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630 Mt. 

CO2-eq.
45%

11 %

21 %

23 %

Figure definition:

Á CO2-equ for industry GHG emissions 

based on bottom-up calculation

Á Excluding refineries and indirect 

emissions via electricity or district 

heating

Á EEA reports 857 Mt (incl. refineries and 

additional process sources)

Challenges for decarbonisation:

Á 23% process related GHG emissions 

difficult to decarbonise (e.g. clinker, lime, 

ammonia)

Á 45% high temperature process heat in 

iron and steel, chemicals, cement, lime 

and glass production

Á Oxygen steel production needs 

coal/coke

Á Chemicals hard to replace natural gas

Status-quo:  Indust ry  GHG emiss ions in  

2015

Source: FORECAST model bottom-up estimation
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Numerous GHG mi t igat ion roadmaps by EC 

and assoc iat ions

Study referencre Sector

COM 2011 Low carbon roadmap Total industry

COM 2011 IA low carbon roadmap Total industry

BCG 2013 Steel's contribution to low-carbon Europe Iron and Steel

EUROFER 2013 Steel low-carbon roadmap Iron and Steel

CEPI 2014 Pulp and Paper low-carbon roadmap

Pulp and 

Paper

Ecofys 2015 Fertilizers and Climate Change Others

CEFIC 2013 Chemistry future Chemicals

CEMBUREAU 2013 Cement low-carbon roadmap Cement

EAA 2012 Aluminum low-carbon roadmap Aluminum

Ceramie-Unie 2013 Pacing the way to 2050 Ceramics

A Competitive and Efficient Lime Industry Lime

Based on Friedrichsen, Erdogmus (2016): Comparative Analysis of options and potential 

for emission abatement in industry ïSummary of study comparison and Study 

factsheets, Fraunhofer ISI, Karlsruhe
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GHG reduction potential 2050 to

1990:

Á Low-Carbon Roadmap:

83-87%

Á Sector Roadmaps

mostly < 80%

Levels of most ambitious

scenario in 2050:

Á Low-Carbon Roadmap:

~120 Mt CO2-equ

Á Sector Roadmaps

~280 Mt CO2-equ

Emiss ion reduct ion in the indust ry sector in  

compar ison
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Reference scenario

Reduction scenario

Source: Friedrichsen, Erdogmus (2016)
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Á CCS as central technology in the EU Low Carbon Roadmap

Á CCS also anticipated in some sector roadmaps, but very skeptical

Á Limited potential from BAT energy efficiency and cross-cutting technologies in 

the sector roadmaps 

Á Fuel switch important option for reductions in pulp & paper industry, chemical 

and cement industry

Á Sector Roadmaps conclusion: For deep decarbonisation breakthrough-

technologies are needed

Some f i rs t  conc lus ions f rom the 

roadmaps. . .

Source: Friedrichsen, Erdogmus (2016)
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A c loser look at  innovat ive decarbonisat ion

technologies
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Carbon concrete (C3)

Carbon nanofibres reinforced

concrete replacing steel

concrete

Source: http://www.graspapier.de/

What are these break- through innovat ions?

Some examples . . .

Solidia cement (Lafarge)

recarbonating cement for

precast concrete

SuSteel (VoestAlpine)

H2 based direct reduction using plasma

technology

Source: Towards the EU ETS Innovation fund workshops (online available)

Siderwinn (ArcelorMittal)

Fully electric steelmaking

via electrolysis

Deep Eutectic Solvents (Provides)

Dissolving ligno-cellulose raw material as

used for paper production
Grass paper (Creapaper)

Grass based fibres replacing wood fibres

Source: http://www.graspapier.de/
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Use technology readiness levels (TLR) to  

measure d is tance to  market  ent ry

Example from NASA by Mankins (2009)
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Matur i ty  o f  technologies:  Mi t igat ion opt ions 

(se lect ion)  by TRL
M

a
te

ri
a

ls
 i
n

d
u

s
tr

y
d

o
w

n
s
tr

e
a

m

Clusters of mitigation options 1 2 3 4 5 6 7 8 9

Energy efficiency

Fuel switch

Carbon capture and storage 

(CCS) and CCU

Recycling and re-use

Material efficiency and 

substitution

Technology readiness level ->

Deep 

eutectic 

solvents

Black liquor 

gasification

Eletricity for 

process 

heat

Waterless 

paper 

production

new raw 

materials 

(e.g. grass)

Near net 

shape casting

Top-gas 

recycling

DRI RES 

Electrolysi

s
DRI RES-

H2 Plasma

High quality EAFCement from 

recycled concrete 

Oxyfuel CCS

carbon reinforced

concrete

Low-carbon 

cement 70%
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Value chain perspect ive :  Decarbonisat ion

opt ions along the cement va lue chain

Limestone

Clinker

Cement

Concrete

Infrastructure/ 

bui ldings

Preparat ion

Burning

Milling

Mixing

Construct ion

Value chain CO2 mit igat ion opt ions

Addit ives

Addit ives

Construct ion 

materials

CCS/ CCU

Concrete as insulat ion material

Preheat ing using excess heat

Clinker subst i tut ion: Addit ives 

Energy ef f iciency BAT

2) Incremental / BAT

Clay, sand, 

iron oxide

Recycling: Concrete

New  concrete mixtures

New  binders

(e.g. Solidia)

Concrete subst i tut ion: clay, wood, etc.

Material ef f iciency in construct ion

ĂRecarbonizat ionñ: CO2 

absorpt ion by concrete

Clinker substitution ĂUltra low clinkerñ 

Re-use of  bui lding components

New  clinker types (e.g. Celi tement) Low temperature burning

high strengths

Fuel switch: biomass
Fuel switch: Electrici ty

3) Break-through

Alternat ive raw materials 

(replacing CaCO3)

4) Downstream

Scenarios

Demoli t ion

Landfi l l  or 

downgraded

recycl ing
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Innovat ions in decarbonisat ion scenar ios
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Scenar io  character izat ion 

by mi t igat ion opt ion 

Clusters of mitigation 

options
REF TRANS-CCS TRANS-IPT

Energy efficiency

According to current policy 

framework and historical 

trends.

Faster diffusion of 

incremental process 

improvements 

(BAT & INNOV ≥TRL 5).

= TRANS-CCS 

+ selected radical process 

innovations

(INNOV ≥TRL 5) 

Fuel switch
Fuel switching driven by 

energy and CO2-prices

Financial support for 

Fuel switching to biomass 

and PtH

= TRANS-CCS 

+ Higher financial support for 

biomass and PtH

Carbon capture and 

storage (CCS)
-

CCS for major energy-

intensive point sources.
-

Recycling and re-use

Slow increase in recycling 

rates based on historical 

trends.

Stronger switch to 

secondary production (e.g. 

electric steel, secondary 

aluminium).

= TRANS-CCS

Material efficiency and 

substitution
Based on historic trends.

Increase in material 

efficiency & substitution.
= TRANS-CCS
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Using the FORECAST model :

Bot tom-up s imulat ion

Energy-intensive 

Processes

Drivers: Production, value added, employment, end-user energy prices

Saving option 

dif fusion

Buildings stock 

model

Heating systems 

stock model

End-use energy 

balance

Saving options 

dif fusion

System ef f iciency

Steam generation 

stock model

Fuel sw itch

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

Space heating & 

cooling

Steam & hot w aterElectric motors

& lighting

Furnaces

Macro

Material ef f iciency Circular economy

Calibration
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Regional analyses

Structural change

Carbon capture 

and storage

Hourly demand & 

demand response

Excess heat 

potentials

Drivers

- GDP

- Population

- Energy prices

- Temperature

- Business cycle

Policy

- Taxes

- CO2-price

- Standards

- Grants

- OPEX support

Technology & 

Behaviour

- Ef f iciency

- Savings

- CAPEX, OPEX

- Learning

- Emissions

- Lifetime

- Preferences

Input data

Structure

- Energy balance

- Emissions 

balance

- Technology 

distribution

Results

Energy demand

- Final energy

- Delivered energy

- Useful energy

GHG emissions

- Energy-related

- EU ETS

- Process related

Costs

- Investment

- Policy cost

- Energy spending

Indicators

- Levelised costs 

of  process heat

- Energy savings

- Technology and 

fuel mix 

- SEC by process

- Technology 

Market shares 

- CHP generation

- Frozen ef f iciency

- Heat and cold 

temperatures

Process energy 

demand

Interfaces and add-ons
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Scenar io resul ts :  GHG emiss ions

by energy carr ier

Source: FORECAST

EU 28 industrial CO2 emissions by EC and scenario

Reference:

• Slight improvements visible 

(e.g. process switch in the steel 

industry)

Mitigation scenarios:

• Reduction in industrial CO2 

emissions: 

~-70% by 2050 compared to 2015

~-83% by 2050 compared to 1990

• Abatement of process-related

emissions more difficult:

CCS, radical process changes

(e.g. low-carbon cement types)
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What do others say? Recent indust ry

sector scenar ios for Germany

Abbr. Published by Year Scenario

BMUB KS95 BMUB 2015 Climate Protection Scenario Round 2: 95% 

Scenario

UBA THGND UBA 2014 Climate neutral Germany

BDI 95%Pfad BDI 2018 Climate paths for Germany: 95% Scenario

BMWi Langfrist BMWi 2017 Long-term scenarios for the transformation of

the energy system in Germany: 80% 

Scenario

BMUB KS80 BMUB 2015 Climate Protection Scenario Round 2: 80% 

Scenario

BDI 80%Pfad BDI 2018 Climate paths for Germany: 80% Scenario



© Fraunhofer ISI

Seite 19

Compar ison of mi t igat ion opt ions in recent

indust ry sector scenar ios for Germany
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BMUB KS95 -99% +++ ++ + 0 ++ + ++ +

UBA THGND -95% +++ 0 ++ +++ 0 ++ ++ 0

BDI 95%Pfad -95% ++ +++ 0 + +++ 0 + 0

BMWi Langfrist -84% ++ ++ + 0 ++ + ++ +

BMUB KS80 -75% ++ ++ + 0 0 0 + 0

BDI 80%Pfad -65% ++ +++ 0 0 0 0 + 0
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Conclus ions
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On industry decarbonisation:

Á Decarbonisation of industry sector requires a radical change with regard to energy mix 

and production processes

Á Available technologies are not sufficient for deep decarbonisation of many industry 

sectors

Á Assessed scenarios show a broad range of results and methods; many use exogenous 

assumptions on diffusion of innovative decarbonisation technologies

Ways forward with industry sector modeling:

Á Scenarios for deep decarbonisation in industry need to have a broad scope including 

mitigation options along the entire value chain (material efficiency and circular 

economy)

Á Endogenise technology diffusion (Plant age, role of replacement and new built vs major 

retrofit, technology maturity)

Á Treating uncertainty with regard to future evolution of innovative technologies

Á Continously improving assumptions on technologies (in discussion with industry)

Conclus ions and recommendat ions
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Thank you for your at tent ion !

Further material: 

- Set-Nav Issue Paper on industry

- Set-Nav Report on industry

Available at:

http://www.set-nav.eu/content/pages/results

-> „Energy Systems: Demand perspective“

Contact: Tobias.Fleiter@isi.fhg.de

http://www.set-nav.eu/content/pages/results
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Annex
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Blast  furnace age dis t r ibut ion in the EU
( Q u e l l e :  F r a u n h o f e r  I S I  e t  a l .  2 0 1 7 )
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Diffus ion of major s tee lmaking innovat ions

in Germany 1950-2013 ( A r e n s  a n d W o r r e l l  2 0 1 4 )

BOF diffusion

- 1953: Market entry in Austria

- 1958: Market entry in GER

- 1964: 8% market share in 

GER

- 1970: ~70%

- 1983: 100%

Abbreviations

BOF: Basic oxygen furnace

CCM: Continous casting

machinges

TRT: top pressure recovery

turbine

BOFGR: BOF gas recovery

CDQ: Coke dry quenching

PCI: Pulverized coal

injection
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Strong shi f t  towards b iomass and 

e lect r ic i ty  for  process heat ing v ia 

furnaces
EU 28 final energy demand for process heating in furnaces

TRANS-IPT scenario:

• High financial support for 

biomass

• Biomass is used where technically 

possible (e.g. cement & lime)

• Increase in electricity driven by 

radical changes: e.g. the use of 

hydrogen in steel production 

replacing BOF

• Across all sectors and scenario still 

a substantial amount of natural 

gas is used

Source: FORECAST


