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NOW GmbH -
Who we are

«  NOW: National Organization Hydrogen and Fuel Cell Technology
*+  GmbH: Owner is the Federal Republic of Germany (represented by BMVI)

* Founded 2008 for the implementation of the National Innovation Program Hydrogen and Fuel Cell
Technology

« Current task: Concept development, coordination and implementation of national strategies and
public-private programs for future mobility concepts

* Currently 42 employees

Fasanenstr.5 | D-10623 Berlin | Germany
Phone: +49 30 311 61 16-00
e National Organisation Email: kontakt@now-gmbh.de
Hydrogen and Fuel Cell Technology Internet: www.now-gmbh.de
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NOW GmbH -
Tasks and Projects

National Innovation- Charging Infrastructure Battery Electric Mobility Moblllty and FueIs EXPOI't Initiative

Programme Hydrogen « Research and Strategy Environmental

and Fuel Cell Technology || * Nationwide buildup Development * Alternative fuels Technology

e Research and * Normal charging « Communal mobility (efficient, emission- . German—J.apanese
Development é/fﬁ_i» | Fast charging 9‘;» u_ﬁ B free) cooperation for P2G

« Market | | * LNG as a marine fuel * Development
activation \;&K_ D 53 ! " Vehicle ; * Pilot projects " cooperation for H2/FC

i procuremen % technologies

e National Organisation

NOW

Hydrogen and Fuel Cell Technology

Programme coordination and implementation, strategy
development, networking and contribution to visibility




THE NATIONAL INNOVATION PROGRAM

HYDROGEN AND FUEL CELL TECHNOLOGY (NIP)

PHASE 1 (2007 — 2016)...

Evaluation of the National Innovation
Program Hydrogen and
Fuel Cell Technology Phase 1

(2006 bis 2016)
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GOVERNMENT PROGRAMME 2016 - 2026
CONTINUING THE NATIONAL INNOVATION PROGRAMME
HYDROGEN AND FUEL CELL TECHNOLOGIES (NIP)

Research and development Market activation

Cogeneration

Fundamental Applied ' S rEEn Hydrogen from (domestic energy
research research and Demonstration transport renewable supply/industry)
development energy sources ~ Secure power

supply

Value creation / competitiveness Germany

10 years = Federal funding € 1.4 bn - Combining R&D funding with

Government programme for hydrogen and fuel cell technology 20162026
s 1 oo

For the contimation of the National mnovation Programine for Hydrogen and
Fued Cell Technology 2006-2016 (NIP)
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Political framework -
German Climate Action Plan 2050

CO.-Einsparungen in einzelnen Bereichen

Treibhausgas-Emissionen in Millionen Tonnen CO,-}iquivalente

Klimaschutzplan ﬁ’

Kabinettbeschluss vom 14. November 2016 gesamt: 902 maximal: 562 I
= LA

..........................

www.bmub bund.de

National implementation of the Parise Climate Agreement

- CO, reduction goals for all sectors

- Concept development for the 2030 goals and long-term plan
to reach the goals in 2050

- Presentation of the concepts in 2018




GERMAN COALITION AGREEMENT BETWEEN CDU, CSU AND SPD
IS STRONGLY REFERRING TO HYDROGEN TECHNOLOGIES

|"Investing in electro mobility, amongst others in hydrogen and fuel ceIIs.”|

competences. We want to strengthen hydrogen technologies.”

“We want to set up a Fraunhofer Institute for Storage Technology and integrate existing

year 2020.

We want to push electromobility (battery electric, hydrogen and fuel cell)
forward in Germany and enhance and increase the existing subsidies framework beyond the

We want to intensify the construction of a nationwide charging and refueling infrastructure.

We want to continue the National Innovation Program on Hydrogen and

fuel cell technologies. We want to develop the mobility and

fuel strategy (MKS) technology-neutral and increase the means to their
implementation. We want to advance “sectorcoupling” and

change the regulative framework, so that "green hydrogen" and hydrogen as a

product from industrial processes (byproduct) be utilized as a fuel or for the production
of conventional fuels (eg natural gas).

Ein neuer Aufbruch fiir Europa
Eine neue Dynamik fiir Deutschland
Ein neuer Zusammenhalt fiir unser Land

Koalitionsvertrag
zwischen
CDU, CSU und SPD

Concerning rail passenger transport we want to set up a comprehensive funding program...
We want to increase subsidies for fuel cell hybrid railcars incl. Equipment / conversion of
depots and construction and operation of hydrogen refueling stations.

At national level, we want to strengthen and stabilize our technology-neutral initiatives in
favor of alternative drivetrains and energy sources in shipping and in ports (LNG,
Hydrogen / fuel cell, methanol, electromobility).

JNOW
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source: http://hydrogeneurope.eu/wp-content/uploads/2018/02/COALITION.pdf
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http://hydrogeneurope.eu/wp-content/uploads/2018/02/COALITION.pdf

Integrated energy system —
Renewable, flexible and connected across all sectors

Renewable energy sources Trade & Industry Office
E A Loglstlcs Industry

Power-to-X Public buildings

Off-grid
B .g—] .
S )

u )< ﬁPower-grid
peselordieny % ~ Multi-family houses
]
//// Single family house
= E ~Smart Grids“:
' > H,
» Gas
- Eﬂ Residential > Power
> Heat|
. —

supply > Cold

- alionsl Drganisati
= Hirogen and Fuel el echnclgy



Integrated energy system -
Water electrolysis as key technology

Power-to-Gas

Methanation

(

Methane
’H\ % -—-
/I\ Power-to-Liquid
Renewable Power grid Electrolysis
energy Synthesis

Synthetic Fuels

Emission-free production of hydrogen with water electrolysis technology

Hydrogen as feed stock for the production of synthetic fuels (i.e. Kerosene,
syn. Diesel)




Integrated energy system -
Current study on water electrolysis

Industrialization of water electrolysis in Germany
Towards a GW industry for a successful transition of the
energy sector to renewable energies

| |
~ Fraunhofer ~ Fraunhofer o Edtech
ISE IPA Strategy | Energy | Sustainability
/—-SmdlelndWEDe = Do we have a powerful WE industry to produce all the required GW?
E:E':g"n:-f""“wi e = What has to be done now to be ready in the next years

—— —

= Recommendations for the German innovation program NIP 2
Commissioned by Coordinated by

Release of the final report: 17.09.2018 R | Voenrand NOW

digitale Infrastruktur e

10



Industrialization water electrolysis -
Development of installed water electrolysis capacity

U < eLmi | 2050 | 050 ]

--------------------------------- Pyramic——— s

Installed EL 44 213 ion (S4
capacity [GW] (7-71) (137-275) operation (54)

250 @ installation 34 64 \ " «
rate [GW/al (05-54) (42-8.3)

Installed electrolysis
capacity [GW]

2020 2025 2030 2035 2040 2045 2050

—S0-85 —S0-95 —S1 —S2 —S3 —54
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Industrialization water electrolysis -
Development of installed water electrolysis capacity

JNOW
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5.000
é 4.500
S 4.000
8 3.500
%E ’ Program for market
o3 3.000 activation for projectable
£5 2500 capital investments
&
£ 2 2.000
e g jsned
ﬁo 1.000  Market activation Supp\‘lm
w £

500 for cost reduction

0
2020

< 20 MW/a additions
< 100 MW installed

2025

250-500 MW/a additions
1- 2 GW installed

2030

1-5 GW/a additions
> 10 GW installed
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Industrialization water electrolysis -
Measures to reduce hydrogen costs

€/kg

10 —

H,

A

H, production costs with 15,4 ct/kWh energy costs

Reward of 300 €/t CO,

No further charges like EEG and taxes

50 % CAPEX funding, max. 400 €/kW
Flexibility for purchasing green electricity

Combination of both measures

Measures for
market
activation

Competitive production
costs in target market
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Industrialization water electrolysis -

Proposed actions Adju'flmenis to regulatory framework Green electricity for electrolysis exempted from levies and taxes
2 for industrialisation Interim solution to reduce electricity I I
> ofwaterelectrolysis  cost for electrolyser operators I I
o n
& If necessary, degressive CAPEX subsidies
g o improve investment cimate I I
- |
E High fulHoad hours through flexibility EL operation follows profile of wind & PV generation or the neg.
E in sot_m:ing green electricity [esidual load, likely resulting in < 3,000 fulHoad hours per year _
E Supporting measures, including R&D & demonstration I
o [ ]
5 Developments in Minor changes to production accelerated Tanufacmring capacity expansions )
:{t‘ _thg elfctrolysis I Gradual introduction of continuous production processes
= industry =
g I I Consolidation and specialisation of actors
=
9 Improved attractiveness of the sector for skilled personnel, further training of existing staff I
A - -
E Monitoring of critical raw materials (PEMEL) . Reduction of specific use (g/KW) of raw materials
T | |
=
§ Deployment and < 20 MW/a additions 250-500 MW/a additions 1-5 GW/a additions
»  development < 100 MW installed 1-2 GW installed > 10 GW installed
< targets < 800 €/kW CAPEX < 650 €/kW CAPEX (D) < 500 €/kW CAPEX (D)
g
o

2019/2020 2025 2030

i Cell Ternalog



CONCLUSIONS

Electrolysis is a key technology for an integrated energy system based on renewable
electricity

Technology is mature

Market uptake is needed for economies of scale

First step to overcome is a production capacity of 1-2 GW installed

Policy measures for supporting hydrogen are discussed at national as well as EU level




Thank you!

e National Organisation
Hydrogen and Fuel Cell Technology

Annual Report 2017

Johannes Daum

Team Leader Power-Based Fuels

NOW GmbH — National Organisation Hydrogen
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Industrialization water electrolysis -
Comprehensive survey with interviews & questionnaires

Key features: Mature/ |
. established |
m  Sold EL capacity: ~ 100 MW/a & products !
) S available I
m  Global sales: 100-150 Mio. €/a g ——————— B
. B Technology :
m  Direct employees: ~ 1.000 2 inearly |
. . T commercial |
m  Possible ramp-up in g stage |
manufacturing capacity 5 ------- T ®
by 2020: ~ 2 GW Technology |
in dgmons- | o
How do electrolysis system retien : * R
manufacturers work today? I
|
m  Standardized stack platforms Order of Magnitude:
. . 5MW/a 50 MW/a 500 MW/a
m  Single order production * 9o
m  'Project-by-project’ business .

without stock-keeping Possible production volume in 2020 per

manufacturer, provided that corresponding market
demand exists
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Industrialization water electrolysis -
Electrical energy demand and stack life-time

Feedback partially contradictory 60 o PEMEL
(respondents applied different system ™ AEL
boundaries)

PEMEL higher than AEL - adjusted in 2050

5,0 m HTEL
45 .
E
Z 40 =
g 3,5 = =
€7 30
] ] 2'5
= But steam is required (ca. 200 °C) 20

HTEL shows better (electrical) efficiency

Electrical energy demand

Stack life time Electr. energy demand

a0 § ; Today 2030 2050
m  No substantial improvement in 2030/50 1MW 10 MW100 MW 1MW 10 MW100 MW
m  Stack life-time in operating hours i:zzz .
n Uncertainties (see standard deviation) z S AEL
> 125.000 m HTEL
00 0 0 . E
m  Ambitious expectations in this survey g too0w
S 75000
m 20 - 30 years @ 4.000 h/a (full load) .
w .
= Missing confirmation from literature 25.000 l
m  Stack replacement required over total life- oty 20 2050
tlme 1MW 10 MW 100 MW 1MW 10 MW 100 MW

Black bars indicate the standard deviation.
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Industrialization water electrolysis -
Capital expenditure and cost break down

10.000

m  Low CAPEX still main selling point!

i'::-- » PEMEL
Price pressure on the market with g 800 " AEL
5 tenders for large systems § 6000 —LL~
% m  Future cost parity between PEMEL and AEL E 4000
U m  Ambitious CAPEX projection for HTEL 3 200
Potentially low cost, but high S 0
uncertainty Today 2050
g m  Feedback in agreement with literature Elm
® 80%
o Stack dominant, but less than 50 % @
W B60%
E Power supply 2"4 major cost % o
© contributor 3
8 = 20%
o) Stack share increases with systemsize S
"g m  Similar results for AEL systems T 10Ww 100 MW 1t 10w 100w
U - InSUfﬁCient responses for HTELsyStemS W Stack M Power supply M Gas purification ™ BoP




Industrialization water electrolysis -

Cost aspects for hydrogen production

Full-load hours with
wind and/or PV

18 +
16 -
14
12
10 +

H2 production cost [€/kg]

o N B O 0
!

T T T T T
500 1,000 2,000 3,000 4,000 5,000 6,000 7,000
Full-load hours electrolyser operation [h/a]

8,000

Electricity price composition *
m Other levies
B Electricity tax
B Renewables-levy (EEG)
B Grid fees
I Electricity sourcing

CAPEX & OPEX

Impact of technology

development
——KPIs 2017

=== KPIs 2030 (Scenario S3)
— KPIs 2050 (Scenario S3)

* 15,4ct/kWh average electricity price for industrial users in 2016 for annual consumption of 0.16 to 20 million kWh.
Mid-voltage level connection 100kW/1.600h to 4.000kW/5.000h. Source: ,BDEW Strompreisanalyse 2018
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