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Potenzial und Grenzen von Wasserstoff FUJITSU

® \Warum beschaftigt sich ein Volkswirt in einer
IT-Firma mit Wasserstoff?
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Fujitsu - Von “digitaler” zu “nachhaltiger” Transformation FUﬁTSU

Our journey to a regenerative society

Nobody can predict the future, but we can shape the future by imagining the kind of society we want to create.
Because the challenges we face are complex and intertwined, it is not easy to realize a regenerative society.
However, if all stakeholders proactively cooperate for common goals, and technology is used correctly, it can become a reality.

The first step is to identify issues that organizations need to address, and to integrate sustainability into business.
In order to scale this undertaking, organizations, governments, research institutes and communities need to share
a common purpose, build cross-industry connected ecosystems, and co-create innovations that

deliver environmental and social value.

Fujitsu is committed to working with you on this transformation journey,
building a better future together.
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Innovation — Daten in einer Kreislaufwirtschaft FUJITSU

Regulation
(Carbon Neutral)

Technologies

(Circular Economy)

on Economy)

* Certificates * Estimates
* Audits « Digital Twin

| 1. Traceability information
« Bills 2. Material reuse

* Services 3. Tracking for maintenance
4. Decentralized manufacturing
5. Digital passports
6. Waste tracking
7. Asset sharing
8. Product as a service

RESIDUAL 9. Material exchange

WASTE /

10. Mfg as a services

- * Manuals
« Certificates « Chat Bots 11.Consumer information
* Assurance ‘ 12.Product design
. 13.Material recovery
Carbon Accountlng * Specifications * Lifecycle Info
(2024-) * Logs * Certificates

“Circular Economy 2.0” builds on new ecosystems and technology integration
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Fujitsu — “Sytems Engineering” zu “Systems Thinking” FUjiTSU

FUjiTsy

Systems Thinking Example: Preventing Covid-19

Systems
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Problem  Solution
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Software Service SE re-organization 2013 @
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DX Design g g
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Potenzial und Grenzen von Wasserstoff FUJITSU

® \/on fossilen zu erneuerbaren Energien
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Fossile Energiewirtschaft — Schwer zu andern

[o®)
FUJITSU

Fossile Energie

(Kosteneffekte) Carbon
Price : :
T Notwendige CO2 ReduktionsmaRnahmen
Emission o A e
- Challenge + S Stated Policies Scenario
(6]
I+
) ) 30 ...................................
Consumption roduction
Cost Cost 32% Renewables
P 0 IR L LT LT T T T . . TR T PP
9% CCuUs
Storage Transport 10 ceeeseecncciniiannas R P B R
Cost Cost Sustainable Development Scenario
+

Oil/Gas
Increase

2000 2018 2050

Source: IEA (2019) — World Energy Outlook.
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Erneuerbare Energiewirtschaft — \Was ist anders? FUJITSU

Fossile Energie Erneuerbare Energie
(Kosteneffekte) Carbon (Kosteneffekte) Subsidies
m Price -’I/\/ Research
Emission Technology Emission Technology
- Challenge Challenge Challenge 4+
I+ I+ |+

Production
Cost

Consumption Production
—
Cost Cost

Storage Transport Storage Transport
Cost Cost Cost Cost
+
Qil/lGas - Subsidies " Renewable ;

- Increase Infrastructure - Increase
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Potenzial und Grenzen von Wasserstoff FUJITSU

® Strom & Batterien oder Strom & Wasserstoff
als Energietrager?

© FUJITSU 2024



Erneuerbare Energiewirtschaft — Batterie vs Wasserstoff  fujirsu

Erneuerbare Energie Batterie vs Wasserstoff
(Kosteneffekte) (Effizienz)
’/\ Emission
Reduction
Emission Technology
Challenge Challenge Energy Use Long-term
l l Efficiency Storage
Consumption Production //0\
—
Cost Cost Size Weight

Efficiency Efficiency

Storage

Production
Storage Transport Efficiency
Cost Cost Battery Hydrogen
Use l Use
Renewable
Renewable Increase

Increase

© FUJITSU 2024
10



Erneuerbare Energiewirtschaft — Batterie vs Wasserstoff  fujirsu

Batterie vs Wasserstoff
(Effizienz)

o EV Tank2Wheel Well2Wheel
5;'33%1 HEV: 30% 25%-10%
/' Bat: 85% 80%-65%
H2: 55% 40%-25%

Energy Use Long-term
Efficiency Storage EV  130kW/500km Drive Train  400km Tesla/Mirai
/_/"\ Bt: 326kg 2.3 tones
Size H2: 152kg 1.9 tones
Efficiency
EV  Tesla 240 liter battery / Mirai 120 liter (240 liter size)

Storage Bt: 0.4 kWh/dm3 96 kWh

Production H2: 0.7 kWh/dm3 84 kWh
Efficiency
Battery Hydr
Use l Use Batterie Umweltlasten (Kobal, Nickel, Lithium...)
Renewable Batterie Recycling noch ineffizient...
Increase Data Sources:

Tsakiris et. al. (2019) - Analysis_of hydrogen_fuel cell_and_battery efficiency.pdf (dtu.dk)
Handwerker et. al. (2021) - Comparison of Hydrogen Powertrains (mdpi.com)

© FUJITSU 2024
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https://backend.orbit.dtu.dk/ws/portalfiles/portal/258510353/Analysis_of_hydrogen_fuel_cell_and_battery_efficiency.pdf
https://www.mdpi.com/2673-4141/2/1/5

Wasserstoffwirtschaft — Effizienz bestimmt Nachhaltigkeit Fujitsu
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Quelle: Salimi et. al. (2022) — The Role of Clean Hydrogen Value Chain (mdpi.com) 12 Source: Schulz (2022) - Zukunft Wasserstoff?



https://www.mdpi.com/1996-1073/15/16/6064
https://library.fes.de/pdf-files/id/19028-20220315.pdf

Batteriewirtschaft — Recycling bestimmt Nachhaltigkeit

O
FUJITSU

Batteriewirtschaft
(Effizienz)

Battery Grade
Chemicals

Cathode/Anode
Raw Materials Manufacturing
5 ks Industrial Grade o 29

Chemicals
Battery
Design
Metal
Industry
Chemistry
Batt Services Battery Cell
alery Production
Waste EV
Battery Production
Recycling
Battery
Service/Reuse
Battery Pack
Waste Assembly
Collection
Battery
End-of-Life

Source: Atsumi, Yui (2024) — Green vs Circular Chemistry.

Battery Productior

Li-lon Batterie-Recycling

2. Pre-treatment

¥X G e

Sorting > Discharging > Dismantling > Ferrous metals

Deactivation > Shredding > Separation ) Non-ferrous metals
plastics

1. Collection

End-of-life

lithium-ion batteries agu

Black matter

3. Metal recovery

Pyrometallurgy Hydrometallurgy [ Biometallurgy

Battery production
(closed loop recycling)

Construction
sector . Alloys

Slags %
3. Refining

o &

Metal concentrates
for battery production
.* or metal industry

Hydrometallurgy

&

Source: Windisch-Kern (2022) — Recycling chains for
lithium-ion batteries: - ScienceDirect

Metal industry
(non-functional (open loop) recycling)
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https://www.sciencedirect.com/science/article/pii/S0956053X21006267
https://www.sciencedirect.com/science/article/pii/S0956053X21006267

Wasserstoffwirtschaft — Gezielt Grun oder viel Blau?

(o8
FUJITSU

Wasserstoffziele in Deutschland & Japan

(Effizienz)
Grine H2 . H2 Grin
Wirtschaft NurfBr & Gezielt Umweltorganisationen
|
A A Forschungsinstitute
Breite ( _______________ I ﬁ _____ . Gezielte
Entwicklung @ Z?X Entwicklung
@ i O Industrieverbande
Japan
H2 y Y H2
Wirtschaft Grun, blau, etc. Gezielt

Source: Kern / Schmelzle (2023). 14

: DNR
: BUND
WWF
: Deutsche Umwelthilfe
. Klima-Allianz
: Jullich
: Wuppertal Institut
: Agora Energiewende

: Fraunhofer ISE

: Fraunhofer ISI
: Oko-Institut

: DVGW

: BDI

- VCI

: BDEW

: VKU

: DWV

: BEE
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Potenzial und Grenzen von Wasserstoff FUJITSU

® Sony hat die Li-lonen Batterie und Toyota hybride Antriebe
entwickelt. Warum fokussiert Japan trotzdem so stark auf
Wasserstoff?

® Konkurrenz mit Korea/China/Asien: Batterieentwicklung ist relativ
einfach zu kopieren, erfordert einen hohen Materialeinsatz und
enge Zusammenarbeit mit der Elektronikindustrie.

® Komplexe Technologien: Hybride und Brennstoffzellen-Fahrzeuge
haben das Potenzial langfristig Beschéaftigung und
Wettbewerbsfahigkeit sichern.

® Infrastruktur: Ol/Gas-basierte Import und Infrastrukturnetzwerke
konnen weiterverwendet werden.

® Literatur: Zukunft Wasserstoff? Potenziale, Herausforderungen und Loésungen
der japanischen Strategie © FUIITSU 2024
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https://library.fes.de/pdf-files/id/19028-20220315.pdf
https://library.fes.de/pdf-files/id/19028-20220315.pdf

Potenzial und Grenzen von Wasserstoff FUJITSU

® \on Projekten zur Strategie

© FUJITSU 2024



Wasserstoffwirtschaft — Erfolgreiche Industrieparks

[o®)
FUJITSU

HySut Kitakyushu Hydrogen Town (2011-2014)

1. Technical demonstration of hydrogen supply
through pipeline for “stable supply”, “safety
assurance” and “appropriate charging procedures”.

2. Demonstration of pure-hydrogen type 3. Demonstration of hydrogen supply on
fuel cells for actual home and business specialty small vehicles: FC bicycles and
uses over years. FC lifts.

Nippon Steel & Sumitomo Corp.

Hydrogen line --——-- -
in steel plant )

Odor adding device

Bird house
Fuel Cell (1kWx1)
|

Space World
Station

Low press=ure hydrogen
_filling equipment

NAFCO (DIY Store) /" Hydrogen Hydrogen

; . I Kitakyushu Museum
Fuel Cell (1kWx1) station pipeline of Natural History &
Human History
Fuel Cell (100kWx1)
Fuel Cell l ! oo
Eco-house Demonstration | i i S
Fuel Cell house | h i Higashida eco-club
(TkWx1) Fuel Cell (1kWx7) | Battery cell ‘ Fuel Cell (1kWx2)

Source: Hysut (2015). 17

« Optimierung mit Pipelines,
Zwischenspeicherung, Kraft-
warmekoppelung

© FUJITSU 2024



Wasserstoffwirtschaft — Erfolglose Brennstoffzellen FUJITSU

25

20

15

10

1999 2000

Quelle: Hikima et al. (2020)

NEDO Hydrogen Budget (Milliarden Yen)

»Enefarmu«

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Source: Source: Schulz (2022) - Zukunft Wasserstoff?; based on Hikima (2020). (2019). 18

Entwicklung von kleinen
,2Enefarm® (2009)
Brennstoffzellen fir den
Haushaltsgebrauch

Erdgas — Wasserstoff — Strom —
Warmekopplung mit 87%
energetischer Gesamteffizienz
Keine Chance gegen
,EcoCute” Warmepumpen und
Klimaanlagen mit einer
Effizienz von 400%
Konkurrenz zu Entwicklung
und Einfihrung von
erneuerbarer Energie

© FUJITSU 2024


https://library.fes.de/pdf-files/id/19028-20220315.pdf

Wasserstoffwirtschaft — Drei Ebenen der Strategie FUJITSU

TRANSPORTATION AND

SUPPLY (supply chain)

DOMESTIC FOSSIL FUELS TRANSPORTATION
- City gas - Fuel cell vehicles (FCV, FC bus, etc.)

LP gas » Reforming —»  Hydrogenstation _ | FCV: 3,400 vehicles installed. 40,000
- By-product hydrogen Installation of 109 vehicles by 2020

ccs stations nationwide FC bus: Entered service in Tokyo in
- Brown coal - Gasification --—p sz 1Y refo.rm
for cost reduction
- By-product hydrogen - e POWER GENERATION
- Overseas renewable energy —  Water - P Reformings Fuel cell cogeneration (2.g. Ene-Farm)
electrolysis - Over 280,000 units installed.
RENEWABLE ENERGY Large-scale For business and industry use, some mo-
- Solar power, Wind power Water L hydrogen ocean dels have already been launched in 2017
electrolysis transportation Hvd .

Use hydrogen as a means of energy e - Hydrogen power generation
storage (absorb fluctuations in b . (CO,-free thermal power plants)
intermittent RES) emonstration Combined heat and power supply

i of world’s first B R ina hvd tion in Kob

Demonstration of large-scale power- iriermEitamel WElIny) BT (@fe(EmiEliEen o) ekt
to-gas at Fukushima, aiming for use in hydrogen supply in early 2018

the 2020 Tokyo Olympic and Paralympic chain in 2020

Games R OTHER

Industrial Sector (Power-to-X)
— City gas pipeline/LPG supply network — Liquified hydrogen lorry - » Hydrogen pipeline

© FUJITSU 2024
Source: Source: Schulz (2022) - Zukunft Wasserstoff? ; based on METI (2019). 19



https://library.fes.de/pdf-files/id/19028-20220315.pdf

Wasserstoffwirtschaft — Fokus auf Infrastruktur

Abbildung 15
HySTRA-Lieferkette und Kosten

Australia Japan

HySTRA HySTRA

Hydrogen ' Hydrogen' Liquified Liquified
Brown Gasifi- Gas Land Trans- |, Lique- Hydrogen Liquified Hydrogen Hydrogen
Coal cation Refining portation faction Loading Marine Transportation Uploading
> e R P [ e » [ e L B ] B/ oeenees =
™~

Mining Site Approx. Port Site Approx. 9,000 km Kobe Airport Island
Facility 150 km Facility
(Latrobe Valley) (Hastings)
Share of total costs
Coal ccs H2 Liquid Harbour/Port JP transport
8% 10% 29% 17% 10% 9%

Source: Schulz (2022) - Zukunft Wasserstoff? ; based on Hystra (2021). 20
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Source: Schulz (2022) - Zukunft VTlasserstoff? ; based on IEA 2019,
S. 82-83.
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https://library.fes.de/pdf-files/id/19028-20220315.pdf
https://library.fes.de/pdf-files/id/19028-20220315.pdf

Wasserstoffwirtschaft —

Zentraler Tell der 2050-Ziele

[o®)
FUJITSU

2018 2030 mix 2050
1.06 billion ton 0.93 billion ton Emission reduction + Removals = net zero
(A 25%) (A 100%)
(Future discussion will ot be limited to
this reference value)
.
Industry 0.3 bil ton Industry 0.33 bil ton Electrification
Non-
electricity
Hydrogen, methanation,
synthesis fuel, biomass
Transport 0.2 bil ton
Transport 0.15 bil ton
Fossil fuel
sz Decarbonized electric sources
0.36 bil ton Renewables (50~60%)
Electricity Nuclear, Thermal + CCUS (30~40%)
Carbon recycling,
Hydrogen/ammonia (10%)
‘ Carbon Plantation, DACCS
. removal
o Values are the amounts of CO; derived from energy
Source: Schulz (2022) - Zukunft Wasserstoff? ; based on METI (2019, 2023). 21

Japans ,,Green Growth“ Strategie
* Erneuerbare, Atom, Wasserstoff und
CCUS

30-50%
increase of
electricity
demand

* Wasserstoff
Nachfrage: 3/12/20MT (2030/40/50)
Produktion: 2MT

Maximum

| usage of CCUS

 Electrolyser: 15GW (weltweit)
« Co-firing: Ammonia 20%

© FUJITSU 2024


https://library.fes.de/pdf-files/id/19028-20220315.pdf

Abbildung 4

Energieversorgung mit Strom und Wasserstoff

1 NON-FOSSIL ENERGY

CO, storage

OVERSEAS SITES
‘ l Fuels
Primary 3
energy Renewable energy Nuclear Fossil fuels
PV - Hydro - Wind Coal - Oil
Geothermal - Solar thermal Natural gas
Ground and unutilized heat - Methane hydrate Hydrogen
Biomass - Oceans imports
/ \
i Power generation 3. €0; Ao e ccs
Electricity Heat 4 3
/ [ Transformation |----
/ 1 DAC
/ (Direct Air
/ Air
»- Capture: CO, =
2 ENERGY NETWORK / i separation
K O from air
Yy vy
Secondary Electricity - — Transformation =
energy ey
Electricity Heat | Hydrocarbon
Fuel/  |fuels
thermal [
v v H
= ~ {
p N ico,
) Aabieuitare Residential, {
Final > g ' commercial and Transportation
energy forestry and bli ™ £ Industry sector
i fisheries sector PN ST o
consumption Sior |
< A
i co, Cross-sector-coupling
Carbon and

nitrogen storage

5 ZERO-EMISSION
AGRICULTURE,
FORESTRY AND
FISHERIES

4 CARBON RECYCLING
AND CCUS

Source: Schulz (2022) - Zukunft Wasserstoff? ; based on METI (2019.
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Wasserstoffwirtschaft — Der Verbraucher wird entscheiden rujitsu

Energie / Netz / Schwerindustrie
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Storage J
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https://library.fes.de/pdf-files/id/19028-20220315.pdf

Thank you

If you have any questions relating
to the content of this document,
please get in touch:

Dr. Martin Schulz

schulz@fujitsu.com

O
FUJITSU
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