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DWV-German Hydrogen and Fuel Cell Association @DW\/

Deutscher Wasserstoff- und

Brennstoffzellen-Verband

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

Initiation of Mod_e.rator between Development of

measures to politics, economy,

: - : concrete, regulatory

introduce the associations, science roposals
hydrogen economy and the public Prop
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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 e 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 :
» Chemical and Steel Industry and Steel

* with high investment needs short- to mid-
< 100 1005 10056 100 term.
1]
g 80 = |nvestment cycles for furnaces 30-40
£ o years — new assets will reach farinto a
£ 80 53% . .
2 potentially carbon-neutral future. Likely to
B 40 e, trigge.r a strong pu.sh for high
‘E i sustainability requirements
= 0
£ * |[nvestment cycles for chemical assets
Capacity Reinvest- Capacity Reinvest- Capacity Reinvest- approx. 15 yearS — less danger
today ment today ment Todany ment n ”
(blast. requieed (steam required ([cement required Of stranded assets” due to
furnaces] by 2030 crackers) by 2030 2 kins) by 2030 increasing Sustainability requirements
Steel Chemicals Cement

=

* Agora Energiewende, Climate
Neutral Industry,



®
Renewable Hydrogen as carbon free energy/feedstock (@)) DWV
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HYDROGEN

® H 2 ENERGY STORAGE
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Why is sector integration with renewable hydrogen important (@)) DWV

Deutscher Wasserstoff- und
Brennstoffzellen-Verband

* Enables decarbonization in hard to abate e iy Bt
sectors like industry, transport, (heat)

* Independency from fossil resources Enable |- istribute <~ Help decarbonize
enewab Energy across transportation

o I . I bl d . {tegration and sectors and 4
!ncrgase vo atile renewable pro uc'.uon powr genera regens T
implies grid congestion and increasing w L ] industrial energy use
demands for flexibility =g ‘“;,b Help decarbonize

e Green hydrogen production offers additional €, Actasabuffer \

o o awptrdl {0 "

value stream for green electricity Q7 <jsiem resiience A 0o o orevatle

Source : Hydrogen Europe



Marginal abatement cost curve from using $1/kg
hydrogen for emission reductions, by sector in 2050 (& O 4

iff ellen-Verba d

Carbon price ($1C0O2)
180
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60 Steel
Zero-cost Qill
abatement refining

20 F 3]
BusesTrucks !

Space and water heating

Gas power generation

Aluminum

40

B 0 1 2 3 4 S 6 7 8 9 10 11 12

GICOyfyear

Source: BloombergNEF. Note: sectoral emissions based on 2018 figures, abatement costs for renewable hydrogen delivered at

$1/kg to large users, $4/kg to road vehicles. Aluminum emissions for alumina production and aluminum recycling only. Cement

emissions for process heat only. Refinery emissions from hydrogen production only. Road transport and heating demand emissions

are for the segment that is unlikely to be met by electtification only, assumed to be 50% of space and water heating, 25% of light- —
duty vehicles, 50% of medium-duty trucks, 30% of buses and 75% of heavy-duty trucks.
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Forecast global range of levelized cost of hydrogen production ¢~
from large projects (BloombergNEF) @DWV
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20198/kg $/MMBtu
50 i e 4 1t o i e e e A 3?"2
45 33.5
;| —— 29.8
3_5 i o i S e A i 26{_]
< ) I S 22.3
25 18.6
20 _— @ 14.0
| R— 11.2
1 S 7.4

0.0 0.0
2019 2030 2050

Source: BloombergNEF. Note renewable hydrogen costs based on large projects with optimistic
projections for capex. Natural gas prices range from $1.1-10.3/MMBtu, coal from $30-116/.

Renewable H;

(Natural gas with CCS)
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Gallivare

Demand clusters (> 2 TWh) by 2030

Lulea

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

@ Helsinki

European H2 demand 2030 & 2050 in a 2°C climate . Inkoo
io (TW No regret hydrogen demand in
Scen European industry in 2030 (TWh)
(Source: Fuel Cells and Hydrogen 2 Joint Undertaking) P 'y
(Source: Agora Energiewende & Afry 2021 9 Stavanger
+ experts) ' Goteb
2030 > oteborg
e Edinburgh
Q
2050 Teesside Jonavos
9 Humber
Il Existing Feedstock [ ] Power generation [ | Heating and power for buildings Chester . Lower-Elbe,
I Industry Transport ‘ Bremen , Schwedt
Sources: Graph : Hydrogen Roadmap Europe: A sustainable pathway for the European Energy AMS Eemshaven X
Transition. Image: Agora Energiewende / Afry: No-regret hydrogen: Charting early steps for H Lingen ’ Salzgitter
infrastructure in Europe, experts 9 Wittenb L
RTM-ANT Ittenberg, Leuna
b Rhein-Ruhr
Il Refining
Ammonia
,Le Havre . Saar, Rhein-Neckar Chemicals
e Ingolstadt- Eiesl
Seine-et- Burgkirchen
Marne
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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
11.06.2023 Deutscher Wasserstoff- und Brennstoffzellen-Verband 13



~ (ports,vessels)

Import of Green Hydrogen Derivates with Vessels @DWV

Dchw toff- und
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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

11.06.2023 Deutscher Wasserstoff- und Brennstoffzellen-Verband 14



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

15



Requirements for a successful market introduction (@))D

Technology

Financing

11.06.2023

Deutscher Wasserstoff- und Brennstoffzellen-Verband

Regulation

Partnerships
and Offtaker

utsc ‘asserstoff- und
Brennstoffzellen-Verband
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Low Capex and Opex

Ramp-up of production capacity

- Various technologiérrs” in distribution/application

: ThyssenKrupp

Source
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Key technology suppliers ) DWV

(examples, no complete list) Cescher Wil
SESZE

Electrolyser production capacity

Siemens 3 GWin 2025

Nucera (thyssenkrupp) 2 GW for NEOM
H-Tec Systems (MAN) 5GW in 2025
Sunfire 0.5GW in 2024

Source: Sunfire

Compressors (large scale)
Linde
Neuman & Esser

Mehrer

Source: Neuman & Esser

11.06.2023 Deutscher Wasserstoff- und Brennstoffzellen-Verband 18



Regulation

Investment friendly regulation is key
 EU:RED 2 and Delegated Act / RED 3

* National regulation, eg BImschG (Germany)

e Permit procedures

11.06.2023 Deutscher Wasserstoff- und Brennstoffzellen-Verband
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Financing

Large scale 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: IPC;II',' CCFD, Innovation Fund, tax credits,
H2Global, H2 Bank

11.06.2023 Deutscher Wasserstoff- und Brennstoffzellen-Verband
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CCFD-Carbon Contracts for Difference  (,)DWV

Deutscher Wasserstoff- und

ETS cost

Spec. cost / revenues

Opex energy

Opex other

Brennstoffzellen-Verband

Payment
CCFD

Opex green
energy

Opex green
other

Conventional /
fossil production

Green production

« CCFD covers the cost delta between conventional production (grey) and green-productio
* the CCFD payment is calculated based on the cost difference between grey and green production minus revenues from
green production (ETS and potential additional revenues for green labelled products)



German Climate Protection Contracts (H)DWV
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CCFD programme of the German government to
reduce CO2 in the emission intensive industry

* Target branches: emission intensive industry like steel,
basic chemicals, food, cement, glass, ....

e CO2 reduction of at least 90% compared to the at present
most efficient facility

* Large scale facilities: reduction of more then 10kt CO2
equivalent p.a.

* Funding of the cost gap related to conventional
production over 15 years with a flexible CFD mechanism

* Auction process

* Launched onJune 6, 2023

* First tenders in 2023

T Ly e

1
g
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H2Global
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Shaping the ¢
energy transj

H2Global | Idee, Instrument und Intention
O March 2023

o

*H2Global Stiftung >~

e | )
£
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H2Global
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EUR 900m subsidies program of the German federal government (Federal Ministry of Economic Affairs

and Climate Action)

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

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

» Buy-side: » 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

. =
et S e A S N s S S e R Hintco H2 Sales Agreement
Broducer.of P (coveres dela it ¢ S
H2 derivative e - H2 Purchase Agreement =0 subsidies) _ H2 derivative
1 S e ‘ - ‘ )
o ; Lo0 1 - = H bl g -~
I e S~ i g
e e L m = == m ==
LO.WQSt bid on - ; X Payment oo 3 i v Payment - : i Hl-ghest bid on
price / t e SR S L : 1 : i price / t
3 el : 1 i
L SR By v i

Source: Chatham House

TN
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H2 Bank

O Deutscher Wasserstoff- und

On March 16 the Commission
outlined the European Hydrogen Bank

The H2 Bank will comprise four pillars:
1. Domestic production
2. International Production
3. Transparency and coordination
4

Coordination of existing financing
instruments

__ Operational by end of 2023

Brennstoffzellen-Verband

European Hydrogen Bank: Proposed activities

European Hydrogen Bank

1. Domestic market creation 2. Imports to the EU

Auction under the EU Innovation Fund Green premium auction for hydrogen
(DG CLIMA) imports (DG ENER)

3. Transparency and coordination

- Demand assessments - Infrastructure needs
- Hydrogen flows - H2 cost data

4a. Existing European financing instruments 4b. Existing international financing instruments

- InvestEU - Concessional loans
- Structural funds - Blending
- Innovation fund - Guarantees

ource:

Financial requirements: the total investment needs to produce, transport and consume 10 million tonnes of renewable hydrogen in
the EU are expected to be in the range of EUR 335-471 billion, with EUR 200- 300 billion needed for additional renewable

electricity production



Domestic Production &)DWV
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Key objectives:
* Connecting EU domestic renewable hydrogen supply and demand.
* Bridging and reducing the cost gap in the EU between renewable and fossil hydrogen as effectively as possible.
* Allowing for price discovery and market formation in the EU
* De-risking European hydrogen projects, bringing capital costs down and leveraging private capital

* Ensuring a fast roll out and simple implementation, thereby significantly reducing administrative burden and costs thanks to short, lean and
transparent procedures.

Supply side auctions

Production and consumption in the EU/EEA

Type of support scheme will be simple fixed premium (4 EUR/kg produced)

No prioritization on end-use mentioned

- Cumulation with other funding instruments not possible

Main prequalification criteria: production of renewable hydrogen according to the Delegated Acts

Budget from EU Innovation Fund (need to be increased), initial budget for the first tender: 800m€ + 1b€ from
Germany

Timeline: Terms & Conditions on eligibility, auction clearing and payments summer 2023, first tender in autumn 2023



Partnerships and Offtaker &)DWV
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Partnerships are essential in the ramp-up phase
e Risk mitigation

* Financing

e Offtaker with willingness to pay

* Longterm agreements

11.06.2023 Deutscher Wasserstoff- und Brennstoffzellen-Verband 28
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@ www.dwv-info.de

YW @DWV_H2

. ‘Wirtschaftlichkeit
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