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DWV-German Hydrogen and Fuel Cell Association @

Industry association of the
German hydrogen economy

DWYV is committed to developing the green hydrogen economy. Our companies
and citizens should receive an integrated, sustainable, climate-neutral,
ecological, economical, socially acceptable and secure energy system
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DWV-German Hydrogen and Fuel Cell Association
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German Energy Demand (TWh, 2021) (&)DWV
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Residential Industry Commercial Transport Total

Nat G g 95% fossil
atural Gas 649 >95% import

58% fossil/nuclear
42% renewable

496
25
95% fossil
Oil/Fuel O 801 >95% import

Source: AG Energiebilanzen e.V. / Zeit
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Industrial decarbonization (1) DWV
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@3
Top 5 industries consume 80% of the fossil fuel (1,235 TWh)
and emits 75% of the CO2 BN oo iy [ Onvr

TWh
R I -
Steel and Iron -II 330

T
B
Food and processing .I 120

MTons

SOURCE: Voorstel voor hoofdlijnen voor het Klimaatakkoord/McKinsey



Industrial investment needs - Push for decarbonisation  «
efforts across German industries needed @DWV
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REINVESTMENT REQUIREMENT OF PRIMARY PRODUCTION
CAPACITIES IN GERMANY BY 2030
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» Chemical and Steel Industry and Steel

with high investment needs short- to mid-
term.

Investment cycles for furnaces 30-40
years — new assets will reach far into a
potentially carbon-neutral future. Likely to
trigger a strong push for high
sustainability requirements

Investment cycles for chemical assets
approx. 15 years — less danger

of "stranded assets” due to

increasing sustainability requirements

=

* Agora Energiewende, Climate
Neutral Industry,



Green Hydrogen as carbon free energy/feedstock ( )
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Why is green hydrogen important H,) DWV
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* Enables decarbonization in hard to Enable the renewable energy system Decarbonize end uses ~ ——
abate sectors like industry, transport, o
(heat) i - o ka8 X5 vansporation

teqration and sectors and
* Increases energy supply resilience S i © AL vl cecaonze
. y \ L %K industral energy use
* Independency from fossil resources e ey (e, Help decarvonize
* However: Increasing volatile renewable &, Adasabue
E E : B - é{]"rf_' to increase g&; Serve as renewable
production implies increasing demands &7 system reslience E reccsto
for erXi bility Source : Hydrogen Europe
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Promising Applications for clean hydrogen (.)DWV
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TRANSPORTATION REFINERIES INDUSTRIES

Green hydrogen as fuel for v' Substitution of biofuel Substitution of industrial process
v" Heavy duty trucks additives (e.g. RME) in gases by green hydrogen
v" Fuel cell busses conventional fuel production v Steel production
. by green hydrogen (REDII
v" Fuel cell trains Y9 ydrogen ( ) v Ammonia production

v Synthetic fuels (e.g. SAF)

v' FCEV Passenger vehicles v' Green Methanol

German Hydrog%é%{%%on



Demand clusters (> 2 TWh) by 2030

Gallivare

Lulea

Where will the main demand for decarbonized hydrogen emerge and
where will it come from — heavy industries

European H2 demand 2030 & 2050 in a 2°C climate

scenario (TWh)
(Source: Fuel Cells and Hydrogen 2 Joint Undertaking)

2030

2050

_

[ ] Heating and power for buildings

[l Existing Feedstock [ | Power generation
I Industry Transport

Sources: Graph : Hydrogen Roadmap Europe: A sustainable pathway for the European Energy
Transition. Image: Agora Energiewende / Afry: No-regret hydrogen: Charting early steps for H
infrastructure in Europe, experts
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No regret hydrogen demand in

European industry in 2030 (TWh)
(Source: Agora Energiewende & Afry 2021
+ experts)
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German National Hydrogen Strategy  (:)DWV
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Scenario 2030:
 Demand green hydrogen: 95 - 130 TWh

* Includes hydrogen and derivates (ammonia,
methanol, Sustainable Aviation Fuels)

Q Die P RATIONALE
Bundesregierung WASSIRSTONF-

* National production: 10GW electrolyser
capacity

* Share national/import: 30%/70%

uropean countries and

international o
* Import strategy under development

bmwk.de
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Expectation on Green Hydrogen Demand in Germany (@))DW\/
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Expected demand climate neutral gases 94-162 TWh 304-652 TWh
Thereof green hydrogen, mainly import!? 47-171 TWh 451-648 TWh
Corresponding electrolyser capacity? 10-38 GW 100-144 GW

1: other sources: Biomethane, blue and turquoise hydrogen

2: assumption 4500 full load hours operation of electrolyser

Source: BDEW, DVGW, Zukunft Gas: WEGE ZU EINEM RESILIENTEN UND KLIMANEUTRALEN ENERGIESYSTEM
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Import of Green Hydrogen by Pipeline  (.)DWV
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Huge existing natural gas pipeline grid (transmission &

distribution) and storage system

Moderate cost for conversion to Hydrogen in existing

pipelines

New pipelines need to be built

Transport capacity 5-10 times more than transmission

____——powerline—

Quelle: European Hydrogen Backbone
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~ (ports,vessels)

Import of Green Hydrogen Derivates with Vessels @DWV
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 Applicable for liquid hydrogen derivates

e Ammonia
 Methanol
e Sustainable Aviation Fuels

 Option for long distance transportation

and liquid fuels

* Existing and established infrastructure
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Requirements for a successful market introduction (@))D
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Technology

Financing

German Hydrogen Association

Regulation

Partnerships
and Offtaker

utsc ‘asserstoff- und
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Low Capex and Opex

Ramp-up of production capacity

- Various technologiérrs” in distribution/application

: ThyssenKrupp

Source

German Hydrogen Association
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Regulation /)DWV
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Investment friendly regulation is key

* Imports need to fulfill regulatory requirements
for green hydrogen

* Production based on renewable energies (wind,
solar)

e For imports from partner countries of
development cooperation, Germany will ensure
maximum synergies with a local socio-
ecological social and economic transformation
and energy transition as well as the

~ sustainability goals (SDGs).

9/9/2023 German Hydrogen Association



Financing

Large scale import projects need a sound business case

Funding is necessary for the market ramp-up:
e should be limited for a dedicated period

e should cover opex and capex

Funding instruments

* On European and national level

PR

 Examples: Hiélbbal, H2 Bank

9/9/2023 German Hydrogen Association
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CCFD-Carbon Contracts for Difference  (.)DWV
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Opex green
energy

ETS cost

Spec. cost / revenues

Opex green

Opex energy other

Opex other

Brennstoffzellen-Verband

Payment
CCFD

Conventional /
fossil production

Green production

= =

* CCFD covers the cost delta between conventional production (grey) and green production (green)
* the CCFD payment is calculated based on the cost difference between grey and green i i Ues from green production

(ETS and potential additional revenues for green labelled products)

9/9/2023 German Hydrogen Association



H2Global H)DWV
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Shaping the global =
energy fransiiion.s. =

H2Global | Idee, Instrument und Intention
March 2023
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H2Global &/DWVY
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EUR 900m subsidies program of the German federal government (Federal Ministry of Economic Affairs

and Climate Action), in 2022 increased by EUR 3.7b

Goal: Establishing infrastructure for long-term procurement of green H2 derivatives outside of Europe

> Production
> Transport
> Storage

Green H2 derivatives: No CO2 emissions in the production process

B o, ) O



H2Global Mechanism
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Mechanism: Long-term buy-side / short-term sell-side

[>  Hintco tenders short-term sale contracts for H2
derivatives ammonia, methanol and SAF to bidder with
highest price per ton

> Subject of H2Global subsidies: Delta between purchase
price and sales price

Delivery \

[>  Hintco receives funding

[>  Tenders long-term (10yrs) procurement contracts for H2
derivatives ammonia, methanol and SAF to bidder with
lowest price per ton and highest delivery volume

e .
T L Hintco H2 Sales Agreement
Producer of s deliaith [f i ieros
H2 derivative Vool H2'Purchase Agreement subsidies) _ H2 derivative
1 el Seal AR ‘ : ; )
\_ 5 ! z\,__ i s o -~
. L e I e e e e N e e e e ¥R - -
Lo.west bidon = b Payment R v Payment - e E H:_ghest bid on
price / t i el ! X s N price / t
e ; Dt i H :
. ) - \/\H e :'.--_-_--------.--;-—.-------—----—--—-: :...-_-_..__-.-'---------'---i--'------'- ----- :
- O

Source: Chatham House
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Possible Countries for H2 Import to Germany - g
rough cost analysis H) DWV
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Product
LH,
NH;
MeOH
FT-Mix

Jet fuel

Colombia

Product  €/MWh,,, /‘
LH, 176- 318 ; Algeria MeOH 214 -224

NH,

MeOH 190 - 274

Brennstoffzellen-Verband

Product  €/MWh,,
H; 137 -145

Brunsbiittel
GER

CMWhy,y MeOH 216-230 Product  €MWh,,

242 - 285 FT Mix 189-199 *H 149 - 166 |
2
3

220 [orocs |

Product  ©/MWhy,

il Prodct  SMWhisv o L 238-313
2
407 - 431 H, 160 - 165 Product  €/MWhyy

NH; 226 - 251
MeOH  232-264
FT-Mix ~ 221-232
Jet fuel 415 -475

H, 148 - 156
NH; 201-208

NH, 208 - 245
MeOH  225-247

190 - 267 Product  €/MWh,yy
H, 138- 149
NH, 182 - 200

MeOH 202 - 222

Product  ©MWh,
LH, 217 -232

Brazil

Product  €MWhyyy,

South Africa

Product  ¢/MWh,,,

NH 173-185

LH, 171 - 207 | Namibia | LH, 231-266 & -
NH, 171-185 Product  €/MWhyy NH, T MeOH 192 -200
LH, 237-271 FT-Mix 167 - 181

MeOH  226-236

NH,  206-213 letfuel 200-33

MeOH 222 -240
Source: Fraunhofer ISE/ H2Global
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Partnerships and Offtaker &)DWV
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Partnerships are essential in the ramp-up phase
Risk mitigation
Financing
Offtaker with willingness to pay

Long term agreements

9/9/2023 German Hydrogen Association
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