Utilization of HyTReC

GEN ENERGY

© Test Charge © Security control

| Test charges are set for each laboratory. | HyTReC controls information security strictly because tests are

Test charges include the followings. dealt with the technologies under development by customers.

@ Utilization of a laboratory and equipment @ Conclusion of non-disclosure agreement with a customer
@ Preparation, operation and clearance of a test @ Access control to the test area by IC security card

@ Test report @ Monitoring of each laboratory and main area of the facility
@ Consultation concerning test methodologies and test conditions by security cameras

@ Overhead costs @ Security guard patrol at night and on holidays

Our customers can use the following apparatus free of charge

@ Analytical instruments(Gas chromatography, mass spectroscopy,

ion chromatograph, SEM, 3D laser microscope, digital microscope, etc.)
@ Workshop and machine tools
@ Internet connection

Facility safety features

@ 540mm thick reinforced concrete walls(Laboratory Building “HyTReC” is 250mm)
@ Hydrogen leak detector

@ Ventilation of 20 times per hour (30 times/h in laboratory Building “HyTReC”)

@ Door opening sensor to prohibit entry while testing

@ Observation window(s) made of bulletproof glass and fireproof glass

@ Explosion-resistant chamber made of 12 mm thick stainless steel
(High pressure hydrogen lab.) (8 mm at laboratory Building “HyTReC”)

@ Explosion-proof type electric devices in hydrogen lab.

@ High pressure hydrogen booster and pressure accumulator are set up inside the barrier. b c
a/ Forced ventilation fan
b/ Dual structure window consisting of bulletproof glass and fireproof glass
¢/ Central monitor room
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© By train | Fukuoka city subway Kuko-line bound for Meinohama and Karatsu.Get off at Chikuzen-Maebaru Station,Ten minutes by taxi.
© By bus | Showa-bus, Itoshima-go, from Hakata station bus terminal. Get off at Maebaru Interchange and walk for ten minutes.
© By car | About 35 minutes from Fukuoka airport via Fukuoka Expressway and Nishikyushu Expressway. Get off at Maebaru I.C.

Hydrogen Energy Test and Research Center

915-1, Tomi, Itoshima-City, Fukuoka 819-1133, Japan
Tel. +81-92-321-2911 Fax. +81-92-321-2921
E-mail. info@hytrec.jp URL. http://www.hytrec.jp/
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The Hydrogen Energy Test and Research Center HyTReC offers cutting- edge hydrogen testlng facilities 0 D 14
for scientific research, prototyplng, and tuII product testlng Established under the ausplces of Fukuokah A advantage ¢ nerb prod s
Prefecture, HyTReC is an rndependent non profit organization that supports new hydrogen energy ==& o~ e 3 . de npme - S
businesses and serves as a Iaunch pad for hydrogen technologies and products they develop Hydrogen ¥ 3 ' k Dol @

system components such as y’alves sensors, hoses, and cylinders in vehicular or statronary
applrcatrons |nclud|ng hydrogen stations can be tested and quallfled at HyTReC for R&D and

programs

> Prototype and product testing > Product development > Testing methodologies > Outreach and public relations
programs

vibration, pressure cycling) and performance (e.g., pressure, components (e.g., valves and connections), offered in : hydrogen products in order to contribute to national and '_ Orientation for technologies, safety workshops as well as tours
gas leak, permeability) 2 conjunction with private partners ; international standardization efforts of HyTReC facilities

Testing capabilities includr; durability (e.g., environment, Research and development of hydrogen materials and \  Development of test methods that simulate field conditions for




Plant Guide

JUW <CRADLE” Building

(for large hydrogen storage tank testing)

Hydrogen recycling Mobile pressure boosters

Hydrogen is recovered from labs for purification and reuse. ~ Mobile pressure
boosters are available.
13 :110 MP
M Recovery compressor: 10 MPa, 160 m3/h x 2 units Any test chamber can ressure. 0 MPa
. . HFlow rate: 15 m%h
M Intermediate storage tanks system: be serviced.
40 MPa, (300 L x 4 tanks) x 3 units

Hi h
g ressure
H tlﬂo en|LLab:
HighlRressure; HITOGENIER.E
H9 Hydrogen

e

Ultra high-pressure

H . Room Entrance
Hydrogen o Control'Room hydrogen compressor
H8 Monitor Room WQ ControllR Provides ultra high-pressure hydrogen to labs
Gontrol|Room
H9 Room - W6 (Control'Room MPressure: 110 MPa
Room o |I| Room W Flow rate: up to 2,400 m¥h

T4 t

Preparation Room

Gas Analysis Room

Monitoring the dew point and oxygen
concentration of the test hydrogen gas.

Strage Trailer w@
W4
Hydraulic Cycle lestilabs

W6 %
Supporting FCV development ic .
with the world’s best testing facilities

CRADLE offers the world’s most advanced testing capabilities for the devel-
opment or certification of storage tanks for hydrogen station applications.

CRADLE will satisfy all your testing requirements for the certification N
of large hydrogen storage tanks. With a hydrogen flow rate of up
to 2,400 m%/h, CRADLE has the capability to simulate real operating SN\
conditions of FCVs.

CRADLE

Acronym representing
the Center for Research Activities and Development of
Large scale pressure vessel Equipment.

It reflects our goal of making HyTReC the cradle for the hydrogen industry.

Laboratories: @ Testing available for
Atotal of eight labs of ) storage tank sizes up to:
reinforced concrete construction

. M Internal capacity: 500 L
Gross floor aree:. M Dimensions: $800 mm x 6,000 mm (L)
approx. 2,700m M Design pressure: 110 MPa
Site area: I Highest working temperature: +85°C

Lowest working temperature: -40°C

approx. 8,300m?

Nameplate of CRADLE
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“CRADLE” Building (for large hydrogen storage tank testing)

G[3ad: ' High-Pressure Hydrogen laboratory (6) ~ (9)

Capable of supplying hydrogen gas at up to 2,400 m3/h,
these labs are designed for different types of durability tests.

m a/ Explosion-proof chamber: open (cuboid) ~ C/ Control room H7-H8 d/ Explosion-proof chamber: open (cylindrical) ~ f/ Testing pit

b/ Explosion-proof chamber: closed (cuboid) €/ Explosion-proof chamber: closed (cylindrical)

© Specifications © Applicable tests include:

EMAWP (NWP): 120 MPa (110MPa)
HHydrogen flow rate: up to 2,400 m3/h
ETemperature range: -40°C to +85 °C
W Pre-cooler temperature: -40°C
B Chamber internal dimensions
H6, H9: 2,300 (W) x 5,500 (L) x 2,000 (H) mm
H7, H8: 1,200 x 6,000 (L) mm
ETesting pit dimensions: H7, H8: 6,200 (W) x 14,900 (L) x 4,450 (H) mm

HHydrogen gas pressure cycle test
HHydrogen gas permeability test
W Fast filling test

M Gas leak test

MAWP: Maximum Allowable Working Pressure  NWP: Nominal Working Pressure

Temperature exposure test laboratory (W3)

This lab is capable of pressurizing at up to
140 MPa under specified temperature.

© Specifications

EMaximum hydraulic pressure: 140 MPa

HPlunger pump: 61L/stroke

ETemperature range: -40°C to +85°C

B Accelerated stress test: 200 MPa

Hinner dimensions: $1,200 x 6,000 (L) mm

HTesting pit dimensions: 4,800 (W) x 15,900 (L) x 4,500 (H) mm

© Applicable tests include:

| EHydraulic pressure cycle test EHigh-temperature creep test

a/ Temperature control chamber
b/ Hydraulic pressure cycle test system for 500 L class storage tanks
C/ High-temperature creep test equipment

“CRADLE” Building (for large hydrogen storage tank testing)

Hydraulic pressure cycle test laboratory (W4)

This lab is for ambient durability testing of
hydrogen storage tanks at up to 140 MPa.

© Specifications

EMaximum hydraulic pressure: 140 MPa
HPlunger pump: 61 L/stroke
M Testing pit dimensions: 2,500 (W) x 9,900 (L) x 2,884 (H) mm

© Applicable tests

M Ambient pressure cycle test

a/ Hydraulic pressure cycle test system for 500 L class storage tanks
b/ Testing pit

Burst test laboratory (W5)

This lab is capable of applying up to
380 MPa for burst tests.

[ __Emi o ©Specifications
e .
ar E EMaximum pressure: 380 MPa (burst pressure)

W Steel thickness of pit wall lining: 50 mm

‘ﬁ HTesting pit dimensions: 2,500 (W) x 10,330 (L) x 2,950 (H) mm

© Mobile hydraulic booster

’ EMaximum pressure: 500 MPa

© Applicable tests

’ HBurst test

a/ Burst test system
b/ Testing pit
C/ Mobile pressure booster

The lab allows the precise expansion measurement of
large storage tanks up to 500 liters.

© Specifications

HHydraulic expansion measurement test equipment

$1,100 x 7,000 (L) mm
HHydraulic expansion measurement test equipment

®789 x 1,715 (L) mm

Inner dimensions of the equipment for 500 L class storage tank:

Inner dimensions of the equipment for 100 L class storage tank:

© Main test cases

‘ B Hydraulic expansion measurement test

a/ Expansion measurement test system (open)
b/ Expansion measurement test system (100 L)
C/ Constant temperature over for creep test of a tank
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X7 Office Building X0 “HyTReC” Building

Houses fully equipped multiple labs for a wide
range of hydrogen testing under high pres-

HyTReC’s base for the dissemination of

latest knowledge and information, sure.

as well as human resources development activities folerds a Wige ;?nge zf ht,eshting capabih'it;e& : !

. including vibration and high-pressure hydro-

in the hydrern sector gen exposure, to meet the diverse needs of Two hydrogen gas compressors

and intermediate storage tanks

Hydrogen gas is collected,
purified, and reused after

our customers.

MNWP: 19.5 MPa

Our entrance hall is a gallery for MFlow rate: 70 mhx2

hydrogen energy products, and our each test.
meeting rooms host workshops on Workshop Mobile boosters
hydrogen. Available for tooling, machining, and the preparation or Mobile boosters are

mounting of test samples. 0 C 0 available.

ENWP: 110 MPa
W Flow rate: 7 m¥h

Seminar. Room(1)
Seminar Room(2)

Warehouse(1)
Lobby
WA Hydraulic
Warehouse(2) ot LLab:(2)
. i D )
. * Hydrogen! L'ab!(2) H5; grr:ses: &
Stairwell |n| D VL)
T1 : M4 “Control[Room R
\ Central W Control Room W Dﬂ@
Monitor Room Room 1
| — office BU\\d\“g Office Room Shower Room - i H3!
President’s \ — R lnl M3
Room A
Front Desk — A5 * Mil ﬂﬁﬂlﬂﬁm?”@se
Reception { ‘AnalysiS’\Room|(6) i MultilPurposel ab.(3)
Lobby \ Room(5) , 'abY(()
Roomct) s Display Of T AR Analysis
Hydrogen-related (“;\ ] AZ_ ‘Analysisih\Room((4)
Reception Products Analysis Room(3)
Room(2) “
\ Room(l
Entrance Hall I.l * \

Entrance

Office Building...
Two-story steel frame construction

Laboratory Building HyTReC...
One-story RC construction

Gross floor area...
approx.2,000 m?

Site area...
approx. 5,500 m?

Entrance Hall A gallery Meeting Rooms

Displays commercial products successfully tested at for hydrogen related pmducts Two meeting rooms with a capacity of 45 people each,
HyTReC accommodating up to 100 when combined.
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“HyTReC” Building

hEed I High-pressure hydrogen laboratories (1) to (5)

For high-pressure hydrogen testing of

For durability testing of storage tanks of up to
300 L in capacity under hydraulic pressure cycles.

Hydraulic pressure laboratory (W2)

For the burst and durability testing of
storage tanks under hydraulic pressure

storage tanks, valves, sensors and other components.

© Specifications

EMAWP: 99 MPa

WFlow rate: 15 m¥/h

EMTemperature range: -40°C to +85°C

W inner dimensions of explosion-proof enclosure:
$1,000 x 2,000 (L) mm

MInner dimensions of explosion-proof chamber:
1,700 (W) x 2,000 (L) x 1,500 (H) mm

© Applicable tests

HHydrogen gas pressure cycle test EHydrogen gas permeability test
M Gas leak test

a/ Explosion-proof chamber (H5) b/ Explosion-proof enclosure €/ Hydrogen booster

BTEE Hydraulic pressure laboratory (W1)

© Specifications

[Hydraulic pressure cycle test equipment]

M Storage tank capacity: up to 300 L

EMaximum hydraulic pressure: 130 MPa

HTesting pit dimensions: 1,000 (W) x 3,705 (L) x 1,400 (H) mm

[High pressure water vessel]

EHydraulic pressure: 0 to 87.5 MPa
Hinner dimensions of pressurization vessel: 400 x 1,100 (H) mm
HMTemperature: ambient

© Applicable tests
’ Il Hydraulic pressure cycle test: Hydraulic pressure cycles are applied at specified high and low values ‘

a/ Hydraulic pressure cycle test equipment (300L) b/ Testing pit €/ Pressurization vessel

© Specifications

[Hydraulic test system]

EMaximum pressure: 130 MPa

HEMaximum pressure for burst testing: 343 MPa

M Test pit inner dimensions: 2,400 (W) x 3,200 (L) x 2,000 (H) mm

©Applicable tests

M Burst test: Pressures greater than the design value are applied to
measure the pressure at the time of burst and observe how the burst
occurs

M Pressure cycle test: Hydraulic pressure cycles are applied at
specified high and low values

a/ Hydraulic pressure test system b/ Testing pit €/ The moment of a burst (taken by a high-speed camera)

|hEed |V Multipurpose laboratory (M1~M2)

Environmental testing is conducted by

changing the ambient temperature.

v

a/ High-pressure autoclave b/ High-temperature autoclave
C/ Environmental test equipment

IKiad 't Multipurpose laboratory (M3~M4)

Flexible lab space

© Specifications

HHigh-pressure autoclave
lNormal operating pressure: 105 MPa
ETemperature: up t0125°C
MInner dimensions: 100 x 200 (H) mm

©High-temperature autoclave

M Normal operating pressure: 20 MPa
ETemperature: up to 500°C
M Inner dimensions: $100 x 200 (H) mm

© Environmental test equipment

I Temperature range: -70°C to +180°C
Il Inner dimensions: 1,000 (W) x 810 L) x 998 (H) mm

where customers can set up their own test systems

a/ Gas-tight chamber b/ Lab
C/ Preparation room

Vibration laboratory (V1)

Vibration testing of
samples up to 200 kg in weight.

ﬂ.

a/ Vibration test equipment b/ Environment and vibration test system

@ Specifications

W Utility*
Il Hydrogen pressure: 0.9 MPato 110 MPa*2
M Lab dimensions: 5,000(W) x 5,000 (L) mm

© Gas tight chambers

Il Temperature range: ambient to +90°C
M Inner dimensions: $650 x 1,300 (L) mm

$%¢1 For hydrogen, nitrogen, compressed air;
with hydrogen recovery lines and vent line

%2 When using a mobile booster

Please consult us for the use of these labs

© Specifications
Environment and vibration

M Exciting force: 2,300 kgf (sine wave)
Il Frequency: up to 3,000 Hz
Il Specimen weight:

up to 200 kg (including jigs)
H Temperature range: -73°C to +180°C
HInner dimensions:

1,168 (W) x 1,118 (L) x 1,270 (H) mm

“HyTReC” Building

Analysis lab

Analytical capabilities

include surface analyses,

hydrogen charge measurement and
chemical analyses

© Scanning electron microscope (SEM)
+Electron dispersive x-ray spectroscopy (EDS)

HResolution: 3 nm
M Detectable element: Be to U

© Confocal scanning laser microscope (CSLM)

MMagnification ratio: 110 to 17,000

XY plane resolution: 1 nm

HMLight source: 405 nm
semiconductor laser

© Digital microscope

M Optical magnification ratio:
1t0 1,400

Al
© High speed camera

*1 W Sensitivity: IS0 5,000 (color)
IlFrames per second: 50
(1,280 x 1,024 pixels) to 600,000
(16 x 4 pixels) fps

J

© Hydrogen analyzer

Measures the amount of hydrogen
- contained in metal or resin by increasing
: '5- - l . temperature at a constant speed.

EMaximum temperature:
1,000C

‘ﬁkl““*‘

©lon chromatograph

- i Simultaneous analyses of cation and
anion.

M Detector type:
Electric conductivity

© High performance liquid chromatograph

Qualitative/quantitative analyses of
organic compounds

M Detector type:
Variable ultraviolet visible
wavelengths

© Gas chromatograph

E a R | s Qualitative/quantitative analyses of

inorganic gases and volatile organic
compounds

M Detector type:
FID, TCD, SCD, Quadruple mass

spectrometer
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