Demand and production of hydrogen in Germany as well as the
current state and recent developments in the German hydrogen sector
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German Hyd rogen ASSOCiation O Deutscher Wasserstoff-Verband

For more than 25 years now, DWV has been advocating the technological development
and market introduction of hydrogen technologies.

DWYV represents all European member associations of Hydrogen Europe (12 associations
- March 2019) on the board of the European Hydrogen Association. Hydrogen Europe is
directly involved in the design of the European funding programs of the FCH JU.

The expert commission performing energy is the key market player, which has been
working intensively since 2015 to ensure that "green hydrogen" is taken into account in
the many regulations on energy system transformation for use in refineries.

We have been able to successfully inspire European, federal and state politicians with
our proposals and make a decisive contribution to the consideration of green hydrogen

in national and European regulations.




Climate Goals and Ukraine conflict change everythi
Driver for RE & green hydrogen in Germany and EU
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Net Emissions
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% The EU Commission estimates that a 20 million
2000 2005 2000 2015 2020 2025 2030 2035 2040 2045 2050 tons of renewable hydrogen could replace 25-50

bcm per year of imported Russian gas by 2030

— ~ (10 million tons of imported renewable hydrogen

B =rcen [ mmmmm  from various sources and 10 million tons more
Lol . renewable hydrogen produced in Europe.

>250 GW Electrolyser capacity
needed in 2030

>500 Mrd. EUR investment by 2030
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National Hydrogen Strategy
Selected targets of the NWS

Develop "home market"” for hydrogen technologies in Germany and open
the way for imports of green hydrogen
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ﬁfﬁ% ‘ The German government sees a green hydrogen demand of about 110 TWh until 2030.

For a secure energy supply, Germany must produce 28 TWh/a of green hydrogen domestically and around 80
TWh/a must be imported by 2030.

To achieve this goal the NWS must address 40 GW, at least 10 GW domestic market and at least 30 GW
import market.

DWYV expects Germany's demand for green hydrogen to

&
(@) DWV reach 150 TWh/a in 2030 and over 900 TWh/a in
Deutscher Wasserstoff- und 2045.

Brennstoffzellen-Verband

National hydrogen strategy is the guideline for the
regulatory framework for the ramp-up of the
~green hydrogen economy.




Green Hydrogen
Solution for a secure energy supply for all

Green Steel s
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Which sectors need green hydrogen and
which technologies are ready for scale?
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Global Energy demand Supp”ed With hydrogen, EX&jOUle (EJ) Start of commercialization A Mass market acceptability®
Trans.  Weal= A Forkiifts sy, Mid-sized and large
L R ——]
- A Vans
Bl A Coaches
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A, | B%5.a Minibuses _Ships an ws
Passenger ships -— A e < A
fﬂ;.j:{.- , Refining Production of methanol, olefins and BTX using 22 ang captured carbon?
S tee

Ammonia, methanol
Decarbonization of feedstock?*

Blended hydgrogen heating
L‘*J” Pure hydrogen heating

Industry Medium-/low industry heat

ilf.-.-'% energy High-grade industry heat

y - In renewables-constrained countries
-d , | , , , In gther countries

Today 2023 25 30 35 40 2045

1 Mass market acceptability defined as sales >1% within segment in priority markets
2 Market share refers to the amount of production that uses hydrogen and captured carbon to replace feedstock

3 DRI with green H,, iron reduction in blast furnaces and other low-carbon steel making processes using H,
4 Market share refers to the amount of feedstock that is produced from low-carbon sources

SOURCE: Hydrogen Councll




O Deutscher Wasserstoff-Verband

Opportunity for a strong global economic partnership?

Share your Wind and PV resources! Hydrogen makes it possible!

Green Hydrogen gives wind and solar an economic value. Selling solar and wind to the global
industrial centers could be an opportunity for tomorrow's global trade.




Securing the industrial location
Maintaining value chains
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Climate, industrial and geopolitical policies must be considered as a whole.
Where, when and how will enough green hydrogen reach the industrial sites?

Derivatives or hydrogen imports?

Production costs are not the dominant variable of tomorrow. The question is
rather what green hydrogen or derivatives produced from it will cost when
delivered to the consumer?

What economic effects and what costs will society incur as a result of the
disruption of value chains?

Security of supply is not just an energy supply issue. A resilient supply of all
sectors is the basis for prosperity and social justice.




Advantage of a European Green Hydrogen Union
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There are many places around the world where green hydrogen production costs
are low - lower than fossil energy.

S/MWh
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I 171
68

But production costs
are not everything!

We need a wider view of
this!

- Transport costs

- Sustainability

- Security of supply

- (Geopolitical aspects

Green hydrogen from the EU and its neighbors means
maximum resilience!

Energiewirtschaftliches Institut an der Universitat zu Koln (EWI) gGmbH mit Ergdnzungen DWV ..




Hydrogen costs delivered to Germany
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« Lowest PtX cost achieved for countries with high solar and wind full load hours and low capital
cost.

- Combination of favorable wind and PV potential advantageous for reasons of high full load hours.

« Total product transport distance can have a decisive influence but is not a knock-out criterion(e.qg.

Australia).

 South- and Eastern Europe, Northern Product /MW,
Africa will become key-players for e
production and export of gaseous s MeoH 216251 il e
hydrogen transported via the European Product /MWy, TMbc 189- 200 Product  €&MWhyy,
: : LH,  242-285 FT-Mbx 188 - 199 Ny 1, 156 - 180
Hydrogen Pipeline Backbone. W 215-233 Jetfuel  412- 443 &
o » - MeOH 238 - 245 Product €/MWh,,,
SOUth A-merlca’ GUI:f Reglon’ FT-Mix 210-211 Product €/MWh, |_|_|2 238 - 313
Australia are becoming the most Jetfuel 406 - 430 H, 161-172 Product /MW NH3 223 - 248

145 - 150
NH; 200 - 207
MeOH 213 -223

MeOH 232 - 263
FT-Mix 220-232
Jet fuel 414 -473

Product €/MWh,,, MeOH  225-248

important players for domestic demand W 207 248
and exports in countries with limited W, 176-317 /‘

Algeria

renewable energy potential. NH,190-265 Product_ SMWhiy,
MeOH 190-274 H, 139 - 151 |
NH, 182 - 200 Product

( Product €/MWh,,,

Product €/MWh,,, MeOH 201 - 222 LH, 217 - 233
. . o NH, 171-184 Product ~ €/MWhy,, NH; 503 - 223 MeOH 192 - 200
— LH, 244 - 270 . MeOH 595 - 236 FT-Mix 166 - 181
NH; 202 - 213 Jet fuel 298 - 333
MeOH 222 -240
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Energy systems - impact on overall efficiency
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In mobility, importing green hydrogen is more efficient
than using electricity directly.

1: Solarstrom aus | 2: Wasserstoff aus
— Deutschland Nordafrika
“" _ Herstellung und Transfer PV Modul pro Jahr | |
(PV Modul aus China, Lebensdauer: 20 Jahre) &SR KN/l Jahr <20 RANKprdanT
Stromerzeugung (PV Strom pr&Wpeak) 1000 kWh/kWp/Jahr 2000 kWh/kWp/Jahr
Stromtransfer (100 km, PV Anlage zur Ladesaule) == /0 = _

Wasserstofferzeugung (Elektrolyse) — 50 kWh/kg H
Wasserstoff Verfliissigung (100 tTag) — 9 kWh/kg H;

Wasserstoffiransport per Schiff (5000 km) inkl. - 1,93 kWhikg H

Entladung

Wasserstoffiransport Hafen- Tankstelle (800 km) _
Betankung (Cchy / LH;) / Schnelladen (1 MW) =l Ui e
Batteriespeicher an der Ladesaule _
Fahrzeug (Liv)
Gesamtenergiebilanz Kraftstoffbereitstellung

\Aniricbe: Batierie = Brennstoffeellel ] 000

Energieaufwand Fahrzeugantriebsherstellung 41 kWh/100km 20 kWh/100km
(Lebensdauer 10 Jahre) (groBe Batiorie!) (Brennsiofizelic + kI. Baliorie + LH 5/ CcH, Tank) |
GesamtenergiebilanXraftstoff & Fahrzeug 344 km/kWp/Jahr |361 km/kWp/Jahr —

Datenquek Hynory, Bldguelon Hhynmgy, IEA

e ——



Pipeline

Backbone of a cost efficiency energy supply
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Planned electrolyzer capacity by 2030 (MW)

© 2022 Luropeon Hydrogen Bockbone,
Ol OGNS ressrved

o ,

erman import demand 2030
40 GW for 80 Mio. inhabitants

110 TWh/a

REPower EU 2030
125 GW in EU planned
350 TWh/a
448 Mio. inhabitants

Import 10 Mio. to H2
s gl G 125 GW Electrolyzer
How are the best partners for EU?

71,796 MW

Notes: Displayed elecrolyzer capacities reflect projects that have an official starting date by 2030. There are numerous
other projects with unknown starting dates that could be finished by 2030, but are not included in this analysis
Graphic: ©Solar Promotion GmbH | As of August 2021 | Source: Hydrogen Europe




Green hydrogen
Not a rare and expensive commodity!
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Global primary energy consumption in
the years from 1980 to 2021 (i exajoute) -
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Anmerkung: Zugang zu Wasser nicht berucksichtigt Quelle: IRENA 2022

More than 12 times as much energy as currently needed globally could be made available under 0.045 €/kWh* of green
hydrogen. All that is needed to tap the potential is the right regulatory framework.

*0,045 €/kWh = 72 €/Barrel Opec-Crude oil

100 €/to CO, = 0,026 €/kWh CO, Opec-Crude oil

0,045 €/KWh - 0,026 €/kWh = 30 €/Barrel Opec-Crude oil
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Kick off for a green hydrogen economy In Euro@ DWV
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Best practice
model for a market

incentive
programme!




DWV
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®
Kick off for a green hydrogen economy in Germa@

H2:Global

BMWK BMVD BMBF/BMZ
Phase 1 Phase 11 Phase A EU countries
Non EU countries Germany Germany Non EU countries
900 Mio. EUR EU countries EU countries
First completion Non EU countries Non EU countries 300 Mio. EUR

expected in Q1/24
3.530 Mio. EUR 1.400 Mio. EUR

Best practice for Thailand to push the national hydrogen




Global market — EU market

Deutscher Wasserstoff-Verband

Global: The McKinsey study "Hydrogen, Scaling Up" has identified a market potential of more
than $2,500 billion for 2050 with over 30 million jobs.
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Europe: Hydrogen Roadmap Europe — Near and middle east?

d&mbitions s Cenario
2050 hydrogen vision
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~24% ~260 Mt  ~EUR 820 bn ~9.4 m

of final energy ennual C05 nnual resenue reduction of local Jobs [hydrogen
demand' abatement’ |hydrogen and emimsions [Ma,| equipment, supplier
equipment] relative to road tran=port industries




Let's start a green (u) -~ VV V.
hydrogen market economy together now!

@ www.dwv-info.de

4 @DWV_H2

Contact:

Werner Diwald
Chairman of the board =
diwald@dwv-info.de




