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PARTNER OF THE GERMAN GOVERNMENT FOR SUSTAINABLE MOBILITY

Federal Programme

Charging Infrastructure
* Nationwide buildup

* Normal charging

* Fast charging

Battery Electric Mobility
* Research and Development

*  Communal mobility concepts

* Vehicle procurement

=~ NOW-GMBH.DE

Coordination Mobili d Fuel
7\ Implementation obility and Fuels
\nip); Strategy Strategy
=’ Net i Alternative fuels (efficient,
. . etworkin -
National Innovation- -working emission-free)
V|5|b|||ty * LNG as a marine fuel
Programme Hydrogen and «  Pilot projects
Fuel Cell Technology
* Research and Development ijmsmm
* Market activation ‘ '
Export Initiative Environmental
. German-Japanese cooperation PtG
TEChnOIOgy * H2/FC technology in developing countries (cooperation with GIz)
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THE NIP |

PHASE 1 (2006 — 2016)

Investments follow-on investments
EUR million, n = 261!

Evaluation of the National Innovation

Leverage

~700 — of13- — ~2000-2,600
Program Hydrogen and — 14 —
Fuel Cell Technology Phase 1 -
(2006 bis 2016) '
~ 600
On behalf of ~ 600
@ Federal Ministry * Federal Ministry
of Transport and 4y for Economic Affairs
Digital Infrastructure I and Energy : 682
693 17 | —
September 2017 e
NIP Third- Own Follow-on
grants party funds investments
funds

Scale, EUR m

Total volume and grant proportion

Basic research’  Applied R&D'

Demonstration
projects’

Market
activation?

...TRIGGERED FOLLOW-ON-INVESTMENTS

~2,700 -
3,300
~600 | Variation?
~1,300 Extrapolated
i Sample
Total

...€710 MILLION PUBLIC R&D FUNDING

Support activities'

Transport ‘ 44 (46%) 471 (49%) 0 (41%)
Household power 4 (49%) 33 (49%) 13 (39%) 9 (48%)
Special markets 4 (46%) (5 40 (48%) 3 (45%)

Industry 8 (46%) 32 (60%) 76 (46%) 1(46%)
Transversal topics | 6 (88%) 67 (60%) 1(43%) A { ‘ 8 (43%)
H, production 5 (86%) 18 (59%) ‘ 30 (50%) ’ ‘ 2(100%)
Total 4l 418 16 21
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...ACCELERATED MARKET DEVELOPMENT

Project
results

~ 300

products

~EUR
110m

additional
revenue

Investment

Revenue Purchasing
EUR million, 47 EUR milliot EUR million, r
~970
~150
~ 780
Andere =30
G01%> ~ 600
~310
F&E ~750
G2%63% =300
3265% ~ 260
~140 Inland | ~190
Inland|  ~70
Export = 40 Importe - 110
CE—
2006 2016 2006 2016 2006 2016

Market in preparatory phase. and purchasing significant

Import share up from ~ 35% to ~ 50%, export share up from 40% to 45%

exceed revenue; revenue growing faster

...SAFEGUARDED GERMANY'S POSITION AS
TECHNOLOGY LEADER

Project
results
~ 1,800

~ 400

Example of stationary applications for households

Lifespan, DoE
target

60,000 s 2020

50,000 2026
- NEP target /
arget
20,000 2016 - %016
20,000 20'11/,//7
we 3
o

10,000
25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
Electrical efficiency,

FCEV example

Hyundai ix35 FC  Planned Audi, BMW
- 2021

¥ Mercedes GLC F-Cell

500 .
ol 20160 oyota Mirai
300 - 1

200 |- +2006

100

60 80 100 120 140 160 180 200 220 240 260

Max power,
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NEP efficiency and lifespan
targets surpassed

Further significant increase in
lifespan by 2026 to DoE
targets expected

High variation between types
and applications

Range and maximum power
have increased, but still
lagging behind Asian leaders

Big improvement expected in
coming years



THE NIP Il

PHASE 2 (2016 — 2026)

National innovation programme hydrogen and fuel cell technology 2016 to 2026 (€1.4 bn.)

Funding guidelines of the BMVI in the course of NIP I

Measures by the BMVI within the scope of NIP Il (€250 million until 2019)

Measures of research, development and innovation Measures of market activation

* Funding rates of up to 100%, depending on the respective TRL

« Constantly open to submissions

* Funding rates of 40-45% of the extra costs compared to a conventional technology

* Regular calls addressing different applications

NOW

== NOW-GMBH.DE

22 October 2018

Wolfgang Axthammer | Managing Director 4



COMPLIMENTARY ZERO EMISSION SOLUTIONS COVERING ALL MARKET REQUIREMENTS

MOBILITY WITH BATTERIES AND FUEL CELLS Qip

System cost comparison
between BEV and FCEV

advantage
for BEV

BEV /

FCEV

System cost

@

advantage
for FCEV

Source: Toyota
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Infrastructure investment

Infrastructure investment costs comparison
for BEVs and FCEVs in mass market

€ billion
50 including investments into 100%
green hydrogen production
40 - !
L
S
20
0 s —3 x
0.1 1 3 5 10 15 20
¢ BEV: Base Case ¢ FCEV: Base Case million EVs
Source: FZ Jilich, H2 Mobility; EVS, Stuttgart 2018 (BEV/FCEV)
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HYDROGEN REFUELING INFRASTRUCTURE A
NETWORK OF 700 BAR RETAIL STATIONS k

CEP H, MOBILITY
7/ . FUELLING HYDROGEN

2006-2016

' In operation 51
Secure technological Y
basis, meet conditions Gorr ang
for ramp up y Under
construction 23
50 stations 100 stations .
In planning 11
INDEPENDENT OF NUMBER OF VEHICLES
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https://h2.live/en

FUEL CELL BUSES IN GERMANY
ELECTRIFYING PUBLIC TRANSPORT

Cologne

22 October 2018
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NIP 1 &
regional=
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DEPLOYMENT OF FUEL CELL RAILWAY VEHICLES nip

INDISPENSABLE OPTION FOR ELECTRIFYING THE GERMAN GRID
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Merely ~54 % of the
German railway
network is
electrified

~30 % less energy
demand per
travelled distance
by fuel cell train

H2 sources/use
Not electrified
HZ pilot routes

22 October 2018

CORADIA ILIJNJT

3toft - [nerghe 10r he

Battery COmpomton

vhs o ofe—— . . ———— >,
@EDB HOOgs000 l Co08 [OO [= o )
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Route length Number -
- Consumption figures
per round of stations
Fuel cell energy
. requirements
Diesel Hydrogen compared with
- - km T diesel drive
(kWh/km) (kWh/km])
Buxtehude — Bremerhaven —
Bremervirde — Cuxhaven — 240 44 [ Uz -29%
B (10.8) 7.7)
uxtehude
- . 1.82 0.34
Frankfurt — Konigstein — Frankfurt 50.2 18 (18.2) (113) -38%
i i -
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EASHIPS: FUEL CELLS IN MARITIME APPLICATIONS 9 e4ships (nip

MULTIFUNCTIONAL & FLEXIBLE

Brennstoffzellen im maritimen Einsatz

Fuel Reformer Fuel cell Output
Methanol — ey ) Electricity O cool Common Tasks for the shipping
Natural gas Hydrogen 2 NHH“W » @ Heat p— e Industry:
Automotive diesel — Alr @ steam
' * Technology demonstrators
Techn. services Cabins Kitchen Laundry Technical services Kitchen Cabins Techn. services ° Deﬁn_ition of furflcti?nall Sal::ety i )
requirements for fuel cell applications
¢ k= = B o° & k= 0 d PP

0000 000 000 006 006 000 000 0006 * HAZID/FMEA: design evaluation by
DNV GL for failure modes according

to class rules and IGF code

* Derive of IGF Code requirements for
fuel cells and conveyance of
proposals for regulations to IMO by
German Federal Ministry of Traffic and
CESA

* Further development of class rules

Car ferry / cruise ship Multi-purpose vessel Yacht

Improved air quality Reduction of CO, emissions Economic viability

by reducing pollutants such as by 25 to 30 %, as a contribution to by being independent from
nitrous oxides (NO ) and sulphur + climate protection and in response + finite fossil resources
dioxides (S0,) to stricter emission regulations

http://www.e4ships.de/
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L OGISTICS AND SPECIAL APPLICATIONS C| N
GREEN MATERIAL HANDLING

Clean Intralogistics Net

@airliquide  BMW_ & @ BOSCH = DAIMLER eliingklinger)

GELlT>» Heraeus GuNeHemricn

_a TOYOTA PLUG
STILL POWER

MATERIAL HANDLING EUROPE

Market-Pull from automotive industry in the EU

— Users of fuel cells recognize environmental
impact and structural benefit in production
lines

= In the medium term TCO-benefits predicted

- www.cleanintralogistics.net (in English)
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Q© clean power net

FUEL CELLS IN INDUSTRY AND BUSINESS
BACKUP POWER SUPPLY TO CRITICAL INFRASTRUCTURE el v i
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Clean Power Net (CPN):
Uninterruptible power supply, backup power

El *
%f[ supply, network backup systems, etc.
e 22 partners - manufacturers, users, research
* 5 Mio € funding by the German Ministry of

Transport and Digital Infrastructure in 2018

—> BOS Digital radio network < 20 kW
www.cleanpowernet.de (in English)
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INDUSTRIALIZATION OF WATER ELECTROLYSIS Ai
MEASURES TO REDUCE THE COSTS OF GREEN HYDROGEN k P

€/kg H,
A
10 — H, production costs with 15.4 ct/kWh energy costs
Reward of 300 €/t CO, |
8 —
No further charges like EEG and taxes Measures for
= market
6 50 % CAPEX funding, max. 400 €/kW activation
e Stul IndWEDe _ Flexibility fr prchasing green electricity
SR T ______Combination of both measures
Strom und Warme 4 B
Competitive
2 ~ production costs
in target market
0
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INTERNATIONAL COLLABORATION A
EXAMPLES FOR ONGOING ACTIVITIES & .

= NEDO & METI

= Fuel Cell Technology Office

(FCTO) of the DoE = GSG, STF, AFI

= Bilateral PtG-Project
o committee )
= California Fuel Cell &£
Partnership (CaFCP), = FCHJU .
California Air Resources Board » Fr.-Ger. WG E- /
(CARB) Mobility = CATARC & MOST

= SGEC & 5 bilateral Projects:

I I ' (MetropoLIS, Networked Mobility, RCS
o Cooperation, DeH2MLeak, CHIG)

w

FUEL CEI.I.

e AN llly e eiee rarooe: ~
Y% s GOVERNMENT
DRVIVG FOR IHE FURRE .o,..,mnki?::’éﬁ: EUROPEAN COMMISSION "Fan.  appate & SUPPORTGROUP MISSION INNOVATION g I Lt o2 ot @ (-” EDO
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Thank you very much for your attention!

Wolfgang Axthammer

Managing Director and Divisional Head Special Markets

NOW GmbH — National Organisation Hydrogen and Fuel Cell Technology

Fasanenstr. 5 | D-10623 Berlin | Germany

Phone: +49 30 311 61 16-20 | Mobile: +49 172 302 15 01 | Fax: +49 30 311 61 16-88

Email: wolfgang.axthammer@now-gmbh.de

Internet: www.now-gmbh.de




