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CDP — thyssenkrupp is recognized as a world leader in climate protection for the 2nd time in
a row

Catching up with leadership Leadership confirmed

2008 messssssssssssssss) 2015 2016 2017
99,4
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rating [ /

49 [/ /

Saw
/ Performance
_,/ rating

CLIMATE

tk in TOP 10 % tk in TOP 5 %
as one of 9 German companies as one of 7 German companies

The CDP rates more than 2,400 companies on behalf of >800 institutional
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The Paris Climate Agreement sets
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Global carbon cycle
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Impact of power generated from renewable resources ‘9’%/
()

Fluctuation in power availability seasonal vs. daily/hourly Gy
/7
/}76
%
Monthly fluctuation is marginal Daily/hourly input is extremely volatile
Time scale: Month Time scale: Hours / Days
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10.000 = 7000 |
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0
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Mio. Kilowattstunden Wenig Wind T ———— V' 1.4.2011 8.4.2011 15.4.2011 22.4.2011 29.4.2011
Quelle: BDEW Januar 2014 Viel Solar h_‘ Wenig Solar Quelle: Internet: S0Herz
Probably low need for long term storage @ High daily and hourly fluctuation of wind power
because of marginal seasonal fluctuation. create need for flexible consumer and short and
medium term storage.
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Development of technologies supporting Greenhouse Gas neutrality
Storage is precondition for the extensive use of power from renewable sources and grid stability

Renewable sources of energy

Fev A\ Renewable

energy sources
l ) i

T

Redox-Flow battery Water electrolysis

Water electrolysis

Storage of renewable
energy in a chemical

Redox-Flow battery

Storage of renewable
energy in a ,chemical

Positive
electrolyte

batte ry“ Selech’vernemhrane p ro d u Ct
» Splitting water into
oxygen and hydrogen
il L I
. d! ‘ I
(] E— !
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Green hydrogen will become key in the future value chains

renewable
energy

Power Generation

H, —

Power Distribution (Gas
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~ Power grid
Carbon2Chem® 2 A4 - central
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Urea, =~ _distributed
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Our contribution: H, at scale - large water electrolysis plant

Advanced Water Electrolysis

Alkaline atmospheric Experience cannot be copied.

EPC turnkey installations at large
scale aver
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' " supplier for electrolytic electrochemical of power installed
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Green H, through water electrolysis - New dlmenS|ons {o] renewable energy
inte rir arie i S | :

. .[1 l'.
Example: Industrial \ g T
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Water EIectronS|s )Y, thyssenkrupp

\\\\\
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Market potential 2017-23 for water electrolysis systems >€1.0 bn |
(Source: own assessment)

Proven technology, scale economies
Design for plants larger than 100 MW
Target applications

« Power-to-Gas (H2/ energy storage),

* Power-to-X (e.g. methanol/ fuel, ammonia)

, > AR '
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Carbon Capture & Utilization (CCU) - Use of CO, as a valuable recycling resource

e.g. Methanol

~4450 Mio. tons of greenhouse
gas emissions annually in EUrope

Potential US@ for production of Base-
Chemicals

CO, + 3H,= CH,OH + H,0
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Carbon2Chem®
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Carbon2Chem® — Recycling of top gases from steel production through cross-industry

collaboration

Replacement of fossil fuels (oil and aas) for the production of artificial fuels, plastics and fertilizer

Steel Production

8

Process Control

Coke PlantBlast Furnace Steel Making
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Water Methanol
Electrolysis Synthesis

Renewable Energy
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The chemical principals are known since 100
years,

... but they are not implemented in an economical way

y : m ‘ Kaiser-Wilhelm-Institut fur Kohleforschung 1918



Carbon2Chem®: Transform top gases into chemical products
Replacement of fossil fuels (oil and gas) for the production of artificial fuels, plastics and fertilizer

Feedstock Process m Chemical processes m

Methanol MTO Polymers
B BlEEmng MTG Gasoline
Blast Furnace Ammonla Fertilizer
Gas separation Fischer- Cemaliie
Tropsch
Lubricants
Steel Making Gas CO-
. conditioning Conversion Hydrogen
ﬁ Gas treatment has to
... be developed
— Methanation
Coke Plant
Syntheses must be adapted for
new synthesis gas
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GEFORDERT VOM
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Implementation of Carbon2Chem®
From idea to economical implementation

Research in Carbon2Chem® Carbon2Chem® pilot plant Commercial implementation

...sondern auch fir die Nutzung von CO, als Rohstoff — z.B. Treibstoff & Diingemittel

Vision 2030
und danach

Carbon2Chem®
Projektpartner und Arbeitspakete

=

fat lecf Iysisfi
netairkstabiity |

,,,,,,,,,,,,,,,,,,,,
=)

g
Water clestr

B B T

Research and
feasibility

,Proof of Concept”

Supporting greenhouse
gas neutrality
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Carbon2Chem® — major elements of the pilot plant are already in place an running

Gas Separation
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Carbon2Chem® - Technology modules can be offered for other CO, intense industries as
well

EXAIBRIRaRAHS LR BaltAas,

(CCU) for cement production
’ A CO, Recycling

l “Oxyfuel” technology. el T
i Fuel

- X d
4 p A Plastics
“u@%& Fertilizer

Clinker
(pre-stage cement)

» Oxyfuel technology can be combined with any kind of modern cement production technology

* thyssenkrupp’s outstanding position in cement production technology is a key lever for Oxyfuel technology
roll-out
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Leverage today’s Ieadershlp in chemical processes and engineering for tomorrow S CO

Example: Industrial

L
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il 5!!'3“.‘!;H1i!*ami!;nmi'amiwimi«iiwm"*if**inis W e
LBELELEMALA L LT TV EREY P PO TR RO ! ‘ A i

T B EUTRS

| - Most efficient Ammonia and Urea plants with largest
capacities

- World-leading process and plant design know-how
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Future energy system
Energy storage systems and hydrogen will be needed to synchronize generation and consumption

Hydrogen storage &
reconversion

Integrated hydrogen &
SNG plant

Electrolytic hydrogen

Consumers

glant (power & gas)

Refineries

Integrated hydrogen &
methanol plant

u
.
Nw
LR

Integrated hydrogen &
ammonia/urea complex
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