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Advanced Hydrogen Solutions

A Provider of clean solutions based on
hydrogen

A + 1,700 products deployed worldwide
since 1948

A 120 employees
A Listed on NASDAQ (HYGS)
A Facilities:
I Canada (HQ): Fuel Cells
I Belgium: Water Electrolyzers, Fueling

Stations & Systems Integration

I Germany: Fuel Cell Systems



200+ Industrial and RenewaldidectrolysersVorldwide
35+ Sites with Electrolydmssed Fueling Stations



Challenge 1: The supply and CO,, problem




Challenge 2: Increasing demand for regulation and storage
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E.ON Control Area Wind Energy Feed-in October 2008

Source:

EuropeanWind EnergyAssociation, Winénergytargetsfor 2020 and 2030wvww.ewea.org 2009
www.thewindpower.net

General Motors



http://www.ewea.org/
http://www.thewindpower.net/
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Electrolysis of Water
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Electrolyte Solution




20 Ft. Housing

urnkey and simple

130kg/day




Large Scale
780kg/day




H, Maths for electrolysis

Require é To produce
7 et

10 Liters of . 1 kg Hydrogen
drinking water 57 kWh
Electricity
contains é Which allows you
e 7
1 kg Hydrogen ~ 33.3 KWh
Energy

(vs50km with the same amount

of energy using diesel)






System Regulation

19000 -
18000 -
17000+
16000 +
15000 -

14000

Hourly Demand in MW

System Regulation

13000

15

System Regulationsecond
by second balancing of
power generation and load,
Is currently accomplished by
adjusting generation today.

The important concept is
to balance load and
generation

G588yl YAOE f 21
resource!

System Regulation is
purchased as a service



Mean Cell Voltage [V]
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On/Off Cycling (15 min ON/15 min OFF)
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Regulation T Electrolyzer Stations Demonstration (Toronto)
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Regulation T Electrolyzer Stations Demonstration
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Regulation T Electrolyzer Stations Demonstration

20043

1093 -+ —

0

-1040

-2000
ReSO U rce o —‘J' Compiled Resource Network Response
-3000 .
| W Electrolyzer Station #1
Power |l

LT WAL T
AT A

ISO Control Signal

Electrolyzer Station #3

Electrolyzer Station #4

Electrolyzer Station #5

Electrolyzer Station #6

-50400

SR ATAL

v ' \ v

-8040

-3940
310AM Z40AM 4010AM 240 AN SI10AM S404R E10AM S40AM TIIDAM T40AM BIIDAM B40AM DUI0AM D40AR

Time (hrs)




Regulation T Electrolyzer Stations Demonstration
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Regulation T Electrolyzer Stations Demonstration
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Regulation T Electrolyzer Stations Demonstration
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Energy Storage is No Different

19



Among alternative Energy Storage Technologies hydrogen
provides large capacity longer duration capabillity

Discharge Time at Rated Power
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Hydrogen, the energy storage solution for renewable energy

E.ON Control Area Wind Energy Feed-in October 2008

Thismuchcouldbe storedin
hydrogenfuelingstations

600,000MWh
(= 3.6Mio tank fills*)
I

*: assuming 5kg hydrogen per fill

Source:
General Motors
Merced Benz
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Unequalled Storage Density i Utility Scale
This example (actually a NG installation covering 4 acres) would contain
2.5 Gigawatt-hours of energy storage when applied to Hydrogen
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Hydrogen Fueling Pathway
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Controllable load matches intermittent power 24



130 kg/day
30 cars/day



