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Status-quo: Industry GHG emissions in
2015

Figure definition:

A CO2-equ for industry GHG emissions
based on bottom-up calculation
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& A Excluding refineries and indirect

emissions via electricity or district
heating

EEA reports 857 Mt (incl. refineries and

additional process sources)
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Challenges for decarbonisation:
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23% process related GHG emissions

difficult to decarbonise (e.g. clinker, lime,
5 ammonia)
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45% high temperature process heat in

iron and steel, chemicals, cement, lime
and glass production

Iron and steq)
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A Oxygen steel production needs
coal/coke
Source: FORECAST model bottom-up estimation

A Chemicals hard to replace natural gas
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Numerous GHG mitigation roadmaps by EC

and associations

COM 2011 Low carbon roadmap

COM 2011 IA low carbon roadmap

BCG 2013 Steel's contribution to low-carbon Europe
EUROFER 2013 Steel low-carbon roadmap

CEPI 2014 Pulp and Paper low-carbon roadmap
Ecofys 2015 Fertilizers and Climate Change
CEFIC 2013 Chemistry future

CEMBUREAU 2013 Cement low-carbon roadmap
EAA 2012 Aluminum low-carbon roadmap
Ceramie-Unie 2013 Pacing the way to 2050

A Competitive and Efficient Lime Industry

Total industry
Total industry
Iron and Steel
Iron and Steel

Pulp and
Paper

Others
Chemicals
Cement
Aluminum
Ceramics

Lime

Based on Friedrichsen, Erdogmus (2016): Comparative Analysis of options and potential
for emission abatement in industry i Summary of study comparison and Study

factsheets, Fraunhofer ISI, Karlsruhe
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Emission reduction in the industry sector in
comparison

1000 . .
GHG reduction potential 2050 to

900 - 1990:
3 800 - EU Roadmap (2011) A\ Low-Carbon Roadmap:
2 /Reference scenario 83-87%
8 700 - /Reductlon scenario A gactor Roadmaps
— I m v < 0/
2 600 - ostly < 80%
: /
3 500 - y
3 Levels of most ambitious
5 400 - scenario in 2050:
o -
T 200 A Low-Carbon Roadmap:
= ~120 Mt CO2-equ
[} -
5 200 - A Sector Roadmaps

~280 Mt CO2-equ
100 -
O -
1990 2050 Min reduction 2050 Max reduction
H Iron&Steel m Pulp&Paper m Chemistry m Cement
® Aluminium Ceramics Hmlime

Source: Friedrichsen, Erdogmus (2016)
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Some first conclusions from the
roadmaps...

> I I

>

>

CCS as central technology in the EU Low Carbon Roadmap
CCS also anticipated in some sector roadmaps, but very skeptical

Limited potential from BAT energy efficiency and cross-cutting technologies in
the sector roadmaps

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

Sector Roadmaps conclusion: For deep decarbonisation breakthrough-
technologies are needed

Source: Friedrichsen, Erdogmus (2016)
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A closer look at innovative decarbonisation
technologies
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What are these break-through innovations?

Some examples...

Deep Eutectic Solvents (Provides)

Grass paper (Creapaper)
Grass based fibres replacing wood fibres

Dissolving ligno-cellulose raw material as
used for paper production

recovered wood

agro-waste

nc

2 be

mechanical

ELECTROLYTE

m chemical
pulp

| Sourc

recycled
pulp

pulp

semi-mech.
pulp

pure

pure hemi-
lignin cellulose

cellulose
s \ :
Additives >

P, Charging
H -
H,0 5

Prereduced ore

Source: Towards the EU ETS Innovation fund workshops (online available)
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Use technology readiness levels (TLR) to
measure distance to market entry

System Test,
Deployment & Ops

System/Subsystem
Development

Technology
Demonstration

Technology
Development

Research to Prove
Feasibility

Basic Discipline
Research

Actual system “proven” through successful system
and/or mission operations

Actual system completed and :qualified” through test
& demonstration (in the operational environment

System prototype demonstration in the planned
operational environment

System/subsystem model or prototype
demonstration in a relevant environment (Ground or
Space)

Component and/or breadboard validation in relevant
environment

Component and/or breadboard validation in
‘laboratory’ environment

Analytical and experimental critical function and/or
characteristic proof-of-concept

Technology concept and/or application formulated

Basic principles observed and reported

Example from NASA by Mankins (2009)
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Maturity of technologies: Mitigation options
(selection) by TRL

Materials industry

downstream

Technology readiness level ->

Clusters of mitigation options

Deep
Energy efficiency eutectic

solvents Near net

DRI RES shape casting/
: Waterless { Electrolysi W (Eletricity for )
Fuel switch paper IS ( _J r0cess
production DRIRES- | P h
LHZ Plasm ] eat
Carbon capture and storage
ooerces |

~
Recyc”ng and re-use { Cement fI‘OE'n H|gh qua“ty EAF ]

recycled concrete
g \

new raw
Material efficiency and materials carbon reinforced
substitution (e.g. grass) @ concrete
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Value chain perspective: Decarbonisation
options along the cement value chain

Scenarios

Limestone

Preparation

Burning <——— Cl_ay,sanq,
iron oxide

Clinker

Milling <—— Additives

Cement

Mixing <—— Additives

A 4

Concrete

Construction + Construction
v materials

Infrastructure/
buildings

Demolition

A 4

Landfill or
downgraded
recycling
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Innovations Iin decarbonisation scenarios
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Scenario characterization
by mitigation option

SET-Nav

p_ > > > > g
Strategic Energy Roadmap

Faster diffusion of
incremental process
improvements
(BAT & INNOV =TRL 5).

According to current policy
Energy efficiency framework and historical
trends.

Fuel switching driven by AR SUg Rt ier

Fuel switch : Fuel switching to biomass
energy and CO,-prices and PtH

Carbon capture and i CCS for major energy-

storage (CCS) intensive point sources.

. . . Stronger switch to
Slow increase in recycling

secondary production (e.g.

options

= TRANS-CCS
+ selected radical process
innovations
(INNOV =TRL 5)

= TRANS-CCS
+ Higher financial support for
biomass and PtH

Recycling and re-use rates based on historical electric steel, secondary = TRANS-CCS
trends. .
aluminium).
M ial effici L i i
ater!a (_a iciency and Based on historic trends. _In_crease n mat_erla}l = TRANS-CCS
substitution efficiency & substitution.
_——
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Using the FORECAST model:
Bottom-up simulation

SET-

> > >
Strategic Energy Roadmap

Input data

Drivers
- GDP
- Population
- Energy prices
- Temperature
- Business cycle

Macro

Material efficiency Circular economy Structural change

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

Energy-intensive Space heating &

Results

Energy demand
- Final energy

- Delivered energy
- Useful energy

Processes cooling GHG emissions
. - Energy-related
Policy “RU Egl'}é
- Taxes Process energy : : Buildings stock Pr lated
- CO2-price demand Calibration model - Frocessrelate
- Standards
; : End-use ener ;
- Grants Saving option gy Heating systems
OPEX rt diffusion bl stock model Costs
2 Suppo - Investment
— - Policy cost
ructure - i
- Energy balance Hectric motors Furnaces Steam & hot water Energy spending
- Emissions & |Ight|ng
balance - - i Indicators
- Technology Saving options Fuel switch System efficiency Tl n
- diffusion "
distribution Steam generation of process heat £3'T]
stock model - Energy savings uf
Technology & - Technology and 28 O
Behaviour fuel mix ca o
- Efficiency Results by sub-sector, energy carrier, temp. level, end-use, country - SEC by process >3
- Savings - Technology 9% | | |
- CAPEX, OPEX Market shares O
. - 1 c
: Lea_rnl_ng Interfaces and add-ons CHPgener_a_tlon E]
- Emissions - Frozen efficiency £
) I;:it'me Carbon capture Regional analyses Hourly demand & Excess heat : :—|eat an(i cold 1 (@p)
= [AERRE=s and storage 9 Y demand response potentials emperatures 5 —]
=
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GHG emissions [Mt CO2-equ]

Scenario results: GHG emissions SET-INz
by energy carrier

Strategic Energy Roadmap

EU 28 industrial CO2 emissions by EC and scenario

700

u CCS mNatural gas = Fuel oil mCoal Others mProcess emissions ¢ Net emissions Refe r e n C e

"0 « Slight improvements visible
500 (e.g. process switch in the steel
1 l industry)
iiil Mitigation scenarios:
i ll * Reduction in industrial CO2

-
2004 —— — - .
[°] | emissions:
I III ~-70% by 2050 compared to 2015

—
-

100 -
0 III ~-83% by 2050 compared to 1990

100 » Abatement of process-related
- emissions more difficult:
2015 | 2020 | 2030 | 2040 | 2050 | 2020 | 2030 | 2040 | 2050 | 2020 | 2030 | 2040 | 2050 CCS1 radical process Changes
Yoar e TRANS-CCS TRANSPT (e.g. low-carbon cement types)
Source: FORECAST
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What do others say? Recent industry
sector scenarios for Germany

BMUB KS95

UBA THGND

BDI 95%Pfad

BMWi Langfrist

BMUB KS80

BDI 80%Pfad

BMUB

UBA

BDI

BMWi

BMUB

BDI

2015

2014

2018

2017

2015

2018

Climate Protection Scenario Round 2: 95%

Scenario
Climate neutral Germany

Climate paths for Germany: 95% Scenario

Long-term scenarios for the transformation of
the energy system in Germany: 80%

Scenario
Climate Protection Scenario Round 2: 80%

Scenario
Climate paths for Germany: 80% Scenario
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Comparison of mitigation options in recent

industry sector scenarios for Germany

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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Conclusions

\

~ Fraunhofer

IS1



Conclusions and recommendations

On industry decarbonisation:

A Decarbonisation of industry sector requires a radical change with regard to energy mix
and production processes

A Available technologies are not sufficient for deep decarbonisation of many industry
sectors

A 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:

A 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)

Endogenise technology diffusion (Plant age, role of replacement and new built vs major
retrofit, technology maturity)

>\

Treating uncertainty with regard to future evolution of innovative technologies
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Contact: Tobias.Fleiter@isi.fhg.de

Thank you for your attention!

Further material;

S ET- - Set-Nav Issue Paper on industry

D D D :
Strategic Energy Roadmap - Set-Nav Report on industry

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

-> Energy Systems: Demand perspective®
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http://www.set-nav.eu/content/pages/results

Annex
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Blast furnace age distribution in the EU
(Quelle: Fraunhofer ISI et al. 2017)

Figure 30: Plant capacity age distribution blast furnace in kt
45000
OOCthers
40000 H
- 35000 BPFoland
; 30000
.%‘ 25000 Bhetherlands
o
3:' 20000 q
15000 A , @ United Kingdom
E—
10000 A
=000 _ OFrance
D T T
1951-1960  1961-1970  1971-1980  1981-1990  1891-2000  2001-2010 BGermany
Construction decade
Source: Stahlinstitut VDEh (2015)
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Diffusion Rate (%)

Diffusion of major steelmaking innovations
N Germany 1950-2013 (Arens and Worrell 2014)

100

80

60 |-

40+

BOF diffusion

- 1953:
- 1958:
- 1964:

- 1970:
- 1983:

Market entry in Austria
Market entry in GER

8% market share in
GER

~70%
100%

Abbreviations

BOF:
CCM:

TRT:

Basic oxygen furnace

Continous casting
machinges

top pressure recovery
turbine

BOFGR: BOF gas recovery

CDQ:
PCI:

Coke dry quenching

Pulverized coal
injection
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[Twh]

Strong shift towards biomass and

electricity for process heating via
farnaces

EU 28 final energy demand for process heating in furnaces

500

450

400

350

300

250 A

200 A

150 -

100 A

50 1

0 -1

T
Waste RES

= Waste non-RES

m Biomass
m Electricity
Other fossil

Fuel oil

m Natural gas

mCoal

2030

Non-metallic mineral products

Chemical industry

5
i

2050

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
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