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Main Tasks:

Overview 0 k@

Project structure H

“ Modification of regulations, codes and standards for usage with FCV with focus on

fuel consumption measurement

“ Preparation of test equipment
for performing the various measurement methods at different locations
“ Vehicle measurements
“ Refinement of the proposed documents
“ Verification of measurement methods,
also possible in cooperation with
other European/International projects
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WP 2 .
Standards and Regulations Hk@

In the scope of the project

European ECE

Regulation Directive Status
Fuel Consumption H, R101 80-1268 Vv
Fuel Consumption LH, R101 80-1268 Vv
& CO, emissions
Emissions R83-05 70-220 D
Start up time & energy cons. (R 101) 70-220 V
Maximum & 30 min power R85-84 80-1269 V
Maximum Electrical power -----—---- New draft Vv
(FC system + Battery)
Range with fuel + Battery (R101) - V
Range with fuel (R101) - D

Status Validated Draft, Not Achieved Not Modified
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WP 2 ﬁk@

H2 measurement methods

Electric current method : the hydrogen consumption is calculated by measuring
the output current of the fuel cell stack

Pressure temperature method : the hydrogen consumption is calculated by
measuring the pressure and the temperature of the gas in the high-pressure fuel
tank before and after the test, calculating the change in the number of moles of gas
in the storage by applying the measured values of p and T to the state equation

Weighing method : the hydrogen consumption is calculated by measuring the
weight of the high-pressure fuel tank before and after the test procedure

Flow volume method : the amount of hydrogen supplied to and consumed by a
fuel cell vehicle is measured by a flow meter, which will be installed in the H, feed
pipe in between an external fuel supply source and the vehicle

Main issues:

Measurement range, accuracy and dynamics
(strongly depending on the method)
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WP2

Benchmarking of ﬂk@
H2 measurement methods suitable for H2 FCV

Pressure - Temperature (0.5 — 1%) Current (0.2 - 0.5 %) e temal ventne

) Bag
Desiccators
Redlich-Kwong Equation <-> Van der Waals O O o o >

Fuel Cell Power System Cold condenser
. Pump

—

H2 Purge collection

Weight (0.2-05%)  Accuracy LT P

To analysis :
- Gas Chromatography water

Target:
Global flow
Error<1 % (05-07 %) v

To vent line
Manual pressure regulator
Thermal mass flow meter & controllef © vent line
Reli | QH2 flow
elieve valve P Regulator
manual

EV/2 u .
%

Instantaneous flow rate (0.9 — 1.3 %)
;

FM1 FM2
! ! EV 1u—"]
P Regulator 2

External vessel l m)—«% 'HHHHHHHHH Fuel Cell
>
AN N U Q EV leu YEV 2eu
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WP3
Hydrogen Measuring Rack (1)

Purge Pipes

N

Control
Panel

Mobile Rack:
HxBxL: 1380x920x1200

Ika

H2 Valve

— H2 Tank

H2 Connector

(rear panel)
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WP3
Hydrogen Measuring Rack (Il)

Pressure

Relief Valves \.

Thermal Flow

Meter / Controller\.

Coriolis
Flow Meter —o

Filter

Elements ———— o
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WP3

Vehicle measurements
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WP3

Information on measuring equipment ﬂk@
(e.g. accuracy, practicability, ...)

“ Demanded / specified accuracy:

“ p/T method

“ Weighing method
“ CMFM method

“ TMFC refill method

1 %
1 %
1 %
1 %

™ Achieved / calculated accuracy (for 120 g H2):

“ p/T method

“ Weighing method
“ CMFM method

“ TMFC refill method

+/- 200 mbar pressure x temp.- error
0,4 % (~0,5 g, in optimal case)

0,35 % (0,8%) x response error
05% x +/-200 mbar pressure
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WP4

Definition and preparation of field tests
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WP4

Customer relevant assessment criteria
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WP5

Hydrogen infrastructure, refuelling stations
and common interfaces

Activities
™ Hydrogen gquality

® Hydrogen availability

“ Refuelling stations

™ Connectors and nozzles
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Name of manufacturer WEH GmbH OPW GmbH

Hydrogen fuelling nozzles
Product name TK15", TK16®, TK25" @ CW3600 \ CW5000
Material Corrosion resistant steel 316L stainless steel
Max pressure (bar) 250 350 248 ‘ 345
Min flow rate ns ns 2000 SCFM @ 3600 psid
Temperature range -40Ct0 80T |[-40Ct080C |-40Cto8 5T ‘ -40C to 85T
Weight (g) ns ns 1520
Compatibility 250 - 350 350 LW3600 ‘ LW5000
Hydrogen fuelling receptacles

Product name TN1, TN5 @ LW3600 \ LW5000
Material Corrosion resistant steel 316L stainless steel
Max pressure (bar) 250 350 248 ‘ 345
Min flow rate ns ns 2000 SCFM @ 3600 psid
Temperature range -40Ct0 80T |[-40Ct080TC 40Ctol 20T ‘ -40C to 120T
Weight (g) ns ns 230
Compatibility 250 250 - 350 CW3600 ‘ CW5000

Contact information

http://www.weh.com

https://www.opw-fc.com/

Notes

TT0V approval for hydrogen

2TK15 & TK16 are designed for cars and TK25 for buses

TN 1for cars and TN5 for buses

“ TV certificate of conformity with SAE J2600 - H35 standard on 09-09-2004

ETT Dates in
Location | Continent z Picture Fueltype  froject oparenon |12 producton mode_roductin rate
caro | AficaEgypt|  egypt GEF and UNDP FC bus Electrlyic Hycrogen
North
Mobie saton | v | usa G2 [ovNETEK
forth
Mobie saton | N | ysa aHe
Mobie siaion | America | Arizona G2 |FoRD 2002 | Electrolyser Stuart Energy| 24 kg  day
[DOE; Arizona publc service,
proeni | N | arzona GH2.CNG& |veh. Testng Center -Partor | 2001 | PEf lecrobser Proton
DOE Field Ops Program d
o0 P South oran GEF, UNDP FC bus, GOB,
0P | america razi a0 Palo state
Figh Performance Steam
Aubum Noth | Calfornia GHz |CAFCP: Pacific gas & Mid2004 | NG Reforming (PSR by 170L1n
America etecticty
Chula Visia forth 3 -
e | s, | catoma GH2  |Cityof Chulavista 208 | secroysercrp 1350 [ 38N
§ s 12 bus: Calfomn Defvery LH2 by truck from|
oais | o™ | Caroma aup (o rebus catona | o e | W b | 2010
- Toyol Chemicals (APCI)
forth
oerot [Nt Caifomia Ford - 8P
North South Coast Air Qualty Start Energy Station
Diamond gar | Mo | caifomia G [ oy g | 2004 st e
Xerox, DOE; UC Riverside;
N North Matrx engineers; City West | Erectolyser trom sor
Eisequndo | Nt | calfomia G e crmecnng; | 19951997
scAQuD; CAN
N North UC Invine; SCAQMD: Toyota Devery LH2 by tuck from|
nine oty | calfomia oH2 2003 June Y L2 by e kg fday
North UC Inine; NFCRC: Toyola | ordered in sma scale SES
nvine orth | cattomia oH2 ;
forth Los Alamos National
Los mamos [ N0 | caitormia LR iy 1070 Delvery L2
Los Angoles | North PRAXAIR; 8P, DOE, tomer 2004 | Natwral gas steam
s | aventa | catoma R s october 2004 150 kg / day
Oaldand ot | Calfornia GH2  |Chevion Texaco; AC Transit | 2005 August | NI 038 SIEAM 150 gay
America reforming
North
Orando | o | Calfomia Ford - 87
Oxnard ot | Calfornia LH2 [BMw; Emission testcenter | 2001 July [ DSMVery LHZ by ruck from|
America apcl
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WP5

Information on fuel qualities and receptacles

Manufacturer

Walther

Nitto Kohki

WEH

OPW

Hydrogen fuelling nozzles

Product name

HG-400

HHV-3S-H25-L-G, HHV-3S-H35-L-G

Tk15Y, TK16“, TK25® @

CW3600

CW5000

Stainless steel

Material 1.4404/1.4571 or similar SUS304 Corrosion resistant steel 316L stainless steel
Max pressure (bar) 700 (max. 875) 250 350 250 350 250 345
Min flow rate ns Cv value 1.3 ns ns 56 m*/min @ 250 bar
Temperature range -40C to 85C -20C to 70C -40C to 80C -40C to 80C -40C to 85T 40C to 85T
Weight (g) 1400 3000 ns ns 1520
Compatibility ns ns 350 250 - 350 350 LW3600 LW50
Hydrogen fuelling receptacles
Product name HG-400 HHV-3P-BI3/8-3500, -5000 TNZ, TN5 © LW3600 LW50
Material Stainless steel SUS316 Corrosion resistant steel 316L stainless steel
Max pressure (bar) 700 (max 875) 250 350 250 350 250 345
Min flow rate Ns Cv value 1.3 ns ns 56 m*/min @ 250 bar
Temperature range -40C to 80C -20C to 70C -40C to 80C -40C to 80C -40C to 120C 40T to 120
Weight (g) 310 335 ns ns 230
Compatibility ns 250 ns 250 250 - 350 CW3600 CW5C

Contact information

http://www.weh.com

https://www.opw-fc.com/

Notes

TOV approval for hydrogen

2TK15 & TK16 are designed for cars and TK25 for buses
% TN 1 for cars and TN5 for buses

“ TUV certificate of conformity with SAE J2600 - H35 standard on 09-09-2004
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SAE J2600
SAE J2601

!

ISO 17268

Revised ISO 17268 ?
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WPS ﬁk@
Hydrogen refuelling stations

160

Number of H2 refuelling stations H2-Station Berlin, CEP
140 4
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WPG6

FUEVA cooperation ﬂk@
Internal and external links

. HC _ HC D
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WPS8
Benefits of FUEVA for « European Fuel Cell

Vehicle Partnership with fleet demonstration »

FUEVA —>

ika

R101

R83

Regulations

R85

for Fuel cell vehicle

R68

Test bench for H2
Consumption measurements

Data base for
customer assessment

Technical data

Operational requirements

Performance data

Hylights

CUTE

HyChain

Zero Regio

HySys

Roads2HyCom
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Dissemination
Who can get which information?

Ika

- European ECE RC&S
MOdIfled /Amended Standards Test bench activity (WP2) Regulation Directive Status
a‘nd Documents avallable for' Fuel Consumption H, R101 80-1268 \
™ Other EC projects Fuel Consumption Liquid R101 80-1268 Y
7 Redio. HYSYS. Roads?HvC & CO, emissions
( ro Regio, Hy , RoadssRytom, Emissions R83-05 70-220 D
Hylights, HarmonHy, etc.) Start up time & energy (R 101) 70-220 Y
™ OICA Maximum Power & 30 min R85-84 80-1269 Vv
) Maximum Electrical power ~ ---------- New draft Y
A EUCAR (FC SyStem ki Battery) Manufacturer Volkswagen
- Range with fuel + Battery (R 101 Jvenie_ VW Touran FiyVoton
ACEA Range with fuel (R 101
D ISO TC 197 Status Validated Draft, Not Achievedyot{ B
Curb Weight Tkal 1975
;gts IWgeigrlsn kal zioo
Pow#rbsteering —
Final report in a public version giving an
overview of the tasks tackled in the — e —
FUEVA Project and possible contact persons — e
for getting information, documents, etc. i _ioma i
Customer Sle:(::idfa:jln(:::siﬁcatiun worth normal llent
evaluation  [w=me
Presentation of results on questionaire | === i __om e

workshops, conferences, public events, etc.
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Contact:

Thank you for your attention.

Martin Schussler
e-mail: schuessler@ika.rwth-aachen.de
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