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700 bar type IV vessels

- Real World Validation
- Standards / Regulations for next Vessel Generation
= China specific items




700 bar type IV vessels — History in GM FCEVs
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700 bar type IV vessels used in world’s largest FCEV fleet
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and hydrogen refueling

= Deployment locations:
USA: California, New York,
Washington D.C.
Europe: Berlin
Asia: Korea, China




700 bar type IV vessels - outline
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= Storage capacity: 4.2 kg-




GM/SAIC EXPO FCEV Collaboration




Energy implications of 700 bar storage systems

* Most compression energy is expended at
lower pressures

* 10% additional compression energy to
get from 350 bar to 700 bar...

* ..leads to 55% increase in energy content




700 bar type IV vessels - details
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700 bar type IV vessels compared to type Il vessels

|  CcNG-4

Fiberglass/Carbaon
Full Wrap, Plastic Liner

CNG-3

All Carbon Full Wrap

\essel Cost
(@10k p.a.)

long term fatigue and o
durability (little/no liner  liner
cracking)

100%

» lower cost carbon fibers
67%

(lower E-module)
type 4 I

current future

Metallic Liner

166%

type 3

current future




Hydrogen Storage System cost reduction -
Finite Element modeling
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 Virtual design cycles

reduce build and test
time of vessel prototypes
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Project Driveway Learning — Refueling Time
“The fueling process is Ien%thy, though the staff are EXCELLENT and make

the time seem short with healthy conversation and great interaction”
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® Project Driveway refueling time < 4 min validated at GM
proving ground station

® Allstations in Germany with -40°C precooling: 4 current;3=
add. in 2010




Refueling Time: SAE J2601 A (-40°C) vs. B (-20°C
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Actual Fueling Duration {(min)
B-?U Axld intermediate leak check times: up to 10 sec after every Pa increase in fueling pressure

Initial Tank Pressure, B({MPa}

15 50

-20°C:
9-15.7 mi

Ambient Temperature, Tamb ('C)

® -40°C s a significant enabler for customer acceptance of
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' Hydrogen refueling



Letter of Understanding Signed — 08SEP09
Automotive Industry Support for Battery & Fuel Cell Technology

DAIMLER &P &  mHonDa
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Letter of Understanding

on the Development and Market Introduction of Fuel Cell Vehicles

To: Oil and Energy Companies, Government Organizations and NOW GmbH

* Battery and fuel cell vehicles complement each other

2015 FCEV commercialization anticipated

» Hydrogen infrastructure with sufficient density required by 2015

* Built up from metropolitan areas via corridors into area-wide coverage

» Stations integrated into branded conventional stations, meet
SAEJ2601 requirements, and offer hydrogen at a reasonable price to
the customers




Increased Range through Communication Fill

Hydrogen Storage System Fueling Window and SOC range (700 bar)
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Vehicle data allows station to target 100% SOC,
. increasing real-world range of the fuel cell vehicle

| GM




= InTfrared communication intertace
(tank pressure/temperature)

= Fast fill: 3 min. at -40°C pre-cooling

= Automatic data transfer via WLAN
to Engineering team




700 bar type IV vessels - tests

v Tests of raw material

v Corrosion test

v' Hydraulic pressure test

v’ Burst test

v Cycle test (ambient temperature)
v Cycle test (extreme temperature)
v Leak before break test

v Chemical exposure test

v' Bonfire test

v’ Penetration (bullet) test

v Composite flaw tolerance test
v" Accelerated stress rupture test
v Impact damage (drop) test

v Leak test

v’ Permeation test

v' Boss torque test

v Hydrogen cycle test




700 bar type IV vessels — Equinox statistics

otal mileage ot Equinox venicles:

= Total refueling counter:




700 bar type IV vessels — standards and regulations

on tyf)e-appoval of hydrogen-powered motor vehicles, and amndig Directive 2007/46/EC

= EC406-2010, Implementation Regulation

COMMISSION REGULATION (EU) No 406/2010 of 26 April 2010 implementing Regulation (EC) No 79/2009

= HGV 2 Draft

COMPRESSED HYDROGEN GAS VEHICLE (HGV) FUEL CONTAINERS

= SO 15869

Gaseous hydrogen and hydrogen blends — Land vehicle fuel tanks

= SAE J 2579

COMPRESSED HYDROGEN VEHICLE FUEL CONTAINERS




Open items China, Global

» Globally harmonized H2 vehicle certification and process




Ideal solution from automotive company
perspective

Global Technical Regulations (GTR) for on-board vessel, interface, filling protocols, etc.

« Established testing facilities that are fully efficient in performing tests and validation.
 Test data to be interchangeable with data performed in other countries
* Need special process to permit small volume operation (demo, pre-commercial phase).

 Trigger discussion of requirements for Infrastructure to meet vehicle level requirements
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