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Key value propositions of green hydrogen e
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Climate Protection/ Use Gas Infrastructure
Sustainability Legacy

Limits for Local Emissions Diversification of Energy

Sectoral connection and integration of heat, mobility,
fuels and chemicals with power

Balance of demand and supply (short to long-term)
Connection of global sources and sinks



Enable the renewable energy system

Enable large-scale
renewables
integration and
power generation

SOURCE: Hydrogen Council

Distribute
energy across
sectors and

regions

Act as a buffer

& Hﬁ! to increase

system resilience

> Decarbonize end uses

E % Help decarbonize

" industrial energy use

% Help decarbonize
:} building heat and

Serve as renewable
feedstock

 annual demand for hydrogen could increase tenfold by 2050 — from 8 EJ in 2015 to almost 80 EJ in 2050
« 5% of the global production of methanol and derivatives could be based on renewable feedstock by 2035.
« By 2030, 250 to 300 TWh of surplus renewable electricity could be stored in the form of hydrogen for use in the other end-use

segments
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Hydrogen

Methanol

Ammonia & fertilizers

New markets & Value chains.

Synthetic Natural Gas

Agriculture

Energy Storage / Service

Refinery

Consumers

Mobility

Chemical Industry

We deliver EPC solutions including downstream processes such as ammonia, methane or methanol production
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thyssenkrupp Industrial Solutions - a global footprint with world-scale plants

Fertilisers Nitric acid Refineries Aromatics
130 plants

. Chemicals/petrochemicals
. 375 plants

Tank storage facilities

~

Industrial plants

——

P L—au‘.:. . “._' 600 plants

Electrolysis / Electrochemical Technologies
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tkUCE — Market leader in membrane electrolysis processes

Accumulated contract awards

Blue Star
19%

42 mn. mt/year Cl,

# 10GW and 1Million t H2/year

Asahi Kasei
25%

2 mn. mt/year Cl,

from HCI-ODC

Main suppliers

Global IEM CA Market Shares based on installed capacity; (CA = Chlor-alkali); free accessible Markets only; source: tkUCE database (as of 2017).
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Water Electrolysis by thyssenkrupp - proven technology with established supply chain

>200,000

of elements manufactured!

>1.2 million m2

of electrodes produced!

>600 MW 100 s

can be installed each year?

Ifor chlor-alkali plants producing hydrogen as co-product, 2for electrolytic hydrogen production
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Proven zero-gap technology

Introduction of

high efficiency cathode design and coating
(with De Nora) for hydrogen evolution,
proven in chlor-alkali technology

Introduction of

high efficiency anode design and coating
(with De Nora) based on proven chlorine
technology

Optimized high-performance separators
and diaphragms based on proven design
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Water electrolysis is the key technology for green hydrogen

-

ped a lean and cost effective solution

Being market and for large scale water electrolysis for H,-production

technology leader
In world-scale
electrochemical plants
for chlorine and caustic

2N
N\

Background picture: 100 MW Chlorine plént Tessenderlo, Belgium



Water electrolysis by thyssenkrupp - key features and system performance data

2500 M2 footprint for 100 MW,

Standardized modular piant design
of 10 or 20 MW, Units

>82 % stack efficiency (HHV, DC)

~77 % plant efficiency (HHV)

(compressed and purified H,)
Efficiency at partial load up to 82%
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98% availability
lifetime >30 years

H, purity:
>99,95 Y% (from electrolyzer, dry basis)
>99,999 % (after downstream treatment)

Ful |y automated operation

Fast reacting on power markets and
flexible part load operations.




thyssenkrupp water electrolysis system is validated at industrial scale for dynamic operation

Operation of technical evaluation
plant at Carbon2Chem, Duisburg

« Capacity: up to 2 MW
* H, production: 440 Nm3/h
* H, purity: > 99.95 % (dry basis)
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Fast ramping capabilities proven

« Load changes between 10% and 100%
in less than 30sec

» Enables utilization for primary control
reserve
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Power price optimized operation

Power price based load management
established

Enables optimization of average power
price




Our design philosophy: standardized, prefabricated units as basis for large installations

10 MW electrolyzer units 100 MW plant design

Footprint:
~2500 m?

Standardized & skid-mounted Turnkey solution including:
transformer/rectifiers | compression and purification | utilities
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Membership
We are providing solutions to the hydrogen society.

Hydrogen Council
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Experience cannot be copied.

over

#1 .. 600 MW 10 GW

supplier for electrplytic Production capacity/year of power installed
hydrogen production  Expandable to 36W #1000 kt/year of H2

Hydrochloric =" e - Hydrochloric ;ﬁf-‘ e -uw Chlor-alkali #** ,__—-“0 F}

acid T ‘%“"*‘“ acid ODC! | E— i membrane =

diaphragm g v membrane g -/7 electrolysis /

electrolysis electrolysis - e * , =g

1 0DC: Oxygen Depolarized Cathodes (@



Adamo Screnci

+33627912987

adamo.screnci@thyssenkrupp.com

@

engineering.tomorrow. together. thyssenkrupp



Today @ 200MW

4 - 100

Hydrogen Costs (€/kg H,)

2 - 50
1 - 25
0 0
Base Load Base Load + Wind PPA PV Surplus Power
(8600 h/a, 40€/MWh) Reserver Market (5000 h/a, 30EMWHh) (2400 h/a, 20€/MWh) (4380 h/a, 15€/MWh)
(8600 h/a, 40€/MWh)
mmmm Capital Costs [ Maintenance fmm Power Costs «= «@as
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Hydrogen Costs (€/MWh)



Moving gas or electricity ?

Cable versus pipeline cost

Cable Pipeline (BBL)
(BritNed)
Capacity 1 GW 15 GW
Construction € 500 mln € 500 mln

Cost
Volume (year) 8 TWh 120 TWh

i -
TUDelft o= Waarom groene waterstof 3




Large scale vs small ?

2018 USD
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Utility-Scale PV,
: Fixed Tilt (100 MW)

Utility-Scale PV,
One-Axis Tracker (100 MW) .
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@ Soft Costs - Others (Pll, Land Acquisition, Sales Tax, Overhead, and Net Pfoﬁl)

D Soft Costs - Install Labor

O Hardware BOS - Structural and Electrical Components

@ Inverter
o Module



Large vs small ?

Planned 5 GW Indian solar
plant will be ‘the world’s
largest’

Known as the “roof of the world,” the scenic Ladakh region of
the Indian state of Jammu and Kashmir could soon host the
world’s largest single-location PV plant.

JANUARY 14, 2019 UMA GUPTA

1. Tengger Desert Solar Park - 1500MW - China




These huge new wind turbines are a marvel.
They’re also the future.

The latest model has blades longer than football fields.
By David Roberts | @drvox | david@vox.com | Updated Oct 23, 2018, 12:20pm EDT

1 single turbine = 12 MW

The GE Haliade-X, a big-ass wind turbine. | GE

20 thyssenkrupp Uhde Chlorine Engineers — Energy Storage & Hydrogen @



Mass production vs Economy of scale

'Figure 7. Comparison of a mining truck with a conventional
pick-up truck to illustrate even mass production cannot beat

economies of scale
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2020 @ scale >500 MW
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Base Load Base Load + Wind PPA PV Surplus Power
(8600 h/a, Reserver Market (5000 h/a, (2400 h/a, (4380 h/a,
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To ensure excellent support on a global scale
thyssenkrupp Industrial Solutions and Industrie De Nora joined forces

C@ DE NORA

thyssenkrupp our research - your future

thyssenkrupp Industrie De Nora
Industrial Solutions

thyssenkrupp Uhde Chlorine Engineers

Support:
Engineering, Procurement, Technology, Plant Business (EPC), Services

Construction, Financing,
etc.

Supplies:
Coating and cell
manufacture
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Conversion of ,green® electrons into ,,green” molecules

Green .
electrons g Green H2

Renewable Energy Chemical Plants

Green Molecules: Hydrogen, Ammonia, Methanol, Methane



We have the key technologies under one umbrella

Ol Carbon Capture

OE® Gas Separation ) ) Green hydrogen
from

. e renewable energy
and

advanced alkaline

water electrolysis __——

b

Synthetic
Methane from

H2 and CO2




Our experience and capabilities: large EP/EPC plants

- . Kunde:
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Standort:
Kapazitat:
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A WP - - Tessenderlo

KEM ONE . AN Standort:  Belgium

Lavera, France N\ Kapazitat: 306,000 /a of NaOH
400,000 t/a Cl, NS BN 272,000 ¥/a Cl,

Al $ I S “‘-"'9':‘— ‘1 = -
: AU Y/ [l Kunde: Vestolit
PCC Rokita SA ~Sbs b W — Standort:  Marl, Germany

Brzeg Dolny, Poland o D00 T Kapazitstt 236,900 ta of NaOH
62,285 t/a Cl, SRR R R 210,000 t/a Cl,



