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Industry is responsible for about 21% of the European GHG emissions
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› In 2019 the GHG emission decreased by  35% 
compared to 1990

› Fit for 55:

› Reduction of ~55% compared to 1990 

› 535 Mt-CO2eq. in 2030 (18- 22 Mt-CO2eq/year) 

› Technology paths and political framework 
under discussion
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Climate neutrality in 2050 requires profound change
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Direct industrial emiss ions by end-use category and sector* 

* Excluding refineries; Source: Fraunhofer ISI

› Diverse challenges across all 
application areas

› New CO2-neutral production 
processes address important 
sources of emissions

› But action is needed 
in all areas 

Direct industrial emiss ions by end-use category and sector* 

2018
190 Mt

Coke technically required in 
blast furnace

Strong 
reliance on 
natural gas 

(also as
feedstock)

Strong reliance on 
natural gas

High temperature
limits use of
renewables

Process emissions chemically
linked to production

+ 57 Mt
Feedstock
Chemicals
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Bot tom-up mode l l ing  o f  energy  demand & GHG emis s ions
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› High technology 
resolution

› Consideration of all 
important abatement 
options

› Energy and greenhouse gas 
balance

› Annual results
until 2050

https://www.forecast-model.eu

https://www.forecast-model.eu/


Khaled Al-dabbas ParisReinforce-Workshop Berlin

Overview of key scenario assumptions for industry
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WWH21

Current Policy 

Focus electrification

NZE-Mix-Electric

Focus hydrogen

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 (8-9 TRL) 

Diffusion of innovative technologies with Technology 
Readiness Level (TRL) above 4

Energy and material 
efficiency and circular 
economy

Ambitious energy efficiency measure and  
continuation of current trends in recycling

Ambitious progress

fuel and feedstock switch - Priority electrification Priority hydrogen

CCS and CCU - Included for cement and lime plants only

CO2 price

Low EU ETS prices in line with Ref2020 
50€/tCO2-eq in 2030

200€/tCO2-eq in 2050

Higher CO2 price for the EU ETS
110€/tCO2-eq in 2030
490€/tCO2-eq in 2050
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Material efficiency reduces demand for energy-intensive products in the NZE 

scenarios but No Carbon Leakage
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Product Material efficiency assumption

Steel More efficient steel use and substitution result in 
decreasing the production by about 9%

Cement and
lime

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

Reduced demand for lime from blast furnace and 
power plants

Chemicals Plastics substitution, reduced fertilizer demand and 
more efficient material use.

Glass 13% decrease in container glass as result to more 
efficient use 

Paper Structural change: Reductions in graphic paper are 
overcompensated by packaging demands
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Diffusion of new low-CO2 production Routes
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Product Focus-EL Focus H2

Steel 100% H-DR share by 2050

Cement and
lime

Strong diffusion of CCS reaching ~80% of production 
capacity by 2050

Slow increase in low-carbon cements to ~15% market 
share by 2050 (new binders)

Chemical
feedstocks

100% Feedstock H2 for Methanol, ethylene, ammonia and 
other feedstocks

Glass 70% Electric furnaces by 
2050

Higher share of hybrid 
furnaces

Steam
generation

Electric boilers and  heat 
pumps, limited biomass

H2 boilers, hybrid boilers, 
electric heat pumps, limited 

biomass
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Industrial transformation requires high quantities of CO2-neutral energy 

carriers
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 Reduction in FED compared to 2015 (14% in 
CP and 24% in MIX95)

 The direct and indirect electrification of FED is 
a persisting trend in both scenarios:
 1519 TWh electricity demand in the NZE-Mix-

Electric (DE: 278 TWh)

 559 TWh Hydrogen demand in the NZE-Mix-
H2 (DE: 210 TWh)

 In the WWH21 (CP) the demand for natural 
gas decreases significantly however, it remains 
a significant energy 
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Feedstock demand is strong driver for hydrogen
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 Demand for CO2-neutral hydrogen increases 

substantially

 2030: 68-144 TWh 

 2050: 825 – 1289 TWh

 The primary sources of H2 demand in NZE-Mix-Electric 

are feedstock use and steel manufacturing.

 NZE-Mix-H2 extends H2-demands in furnaces and steam 

generation
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Electricity equivalents for H2 generation change the picture completely
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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 + 200% (DE:690 TWh)
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Only process related emissions at point sources remain in 2050
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In the CP scenario the industry fails to achieve the GHG 

emissions target announced in the EU Green Deal. 

In the Mix scenarios, the industrial GHG emission decreases 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 MIX95 scenario is a significant 

difference between the two scenarios (75 Mt CO2-eq. are 

captured by 2050).
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Steel 
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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
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Future energy carrier for the cement production? 
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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
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Conclusion and Discussion
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 CO2-neutral processes must be marketable and economical as early as 2025/2030

• The higher operating costs of CO2-neutral technologies is am major challenge for the roll out 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
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Discussion

7/11/2022 © Fraunhofer ISISeite 19

What are the potentials for secondary production routes in your sector? 

Implication of gas phase-out? What options do you see? e.g more electrification or Hydrogen? and what are the obstacles?
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Thank you for your attention!

Vielen Dank!

Khaled Al-Dabbas
Competence Center Energy Technology and Energy Systems

Fraunhofer Institute for Systems and Innovation Research ISI

Breslauer Straße 48 | 76139 Karlsruhe | Germany

Phone +49 721 6809-258 | Fax +49 721 6809-258

mailto: Khaled.al-dabbas@isi.fraunhofer.de

http://www.forecast-model.eu
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Technology overview: H2 and electricity
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sector Process/Product Conventional technology H2-Alternative TRL Electrical alternative TRL

Process heat 

Metalle

Crude steel Blast furnace H2-based direct reduction 6-8 Electrolysis 4

Nicht-Eisen Metalle

Erdgas-befeuerter Ofen

(Teilweise bereits elektrische Öfen)
H2-befeuerter Ofen 4-5 Elektr. Ofen 5-7

Gießerei

Walzen / Weiterverarbeitung

Glas
Behälterglas Erdgas-befeuerte 

Glasschmelzwanne
H2-befeuerte Glasschmelzwanne 4-5 Elektr. Glasschmelzwanne 6-8

Flachglas

Zement und Kalk
Zement

Erdgas-befeuerter Ofen H2-befeuerter Ofen 4-5 Elektr. Ofen 4-5
Kalk

Alle Dampferzeugung Erdgas-betriebener Dampferzeuger H2-betriebener Dampferzeuger 9

Elektr. Dampferzeuger

(<500°C)
9

Elektr. Wärmepumpe

(<150°)
8

Feedstocks

Grundstoff-chemie

Ammoniak Dampfreformierung Synthesegasbereitstellung aus H2 8-9 -

Methanol Dampfreformierung
Synthesegasbereitstellung aus H2 

und CO2
8-9 -

Olefine (HVC) Steam Cracker Methanol-to Olefins 8-9 Elektr. Cracker 5-6

Raffinerien Rohölverarbeitung Dampfreformierung H2 aus Elektrolyse 8-9 -
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Both scenarios assume continuous economic growth

Value added by sub-sector is the main macro-economic 

driver for the scenarios

Both scenarios use similar assumptions based on 

Primes Ref 2020 scenario:

An average annual growth rate in (gross) value added of around 1.6 

% p.a. is assumed for industry until 2030, afterword’s the growth 

rate declines to 0.8% p.a.

Engineering, food and other industries are projected to be growing at 

a higher pace compared to the energy-intensive basic materials 

industries
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