- ¢
H2 (UK: 41 TWh) s rieat
500
250 @Renewables

= Inthe WWH21 scenario (CP), the demand

for natural gas decreases significantly, NRNRRREENN NN NN NN RN RN
1 : 1 a8 865563aSR865853085586858
however, it remains an important energy
. CP NZE-Mix-Electric NZE-Mix-H2
carrier.
* X % The PARIS REINFORCE project has received funding from the
: : European Union’s Horizon 2020 Research and Innovation

* * Programme under grant agreement No 820846.
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Feedstock demand is strong driver for hydrogen

Hydrogen demand by process

= Demand for CO2-neutral hydrogen increases 1400

_ 1.200
substantially

2030: 68-144 TWh

1.000
800
2050: 825 -1289 TWh w00
400
= The primary sources of H2 demand in NZE-Mix- 200 l I I

Hydrogen Demand [TWh]

Electric are feedstock use and steel manufacturing.

[Te] o o] o [Te] (@] [Tp] (@] Ty] (o]
] [ N < Tp] o (] [n2] oy N Ty]
O © © © ©o © 6 © o o o o
™ o™ (3] o 3] (3] o 3] (3] o (3] ™
NZE-Mix-Electric NZE-Mix-H2
= NZE-Mix-H2 extends H2-demands in furnaces and WProcess heat: Steam generation  BAmmonia H2
@ Ethylene methanal-based EProcess heat: Furnaces
OProcess heat: DR-H2 B Other feedstocks

steam generation

* X % The PARIS REINFORCE project has received funding from the
* * European Union’s Horizon 2020 Research and Innovation
* * Programme under grant agreement No 820846.



2 generation needs to be considered

il

&~ PARIS
0 REINFORCE

In NZE-MIX-Electric process heating via steam generation and industrial furnaces increase electricity
demand by 614 TWh -> + 50%

Considering the Electricity equivalents needed for Hydrogen production increases the electricity demand in
NZE-MIX-H2 by 1700 TWh, i.e. + 200% (UK: 93 TWh (39% of the electricity demand by 2050))

1000

500

Electricity energy demand [TWh]

[=]

Electricity final energy demand

| CCS

® Furnaces - Fuel
switch

B Codling
m Other electricity
uses

OEngines and
Lights.

®m g w g wewaole gwowe v o BHeating
S 5 a8 = sls 8 8 8 8
o~ o~ o~ o (] (3] o4 o™ o o~ (3] o~ [ I " ] o o
. = Space heatin
MNZE-Mix-Electric NZE-Mix-H2 <

The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation
Programme under grant agreement No 820846.

Electricity energy demand [TWh]

Electricity final energy demand including electricity demand for
hydrogen production

BH2 Feedstock

CCs

mPIH2

BFtG

m Furnaces - Fuel
switch

3 Coaling

B Other electricity

uses
OEngines and Lights

uy uwy uy

a8389% g @ 2w 2w 2 W 2| mSteam and hot

S o o o o oo 8 & water

O ™ N NN NN N N NN -
@ Space heating

NZE-Mix-Electric NZE-Mix-H2




In the CP scenario the industry fails to achieve the GHG

emissions target announced in the EU Green Deal.

In the NZE scenarios, the industrial GHG emissions
decrease by 57% and 94% by 2030 and 2050 compared
to 1990.

With regard to process-related emissions, the use of
carbon capture and storage (CCS) in the NZE scenarios is
a significant deviation from the CP scenario (75 Mt CO,-

eq. are captured by 2050).

* X % The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation
* Programme under grant agreement No 820846.

GHG-Emissions in Mt CO2-eq.

1300
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1100
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F00
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S00
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-100
-200

issions at point sources remain in 2050 @ i once

GHG emissions for the industrial sector

9450

47% o 57%
¥
L 4
=

1850 2018 2020 2030 2040 2050 2018 2020 2030 2040 2050

cp Mix-MZE-H2/Electric
@ Process related = Fuel oil
m Coal | Other fossil
W Matural gas E Mational Inventory Report
W 'Waste non-RES B Captured emissions




Our objective within PARIS REINFORCE:

To extend quantitative techno-economic scenarios in line
with the Paris targets to socio-technical narratives by
describing a transformative policy mix based on

innovation system analyses

Task 4.2: Qualitative socio- I

Task 5/6: Quantitative

1
technical analysis m scenario modelling
|
1

~
Present innovation .
R | Tensions
trajectories
S

! |

Techno-economic scenarios ]

!

\

[ Co-creation process to develop socio-technical scenarios with transformative policy mixes ]

The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation
Programme under grant agreement No 820846.

Sources: own representation

o-creating Transformative Policy Mixes ‘ yo PARIS

in PARIS REINFORCE REINFORCE

Approach: Identify transition bottlenecks
and co-create transformative policy mixes

Bottlenecks are derived from tensions
between modeled scenarios and present
innovation trajectories.

* Scientists and stakeholders co-create
socio-technical narratives exploring how
to overcome these.

* A transformative policy mix is obtained by
describing policy mix guidelines over time

5 case studies
*  Energy sector transformation in Greece

° nergy-intensive industries (steel, cement

hemicals) in Germany + the UK

*  Transport sector in Brazil and Canada
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» The CO2 emission intensity of energy-intensive industries has been almost constant since 2010.

» Reductions of absolute CO2 emissions have been driven mainly by reductions in economic output.

14

12

10

=== (02 emissions: Steel
=== (02 emissions: Chemicals

=== (2 emissions: Non-metallic minerals

The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation
Programme under grant agreement No 820846.
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=== Final energy demand: Steel
==@=Final energy demand: Chemicals

==@=Final energy demand: Non-metallic minerals

Source: ENERDATA based on IEA statistics
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The UK Low-Carbon Industry Transition from a Sectoral Innovation and System Failures Perspective

Construction Manufacturing Other Legislation affecting the
regulatory framework

Iron & steel and ceknt arese* Iron & steel is an important material < >
the basic components in for the whole manufacturing sector
most buildings that used to be an important sector N
of the British economy . e ma n d fa | | u re - § '§
£28%
No demand/markets 3%y
283
rr R for green products g#F - -~ m oo > B
. . industrial PRIt
Capabilities failure™sSNy -} = 2338
Partial downturn of UK 7§ s22
industry (but strong shift g%
to service secto ACTORS & NETWORKS £3 E
CBI, MAKE UK, Mineral Products Association
and Chemical Industries Association Legislation affecting the
relations between actors
/ Federations & Institutions \ & networks
A < >

Highly esteemed

Large Companies R . Universities & Research

€mmmmmm e ———————
and SMEs P
Institutions
Steel manufacturers are decreasing
in the UK. Nevertheless, large ° Oxfolrd University
companies are still present « Cambridge University
especially in the manufacturing * Imperial College

sector, such as Rolls Royce

« Infrastructural Failure & Capabilities

« Failure on the actor side: Carbon Lock-in. Due to
lower short-term returns in businesses transitioning
to low carbon technologies. Low EAF percentage.

nowledge failure: ™™
lelted IndUStrIa| green Environmental legislation

affecting the penetration of

the use of the existing ones

h drogen proJeCtS innovative technologies and

Institutional failure:

Industrial policy
disregards environmental
ssues to some extep

KNOWLEDGE, LEARNING PROCESSES AND TECHNOLOGIES -

Dominant Processes in iron & steel, Innovations:
cement and chemicals industries Hydrogen, CCS, BAT

e: Industrial
e on financial
nmental issues

ravast

Source: Koasidis et al. 2020

INSTITUTIONS

National Legislation

Climate Policies

Climate Act (revises in 2019 for net-zero emissions by 2050
affecting the whole industrial sector)

Emission Regulation

Environmental permitting regime (industries must obtain a
permit related to land, water and air emissions in order to
operate)

UK's Industrial Strategy

Important funding contributing to decarbonisation and
increased productivity

European Legislation®

*This may not be applicable due to the UK's exit from the EU

Cilmate Policies

Various targets for CO2 emissions and RES penetration by
2030, 2040 and 2050.

Industrial Emissions Directive

Obligatory use of BAT practices - 2014.

EUETS

Prices for CO2 and other emissions.



Recycling

» High-quality steel with increased scrap usage
(TRL 4-9)

Hydrogen
» H2-based direct reduction (TRL 6-8)
* H2 plasma smelting reduction (TRL 5)

Electricity
« alkaline iron electrolysis (TRL 5-6)
* molten oxide electrolysis (TRL 2)

Carbon based

* lron based smelting reduction (TRL 6) using
.Substitution of fossil energy by biomass (TRL 2-
7), carriers by Carbon oxide conversion (TRL 8)

» Optimised BF using ,Substitution of fossil energy
by biomass (TRL 2-7), carriers by Carbon oxide
conversion (TRL 8), Gas injection into the blast
furnace (TRL 8)

The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation
Programme under grant agreement No 820846.
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https://www.estep.eu/green-steel-for-europe/publications/

Set-up of technology routes within Greensteel

Technology route 2
Direct reduction routes

Technology route 3
Smelting reduction routes

Technology route 4
Iron ore electrolysis routes

HPSR technology

Alkaline iron electrolysis

H;-DR-EAF route Enhanced IBRSR technology route MOE route
route route
Water Lump  Fine Bio- Coal Ore Water Water Ironore Ar, Non-conventional Iron ore Iron ore
l ore  ore waste l l fines N, feedstock l
{
afen i 1 S
i Pellets || I || | Electrolyte. {)\'{El
H, production H, producti Grir::ding
L |
% %@ .
@] Biomass El \
= Proparation 8 s L . co. —)pr%gud @ Leaching
m
% B e <
capture tonverslnn —
5] ‘ T
S| . M
Shaft Smemng —' Iron
furnace reduction ccs electrolysis
E:
]
E
3
x o
Scrap ] Scrap — 0,
At (o R (111
e — - T— L]
Electric arc Basic oxygen Smelting Electric arc Molten oxide
rrrrr furnace reductionreactor furnace electrolysis
Liquid steel Liquid steel Liquid steel Liquid steel Liguid steel



https://www.estep.eu/green-steel-for-europe/publications/

List of bottlenecks O s
to be elaborated in the workshop W REINFORCE

Overarching (literature-based, Energy-intensive industries (literature-based,
) )

Social feasibility - Lower weight of industry sector due to strong shift to *  Opposition to CCUS by NGOs due to continued use of
services sector fossiles

. Lack of public engagement strategy .
Political C International trade regulations limit subsidies 0 Uncertainty about legal framework after Brexit
feasibility *  Uncertainty about continued support by new government .
Technological . Upscaling of technologies in an unprecedented way . Hydrogen technologies not fully mature yet
feasibility . Limited demonstration projects using hydrogen in UK . CCUS technologies not fully mature yet

s .. *  Potential lack of high-quality iron ore

«  Lack of access to scrap

The PARIS REINFORCE project has received funding from the Source: own representation of Koasidis, K. et al. (2020b),

European Union’s Horizon 2020 Research and Innovation Wachsmuth, J. et al. (2021), CCC progre
Programme under grant agreement No 820846.




List of bottlenecks
to be elaborated in the workshop

Overarching (literature-based,
)

‘ #~: PARIS
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Energy-intensive industries (literature-based,

Social feasibility

Political
feasibility

Technological
feasibility

Economic
feasibility

Socio-economic
impacts

Socio-ecological
impacts

* X % The PARIS REINFORCE project has received funding from the
: : European Union’s Horizon 2020 Research and Innovation
* * Programme under grant agreement No 820846.

Lower weight of industry sector due to strong shift to
services sector
Lack of public engagement strategy

International trade regulations limit subsidies
Uncertainty about continued support by new government

Upscaling of technologies in an unprecedented way
Limited demonstration projects using hydrogen in UK

Value chain disruptions due to pandemics

Strong increase of gas and electricity prices due to Russia-
related sanctions

Limited availability of financing (due to partial downturn of
industry and high inflation)

Risk of carbon leakage and resulting job losses
Risk of lock-in into fossil technologies due to CCUS

Potential impact of large-scale offshore CCS and RES
expansion on marine ecosystems

Source: own representation of Koasidis, K. et al. (2020b),
Wachsmuth, J. et al. (2021), CCC progre

)

Opposition to CCUS by NGOs due to continued use of
fossiles

Uncertainty about legal framework after Brexit

Hydrogen technologies not fully mature yet
CCUS technologies not fully mature yet
Potential lack of high-quality iron ore

Lack of access to scrap

Investment cycles may require investments in processes not
yet competitive

Uncertainty about hydrogen supply

Hydrogen infrastructure expansion

CO2 infrastructure expansion

Electricity infrastructure expansion

No established business models for CCU yet

Price impacts for downstream industries
No existing markets for green products




Contact: Dr. Jakob Wachsmuth

Fraunhofer Institute for Systems and
Innovation Research ISI

Phone +49 721 6809-632
jakob.wachsmuth@isi.fraunhofer.de

http://www.isi.fraunhofer.de
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Final energy decreases by ~45% due to process
switch to H2-DRI, material efficiency and more
secondary steel

Main driver: Increase in the DR RES H2 starting
before 2030 reaching 100% by 2050

EU27 Steel Production

N
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O DR RES H2 + EAF O Electric arc furnace

The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation
Programme under grant agreement No 820846.
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= Fuel switch potential in the cement industry is
limited as it address only the energy related
emission ~1/3
= Diffusion of CCS reaching ~80% of production
capacity by 2050
00 EU 27 Cement Production 2o
L R — PR
*g‘L o0 ’,' 10%
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O 150 /
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=100
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8 0 -7 2%
e
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NZE-MIX-H2/Electric

= primary production mmEm secondary production
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Final energy demand in [TWh]

Industrial Final Energy Demand - Mix-Electric - Non-metallic mineral products

ergy carrier for the cement production? \
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Industrial Final Energy Demand - Mix-H2 - Non-metallic mineral products
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Cement sector:
CO, mitigation options along the value chain

CO, Capture

Permanent storage

CO, utilisation

Alternative fuels

Biomass Concrete recycling

Feedstockg
(new)

Cements ‘ Concrete

Source: Wuppertal Institute

,Green“ Methane
Electrification

Hydrogen

Feedstock

Thermal Energy

Cement clinker

Building

Feedstock component

Alternative feedstocks

New binder
materials

Innov. Bewehrung

The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation
Programme under grant agreement No 820846.
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Conclusion and Discussion | € F2l 2 once

CO2-neutral processes must be marketable and economical as early as 2025/2030

The higher operating costs of CO2-neutral technologies are a major challenge for the rollout of CO2-neutral processes
CO2-neutral energy sources must be available
CCS is needed to store remaining CO2 emissions from processes in the cement and lime industries

Circularity and material efficiency require effective policy instruments to enable large-scale emission savings. In
particular, the switch to secondary steel, and cement have large potential.

Expansion of the regulatory framework

The PARIS REINFORCE project has received funding from the
* European Union’s Horizon 2020 Research and Innovation
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Industry is responsible for about 21% of the European GHG emissions

> In 2019 the GHG emission decreased by 35%
compared to 1990

> Fit for 55:
Reduction of ~55% compared to 1990
535 Mt-CO,eq. in 2030 (18- 22 Mt-CO,eq/year)

Technology paths and political framework under

discussion
* X x N The PARIS REINFORCE project has received funding from the
: * European Union’s Horizon 2020 Research and Innovation
* * Programme under grant agreement No 820846.
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