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ion: Limits of Techno-Economic Models \ @ .-

Techno-economic models commonly used to inform climate policy

High relevance of model-based techno-economic scenarios is uncontested

Limited coverage of transitions beyond diffusion of innovations
Depicting only parts of the complex empirical reality of the manifestation of innovations

Ineffective inclusion of policymakers in the heart of modelling activities

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



One objective within PARIS REINFORCE:

Extend quantitative techno-economic scenarios
in line with the Paris targets to socio-technical
narratives based on innovation system analyses.

Task 4.2: Qualitative socio- 1 ' Task 5/6: Quantitative
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[ Co-creation process to develop socio-technical scenarios with transformative policy mixes

Source: own representation of Fraunhofer IS/

* % . The PARIS REINFORCE project has received funding from the
European Union’s Horizon 2020 Research and Innovation
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o-Creating Transformative Policy Mixes | € holi2once

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
narratives by describing transformative
policy mix to overcome these over time

5 case studies

» Energy sector transformation in
Greece

nergy-intensive industries (steel,
cement, chemicals) in Germany and

» Transport sector in Brazil and Canada




ero emissions in the industry ‘ %) DARIS
sector requires profound change REIHESHEE
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Direct industrial emissions by end-use
category and sector in Germany

High temperature

limits use of
renewables

Strong reliance

on natural gas
Strong

reliance on

Diverse challenges
across all application
areas

natural gas
(also as
feedstock)

New COZ-neutraI Feedstock
production processes Chemical
address important

sources of emissions

But action is needed
in all areas

Process emissions Coke technically required

chemically Ilpked to in blast furnaces
production

Source: own representation of Fraunhofer ISI
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Reference pathways for energy-

cteristics of net-zero pathways ‘ #% PARIS
ergy-intensive industries in Germany and the EU W) REINFORCE

Net-zero pathways for energy-intensive industries in the EU

intensive industries in the EU
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German industry very limited REINFORCE

« The CO, emission intensity of energy-intensive industries has been almost constant since 2010.

« Reduction of absolute CO, emissions have been driven mainly by reductions in economic output.

——C02 emissions: other industry ——Final energy demand: other industry —+—CO02 intensity: other industry
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—4—C02 emissions: hon-metallic minerals —4—Final energy demand: non-metallic minerals —4—CO2 intensity: non-metallic minerals
120 600 0,25

oo | Ll L Ll || s | L e
e T—— ,

o
N

80 400 z
o £ 0,15
Q T ~
S 60 = 300 o
= . P01
40 200 =
20 | e, 100 0,05
0 0 0
OO D > v b A % O O e 4 N m g 1w~ a9 O NI DD ™ O Lo A % O 0
PSP TS IS AP P S AP P e S e B e e e B e S B B N A D DT DT AT D DD
,\/Q ’LQ ’19 '19 ’19 ,.‘/Q '1«0 ,\/Q ’19 ’19 '19 ©S 2 2 2 o 90 0 0 9 0 0 ’19 ’LQ '],Q ,\’Q ’\9 ’19 'LQ '\9 ,‘,Q ,\/Q '19

Source: ENERDATA based on official public statistics
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Set-up of technology routes within Greensteel
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The German Low-Carbon Industry Transition from a Sectoral Innovation and System Failures Perspective

Construction Automotive

Iron & steel are fundamental
for car manufacturing.
Many companies such as
Volkswagen, Opel, BMW,
Mercedes, Audi, Porsche

ron & steel and cement are
the basic components in
most buildings

Demand failure:
No demand/markets
for green products

Capabilities Failure on the demand side:

Dependency on the automotive industry

ACTORS & NETWORKS

Stahl, VDZ, VCI, BDI

Federations & Institutions

Large Companies
and SMEs

* Steel manufacturers such as
ThyssenKrupp

* Steel-using companies such as
Volkswagen, Mercedes, BMW etc

+ Infrastructural Failure & Capabilities

1 the act

t-term returns in businesses
transitioning to low-carbon technologies

Source: Koasidis, K, Nikas, A, Neofytou, H., .., Wachsmuth, J.,
Doukas, H. (2020b): The UK and German low-carbon industry
transitions from a sectoral innovation and system failures perspective.

Energies 13 (19).
INSTITUTIONS

1 affecting the
National Legislation

Mechanical Other

Major companies such as
ThyssenKrupp and Schaeffler v
Group that produce important c

industrial components

Climate Policies

Market failure:
Overallocation and low
prices of ETS until 2018

* Energy Concept (80-95% emissions reduction by 2050 - 2000,
revisions in 2014 and 2017)

* Energy Strategy (Nuclear phaseout and fossil fuel reduction -
2010)
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Emission Regulation

« TA Luft (Air guality control - 1964)

* Federal Immissions Control Act (Principles on harmful
environmental practices - 1974)

National Industry Strategy

Drafted in 2019 in order to strengthen German Industry by 2030

Universities &
Research Institutions

Network failure: Strong
networks between industry
+ policy makers

* Max Plank Society
+ Fraunhofer-Gesellschaft
* Helmholtz Asscciation
* Leibniz Association

European Legislation

Institutional failure: Hesitant
industrial policy with large
uncertainties

Climate Policies

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

Capabilities failure: Limited
activities with regard to CCS

Industrial Emissions Directive

Obligatory use of BAT practices - 2014.

Environmental legislation EU ETS
hanced and "

s of the industry

The
then used by the a

img Prices for CO2 and other emissions.

KNOWLEDGE, LEARNING PROCESSES AND TECHNOLOGIES

Dominant Processes in iron & steel,
cement and chemicals industries

Innovations:
Hydrogen, CCS, BAT




Pre-workshop
processes

Model-based
transformation pathways

*  Where we are heading

* Paris-compatible
pathways (optional:
several variants)

Workshop
preparation

Workshop
implementation

< =

Innovation system analysis
and policy mix delineation

+ Stage of transformation

e Actor constellations and
power structures

* Infrastructures: physical,
knowledge, financial

* Role of regulation and
socio-cultural factors

Workshop inputs

* Geographically and
sectorally focused
overview of modelled
pathways

* Input on innovation
system, including an
indicative list of
potential bottlenecks

* Input on present policy
mix and its delineation

1st block: bottlenecks

Tensions between model-
based pathways & current
trajectories:

» social + political feasibility
* techno-economic feasibility

* socio-ecological and socio-
economic impacts

<

Stakeholder involvement
» Stakeholder mapping

« Stakeholder selection
for workshop

2"d block: transformative
policy mix elements

1. Agree on a policy strategy

2.  Combine policy
instruments

3. Reflect on actor &
governance structure

Wrap up: policy mix signposts

Source:

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

Conceptual approach to ‘ £ DARIS
co-creating transformative policy mixes

0 REINFORCE

Workshop
evaluation

)

Wachsmuth, J,; Jackwerth-Rice, T.; Seus, S.; Warnke, P. (2021): A Methodology for Co-
Creating Transformative Policy Mixes as an Approach to Generalise Diffusion-Based
Transition Pathways. Submitted to TFSC (based on full paper at the IST 2021 conference)




Transition bottlenecks ‘ #% PARIS
for the German industry sector W REINFORCE

Social *  Fossil industry seen as guarantor for economic growth + labor
ocia .
- *  Low acceptance of CCUS and no established framework yet

feasibility

* International and EU state aid regulations limit subsidies
Political *  Strong networks btw. industry and policy makers
feasibility «  Uncertainty political framework conditions

»  Certification green steel/cement

. *  CCS + hydrogen technologies are not fully mature yet

Technological upscaling of technologies in an unprecedented wa
feasibility pscaling ologies | P y

»  Potential lack of high-quality resources

*  Price impacts and value chain disruptions due to Covid and

Russia-related sanctions

Economic * Investment cycle requiring invest in process not yet competitive
feasibility *  No infrastructures for transport of hydrogen (H,) + CO,

*  No established markets for green H, + cement yet

. *  Uncertainty about CBAM impacts
Socio- . . :
. *  Price impacts for downstream industries
eelilel e . : : : Source: own representation based on Koasidis, K. et al.
impacts Risk of carbon leakage and associated job losses (2020b) and Wachsmuth, J.: Aydemir. A.: Déscher. H.
Eckstein, J.; Poganietz, W.-R.; Francois, D.-E. et al.

Socio-ecolo- (2021): The potential of hydrogen for decarbonising EU
el T * Land use conflicts related to infrastructure + RES expansion industry. Brussels: European Parliament.

o * % . The PARIS REINFORCE project has received funding from the
" " European Union’s Horizon 2020 Research and Innovation

* * Programme under grant agreement No 820846.



Transition bottlenecks ‘ % PARIS
for the German industry sector W REINFORCE

Social *  Fossil industry seen as guarantor for economic growth + labor
ocia .
femeibilify *  Low acceptance of CCUS and no established framework yet
* Low acceptance of new infrastructures
* International and EU state aid regulations limit subsidies
Political *  Strong networks btw. industry and policy makers
feasibility «  Uncertainty political framework conditions
» Certification green steel/cement
. *  CCS + hydrogen technologies are not fully mature yet
Technological upscaling of technologies in an unprecedented wa
feasibility pscaling ologies | P y
»  Potential lack of high-quality resources
*  Price impacts and value chain disruptions due to Covid and
Russia-related sanctions
Economic * Investment cycle requiring invest in process not yet competitive
feasibility * No infrastructures for transport of hydrogen (H,) + CO,
* No established markets for green H, + cement yet
* Uncertainty w.r.t. availability of H, + renewable electricity
. *  Uncertainty about CBAM impacts
Socio- . . :
. *  Price impacts for downstream industries
eelilel e . : : : Source: own representation based on Koasidis, K. et al.
impacts Risk of carbon leakage and associated job losses (2020b) and Wachsmuth, J.: Aydemir. A.: Déscher. H.
*  Customer-related barriers (norms, competences) Eckstein, J.,; Poganietz, W.-R.; Francois, D.-E. et al.
Socio-ecolo- (2021): The potential of hydrogen for decarbonising EU
el T * Land use conflicts related to infrastructure + RES expansion industry. Brussels: European Parliament.

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

jor bottlenecks to the industry O s
REINFORCE

Demand for CO,-neutral
hydrogen increases
substantially

« 2030: 68-144 TWh

« 2050: 825 - 1289 TWh

If not imported, hydrogen
production would
increase the electricity
demand by up to 1700

TWh.
Sources: European Hydrogen Backbone (2022), A-Dabbas et al. (2022)
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« Developing an overarching system * Green public
development strategy procurement initiative
« Certification of green and blue H2 in the building sector
based on RED lll and Gas Package « Establishing labels and
«  Support schemes for infrastructure green lead markets
and electrolyser build up
« Carbon contracts for difference Sources: European Hydrogen Backbone (2022), A-Dabbas et al. (2022)
* * % . 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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actoral bottlenecks considered ‘
REINFORCE

most relevant by stakeholders

Country Sector Bottlenecks considered most relevant by the stakeholders

Germany

(1) Financing, investment cycles, and energy prices

ACHEPFHILEIERT: (2) Unprecedented upscaling of technologies and required skilling

industries

(3) Infrastructure expansion

(1) uncertainties around CCS technologies
(2) decarbonisation of freight transport
(3) urban planning not suitable for mobility shift
Crosscutting: governance issues resulting from multi-scalar structures

Canada Transportation

Greece

Source: Wachsmuth, J,; Warnke, P; Gambhir, A.; Giarola, S.; Koasidis, K.; Nikas, A.; Pied, M.; Vaillancourt, K. (2022): D4.7 -
Transformative Policy Mixes: Comparing National Case Studies. To be published on the PARIS REINFORCE website soon
The PARIS REINFORCE project has received funding from the

European Union’s Horizon 2020 Research and Innovation
Programme under grant agreement No 820846.




Conclusions and outlook | & Pl opce

Conclusions Outlook
The workshops made clear that substantial tensions  + In order to facilitate change in the
exist btw. modeled pathways and the real world respective countries, the
-> Realisibility of the narratives remains open! narratives need to be validated,
enriched and amended by the
Some challenges and solutions stand out in all stakeholders themselves.

countries in spite of the strong diversity of contexts:
* This process reaches beyond

« Allocation of capital towards massive PARIS REINFORCE but can and
investments into low-carbon solutions should be initiated by the
 Infrastructure development for hydrogen, project partners in their
capture and use of CO, and electricity grids respective countries or in further
and storage adapted to renewable energy cooperations.
solutions

« Stakeholder and citizen dialogues where
agreement is reached on cornerstones of long-
term decarbonisation trajectories

* Demand-side measures complementing
investments into low-carbon processes

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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