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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FUEL CELL TECHNOLOGIES -

Part 4-102: Fuel cell power systems for-industrial-electrictrucks
electrically powered industrial trucks — Performance test methods

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization.compris
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote“internatio
co-operation on all questions concerning standardization in the electrical and electronic fields; ,To this end 3
in addition to other activities, IEC publishes International Standards, Technical Specifications) Fechnical Repo
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC ‘Publication(s)"). TH
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt W
may participate in this preparatory work. International, governmental and non-governmental organizations liais
with the IEC also participate in this preparation. IEC collaborates closely with thé International Organization

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internatio
consensus of opinion on the relevant subjects since each technical committee has representation from
interested IEC National Committees.

IEC Publications have the form of recommendations for international’ use and are accepted by IEC Natio
Committees in that sense. While all reasonable efforts are made\to ensure that the technical content of |
Publications is accurate, IEC cannot be held responsible for‘the way in which they are used or for 4
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicatig
transparently to the maximum extent possible in their national and regional publications. Any divergence betwe
any |IEC Publication and the corresponding national ‘@r.regional publication shall be clearly indicated in the latt

IEC itself does not provide any attestation of _conformity. Independent certification bodies provide conforni
assessment services and, in some areas, acéess to IEC marks of conformity. IEC is not responsible for 3
services carried out by independent certification bodies.

All users should ensure that they have the‘latest edition of this publication.

No liability shall attach to IEC or its(djrectors, employees, servants or agents including individual experts 3
members of its technical committeesvand IEC National Committees for any personal injury, property damage
other damage of any nature ,whatsoever, whether direct or indirect, or for costs (including legal fees) 4
expenses arising out of the“publication, use of, or reliance upon, this IEC Publication or any other |
Publications.

Attention is drawn to_the Normative references cited in this publication. Use of the referenced publications
indispensable for the~carrect application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of pat
rights. IEC shalknot be held responsible for identifying any or all such patent rights.

erever a change has been made. Additions are in green text, deletions are

Standardization (ISO) in accordance with conditions determined by agreement-bétween the two organizations.
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IEC 62282-4-102 has been prepared by IEC technical committee 105: Fuel cell technologies.

It

is an International Standard.

This second edition cancels and replaces the first edition published in 2017. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a
b

c)| addition of new terms in Clause 3: "delivered power" (3.13) and "regenerated powef?+{(3.1

d
e
f)

9
h

T

F

the above table.

T

T
a

at|www.iec.ch/members_experts/refdocs. The main document types developed by IEC 3

d

A list of all parts in the {EC 62282 series, published under the general title Fuel cell technologi
capn be found on the~lEC website.

T

stability dateé/indicated on the IEC website under webstore.iec.ch in the data related to t

S

) _alignment of the Scope with the second edition of IEC 62282-4-101:2022;

)| deletion of terms and definitions (previous entries 3.5, 3.10, and 3.15);

)| revision of symbols and their meanings in alignment with those of IEC 62282-3-201;

)| replacement of "reference conditions" with "standard conditions" as seen in‘ClJause 5;
revision of the test method for the accessory load voltage spike test (13(3y2);

)| addition of clarifications in Clause 14 (Power stability under operation);

)| addition of a checklist for performance criteria dealt with in this decument (Annex C).

He text of this International Standard is based on the followingrdacuments:

Draft Report‘enhxoting

105/947/FDIS 106/954/RVD

yll information on the voting for its approval can*be found in the report on voting indicated

He language used for the development ef.this International Standard is English.

His document was drafted in accotrdance with ISO/IEC Directives, Part 2, and developed
ccordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, availah

glscribed in greater detail attwww.iec.ch/publications.

He committee has decided that the contents of this document will remain unchanged until t
pecific document. At this date, the document will be

réconfirmed,

E=3
~

n

he
he

withdrawr,
replaced by a revised edition, or

amended.

IMPORTANT - The "colour inside" logo on the cover page of this document indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

This part of IEC 62282-4 provides consistent and repeatable test methods for the electric,
thermal and environmental performance of fuel cell power systems for-industrial-electric-trucks
electrically powered industrial trucks.

The IEC 62282-4 series deals with categories such as safety, performance, a

nd

interchangeability of fuel cell power systems for propulsion other than road vehicles and
auxiliary power units (APUs) This document (IEC 62282 4- 102) focuses on performance test

THis part of IEC 62282-4 describes type tests and their test methods only. No routine tests dre

Fdel cell systems used in-industrial-electric-trucks electrically powered industrial trucks, su
forklift trucks,-are-hybrids use both batteries and fuel cells, and so operate in several differgnt

as
m

evialuate the fuel cell system in the various combinations of fuel el modes and forklift tru

m

designing and evaluating a fuel cell system for use specifically in“a forklift truck.

THi

SY|
wh

Ud

de

quired or identified, and no performance targets are set in this document.

pdes. Similarly, forklift trucks operate in different modes. The purpose of this document is

pdes. This document breaks down these different modes and’ provides a framework

is part of IEC 62282-4 is intended to be used by either manufacturers of fuel cell pow
stems used for-industrial-electric-trucks—and! electrically powered industrial trucks or tho

ers of this document-selectively-execute-test-items-that-are-suitablefor-theirpurposesire
bse—desecribed—in—this—document can select and perform the tests they need from tho

scribed. This document is not intended{o exclude any other-methods tests.

o evaluate the performance of the systems used(in them for certification purposes or botH.

ch

to
ck
or

er
se
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FUEL CELL TECHNOLOGIES -

Part 4-102: Fuel cell power systems for-industrial-electric-trucks
electrically powered industrial trucks — Performance test methods

1 Scope

THis part of IEC 62282 specifies the performance test methods of fuel cell power systews for
prppulsion and auxiliary power units (APU). This document covers fuel cell power systems for
prppulsion other than those for road vehicles.

THe csecone of thic document ic limited to electrically nowerad industrial triidlkde « Hyuhrid trircke
FHe-scope-of-this—documentislimitedto-electrically powered-industrial-trygis—Hybrid-trugks
THis document covers the performance test methods of fuel cell pewer systems intended to pe
used for electrically powered industrial trucks as defined in ISO$H053-1, except for:

— | rough-terrain trucks;

— | non-stacking low-lift straddle carrier;

— | stacking high-lift straddle carrier;

— | rough-terrain variable-reach truck;

— | slewing rough-terrain variable-reach truck;

— | variable-reach container handler;

— | pedestrian propelled trucks.

This document applies to gaseous hydrogen-fuelled fuel cell power systems and direct methanol
fuel cell power systems for eleCirically powered industrial trucks. The following fuels dre
considered within the scope of(this document:

— | gaseous hydrogen, and

— | methanol.

THis documént-covers the fuel cell power system as defined in 3.7 and Figure 1.

THis document applies to DC type fuel cell power systems, with a rated output voltage not

ex|

ceeding DC 150 V for indoor and outdoor use.

This document covers fuel cell power systems whose fuel source container is permanently
attached to either the industrial truck or the fuel cell power system.-A-fuelsocurce-containerof

All systems with integrated energy storage systems are covered by this document. This includes
systems such as batteries for internal recharges or recharged from an external source.
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The following are not included in the scope of this document:

Ke|
EM
EM

NG

2

Th
co|
Fao

detachable type fuel source containers;

hybrid trucks that include an internal combustion engine;

reformer-equipped fuel cell power systems;

fuel cell power systems intended for operation in potentially explosive atmospheres;

fuel storage systems using liquid hydrogen.

Fuel (hydrogen, methanol) Coolant
System boundary
» Excess/released fuel
Fuel storage J "
(hydrogen, Thermal ~
methanol) management P» Waste héat
* Internal power needs
Fuel ¢ T
regulating »| Power » Electrical power
and piping »| Conditioner | conditioning output
system and Fuel cell
Oxidant (air) processing module 1
» “system . [P] (stack) y
Energy
storage
_— . A
Ventilation air | Ventilation v I » Exhaust gases
71 system > Disch i
Water Water » Discharge water
> treatment and Control (liquid or gaseous)
EMD, N containment system
vibration, >
\wind, rain, Eg/ilslé
and temperature and vibration
IEQ

y
D electromagnetic disturbance
| electromagnetic interference
TE A fuel cell power system can coqtain all or some of the above components.

Figure 1 — Fuel cell"power systems for electrically powered industrial trucks

Normative references

r undated references, the latest edition of the referenced document (including a

amendments) applies.

AN Y Wale Lo W | i | £ FH Q Ll L £ D e Q H i

e following doeuments are referred to in the text in such a way that some or all of their contgnt
nstitutes requirements of this document. For dated references, only the edition cited appligs.

ny

=

OO & ; 1o oi oacuoutoticy OUUIiTd 1C VoI 1HHCtoTo —art 1. OPCCITcatioriTo

IEC 62282-6-300:2012, Fuel cell technologies — Part 6-300: Micro fuel cell power systems —
Fuel cartridge interchangeability

1SO.-9000.Quali g o

ISO 6798-1, Reciprocating internal combustion engines — Measurement of sound power level

us

ing sound pressure — Part 1: Engineering method
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ISO 6798-2, Reciprocating internal combustion engines — Measurement of sound power level

using sound pressure — Part 2: Survey method

ISO 14687, Hydrogen fuel quality — Product specification

3 Terms and definitions

Fdr the purposes of this document, the following terms and definitions apply.

ISP and IEC maintain terminology databases for use in standardization at the “followi

addresses:

e [ IEC Electropedia: available at https://www.electropedia.org/

e [ ISO Online browsing platform: available at https://www.iso.org/obp

nqgise level

sound pressure level produced by the fuel cell power systemmeasured at a specified distan

in [all operation modes

Note 1 to entry: Noise level is expressed in decibels (dB) and measured as described in 15.2.

3-AZ
bgckground noise level
sound pressure level of ambient noise at the measurement point

Neolte 1+-to-entrv Thismeasurementistaken-as-daseribedin 152 with-the fuel cell nower svystem-inthe cold-stat
N —O-ERthY- HHSReastremeRtistaKkeRas aestHoe o Whhthetdet HPOWe! A -

3.3
ttery

electrochemical energy storage“device that either provides energy input to support parasi

loads andfor provides electrical energy output or both

Note 1 to entry: Back-up batteries for control software memory and similar applications are not included.

cdld state
state of a fuelwcell power system at ambient temperature with no power input or output

[SODURCEHECHS-62282-14:2043,3-440-4 IEC 60050-485:2020, 485-21-01]

syst old-s

i

C

d.iseharg&{tate

f disol | it of 4
3.5
discharge water

water discharged from the fuel cell power system including waste water and condensate

Note 1 to entry: Discharge water does not constitute part of a thermal recovery system.
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Thelfhel

A fuel cell nower svystem-mav-contain-all or some of the components-shown-inFiaure 14

A—HHet

+HH8=

SMPpOoRetS—SROWHRHR—T1IgU!t

o+—th

oRtaH—aHoe-Somh

TP OWer—-SysStem—-may

Y
nower-svstem for usewith-industrial trucks will be - inone of the forms-as ocutlined in3.9 and 310 of |EECG2282

POWEe Sy Stem1 oS- W GUStHHHHCKS WO e OREe- 0o HMS S O UH RGO RG-S v O E S 9L <L

=t

New Note 1 to-entrv has hedmsddded- ahd

N W—INOT

IEC/TS 62282-1:2013 3 49 modified

= 1ToOL£L£0L8

OISO e T

201905

O Tty Moo O oo auac o, —arta

oo

The fuel cell power system for use with industrial trucks will be in one, of, the forms as outlined in

62282-4-101:2022, 3.9 and 3.10.

ratio of the average electric power output of a fuel cell power system-at for a given duration to

the average fuel power fed to the same fuel cell power system-at for the same duration
generator system that uses one or more fuel cell modules to generate electric power and heat

fuel cell system electrical efficiency

fuel cell power system

3.6
3.7

Nole 2 to-entr\

NO

4-401.

ISHDURCE:

R4

Nofe 1 to entry:

~
”

[SPURCE: IEC 60050-485:2020, 485-09-01, modified — Note 1 to_entry has been added.]

IE
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Coolant
Fuel (Hydrogen, Methanol) System boundary
1 J t i Excess/released fuel
I | Fuel storage 4 :
| Thermal I
1| (Hydrogen, | > Waste heat
: A Internal power needs|
I : A !
. Fuel regulating 1
) . Fuel cell Power 1 Electrical power output
: and piping > »  conditioning [T
Oxidant (air) | L__system | module I
; ~ A 1
I v !
|
| Energy |
|
I |
I'| Ventilation L, Exhaust gases
Ventilation air system |
1
| Water i
Water L > Waste water
: treatment and Cofrol 1
; ohtro I
EMD' |
R S a  EMR
Vibration,
Noise,

IEC

. r=t 3

3.
fugel input
amount.of hydrogen or methanol supplied to the fuel cell power system

3.9

fuel consumption

volume or mass of fuel consumed by the fuel cell power system under specified operating
conditions

3.10

minimum electric power output

minimum power output, at which a fuel cell power system is able to operate continuously at a
steady state
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3.1

rated power

maximum continuous electric power output-pewer that a fuel cell power system is designed to
achieve under normal operating conditions specified by the manufacturer

[SOURCE:EG/TS-682282-1:2013,-3.85.4,—modified—— Note1-to—entry-deleted |IEC 60050-
485:2020, 485-14-04, modified — Note 1 to entry has been deleted.]

fal dition-—of a2 fuel cell nower sustam that ic non-onerational and nossibhraduirina— under
CoRGHHoOR—oOr3a+der—~Ccer—power—SySteim—at1SROoR-6peiatoRataRG—pPoeSSIvfTequiing—dRged
fal ditions snecified bv - the manufacturer thae innut of thermal or alectric \eherav in orderlto
CORGHICRSSPpecHHeaoOyYhe adHacturerrttheHhpuit—ormefar—oF—e e CtHGeRergy1Hh—ofrGerto
nrevent deterioration—of the components and/or eneraize the contrel «ssustames and otHer
prevvept—Geterdoatioh—oO e COMPOoReMS anRGroF—energiZze e CoMtrg ~SYStemSahRG—oOtHe

test duration
time interval in which data points required for thedcomputation of test results are recorded

3.13

ddlivered power
current and voltage delivery requirements of the industrial truck at various intervals gs
nelcessary in order to maintain acceptable truck performance

3.14

regenerated power
el¢ctro-dynamic power inwhich the energy produced by the motors is fed into the contact lipe
orlinto energy storage on-bbard devices

Nofe 1 to entry: Examples of storage devices: batteries, flywheels.

[SPURCE: IEC\60050-811:2017, 811-06-25, modified — The term "regenerative braking" hjas
belen replacéd-with "regenerated power" and in the definition "braking" has been replaced wjth
"ppwer".]

4 | "Symbols

The symbols and their meanings used in this document are given in Table 1 for electric and
thermal performance and in Table 2 for environmental performance, with the appropriate units.
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Table 1 — Symbols and their meanings for electric and thermal performance

Symbol Definition Unit
M, m Molar mass, mass
M, M, Molar mass of fuel kg/mol
mg Fuel mass measured over the test duration kg
P Pressure
PoPs Reference Standard pressure (101,325 kPa (abs)) kPa (abs
D¢ Average fuel pressure kPa (abs
PP Power; power change rate
P, Average net electric power output kW
P P Average fuel power input kJ/s
E Input energy
E ¢ Input energy of fuel per mass kJ/kg
EeE s Input energy of fuel-(mass-and-volume} per volume kJrkgl
Eie Edin Total fuel input energy kJ
U Mass flow rate
Gons Average mass flow rate of fuel under the test conditiofis kg/s
qv Volumetric flow-rate
qys Average volumetric flow rate of fuel under thectest conditions I/min
i Dvits Average volumetric flow rate of fuel under-feference standard conditions I/min
H Heating value
Hy Heg Heating value of fuel on a molarbasis underreference standard conditions kJ/mol
Hy Heating value of liquid mass kJ/kg
t Time
At Test duration s, min
T Temperature
I, T Referenee Standard temperature (273,15 K) K
T; Average fuel temperature K
AT K
V.V Volume, molar volume
Ve Total fuel volume measured over the test duration |
77 ReferenceStandard-motar-votumeof-ideat-gas(224+4Hmoh(atreference—standard 3
M0’ ms temperature 7, = 273,15 K and pressure p, = 101,325 kPa) /m 1/mol
w Electric energy
Wt Electric energy output kW - h
] Efficiency
Hollo| Electric efficiency %
Mh Heat recovery efficiency %
Niotal Overall energy efficiency %
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Table 2 — Symbols and their meanings for environmental performance

Symbol Definition Unit
0 Volume fraction
0,
?B meas measured volume fraction of-eaeh the component B ";'V/r‘;;’r
. vol % or
?B,corr corrected volume fraction of-each the component B ml/m?3
9,4(05) measured O, (oxygen) volume fraction in atmosphere at air inlet in dry state vol %
?6x(05) measured O, volume fraction in dry exhaust gas vol*%
- e
ex ég' corrected CO volume fraction in dry exhaust gas ml/m?3
ex,corr( )
ml/m?3
xS0 | corrected total hydrocarbon (THC) volume fraction in dry exhaust gas (carbon
Aox cor(THC) | equivalent) o
s
y Mass concentration
7ex(CO) CO mass concentration in dry exhaust gas mg/m3
7ex(THC) THC mass concentration in dry exhaust gas mg/m3
e Emission
&(CO) mass of CO emission per-unit energy of input fuel mg/kW - h
&(THC) mass of THC emission per-urit energy of fuel input mg/kW - h
11 Atom ratio
a(THC) hydrogen to carbon atom ratio of the THC\in the exhaust gas
H Heating value
) Mass fraction
g mass fraction of methanol
5 | Reference Standard\conditions
The-reference standardiconditions are specified as follows:
— | reference standard temperature: £, 7, = 273,15 K (0 °C);
— | referencegstandard pressure:pq p, = 101,325 kPa (abs).
6 | Heating value base

Except it otherwise specified, the given healing value of fuel shall be the Tow healing value
(LHV) or similar.

NOTE The heating values of hydrogen and methanol (LHV and HHV) are given in Annex A.

In cases where the LHV is applied for the calculation of energy efficiency, it is not necessary to
add the-initiatism LHV, as shown below:

#ellels NMths OF Niotal = XX %

If the higher heating value (HHV) is applied, the-initialism HHV shall be added to the value of
energy efficiency as follows:
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#ollalr Mthr OF Miota) = XX % (HHV)

7 Test preparation

7.1

General

Clause 7 describes typical items that shall be considered prior to the implementation of a test.
For each test, an effort shall be made to minimize uncertainty by selecting high-precision
instruments and planning the tests with attention to detail. Detailed test plans shall be prepared

by|
TH
1)
2)

3)
4)

5)
6)
7)
8)
7.]

In

Al

Fi

po
in

D

e following items shall be considered for the test plan:

tomatic data acquisition using a personal computer or similar is preferable.

the parties to the test using this document as their basis. A written test plan shall be prepared.

objective;
test specifications;
test personnel qualifications;

quality-assurance management standards (1ISO 9000, ISO 9001 apnd SO 9004, collectivgly
known as the ISO 9000 family, or other equivalent standards);

target uncertainty;

identification of measurement instruments (refer to Clause™9);
estimated range of test parameters;

data acquisition plan.

Data acquisition plan

order to meet the target uncertainty, propenr'duration and frequency of readings shall pe
deffined and data recording equipment shallche prepared before the performance test.

Test set-up

jure 2 and Figure 3 illustrate examples of test set-ups that are required to conduct fuel cell
wer system testing with hydrogen fuel and methanol fuel, respectively, which are describgd
this document. Anlelectric load is connected to a fuel cell power system.
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Hydrogen I I I |
fuel
Al

]
. > Fuel cell Electricity Electric
— power system —  — load

Electricity

(H G-

B EmOEE @ EOGE?F

O

o

v v

Discharge water? Exhaust gasP Ec

ammeter

voltmeter
thermometer
pressure gauge
flowmeter

integrating flowmeter
electric power meter

integrating electric power meter (electri€¢_energy meter)

To collecting device to measure volume+(or weight), pH, biochemical oxygen demand (BOD), chemical oxygd
demand (COD).

To collecting device to analyse components.

Figure-2 — Example of a test set-up for hydrogen fuel
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Mass
scale
Methanol
Q fuel tank Pump
Air > Fuel cell Electricity Electric
o f ® rW power system r @ r@ load
Electricity Y, -‘Fmv
h > ~ >
Discharge water? Exhaust gasP

NQTE See explanations of the symbols in Figure 2.

To collecting device to measure volume (or weight), pH, biochemical oxygen demand (BOD), chemical oxyden
demand (COD).

To collecting device to analyse components.

Figure 3 — Example of a test set-upfor methanol fuel

9 [ Instruments and measurement methods

9. General

Megasurement instruments and measurement methods shall conform to the relevgnt
infernational standards. They shall -b€sselected to meet the measurement range specified py
th¢ manufacturer and the required accuracy of measurements.

9. Measurement instruments
Megasurement instruments-are listed according to their intended use:

a)| apparatus for measuring voltage spikes: oscilloscope, high-frequency analysers;

b)| apparatus for'measuring the electric power input and output, and electric energy input apd
output:

— electric power meters, electric energy meters, voltmeters, ammeters;

c)| apparatus for measuring fuel input:

~Vflowmeters, integrating flowmeters, weight meters, pressure sensors, temperatyre
Sensors;

d) apparatus for measuring ambient conditions:
— barometers, hygrometers, and temperature sensors;
e) apparatus for measuring the noise level:

— sound level meters as specified in IEC 61672-1 or other measuring instruments of
equivalent or better accuracy;

f) apparatus for measuring concentrations of the exhaust gas components:

— oxygen analyser (e.g. based on paramagnetic, electrochemical or zirconium oxide
sensors);

— carbon dioxide analyser (e.g. GC-MS or based on infrared absorption sensor);


https://iecnorm.com/api/?name=6f8895586835dc6acc5a29bce8ddf444

IEC 62282-4-102:2022 RLV © IEC 2022 - 19 —

— carbon monoxide analyser (e.g. based on nondispersive infrared or electrochemical
sensor);

g) apparatus for determining the discharge water:

— graduated cylinder (for volume measurement), temperature sensor, pH meters, BOD
probes.

9.3 Measurement points

M«Lasurement points for the different parameters are described below.

a)| Hydrogen fuel flow rate:

Place a flowmeter for fuel on the fuel supply line to the fuel cell power system,t6 measyre
the fuel flow rate.

b)| Hydrogen integrated fuel input:

Place an integrating flowmeter for fuel on the fuel supply line to the fuel cell power system
to measure the fuel input. The integrating flowmeter shall combine a flowmeter that
measures the fuel flow rate.

c)| Methanol fuel input weight:

U
—

Place a weight meter under the fuel tank to measure the‘weight of fuel and tank togeth
Methanol fuel input weight is measured by subtracting\the weight after the test from that
before the test.

d)| Fuel temperature:
Connect a thermometer or a thermocouple immediately downstream of the fuel flowmetef.
e)| Fuel pressure:

Place a pressure meter immediately downstream of the fuel flowmeter to measure the gaupge
pressure of fuel.

f) | Electric power output:

Connect an electrical power, Meter to the electrical power output terminal of the fuel cell
power system and close te/thé system boundary.

g)| Electric energy output:

Connect an electricél. energy meter to the electrical power output terminal of the fuel cell
power system and'close to the system boundary. The electrical energy meter shfll
incorporate an-electrical power meter that indicates electrical power output.

h)| Fuel composition:

The fughused for the tests shall be sampled and analysed for its composition for each tgst
run.

i) | Atmospheric pressure:

Placae an ahecolite hressiira maotar adiacant tao tha fual call nowar cvetam whara it will nat e
e —aRBSortte—piresSSutreHeteaaacehi+tothe+uerGerpowe Sy SstemWhere1—wWhrho+t

affected by ventilation, air intake or exhaust of the fuel cell power system.
j) Atmospheric temperature:

Place a thermometer adjacent to the fuel cell power system where the thermometer will not
be affected by ventilation, air intake or exhaust of the fuel cell power system.

k) Atmospheric humidity:

Place a hygrometer adjacent to the fuel cell power system where the hygrometer will not be
affected by ventilation, air intake or exhaust of the fuel cell power system.

[) Noise level:
Refer to 15.2.
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m) Exhaust gas:

Place one or more exhaust gas collecting probes combined with a temperature sensor in
the exhaust stream at the exhaust gas outlet (refer to Figure 2 and Figure 3).

n) Discharge water:
Place a discharge water reservoir combined with a temperature sensor at the discharge
water outlet.

9.4 Minimum required measurement systematic uncertainty

Thetestequipmentstoutdbechosem maway that thesystematic uncertaimty of measuremmeant
is pelow 3 % for overall and thermal efficiencies, and below 2 % for electrical efficiency. Inetder
to| reach the desired efficiency uncertainties, the following systematic meastrement
unfcertainties of the equipment are recommended. They are given in percentage of measurgd/
or|calculated values or both, or as absolute values:
— | electric power: £1 %;

— | electric energy: £1 %;

— | fuel gas flow rate: £1 %;

— | integrated gas flow: £1 %;

— | time: £0,5 %;

— | liquid fuel mass: +1 % of the mass to be determined (pot.including the tare weight) as|in
IEC 62282-3-201;

— | relative humidity: +5 %;

— | absolute pressure: £1 %;

— | fuel gas and discharge water temperature: £1 K;

— | exhaust gas temperature: +4 K.

10 Test conditions

10.1 Laboratory conditions

Unless otherwise specified,-performance shall be tested in the environment specified below:

— | temperature: 20 °C + 5°C;

— | humidity: 65 % %20 % relative humidity;

— | pressure: betiween 91 kPa (abs) and 106 kPa (abs).

Edr each testiriun The laboratorv—conditions-shall he measured durina-the tecst  Ac air aualityv

Fgr-each-testrun,The laboratory conditions-shall be-measured-during-the-test—As-air-guallty

sh%kaﬁeeﬁue#ee”sys%m&e#e#mme—%be#a%%e@#m%#(@@zﬁ—sggmw
fofth) shall be reported with the test result. -

Thetaboratory comditions stattbe measuredand—set foreachtestrum—As air quatity withtaffect
fuel cell system performance, laboratory air composition including foreign substances and
gases shall be reported with the test result.

10.2 Installation and operating conditions of the system

The fuel cell power system shall be assembled and operated in accordance with the
manufacturer’s installation instructions prior to the start of the tests.
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10.3 Indication of battery condition

Systems with batteries may be equipped with a means (for example, a display method or an
output signal) to identify that the battery has reached a known nominal state of charge (including
full charge state) that is determined by the manufacturer.

10.4 Determination of state of charge of the battery

(D
o

THe time when the battery is recharged to the known nominal state of charge can be determin
byl either one of the following two methods:

—

a)| for a system equipped with a means (for example, a display method or an ougput signal)|to
identify that the battery has reached a known nominal state of charge, the ¢harge-out time
is determined by that means;

b)| for a system equipped with no means to identify that the battery has‘reached a knoyn
nominal state of charge, the charge-out time to reach the nominal state of charge may pe
determined by measuring the time when the input fuel flow ratecbecomes stabilized within
12 % of the rated fuel flow rate after the fuel flow increase for recharging the battery ceasgs.
This measurement is not mandatory.

10.5 Quality of test fuel
10.5.1 Hydrogen

THe hydrogen fuel used for the tests shall have/the’/quality given in—Fable4-of1SO-14684-2
grade D of ISO 14687.

10.5.2 Methanol solution

THe methanol used for preparing the-methanol solution which is used for the tests shall pe
consistent with the specification given-in IEC 62282-6-300:2012, 5.5.2.

The water mixed with methanol shall be ion-exchanged water with—electrical an electfi
conductivity of less than 1 4S/cm.

C

ThHe methanol concentration in the methanol solution shall be specified by the manufacturer,

11 Fuel consumption test

11.1 Hydrogen fuel consumption test

11.141~General

This test is for measuring the hydrogen fuel input at rated power output. If operation at partial
loads of 50 %, of 75 % and at the minimum electric power output are specified by the
manufacturer or if one of these operating points is selected , these operating points shall be
measured as well.

This test shall be carried out concurrently with the electrical power output test in Clause 12.

11.1.2 Test method

1) Operate the system at the rated power output-fer-mere-than at least 30 min before starting
the test.
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For systems including electrochemical batteries, operate the system at the rated power
output-for-mere-than at least 30 min and until a known nominal state of charge is reached,
before starting the test.

Start the test while keeping the system operating at the-reminal-elestric rated power output
power.

Measure the fuel temperature, fuel pressure, and integrated fuel input flow (in volume or in
mass). Each measurement shall be taken for a minimum of 60 min.

.1.3 Calculation of results

1

Th
ref

be
1)

lerence standard conditions,—¢g gy in I/min, or as the mass flow rate, g,¢ in kg/s. It shall

.1.3.1  Calculation of average hydrogen fuel input rate

e average hydrogen fuel input rate shall be described either as the volumetric flow rate|at

calculated according to the following procedure.

Volumetric flow rate

a) The average volumetric flow rate of fuel under the test conditions, 4y in I/min, shall pe

obtained by dividing the integrated-velumetricflow fuel volumefover the test duration py
the test duration.

Gyt

qvs = Vil At 1)
where
qvs is the average volumetrie-flow rate of fuel under the test conditions (I/min);
& Vs is the total-velumetricifuelflow fuel volume over the test duration (1);
At is the test duration*(min).

b) The average volumetrig flow rate of fuel under the—reference standard conditions, ¢
qyss i I/min, shall bé calculated with the following formula. The average values of fyel
temperature and pressure obtained during the test duration shall be used.

o~y oF<pepo)

qvis = qvi * (Ts/Ty) * (pelps) 2)

where

¢vig 9vis 1S the average volumetric flow rate of fuel under+reference standard conditions

2)

(I/min);

qvs is the average volumetric flow rate of fuel under test conditions (I/min);
Fq T is the-reference standard temperature (273,15K);

PoPs is thereference standard pressure (101,325 kPa (abs));

T; is the average fuel temperature during the test duration (K);

Ds is the average fuel pressure during the test duration (kPa (abs)).

Mass flow rate

The average mass flow rate of fuel under the test conditions, ¢, in kg/s, shall be obtained
by dividing the integrated mass-flew over the test duration by the test duration.
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Gt Fimi At

G = mlAt (3)

where
9 is the average mass flow rate of fuel under the test conditions (kg/s);
ST is-the-integrated-massHow-overthe-test duration{kg)
At is the test duration (s).
11.1.3.2 Calculation of average hydrogen fuel power input

TH
flo

temperature and pressure obtained during the test duration shall be used.

1)

e average hydrogen fuel power input,-9;.¢ P, in kd/s, shall be calculated eithér|for volumetr

Cc

w rate or for mass flow rate according to the following procedure. The average values of fyel

Volumetric flow rate

a)

b)

The energy of fuel per-unit volume at-reference standard conditions,E¢, E in kJ/I, shall
be calculated with the following formula:

Ef#_:—Hf_QWQ

Evf = Hfs/Vms 4)

where

Ee, E is the input energy ofthe fuel per-unit volume (kJ/l);

vf

Heo Hig is the heating value of hydrogen fuel on a molar basis under referenge
standard conditions (24472 241,56 kdJ/mol);
My 7,

ms I8 the—refererce standard molar volume of ideal gas (22,4 I/mol) (at the
reference standard temperature for this document,+y 7, = 273,15 K).

NOTE 1 In general, fuel consumption energy and heating values are based on the low heating value (LHV).

The average fuel power input,—@,,; Ps, in kd/s, shall be calculated with the followihg
formula:

Oint-= iy 160

Pfin = qyss X Eys/ 60 (5)

where

Qi Prin  is the average fuel power input (kJ/s);

dyio vis IS the average volumetric flow rate of fuel under+eference standard conditions
(/min);

Ee, Byt is the energy input of the fuel per-unit volume (kJ/I).

NOTE 2 The specific enthalpy and pressure energy of hydrogen fuel, which are considered in the
calculation of fuel consumption energy in IEC 62282-3-204200, are ignored in the calculation of fuel
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consumption energy described above because they are negligible values in fuel cell power systems
forklift trucks that are operated at low temperature and at low pressure.

2) Mass flow rate

for

a) The input energy of fuel per—unit mass,—£;,, E; in kJ/kg, shall be calculated with the

following formula:

1
1
Th

lo

b)

.2
.2.1

I I & 4 L AL
me Ilfs 7 lVlf

where

Een Ee s the input energy of fuel per-unit mass (kJ/kg);
Hey Heg  is the heating value of fuel under—+eference standard conditions (kJ/mol);
M_.; M; is the molar mass of fuel (kg/mol).

The average fuel power input,—@,.¢ Ps, in kd/s, shall be calculated with the followi
formula:

Qi 4mi > Fm

Ptin = qmf *Eny

where
Oi¢ Prin, is the average fuel power input (kJ/s);
Een E is the input energy,'of fuel per-unit mass (kJ/kg);

mf

g9mi is the average mass-flow rate of fuel (kg/s).

Methanol fuel consumption test

General

ds of 50 %,%f 75 % and/er at the minimum electrical power output are specified by t
manufacturer.or if one of these operating points is selected, these operating points shall
measured(as well.

THis{test shall be carried out concurrently with the electrical power output test in Clause 12.

is test is for méasuring the methanol fuel input at rated power output. If operation at partjal

he
be

11.2.2 Test method
Operate the system at the-nominal-electrical poweroutputformore-than rated power output

at least 30 min before starting the test.

1)

2)

For systems including batteries, operate the system at the rated power output-fermere-than
at least 30 min and until a known nominal state of charge is reached, before starting the
test.

3) Start the test while keeping the system operating at the-nominal-electrical rated power output.
If such an operation is specified by the manufacturer, repeat the tests at partial load, 50 %
and 75 % of nominal output, and/er minimum output.

4) Measure the mass of the fuel tank or of the entire system, including the fuel tank, at the
start.
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5) Continue the test for a minimum of 3 h. If fuel is to be supplied intermittently, the total test
duration shall be 20 times the duration of the fuel supply or 3 h, whichever is longer.

6) Measure the mass of the fuel tank or of the entire system, including the fuel tank, at the end
of the test.

11.2.3 Calculation of average methanol fuel power input

Total methanol fuel input energy over the test duration, &, £, in kJ, shall be calculated by the
following formula:

E;“f =(A4—-B)x Hﬂ XWB

Efin =(4 - B) x Hy X wp 8)

where
E\: Eqip, is the total fuel input energy (kJ);

A is the mass at the start of the test (kg);
B is the mass at the end of the test (kg);
Hj is the heating value of methanol (kJ/kg);

#3 wg is the mass fraction of methanol.

THe average fuel power input,-@;.¢ P, in kd/s, shall be calculated as follows:

O — Lint
In At
Pfin = Efin I At 9)

where
&iks Prin, is the average fuel power input (kJ/s);

£

.4¢ Erinis the totalfuel input energy (kJ);

At is thedtest duration (s).

NQTE /n’general, fuel input energy and heat values are based on the low heating value (LHV).

12—FEtectricat poweroutput-test

12.1 General

This test is for measuring the average-eleetrical net electric output at the rated power output. If
operation at partial loads of 50 %, of 75 % and/er at the minimum electrical power output are
specified by the manufacturer or if one of these operating points is selected, these operating
points shall be measured as well.

This test shall be carried out concurrently with the fuel consumption test in Clause 11.
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12.2 Test method
1) Operate the system at the-nominal-electrical-poweroutputformore-than rated power output

at least 30 min before starting the test.

2) For systems including batteries, operate the system at the rated power output-fermere-than
at least 30 min and until a known nominal state of charge is reached before starting the test.

3) Start the test while keeping the system operating at the-nominal-electrical rated power
output. If such an operation is specified by the manufacturer, repeat the test at partial loads
of 50 % and of 75 % of the nominal output, and/er the minimum output.

4) Measure the electrical energy output rhlring the test pnrinri The test shall bhe conducted for

at least 3 h. If fuel is to be supplied intermittently, the total test duration shall be 20 timles
the duration of the fuel supply or 3 h, whichever is longer.

12.3 Calculation of average electrical power output

THe average electrical power output shall be calculated with the following formula:

/4
P, =%x36oo (10)

where

P, is the average electrical power output (kW);

Wit is the electrical energy output during the test{period (kWh);
At is the test duration(s).

12.4 Computation of electrical efficiency,

Electrical efficiency is computed on the basis of calculated values given in Clauses 11 and 12.

Electricat efficiency, #.7, in %, shall be calculated with the following formula:

fg=—"—x100

Oinf

B
Mol = %100 (11)
© Pfin

where
#eollel is the electrical efficiency (%);
P, is the average electric power output (kW) (refer to 12.3);

O Psin i1s the average fuel power input (kJ/s) (refer to 11.1.3.2 and 11.2.3).

13 Type tests on operational performance

13.1 Cold-start Maximum power output test
13.1.1 General

The purpose of this test is to determine the fuel cell's ability to maintain the maximum electrical
power load immediately after start-up. One scenario will be tested on the fuel cell after it has
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been in a pre-generation state for a period of time. Another scenario will be tested after running
at nominal load for a period of time, powering down the fuel cell, then powering up the fuel cell
with the maximum continuous load connected.

13.1.2 Test method

1) To condition the system prior to the test, operate the system at the-nominal-electrical-power
outputfor-more-than rated power output at least 30 min before starting the test.

2) The fuel cell system shall be powered down and cooled down to the ambient temperature.
Connect the maximum-rated electrical load, specified by the manufacturer, to the fuel cell
System. Power on the Tuel cell sysiem-—as per In_accordance wiith the manuiactutel’s
recommendations.

3)| Operate the system at the maximum electrical power output for the manufacturer's spécified
time or for 1 h (whichever is shorter). Power down the fuel cell system completely-as—petin
accordance with the manufacturer's specifications. Connect the maximum-zated electri¢cal
load to the fuel cell system specified by the manufacturer. Within 2 min, poweér up the fdel
cell system-as—per in accordance with the manufacturer’s recommendations”

13.1.3 Processing of data

When powering up the fuel cell system with loads, if the system disconnects power to the load,
th¢ time duration that the load is without power shall be recorded | Af any warning lights on t
sygtem, such as a low-battery indicator, illuminate, these shall also be recorded in the repor}.

=
(¢}

13.2 Power cycling electrical load test
13.2.1 General

THe purpose of this test is to stress the fuel celksystem by cycling an electricat load connected
to|the system in a similar manner to how the {0ad in an electric industrial truck shall vary.

13.2.2 Test method
1)| Operate the system at the-nemindlelectrical-poweroutputformore-than rated power outgut

at least 30 min before starting_the test.

2)| Operate the system at thenominal-electrical rated power output for 15 min, then opergte
the system at the maxinmium electrical power specified by the manufacturer for 15 mjn.
Repeat this cycle for 8 h If the fuel cell system disconnects power-to-the-load-during-tiis
cyeling-and-when-the systemreconnects-to-the load from the load and then reconnects, the

times of disconngction and reconnection shall be recorded in the report.

-
W

.2.3 Processing of data

When the fuelcell system is being cycled, if the system disconnects power to the load, or if any
rning lights on the system, such as a low-battery indicator, illuminate, these shall be recorded
the report. The time of the event shall be recorded, as well as the duration of the event.

5=
Q)

13.3 —Accessory toad voltage sptke test
13.3.1 General

The purpose of this test is to determine if the fuel cell system clamps inductive spikes caused
by using a contactor to power external loads.

13.3.2 Test method
1) Connect the inductive load to a fuel cell system (such as a fan).

2) Spikes shall be measured at the electrical power output where the customer's cable
connects to the system output.
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The fuel cell power system shall be started in accordance with the manufacturer's
instructions. The amplitude and duration of the voltage spikes generated shall be recorded
in the report.

.3.3 Processing of data

1) The inductive load used shall be recorded in the report. The load shall be lower than the

manufacturer's specifications.

2)

14 Power stability under operation

14.1 General

TH
sy
o]0

14.2 Delivered power

stem when driving the truck in a real-life situation. The energy flew between the fuel ¢

VWhen powering up the fuel cell system with a load, voltage spikes greater than 2 V_ano
the fuel cell's nominal voltage or spikes greater than 2 V below 0 V shall be recorded in:t

e purpose of this test is to determine the stability of the power output‘of the fuel cell pow

wer system and the rotating electric load are shown in Figure 4

Regenerated power from
deceleration

Fuel cell power system Rotating electric load
Delivered power-o

powering driye

IEC

Figure 4 — Energy flow for\regenerated power and delivered power

report. The voltage spike magnitude and the duration shall also be recorded in the{reporf.

ve
he

er
ell

TH

measured and gecerded.

TH
an

e delivered power/required for the truck operation as stated by the manufacturer shall

e fuel céllypower system shall be operated at rated power output for 30 min for warming-u
d the battery shall be checked to have reached the target SOC-state before starting the te

THe)

be

pl
s5t.

andw&tene-#ead%zereﬁeu#em%eeﬂdﬁme The fuel cell power system shaII be operated W|th

the discharge times given in Table 3 and with no extra load (zero current) conditions. Additional
ntervals-shall discharge times can be added by the manufacturer. These are not a definition of
the truck’s application requirements; they define the requirements of the truck’s control system.

The values requested in Table 3 shall be recorded during the operation of the truck.
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Table 3 — Delivered power measurements

@max Jlein
Intervals
& &

B, Rated-current-at 5-s-stated-by-the fuel-cell-manufacturer

B, Rated-current-at-30-s-stated by the-fuel-cell-manufacturer

B, Rated-current-at-1-h-stated-by-the-fuel-cell-manufacturer

In

o

Discharge time Current Average current Maximum voltage Minimum voltage
A A Vv V
0s 0
5s 1
30s I
1h 15

NOTE Currents I, I,, and I, are given by the truck manufacturer.

14.3 Power-abseorbed Regenerated power

THe truck manufacturer shall specify the-currentahid-voltage-absorption regenerated pow

refuirements of the industrial truck-at in various:time-durations operating modes, as necessa

in forder to maintain acceptable truck performance.

Warm-up of the fuel cell power system shall be made prior to the test. The test shall be start

at|the target SOC on the electrical storage device.

FHetruck-—shall-be-operatingat-the-intervals A and-TA,-with-the-times—given-in-columntA

er
y,

.

THe truck shall be operating With the discharge times given in Table 4. Additional-intervals-shigh

digjcharge times can be added by the truck manufacturer. These are not a definition of t
trdck’s application requirements; they define the requirements of the truck's control system.

THe values requested in Table 4 shall be recorded during the operation of the truck.

he
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Table 4 —Power-absorbed Regenerated power measurements

Mmln mmax mmln
Intervals
# &H &H
Rated current-at 5-s-stated by the truck-manufacturer
FA,
Rated current-at 30 s stated by the truck manufacturer
FA,
Discharge time Current Average current Maximum voltage Minimum voltage
A A \Y V
5s 11
30s 1
NOTE Currents 7, and I, are given by the truck manufacturer.

THhe battery condition (state of charge and temperature upon meastrement) shall be recordgd.

18 Type tests on environmental performance

19.1 General
The type tests on environmental performance incldde”

— | noise test (15.2); and
— | exhaust gas test (15.3).

19.2 Noise test
15.2.1 General

THis test is conducted to measure the level of noise generated from the system with the
measuring apparatus listedyin 9.2 e) at each operation phase from start-up, the rated power
output, the minimum electrical power output (if such operation is specified by the manufacturer
and desired by the«user), up until shutdown. The rated power output is specified by the
manufacturer.

19.2.2 Test conditions

15.2.2.1_“Reference planes

Thedeference planes shall be set at 1 m away from the four sides (front, back, left, and right)

of thae fuel cell nower-svstem If thic ic nat faacihlg thav shall ha sat a2t 50 cm awav _and t e
tHe—+Hde+—ecepowersystei—H—tHHs1sHhHotteasibte—they-—SshHaHbe-Setato - cihawWay—aha+

test report shall expressly state this.

Any protrusions or projections on the fuel cell power system surfaces shall be ignored if they
are deemed to have no significant effects on the surface noise, and the power system surfaces
are conceptually simplified in accordance with ISO 6798-1 and ISO 6798-2.

15.2.2.2 Measurement points

Measurements shall be taken at four points, namely in two directions on the front-back centre
line, and two directions on the right-left centre line of the fuel cell power system. The
measurement points shall be located on the reference plane at a height of 1,2 m from the bottom
of the power system (see Figure 5).
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The sound level meter microphone shall be perpendicularly oriented with respect to the
reference planes.

Kely

15.2.2.3 Effect of background noise

Measurement point

4
S
2 - ’
=
N - |
T, N—
Tm P2 T - ‘_ 1m

IEC

Figure 5 — Noise measurement points for fuel'cell power systems

It {s desirable to have a difference of 10 dB or more'in the noise meter readings between whgn
there is noise to be measured and when there is\no noise. If the difference in readings is 3 @B

or
no

more but less than 10 dB, the readings cancbe adjusted according to Table 5 to estimate the
ise level when the fuel cell power systemdis the only noise source.

Table 5 ——Compensationofreadihgs-against Correction values corresponding

to the'\effect of background noise

Difference in readings with and without the subject noise
3 4 5 6 7 8 9
dB
Correction value
-3 -2 -1

dB

15

W
er
Be

.2.2.4 Effect of sound reflection

hen thiere is a large reflecting body near the microphones or the sound source, measurement
ors will occur as sounds reflected from the reflecting body add to the sound from the sourge.
fore taking measurements, it is desirable to remove, to the greatest extent possible, any

objects that reflect sounds. If that is not possible under the measurement conditions, state this
in the test report.

15.2.3 Test method

1)
2)
3)

4)

Measure the background noise level with the system to be measured in the cold state.

Start up the system from its cold state-erstorage-state.

Raise the output to the rated power output, and wait until at least 30 min passes after
reaching rated power output. Continue to operate the system at the rated power output for
another 1 h or more.

If a minimum electrical power output operation is specified by the manufacturer and
measurement is desired by the user, set the system to minimum electrical power output and
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wait until at least 30 min afterwards. Continue to operate the system at the—rated minimum
electrical power output for another 1 h or more.

Shut down the system.

Measure the noise level from start-up to shutdown. The frequency of measurement shall be
1 s intervals. Readings shall be rounded off to the nearest whole number (e.g. 45,7 becomes
46).

Measure the background noise level after shutdown is complete and verify that-they-de-net
deviate-from-each-other there is no difference of reading from the background noise level
measured in 1).

15.

1)
2)

19.3 Exhaust gas test

15

Th
VO

sy
o]0

15
Th

15.

a)

2.4 Processing of data
The effect of background noise shall be corrected as explained in 15.2.2.3.
The following shall be reported as representative noise level values:

— the maximum noise level throughout all operation phases and the operation phase|in

which the maximum value was generated;

— the mean value of noise levels for 1 h of operation at rated power,

.3.1 General

e exhaust gas test applies only to direct methanol fuel cells. This test is for measuring the
lume fraction of each component in the exhaust gas from*the direct methanol fuel cell power
stem. It is used to calculate the following values during start-up time, the rated-electrigalt
wer output-power phase and shutdown time:

the mass concentrations of CO and THC (mg/m3) (15.3.4.3);

the masses of CO and THC per-unit energy of fuel input (mg/kWh) (15.3.4.4).
.3.2 Components to be measured
e components and values to be measured shall be as follows:

carbon monoxide (CO);
total hydrocarbons (THG);
oxygen (O,).

3.3 Test method

Use-care When putting the sampling probe(s) entirely into the exhaust stream, ensure that
the sampling probe(s) do not block the exhaust duct. The probe(s) shall be placed close|to
the exhaust gas outlet of the fuel cell power system, either inside of the exhaust gpas
evacuation duct for closed exhaust ventilation systems, or directly at the outlet of the
exhaust gas for open exhaust ventilation systems. If the exhaust ducting is large in size,

take readings at the centre of the exhaust duct and at representative points in a grid across

b)

d)

e)

the exhaust duct and average the readings.

For open exhaust gas ventilation systems,-use-care-to-place the probe(s) shall be placed in
a way that prevents the mixing of the sample gas with ambient air.

During measurements, ensure that condensation on the temperature sensor is avoided.
Condensation on the sensor will invalidate the readings.

Start up the system from its cold state-ersterage-state and wait until the rated elestrical
power output-pewer is reached. Wait until at least another 30 min passes after reaching the
rated-electrical power output-pewer.

Continue to operate the system at the rated-electrical power output-pewer for another 3 h
or more, then shut down the system.
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f) Measure the volume fraction of each component in the exhaust gas (in vol % or ml/m3), fuel
flow (in volume or mass flow), fuel pressure and temperature, room temperature and
humidity from start-up to shutdown. The frequency of data collection shall be 15 s or less.

15.3.4 Processing of data
15.3.4.1 General

The corrected volume fraction at dry and air-free conditions (15.3.4.2) shall be used in the
following calculations:

— | the mass concentrations of CO and THC (mg/m3) (15.3.4.3);
— | the masses of CO and THC per-unit energy of input fuel (mg/kW - h) (15.3.4.4).

THhe calculated values which shall be reported are indicated in 15.3.4.5 and 15.3.4.6.

159.3.4.2 Correction to volume fraction at dry and air-free conditions

THe measured volume fraction of each component (in ml/m3) in the lexhaust gas shall pe
colrrected to the volume fraction at dry and air-free conditions with the following equation usipg
th¢ measured O, volume fraction in dry exhaust gas:

Pat (02)
Pat (02 ) —Pex (02 )

(12)

?B.corr = PBmeas *

where
98l corr is the corrected volume fraction af each component (vol % or ml/m3);
¢Blmeas IS the measured volume fraction of each component (vol % or ml/m3);

?41(05) is the measured O, volume fraction in atmosphere at the air inlet in dry state (vol pb,
in case of fresh air, p3{(©,) = 21 %);

9ok(O5) is the measured Q5 volume fraction in dry exhaust gas (vol %).

19.3.4.3 Mass concentration of each component
15.3.4.3.1 CO mass concentration

ThHe CO masssconcentration shall be calculated with the following equation:

Yex (CO) = Pex,corr (CO)X 1,250 (13)

where

7ex(CO) is the CO mass concentration in dry exhaust gas (mg/m3);
Pex{CO).corr Pex.corr(CO) s the corrected CO volume fraction in dry exhaust gas (ml/m3);
42562 1,250 is the value for the CO density under standard conditions (kg/m3).



https://iecnorm.com/api/?name=6f8895586835dc6acc5a29bce8ddf444

- 34 — |EC 62282-4-102:2022 RLV © IEC 2022

15.3.4.3.2 THC mass concentration

The THC mass concentration shall be calculated with the following equation:

Yex(FHEy = PextFHeroom (0,537 +arrc0,045)

Yex (THC) = pex corr (THC) x(0,537 +a(THC) % 0,045) (14)
where
7e4(THC) is the THC mass concentration in dry exhaust gas (mg/m3);
?eldHHC) oo Pex corr(THC) is the corrected THC volume fraction in _dry exhaust gas

(ml/m3, C equivalent);

a([THC) is the hydrogen to carbon atom ratio of the THC in the exhaust gas;
0,937 is the C atomic weight divided by molar volume at standard conditions (kg/m3);
0,045 is the H atomic weight divided by molar volume at‘standard conditions (kg/m3).

NQTE The standard conditions are 0 °C and 101,325 kPa (1 atm).
19.3.4.4 Mass of each component per-unit energy of.input fuel
15.3.4.4.1 Mass of CO per-unit energy of inputfuel

ThHe mass of CO emission per-unit energy of input fuel (mg/kW - h) shall be calculated with the
following equation:

- 224x1073
ex ,COIT HfO g
-3
§(€0)=gex corr (CO)x M}tzsox%oo (15)
fs
where
€4€(CO) is the mass of CO emission per-unit energy of input fuel (mg/kW - h);

Peli €8y sor Pex,corr(CO) s the corrected CO volume fraction in dry exhaust gas (ml/m3);

HegHg Is the molar heating value of methanol under standard conditions (kJ/mol);

22,4 x 1073 s the theoretical dry exhaust gas volume (CO,) per 1 mol of methanol input
according to the following reaction (m3/mol);

4,252 1,250 is the value for the CO density under standard conditions (kg/m3);
3 600 is the conversion factor of kJ into kW - h.
15.3.4.4.2 Mass of THC per-unit energy of input fuel

The mass of THC emissions per-unit energy of input fuel (mg/kW - h) shall be calculated with
the following equation:
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-3
ETHC = Pox THG. corr X (%W « (0,537 + G x 0,045)x 3 600
J

TU

-3
M:lx(o,%?+a(THC)x0,045)><36OO (1

fs

&(THC) = gy corr (THC)X[

6)

wh
&7
Pe
Hy

o

19.3.4.5 Averaging the data

Th

harmful component during the rated power output operation (forA h starting from 30 min af

th
thq

Th
Wi
av

159.3.4.6 Averaging the temperature of-exhaust gas

Th

19.4 Discharge water test

15

TH
oo

15

1)
2)

ere
L,ce(THC)  is the mass of THC per-unit energy of fuel input (mg/kW - h);

{FHC).corF Pex.corrl THC) is the corrected THC volume fraction in dry exhaust gas (m1/m3);
b H is the molar heating value of methanol under standard conditions itkd/mol);
THC) is the hydrogen to carbon atom ratio of the THC in the exhaust gas.

e mean mass concentration and the mean mass per-unit input fGel’energy for each measurj

b rated power output is reached) shall be calculated by averaging the mass concentration a
b mass per-urit input fuel energy respectively.

e mean mass concentration and the mean mass perGnit-of input fuel energy shall be record
h annex notes that include average electrical power output, average room temperature, a
erage humidity.

.4.1 General

.4.2 Test.method
After installing a device for collecting the discharge water, start the fuel cell power syste

The_discharge water shall be collected and pooled together from start-up to shutdo

e average exhaust gas temperature-imeasured at the rated power output shall be recorded.

er
nd

ed
nd

is-test-is-for-measuring When applicable, the quality of discharged water from the fuel cell
wer system shall beyneasured throughout all phases of operation from start-up, rated power

output to shutdown..The rated power output is specified by the manufacturer.

m.

thtough the rated power output for 3,5 h, or one hydrogen tank content, whichever comes

3)

Tirst.

Measure the following items:

— total amount of discharge water (time duration of operation shall be recorded);
— temperature of discharge water;

- pH;

— biochemical oxygen demand (BOD) when necessary;

— chemical oxygen demand (COD) when necessary.

It is recommended to refer to ISO 10523 for pH measurement, ISO 5815 (all parts) for BOD
measurement, and ISO 6060 for COD measurement.
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Test reports

1 General

Test reports shall accurately, clearly, and objectively present sufficient information to
demonstrate that all the objectives of the tests have been attained. The minimum requirements
for the test report shall be a title page, a table of contents and a summary report. For fuel cell
systems tested in compliance with this document, the summary report shall be made available

to

interested parties.

More information obtained under Clauses 11 and 12 can be provided with either a detail
report andfor a full report for internal purposes. Guidelines for the contents of the detailed\rep

an

16

16

Th
Wi

16
Th

1)
2)
3)
4)

d the full report are given in Annex B.

.2 Title page
e title page shall present the following information:

report identification number-{eptional);

type of report (summary, detailed, or full);

authors of the report;

entity conducting the tests;

date of report;

location of the tests;

titles of the tests;

date and time of the tests;

fuel cell power system identification code and the manufacturer’s name.

.3 Table of contents

e table of contents shall present-the titles of chapters, clauses, subclauses, etc. in the rep
h the page numbers in an ordérly sequence.

.4 Summary report
e summary report shall include the following information:

objective of thie test;
description-af the test, equipment, and instruments;
all testresults;

confidence for each test result;

5)

conclusions as appropriate;

ed
brt

brt

6)
7)

16

discussion of the tests and their results (i.e. comments and observations);

results of fuel analyses.

.5 Checklist for performance parameters

The performance criteria dealt with in this document are given in Annex C.
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Annex A
(informative)

Heating values for hydrogen and methanol
at-reference standard conditions

The heating values for hydrogen and methanol are given in Table A.1.

Component Lower heating Higher heating Lower heating Higher heatin
value on a value on a value on a mass | value oni@ma
molar basis molar basis basis basis

kJ/mol kJ/mol MJ/kg MJ/kg
Hydrogen 241472 241,56 28615 286,63 149,91 119,83 144,95 142,19
Methanol 676,22 676,44 765,09 766,59 244 21,11 23,88 23,92

OTE These values were extracted from ISO 6976.
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Annex B
(informative)

Guidelines for the contents of detailed and full reports

B.1 General

It is recommended that the detailed report and/or the full report be created to record sufficient

informmatiomtodemonstrate-thatatt-theobjectivesof thetestshave beenmattaimed——

Egch type of report shall include the title page and the table of contents, and the title page’sh
contain the same information as that described in 16.2.

B{2 Detailed report

THe detailed report shall include the following information in addition to the informati
contained in the summary report:

1)
2)

3)
4)
5)

NQTE The detailed discussion of uncertainty analysis' can be found in IEC 62282-3-200:2015, Annex A.

B{3 Full report

THe full report shall include the following information in addition to the information contained
th¢ detailed report:

2)

[all

on

type, specifications, and operating configuration of the fuel |eell power system and the

process flow diagram showing the test boundary;

description of the arrangements, location, and operating conditions of the equipment ahd

instruments;

calibration results of instruments;

reference to the calculation method;

tabular and graphical presentation of the results.

o copies of origihal data sheets that shall include the following information in addition
the measurement data:

— date and\time of the test run;

— modehand serial number and measurement accuracy of instruments used for the tesf];

— rambient test conditions;

—{sname and qualifications of person(s) conducting the test;

— full and detailed uncertainty analysis.

n
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Annex C
(informative)

Checklist for performance criteria dealt with in this document

Parameters Relevance
Xlyes I [Ino?

1 Principles of parameter integration X
V. Fuel quality
21 Types of fuel (e.g., propane, natural gas, methanol) X
2.2 Fuel composition (e.g., hydrogen content) X
4.3 Fuel impurities (e.g., Sulphur, NOx, CO) X
4.4 Particles O
3 Air quality (if applicable)
3.1 Chemical active ingredients X
3.2 Humidity
/4 Media input
4.1 Minimum requirements X
4.2 Air temperature X
4.3 Air pressure |
4.4  Air flow rate O
4.5 Fuel temperature X
4.6 Fuel flow rate X
4.7 Fuel pressure X
4.8  Air excess/Air fuel ratio O
4.9 Flow rate” X
410 Maximum temperature’ O
4.11 Norm@al-eperating temperature®) X
4.12 Mihimum temperature’ O
4.18/ “Maximum pressure?) O
4.14 Normal operating pressure’) X
4.15 Minimum pressure’) O

5 Energy/power input

5.1 Electrical

e Voltage external power supply

5.2 Mechanical

5.3 Heat

5.4 Fuel

X(O|O|0)o
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Parameters Relevance
Xlyes I [Ino?
5.5  Maximum load? X
5.6  Normal operating load? O
5.7  Minimum load? O
5.8  Standby energy? O
5.9  Start-up energy? O
q Media output (Minimum requirements)
q.1 Exhaust gas temperature |
§.2 Exhaust gas flow rate O
.3  Oxygen content [Vol %] O
q.4 Content of harmful or restricted components O
§.5 Flow rate" X
§.6  Maximum temperature” O
g.7 Normal operating temperature®) O
.8  Minimum temperature’ O
.9 Maximum pressure”) O
g.10 Normal operating pressure’) O
g.11  Minimum pressure?) O
1 Energy/power output
1.1 Electric
e Maximum voltage X
e Minimum voltage X
e Maximum current X
e Frequency O
e Overloag-capability X
o Powern\stability under the operation X
1.2 Genenal performance measured
o\ Electric efficiency X
e Heat recovery efficiency O
o Rated power output X
e Ramp up rate O
e Start-up energy O
e Shutdown energy O
e Pre-generation X
e Maximum power output X
e Environmental performance O
7.3  Recovered heat O
7.4  Maximum load 2 O



https://iecnorm.com/api/?name=6f8895586835dc6acc5a29bce8ddf444

IEC 62282-4-102:2022 RLV © IEC 2022 - 41 —

Parameters Relevance
Xlyes I [Ino?
7.5  Normal operating load (rated®)? O
7.6 Minimum load?) O
8 Efficiency
8.1 Electrical efficiency at rated load® X
8.2 Electrical efficiency at minimum load [
4.3  Heat recovery efficiency at rated load® I
8.4 Heat recovery efficiency at minimum load 1
4.5 Overall energy efficiency at rated load® O
8.6 Overall energy efficiency at minimum load [
9 Dynamic operation?)
d.1  Start-up O
d.2  Load change O
q.3 Shutdown O
10 Environmental performance
10. Exhaust gas temperature and composition (e 0,, CO,, CO, NOx, SO,, Total X
Hydrocarbon (THC) concentrations)
10.2 Discharged water properties ((_a.g., flow tate, temperature, pH-Value, Biochemical i
Oxygen Demand (BOD), Chemical Oxygé€n Demand (COD))
10.3 Noise level X
10.4 Vibration level O
10.5 Electromagnetic CompatibNity (EMC) behaviour O
10.6 Ambient temperature.operation O
10.7 Ambient temperature standby and start-up O
10.8 Relative humidity X
11 Contihol and communications
11.1 ~Cemmunication interface O
Rentafrks

Applicable per subsystem/component.

") Applicable per each used process medium. Media are all substances that are supplied or removed from the
fuel cell power system. Examples are also cooling substances or water needed for heating.

See definition of "rated power" in IEV 485-14-04: maximum continuous electric power output that a fuel cell
power system is designed to achieve under normal operating conditions specified by the manufacturer.

Dynamic operation should be defined by the manufacturer to avoid unacceptable conditions (thermal stresses,
increased degradation, etc.)
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FUEL CELL TECHNOLOGIES -

Part 4-102: Fuel cell power systems for electrically
powered industrial trucks — Performance test methods

1

2)

3)

4)

5)

6)

7)

8)

9)

IE
It

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization.compris
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote“internatio
co-operation on all questions concerning standardization in the electrical and electronic fields; ,To this end 3
in addition to other activities, IEC publishes International Standards, Technical Specifications) Fechnical Repo
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC ‘Publication(s)"). TH
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt W
may participate in this preparatory work. International, governmental and non-governmental organizations liais
with the IEC also participate in this preparation. IEC collaborates closely with thé International Organization

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internatio
consensus of opinion on the relevant subjects since each technical committee has representation from
interested IEC National Committees.

IEC Publications have the form of recommendations for international’ use and are accepted by IEC Natio
Committees in that sense. While all reasonable efforts are made\to ensure that the technical content of |
Publications is accurate, IEC cannot be held responsible for ‘the way in which they are used or for 4
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicatig
transparently to the maximum extent possible in their national and regional publications. Any divergence betwe
any |IEC Publication and the corresponding national ‘@r.regional publication shall be clearly indicated in the latt

IEC itself does not provide any attestation of _conformity. Independent certification bodies provide conforni
assessment services and, in some areas, acéess to IEC marks of conformity. IEC is not responsible for 3
services carried out by independent certification bodies.

All users should ensure that they have the‘latest edition of this publication.

No liability shall attach to IEC or its(djrectors, employees, servants or agents including individual experts 3
members of its technical committeesvand IEC National Committees for any personal injury, property damage
other damage of any nature ,whatsoever, whether direct or indirect, or for costs (including legal fees) 4
expenses arising out of the“publication, use of, or reliance upon, this IEC Publication or any other |
Publications.

Attention is drawn to_ the Normative references cited in this publication. Use of the referenced publications
indispensable for the~carrect application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of pat
rights. IEC shalknot be held responsible for identifying any or all such patent rights.

C 62282-4-102 has been prepared by IEC technical committee 105: Fuel cell technologie
s an laternational Standard.

Th

Standardization (ISO) in accordance with conditions determined by agreement-bétween the two organizations.

ng
hal
nd
ts,
eir
ith
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all
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en
er.
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nd
EC

is
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bS.

isssecond edition cancels and replaces the first edition published in 2017. This editi

pn

co

nstitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous

ed

a)
b)
c)
d)
e)
f)

ition:
alignment of the Scope with the second edition of IEC 62282-4-101:2022;
deletion of terms and definitions (previous entries 3.5, 3.10, and 3.15);

addition of new terms in Clause 3: "delivered power" (3.13) and "regenerated power" (3.14);

revision of symbols and their meanings in alignment with those of IEC 62282-3-201;
replacement of "reference conditions" with "standard conditions" as seen in Clause 5;
revision of the test method for the accessory load voltage spike test (13.3.2);
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addition of clarifications in Clause 14 (Power stability under operation);
addition of a checklist for performance criteria dealt with in this document (Annex C).

The text of this International Standard is based on the following documents:

Draft Report on voting

105/947/FDIS 105/954/RVD

thq

Th

TH
ad|
at
de

A
ca

Th

stability date indicated on the IEC website under webstore.iec.ch in the data related to t

Sp

e language used for the development of this International Standard is English.

is document was drafted in accordance with ISO/IEC Directives, Part 2, and-developed
cordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, availal
www.iec.ch/members_experts/refdocs. The main document types developed by IEC 3
scribed in greater detail at www.iec.ch/publications.

ist of all parts in the IEC 62282 series, published under the genenaltitle Fuel cell technologi
n be found on the IEC website.

e committee has decided that the contents of this document will remain unchanged until t
ecific document. At this date, the document will be

reconfirmed,
withdrawn,
replaced by a revised edition, or

amended.

he
he
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INTRODUCTION

This part of IEC 62282-4 provides consistent and repeatable test methods for the electric,
thermal and environmental performance of fuel cell power systems for electrically powered
industrial trucks.

Th

Th
re

Fy

batteries and fuel cells, and so operate in several different modes. Similarly, forklift trug

op
the
do

sy

Th

sy
of

Us
dg

e |EC 62282-4 series deals with categories such as safety, performance, and
interchangeability of fuel cell power systems for propulsion other than road vehicles and
aUX|I|ary power units (APUs) This document (IEC 62282 4 102) focuses on performance test

eded in the world.

is part of IEC 62282-4 describes type tests and their test methods only. No routine tests 4
quired or identified, and no performance targets are set in this document.

el cell systems used in electrically powered industrial trucks, such as forklift trucks, use bg
erate in different modes. The purpose of this document is to evaluate the fuel cell system

wn these different modes and provides a framework for designing and evaluating a fuel ¢
stem for use specifically in a forklift truck.

is part of IEC 62282-4 is intended to be used by either manufacturers of fuel cell pow
stems used for electrically powered industrial trucks, or'those who evaluate the performan
the systems used in them for certification purposes or both.

cument is not intended to exclude any other'tests.

th
ks
in

b various combinations of fuel cell modes and forklift truck modes. This document breaks

ell

er

ers of this document can select and perform‘the tests they need from those described. This
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FUEL CELL TECHNOLOGIES -

Part 4-102: Fuel cell power systems for electrically
powered industrial trucks — Performance test methods

Scope

TH
pr
pr

Th

TH
fug
co

Th

TH
ex

TH
att

Al

bpulsion and auxiliary power units (APU). This document covers fuel cell power systems
bpulsion other than those for road vehicles.

rough-terrain trucks;

non-stacking low-lift straddle carrier;
stacking high-lift straddle carrier;
rough-terrain variable-reach truck;
slewing rough-terrain variable-reach truck;
variable-reach container handler;

pedestrian propelled trucks.

nsidered within the scope of this document:

gaseous hydrogen, and
methanol.

is document covers the fuébcell power system as defined in 3.7 and Figure 1.

ceeding DC 150 ¥for indoor and outdoor use.

is document.covers fuel cell power systems whose fuel source container is permanent
ached to either the industrial truck or the fuel cell power system.

sy

stefms such as batteries for internal recharges or recharged from an external source.

The following are not included in the scope of this document:

detachable type fuel source containers;

hybrid trucks that include an internal combustion engine;

reformer-equipped fuel cell power systems;

fuel cell power systems intended for operation in potentially explosive atmospheres;

fuel storage systems using liquid hydrogen.

is part of IEC 62282 specifies the performance test methods of fuel cell power systems for
or

is document covers the performance test methods of fuel cell power systems intended to pe
usfed for electrically powered industrial trucks as defined in ISO 5053-1, except for:

is document applies to gaseous hydrogen-fuelled fuel cell power systems and direct methanol
bl cell power systems for electrically powered industrial trucks. The following fuels dre

is document applies. to DC type fuel cell power systems, with a rated output voltage not

y

systems with integrated energy storage systems are covered by this document. This includes


https://iecnorm.com/api/?name=6f8895586835dc6acc5a29bce8ddf444

IEC 62282-4-102:2022 © |EC 2022 -9 -

Fuel (hydrogen, methanol) Coolant
System boundary

Excess/released fuel

—
\A4

Fuel storage
(hydrogen, Thermal ~
methanol) management P» Waste heat
* Internal power needs
Fuel ¢ T
regulating »| Power » Electrical power
and piping »| Conditioner [ conditioning output
Oxidant (air) system and Fueéclell y
xidant (air processing module
P  system P (sfack)
Energy
storage
_— . A
Ventilation air .| Ventilation v I » Exhaust gases
7] system
Water y Water » Dischafge Water
> treatment and Control (liquid or gaseous)
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vibration,
ind, rain, EMmL,
land temperature ggldS(\e/ibration
IEQ
Kely
EMD electromagnetic disturbance
EMI electromagnetic interference
NQTE A fuel cell power system can contain all or some of the apove ’components.

2

Th
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IE

Fy

IS
us

IS
us

Figure 1 — Fuel cell power systems for electrically powered industrial trucks

Normative references

e following documents are referred tosin the text in such a way that some or all of their conte
nstitutes requirements of this document. For dated references, only the edition cited applig

C 62282-6-300:2012, Fuel cell technologies — Part 6-300: Micro fuel cell power systems
el cartridge interchangeability

D 6798-1, Reciprocating internal combustion engines — Measurement of sound power le
ing sound pressure — Part 1: Engineering method

D 679822, Reciprocating internal combustion engines — Measurement of sound power le
ing sound pressure — Part 2: Survey method

ISO 14687, Hydrogen fuel quality — Product specification

3

Terms and definitions

For the purposes of this document, the following terms and definitions apply.

nt
S.

r undated references, the Jatest edition of the referenced document (including any
amendments) applies.

el

el

ISO and IEC maintain terminology databases for use in standardization at the following

ad

dresses:

IEC Electropedia: available at https://www.electropedia.org/

ISO Online browsing platform: available at https://www.iso.org/obp
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3.1

noise level

sound pressure level produced by the fuel cell power system measured at a specified distance
in all operation modes

Note 1 to entry: Noise level is expressed in decibels (dB) and measured as described in 15.2.

3.2
background noise level
sound pressure level of ambient noise at the measurement point

3.3

bdttery
el}ctrochemical energy storage device that either provides energy input to support parasitic
lo@ds or provides electric energy output or both

Note 1 to entry: Back-up batteries for control software memory and similar applications are(ot/included.

3.4
cdld state
state of a fuel cell power system at ambient temperature with no power input or output

[SPURCE: IEC 60050-485:2020, 485-21-01]

3.9
discharge water
water discharged from the fuel cell power system including waste water and condensate

Note 1 to entry: Discharge water does not constitute partyof a thermal recovery system.

3.6
fugel cell system electric efficiency
ratio of the average electric power output of a fuel cell power system for a given duration to the
avierage fuel power fed to the samefuel cell power system for the same duration

3.7
fugel cell power system
generator system that uses’one or more fuel cell modules to generate electric power and hept

Note 1 to entry: The_fuel cell power system for use with industrial trucks will be in one of the forms as outlined
IEC 62282-4-101:2022,)3.9 and 3.10.

n

[SPURCE: IEC-60050-485:2020, 485-09-01, modified — Note 1 to entry has been added.]

3.
fupldnput
amaunt of hydragen or methanol supplied to the fuel cell power system

3.9

fuel consumption

volume or mass of fuel consumed by the fuel cell power system under specified operating
conditions

3.10

minimum electric power output

minimum power output, at which a fuel cell power system is able to operate continuously at a
steady state
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3.11

rated power

maximum continuous electric power output that a fuel cell power system is designed to achie
under normal operating conditions specified by the manufacturer

[SOURCE: IEC 60050-485:2020, 485-14-04, modified — Note 1 to entry has been deleted.]

3.12
test duration
time interval in which data points required for the computation of test results are recorded

ve

3.13

delivered power

current and voltage delivery requirements of the industrial truck at various_fintervals
nelcessary in order to maintain acceptable truck performance

3.14

regenerated power

electro-dynamic power in which the energy produced by the motors is)fed into the contact li
orlinto energy storage on-board devices

Note 1 to entry: Examples of storage devices: batteries, flywheels.

[SOURCE: IEC 60050-811:2017, 811-06-25, modified —(The& term "regenerative braking" h
belen replaced with "regenerated power" and in the definition "braking" has been replaced w
"ppwer".]

4 ( Symbols

THe symbols and their meanings used in this document are given in Table 1 for electric a

as

as
th

nd

thermal performance and in Table 2 fortenvironmental performance, with the appropriate unifs.
Table 1 — Symbols and their meanings for electric and thermal performance
Symbol Definition Unit
M, m Molar mass, mass
M; Molar mass-of fuel kg/mol
mg Fuel mass measured over the test duration kg
P Pressure
Ds Standard pressure (101,325 kPa (abs)) kPa (abs
Pt Average fuel pressure kPa (abs
Power
P, Average net electric power output kW
Piin Average fuel power input kJ/s
E Input energy
mf Input energy of fuel per mass kJ/kg
E Input energy of fuel per volume kJ/I
Eq, Total fuel input energy kJ
9 Mass flow rate
Gons Average mass flow rate of fuel under the test conditions kg/s
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Symbol Definition Unit
qv Volumetric flow rate
Gyt Average volumetric flow rate of fuel under the test conditions I/min
Gyts Average volumetric flow rate of fuel under standard conditions I/min
H Heating value
Hyg Heating value of fuel on a molar basis under standard conditions kd/mol
Hy Heating value of liquid mass kJ/kg
t Time
At Test duration S4-min
T Temperature
T, Standard temperature (273,15 K) K
T; Average fuel temperature K
V, Vi Volume, molar volume
Vi Total fuel volume measured over the test duration |
v Standard molar volume of ideal gas (22,414 I/mol) (at standard-temperature 7, = I/mol
ms 273,15 K and pressure p, = 101,325 kPa)
w Electric energy
Wout Electric energy output kW - h
] Efficiency.
el Electric efficiency %
Mih Heat recovery efficiency %
Niotal Overall energy efficiency %
Table 2 — Symbols and’their meanings for environmental performance
Symbol Definition Unit
0 Volume fraction
?B meas measured' volume fraction of the component B VO,TI,|Z:1§”
?B,corr corrected volume fraction of the component B ";'I;/r‘;;’r
?,4(05) measured O, (oxygen) volume fraction in atmosphere at air inlet in dry state vol %
2£,(05) measured O, volume fraction in dry exhaust gas vol %
ex,corr\CC/ torrected-COvotume fractiomimdry extraustgas T
("ex,corr(THC) gg[jrie\;/;tle;crj]tt)otal hydrocarbon (THC) volume fraction in dry exhaust gas (carbon ml/m3
y Mass concentration
7ex(CO) CO mass concentration in dry exhaust gas mg/m3
7ex(THC) THC mass concentration in dry exhaust gas mg/m3
& Emission
&(CO) mass of CO emission per energy of input fuel mg/kW - h
&(THC) mass of THC emission per energy of fuel input mg/kW - h

a

Atom ratio
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Symbol Definition Unit
a(THC) hydrogen to carbon atom ratio of the THC in the exhaust gas

2} Mass fraction

g mass fraction of methanol

5

Standard conditions

Th

Ex
(L

NQ

In
ad

If
eff

7

7.

Cl
Fd
ing
by

e standard conditions are specified as follows:

standard temperature: T = 273,15 K (0 °C);
standard pressure: pg = 101,325 kPa (abs).

Heating value base

cept if otherwise specified, the given heating value of fuel shall be’the low heating val
HV) or similar.

TE The heating values of hydrogen and methanol (LHV and HHV) are given in Annex A.
cases where the LHV is applied for the calculation of energy efficiency, it is not necessary
d the LHV, as shown below:

Nels Mth» OF Nggtat = XX %

the higher heating value (HHV) is applied; the HHV shall be added to the value of ener
iciency as follows:

Nl Mths O Niotal = XX % (HHV)

Test preparation

General

huse 7 describes typical items that shall be considered prior to the implementation of a te
r each testi-an effort shall be made to minimize uncertainty by selecting high-precisi
truments.and planning the tests with attention to detail. Detailed test plans shall be prepar
the parties to the test using this document as their basis. A written test plan shall be prepar

Th

st.
on
ed
ed.

efollowing items shall be considered for the test plan:

1)
2)
3)
4)

5)
6)
7)
8)

objective;
test specifications;
test personnel qualifications;

quality management standards (ISO 9000, ISO 9001 and ISO 9004, collectively known
the ISO 9000 family, or other equivalent standards);

target uncertainty;

identification of measurement instruments (refer to Clause 9);
estimated range of test parameters;

data acquisition plan.

as
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7.2 Data acquisition plan

In order to meet the target uncertainty, proper duration and frequency of readings shall be
defined and data recording equipment shall be prepared before the performance test.

Automatic data acquisition using a personal computer or similar is preferable.

8 Test set-up

Figure 2 and Figure 3 illustrate examples of test set-ups that are required to conduct fuelicell
pawer system testing with hydrogen fuel and methanol fuel, respectively, which are described
in this document. An electric load is connected to a fuel cell power system.

e TP T
fui/el rooen P
Air >

Fuel cell Electricity Electric

power system load
Electricity
P
Discharge water? Exhaust gasb Ec
y
ammeter
voltmeter
thermometer

pressure gauge
flowmeter
integrating‘flowmeter

electric power meter

B E@EHEE @DEEF

integrating electric power meter (electric energy meter)

2 To collecting device to measure volume (or weight), pH, biochemical oxygen demand (BOD), chemical oxygen
demand (COD).

b To collecting device to analyse components.

Figure 2 — Example of a test set-up for hydrogen fuel
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Mass

scale

Methanol
Q fuel tank Pump

NQ

9.

M

infernational standards. They shall ‘b€ selected to meet the measurement range specified
th¢ manufacturer and the required accuracy of measurements.

9.
M

a)
b)

c)

Air > Fuel cell Electricity Electric
o = rW power system r @ r@ load
Electricity V ® -‘Fmv
Discharge water? Exhaust gasP

TE See explanations of the symbols in Figure 2.

To collecting device to measure volume (or weight), pH, biochemical oxygen demand (BOD), chemical oxygd
demand (COD).

To collecting device to analyse components.

Figure 3 — Example of a test set-upfor methanol fuel

Instruments and measurement methods

General

asurement instruments and measurement methods shall conform to the relevs

Measurement instruments
asurement instruments-are listed according to their intended use:

apparatus for measuring voltage spikes: oscilloscope, high-frequency analysers;

apparatus for'measuring the electric power input and output, and electric energy input a
output:

— electnic power meters, electric energy meters, voltmeters, ammeters;

apparatus for measuring fuel input:

nt
9%

~Vflowmeters, integrating flowmeters, weight meters, pressure sensors, temperaty

d)

e)

f)

Sensors;
apparatus for measuring ambient conditions:

— barometers, hygrometers, and temperature sensors;
apparatus for measuring the noise level:

— sound level meters as specified in IEC 61672-1 or other measuring instruments
equivalent or better accuracy;

apparatus for measuring concentrations of the exhaust gas components:

of

— oxygen analyser (e.g. based on paramagnetic, electrochemical or zirconium oxide

sensors);

— carbon dioxide analyser (e.g. GC-MS or based on infrared absorption sensor);
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— carbon monoxide analyser (e.g. based on nondispersive infrared or electrochemical

sensor);
apparatus for determining the discharge water:

— graduated cylinder (for volume measurement), temperature sensor, pH meters, BOD

probes.

Measurement points

Measurement points for the different parameters are described below.

a)

b)

c)

d)

e)

g)

h)

Hydrogen fuel flow rate:

Place a flowmeter for fuel on the fuel supply line to the fuel cell power system to measJ
the fuel flow rate.

Hydrogen integrated fuel input:

Place an integrating flowmeter for fuel on the fuel supply line to the fuel cell.'power systg
to measure the fuel input. The integrating flowmeter shall combing\ a” flowmeter th
measures the fuel flow rate.

Methanol fuel input weight:

Place a weight meter under the fuel tank to measure the weight, of fuel and tank togeth
Methanol fuel input weight is measured by subtracting the (weight after the test from th
before the test.

Fuel temperature:
Connect a thermometer or a thermocouple immediately downstream of the fuel flowmete
Fuel pressure:

Place a pressure meter immediately downstream of the fuel flowmeter to measure the gau
pressure of fuel.

Electric power output:

Connect an electric power meter tothe electric power output terminal of the fuel cell pow
system and close to the system boundary.

Electric energy output:

Connect an electric energy meter to the electric power output terminal of the fuel cell pow
system and close to the.system boundary. The electric energy meter shall incorporate
electric power meter.that indicates electric power output.

Fuel composition:

The fuel used for the tests shall be sampled and analysed for its composition for each tg
run.

Atmospheric pressure:

Place-an absolute pressure meter adjacent to the fuel cell power system where it will not
affected by ventilation, air intake or exhaust of the fuel cell power system.

m
at

4
-

at

er

k)

Atmosnharic tempnerature-
A HReSPReHGt8RP -

SHatot

Place a thermometer adjacent to the fuel cell power system where the thermometer will not

be affected by ventilation, air intake or exhaust of the fuel cell power system.
Atmospheric humidity:

Place a hygrometer adjacent to the fuel cell power system where the hygrometer will not
affected by ventilation, air intake or exhaust of the fuel cell power system.

Noise level:
Refer to 15.2.
Exhaust gas:

Place one or more exhaust gas collecting probes combined with a temperature sensor
the exhaust stream at the exhaust gas outlet (refer to Figure 2 and Figure 3).

be

in
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n) Discharge water:

Place a discharge water reservoir combined with a temperature sensor at the discharge
water outlet.

9.4 Minimum required measurement systematic uncertainty

The test equipment should be chosen in a way that the systematic uncertainty of measurement
is below 3 % for overall and thermal efficiencies, and below 2 % for electrical efficiency. In order
to reach the desired efficiency uncertainties, the following systematic measurement
uncertainties of the equipment are recommended. They are given in percentage of measured
or[calculated values or both, or as absolute values.

— | electric power: £1 %;

— | electric energy: 1 %;

— | fuel gas flow rate: £1 %;
— | integrated gas flow: £1 %;
— | time: 20,5 %;

— | liquid fuel mass: +1 % of the mass to be determined (not including the tare weight) as
IEC 62282-3-201;

— | relative humidity: +5 %;

n

— | absolute pressure: £1 %;
— | fuel gas and discharge water temperature: +1 K;

— | exhaust gas temperature: +4 K.
10 Test conditions

10.1 Laboratory conditions
Unless otherwise specified, performanee shall be tested in the environment specified below:

— | temperature: 20 °C £ 5 °C;
— | humidity: 65 % + 20 % relative humidity;
— | pressure: between 91&Pa (abs) and 106 kPa (abs).

The laboratory conditigns shall be measured and set for each test run. As air quality will aff¢ct
fuel cell system pérformance, laboratory air composition including foreign substances apd
gases shall be reported with the test result.

10.2 Installation and operating conditions of the system

The fuel cell power system shall be assembled and operated in accordance with the
marnufacturer’s installation instructions prior to the start of the tests.

10.3 Indication of battery condition

Systems with batteries may be equipped with a means (for example, a display method or an
output signal) to identify that the battery has reached a known nominal state of charge (including
full charge state) that is determined by the manufacturer.
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10.4 Determination of state of charge of the battery

The time when the battery is recharged to the known nominal state of charge can be determined
by either one of the following two methods:

a)

b)

for a system equipped with a means (for example, a display method or an output signal) to
identify that the battery has reached a known nominal state of charge, the charge-out time
is determined by that means;

for a system equipped with no means to identify that the battery has reached a known
nominal state of charge, the charge-out time to reach the nominal state of charge may be

10.
10.
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determined by measuring the time when the Input fuel 1low rate becomes stabilized wit
This measurement is not mandatory.

5 Quality of test fuel

5.1 Hydrogen

e hydrogen fuel used for the tests shall have the quality given in grade D of ISO 14687.

.5.2 Methanol solution

e methanol used for preparing the methanol solution which\is" used for the tests shall

asured as well.
is test shall ‘be carried out concurrently with the electric power output test in Clause 12.

.1.2,-"Test method

1)

in

12 % of the rated fuel flow rate after the fuel flow increase for recharging the battery ceasgs.

be

nsistent with the specification given in IEC 62282-6-300:2012, 5.5.2.

e water mixed with methanol shall be ion-exchanged water with an electric conductivity|of

s than 1 yS/cm.

e methanol concentration in the methanol solution shall be specified by the manufacturer,

Fuel consumption test

.1 Hydrogen fuel consumption test

.1.1  General

is test is for measuring’the hydrogen fuel input at rated power output. If operation at parfjal
loads of 50 %, of 75 %, and at the minimum electric power output are specified by the

Enufacturer or if one\of these operating points is selected , these operating points shall pe

Operate the system at the rated power output at least 30 min before starting the test.

2)

3)
4)

For systems including electrochemical batteries, operate the system at the rated power

output at least 30 min and until a known nominal state of charge is reached, before starti
the test.

Start the test while keeping the system operating at the rated power output.

Measure the fuel temperature, fuel pressure, and integrated fuel input flow (in volume or
mass). Each measurement shall be taken for a minimum of 60 min.

ng

in
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11.1.3 Calculation of results

11.1.3.1 Calculation of average hydrogen fuel input rate

The average hydrogen fuel input rate shall be described either as the volumetric flow rate at
standard conditions, gy in I/min, or as the mass flow rate, ¢,,s in kg/s. It shall be calculated

according to the following procedure.

1) Volumetric flow rate

2)

a) The average volumetric flow rate of fuel under the test conditions, gy; in I/min, shall be

b)

Mass flow rate

The avenage mass flow rate of fuel under the test conditions, g, in kg/s, shall be obtain
by dividing the integrated mass over the test duration by the test duration.

obtained by dividing the integrated fuel volume over the test duration by the test duratig

qvf = Vf/At

where
qvs is the average volumetric flow rate of fuel under the test<conditions (I/min);

Vi is the total fuel volume over the test duration (l);

At is the test duration (min).

The average volumetric flow rate of fuel under the standard conditions, gy in I/m

shall be calculated with the following formula. The“average values of fuel temperatu
and pressure obtained during the test duration shall be used.

qvis = qvi * (Tl (pelps)

where

qvis is the average volumetric flow rate of fuel under standard conditions (I/min);

qvs is the average volumetric flow rate of fuel under test conditions (I/min);
is the-standatd temperature (273,15K);

Ds is the standard pressure (101,325 kPa (abs));

T; is theraverage fuel temperature during the test duration (K);

Ds is.the average fuel pressure during the test duration (kPa (abs)).

n.

1)

ed

LA 4

Tmr = Mt

where

dmf
mg

At

is the average mass flow rate of fuel under the test conditions (kg/s);
is the integrated mass over the test duration (kg);

is the test duration (s).
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11.1.3.2 Calculation of average hydrogen fuel power input

The average hydrogen fuel power input, Py, in kd/s, shall be calculated either for volumetric
flow rate or for mass flow rate according to the following procedure. The average values of fuel
temperature and pressure obtained during the test duration shall be used.

1) Volumetric flow rate

a) The energy of fuel per volume at standard conditions, E,; in kJ/I, shall be calculated with
the following formula:

Evf = Hfs/Vms 4)

where

vi is the input energy of the fuel per volume (kJ/1);

H;s  is the heating value of hydrogen fuel on a molar basis under,standard conditions
(241,56 kJ/mol);

Vs is the standard molar volume of ideal gas (22,4 I/mol) (atthe standard temperaty
for this document, ¢, = 273,15 K).

—

e

NOTE 1 In general, fuel consumption energy and heating valugs/are based on the low heating value (LHV).

b) The average fuel power input, Py, in kd/s, shall beyealculated with the following formula:

Pfin = qyts *<E\f'1 60 5)

Py, is the average fuel powef input (kJ/s);
qvis is the average volumetric flow rate of fuel under standard conditions (I/min);

E, is the energy input of the fuel per volume (kJ/I).

NOTE 2 The specific-enthalpy and pressure energy of hydrogen fuel, which are considered in the
calculation of fuel consumption energy in IEC 62282-3-200, are ignored in the calculation of flel
consumption energy described above because they are negligible values in fuel cell power systems [for
forklift trucks.that are operated at low temperature and at low pressure.

2)| Mass flow rate

a) The_input energy of fuel per mass, E s in kd/kg, shall be calculated with the following
formula:

Em = Hig | Mg 6)

where

En¢ is the input energy of fuel per mass (kJ/kg);
His is the heating value of fuel under standard conditions (kJ/mol);
M; is the molar mass of fuel (kg/mol).

b) The average fuel power input, Py, in kd/s, shall be calculated with the following formula:

Pfin = qms X Emf (7)
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where

P;, is the average fuel power input (kJ/s);
E.¢ is the input energy of fuel per mass (kJ/kg);

dmf is the average mass flow rate of fuel (kg/s).

.2 Methanol fuel consumption test

THhis test is for measuring the methanol fuel input at rated power output. If operation at'partjal

lo
m

Th

1

1)
2)

3)

4)

5)

6)

1

Td
fol

ds of 50 %, of 75 % and at the minimum electric power output are specified“by t
nufacturer or if one of these operating points is selected, these operating points”shall
asured as well.

is test shall be carried out concurrently with the electric power output test in Clause 12.

.2.2 Test method
Operate the system at the rated power output at least 30 minchefore starting the test.

and until a known nominal state of charge is reached, béfore starting the test.

Start the test while keeping the system operating at.the rated power output. If such
operation is specified by the manufacturer, repeat the tests at partial load, 50 % and 75
of nominal output, and minimum output.

Measure the mass of the fuel tank or of the entire system, including the fuel tank, at t
start.

Continue the test for a minimum of 3 h.4¥ fuel is to be supplied intermittently, the total tg
duration shall be 20 times the duration-of the fuel supply or 3 h, whichever is longer.

Measure the mass of the fuel tanktor of the entire system, including the fuel tank, at the e
of the test.

.2.3 Calculation of average methanol fuel power input

tal methanol fuel input.energy over the test duration, Ef, in kd, shall be calculated by t
lowing formula:

Efn = (4 - B) x Hy *x op

he
be

For systems including batteries, operate the system at the rated power output at least 30 min

an
%

where

Egl, \is the total fuel input energy (kJ);

A is the mass at the start of the test (kg);
B is the mass at the end of the test (kg);
H; is the heating value of methanol (kJ/kg);

og is the mass fraction of methanol.

Th

e average fuel power input, Py, in kJ/s, shall be calculated as follows:

Pfin = Efin [ At (9)
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where

Piin is the average fuel power input (kJ/s);

Ein is the total fuel input energy (kJ);

At

is the test duration (s).

NOTE In general, fuel input energy and heat values are based on the low heating value (LHV).

12 Electric power output test

12.

TH
at

m
Th

12

1)
2)

3)

4)

12
Th

mInufacturer or if one of these operating points is selected, these operating @oints shall

1 General

is test is for measuring the average net electric output at the rated power output. If\operati
partial loads of 50 %, of 75 % and at the minimum electric power output are specified by t

asured as well.
is test shall be carried out concurrently with the fuel consumption test|in Clause 11.

.2 Test method
Operate the system at the rated power output at least 30 min-before starting the test.

bn
he
be

For systems including batteries, operate the system at thee’rated power output at least 30 min

and until a known nominal state of charge is reached‘before starting the test.

Start the test while keeping the system operating at the rated power output. If such
operation is specified by the manufacturer, repeat the test at partial loads of 50 % and
75 % of the nominal output, and the minimum ‘qutput.

Measure the electric energy output during:the test period. The test shall be conducted

an
of

or

at least 3 h. If fuel is to be supplied intermittently, the total test duration shall be 20 times

the duration of the fuel supply or 3 h,*whichever is longer.
.3 Calculation of average electric power output

e average electric power output'shall be calculated with the following formula:

Wout

P, =—2.x3600 10

h = (10)
where
P, is.the average electric power output (kW);
Wit is the electric energy output during the test period (kWh);
At s thetestduration(s):
12.4 Computation of electric efficiency
Electric efficiency is computed on the basis of calculated values given in Clauses 11 and 12.
Electric efficiency, 7 in %, shall be calculated with the following formula:

B
ne|=Pf‘ =100 (11)

fin
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where

Nl is the electric efficiency (%);

P, is the average electric power output (kW) (refer to 12.3);

Piin is the average fuel power input (kJ/s) (refer to 11.1.3.2 and 11.2.3).

13 Type tests on operational performance

131 _Maximum power output test
13.1.1 General

THhe purpose of this test is to determine the fuel cell's ability to maintain the maximum electfic
pawer load immediately after start-up. One scenario will be tested on the fuel cell ‘after it hjps
belen in a pre-generation state for a period of time. Another scenario will be tested-after runnipg
at|jnominal load for a period of time, powering down the fuel cell, then powering up the fuel cell
with the maximum continuous load connected.

13.1.2 Test method

1)|] To condition the system prior to the test, operate the system' at’the rated power output|at
least 30 min before starting the test.

2)| The fuel cell system shall be powered down and cooled«down to the ambient temperature.
Connect the maximum electric load, specified by the ‘manufacturer, to the fuel cell system.
Power on the fuel cell system in accordance with the-manufacturer’s recommendations.

3)| Operate the system at the maximum electric pewer output for the manufacturer's specifipd
time or for 1 h (whichever is shorter). Powér down the fuel cell system completely|in
accordance with the manufacturer's specifications. Connect the maximum electric load|to
the fuel cell system specified by the manufacturer. Within 2 min, power up the fuel cell
system in accordance with the manufacCturer’s recommendations.

13.1.3 Processing of data

When powering up the fuel cell system with loads, if the system disconnects power to the logd,
the time duration that the load(is without power shall be recorded. If any warning lights on t
sygtem, such as a low-battery’indicator, illuminate, these shall also be recorded in the report.

=
(0]

13.2 Power cycling electric load test
13.2.1 General

THe purpose pfthis test is to stress the fuel cell system by cycling an electric load connected
to|the systenrin a similar manner to how the load in an electric industrial truck shall vary.

13.2(2 ~“Test method

1) —Operate thesystemmat the Tated power outputatteast-30mmmbeforestartimg thetest:
2) Operate the system at the rated power output for 15 min, then operate the system at the
maximum electrical power specified by the manufacturer for 15 min. Repeat this cycle for

8 h. If the fuel cell system disconnects power from the load and then reconnects, the times
of disconnection and reconnection shall be recorded in the report.

13.2.3 Processing of data

When the fuel cell system is being cycled, if the system disconnects power to the load, or if any
warning lights on the system, such as a low-battery indicator, illuminate, these shall be recorded
in the report. The time of the event shall be recorded, as well as the duration of the event.
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13.3 Accessory load voltage spike test
13.3.1 General

The purpose of this test is to determine if the fuel cell system clamps inductive spikes caused
by using a contactor to power external loads.

13.3.2 Test method
1) Connect the inductive load to a fuel cell system (such as a fan).

2 Sl PNP-N Py atrad—at—th 1 frioal oo or 'L T-UNT SRV ~O-u P~y
OUPTRC S oSTrar o Mo asSurToU at 01— oo otioalr puUwoT OutTputT wiTeTC OTe™ CUSTUTI

connects to the system output.

+h Hataoraara ok
UTTTCT S5 val Ie

3)| The fuel cell power system shall be started in accordance with the manufactlref's
instructions. The amplitude and duration of the voltage spikes generated shall be| recorded
in the report.

13.3.3 Processing of data

1)| The inductive load used shall be recorded in the report. The load shall*be lower than the
manufacturer's specifications.

2)| When powering up the fuel cell system with a load, voltage spikes greater than 2 V aboje
the fuel cell's nominal voltage or spikes greater than 2 V below) 0"V shall be recorded in the
report. The voltage spike magnitude and the duration shall. also be recorded in the reporf.

14 Power stability under operation

14.1 General

THhe purpose of this test is to determine the stahility of the power output of the fuel cell power
sygtem when driving the truck in a real-life situation. The energy flow between the fuel cell
pogwer system and the rotating electric load:are shown in Figure 4.

Regenerated power from
deceleration

Fuel cell power system Rotating electric load
Delivered power to

powering drive

IEC
Figure 4 — Energy flow for regenerated power and delivered power

14.2 Delivered power

THe delivered power required for the truck operation as stated by the manufacturer shall pe
measired and recarded

The fuel cell power system shall be operated at rated power output for 30 min for warming-up,
and the battery shall be checked to have reached the target SOC before starting the test.

The fuel cell power system shall be operated with the discharge times given in Table 3 and with
no extra load (zero current) conditions. Additional discharge times can be added by the
manufacturer. These are not a definition of the truck’s application requirements; they define the
requirements of the truck’s control system.

The values requested in Table 3 shall be recorded during the operation of the truck.
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Table 3 — Delivered power measurements

Discharge time Current Average current Maximum voltage Minimum voltage
A A \Y \Y
0s 0
5s 1
30s I
1h I3
NOTE Currents I, I,, and I, are given by the truck manufacturer.

14.3 Regenerated power

THe truck manufacturer shall specify the regenerated power requirements of(the industrial truck
in[various operating modes, as necessary, in order to maintain acceptahle, truck performanc

W

Warm-up of the fuel cell power system shall be made prior to the test)The test shall be started
at|the target SOC on the electrical storage device.

The truck shall be operating with the discharge times given“in Table 4. Additional discharge
timmes can be added by the truck manufacturer. These "are not a definition of the truck’s
application requirements; they define the requirements 6fithe truck's control system.

The values requested in Table 4 shall be recorded’ddring the operation of the truck.

Table 4 — Regenerated power measurements

Discharge time Current Average current Maximum voltage Minimum voltage
A A \Y \Y
5s 1
30s Iy
NOTE Currents I, and I, are given by the truck manufacturer.

THe battery condition (state of charge and temperature upon measurement) shall be recordgd.

15 Typeée.tests on environmental performance

15.1.General

The type tests on environmental performance include:

— noise test (15.2); and
— exhaust gas test (15.3).

15.2 Noise test
15.2.1 General

This test is conducted to measure the level of noise generated from the system with the
measuring apparatus listed in 9.2 e) at each operation phase from start-up, the rated power
output, the minimum electrical power output (if such operation is specified by the manufacturer
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and desired by the user), up until shutdown. The rated power output is specified by the
manufacturer.

15
15

.2.2 Test conditions

.2.2.1 Reference planes

The reference planes shall be set at 1 m away from the four sides (front, back, left, and right)
of the fuel cell power system. If this is not feasible, they shall be set at 50 cm away, and the
test report shall expressly state this.

Ar
ar
ar

y protrusions or projections on the fuel cell power system surfaces shall be ignored.if th

ey

b deemed to have no significant effects on the surface noise, and the power systemsurfaces

b conceptually simplified in accordance with 1ISO 6798-1 and ISO 6798-2.

19.2.2.2 Measurement points

lin
m
of

TH
re

Ke|

, and two directions on the right-left centre line of the fuel cell*power system. T

M}asurements shall be taken at four points, namely in two directions on the front-back cen

re
he

asurement points shall be located on the reference plane at a height of 1,2 m from the bottgm

the power system (see Figure 5).

e sound level meter microphone shall be perpendicularly oriented with respect to t
erence planes.

L 4
1,2m
L 2

1,2m

1,2
/
*

Tm<p ™

1Tm 3 ~ Tm

IEC

y

Measurement point

Figure 5 — Noise measurement points for fuel cell power systems

15

.2.2.3 Effect of background noise

It is desirable to have a difference of 10 dB or more in the noise meter readings between when
there is noise to be measured and when there is no noise. If the difference in readings is 3 dB
or more but less than 10 dB, the readings can be adjusted according to Table 5 to estimate the

no

ise level when the fuel cell power system is the only noise source.
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Table 5 — Correction values corresponding to the effect of background noise

Difference in readings with and without the subject noise
3 4 5 6 7 8 9
dB
Correction value
-3 -2 -1

dB

15.2.2.4 Effect of sound reflection

When there is a large reflecting body near the microphones or the sound source, measutemegnt
erfors will occur as sounds reflected from the reflecting body add to the sound from the.soeurge.
Bgfore taking measurements, it is desirable to remove, to the greatest extent possible, any
objects that reflect sounds. If that is not possible under the measurement conditions; state this
inthe test report.

15.2.3 Test method
1)| Measure the background noise level with the system to be measured in the cold state.
2)| Start up the system from its cold state.

3)| Raise the output to the rated power output, and wait untilCat least 30 min passes affer
reaching rated power output. Continue to operate the system at the rated power output for
another 1 h or more.

4)| If a minimum electrical power output operation is)specified by the manufacturer and
measurement is desired by the user, set the system to minimum electrical power output apd
wait until at least 30 min afterwards. Continué“to operate the system at the minimym
electrical power output for another 1 h or mere.

5)| Shut down the system.

6)| Measure the noise level from start-up<to'shutdown. The frequency of measurement shall pe
1 s intervals. Readings shall be rounded off to the nearest whole number (e.g. 45,7 becomgs
46).

7)| Measure the background noisg level after shutdown is complete and verify that there is ho
difference of reading from-«the"background noise level measured in 1).
15.2.4 Processing of data

The effect of background noise shall be corrected as explained in 15.2.2.3.
2)| The following shall be reported as representative noise level values:

— the maximum noise level throughout all operation phases and the operation phase|in

which’thé maximum value was generated;
— the'mean value of noise levels for 1 h of operation at rated power.

15|.3 Exhaust gas test

15.3.1 General

The exhaust gas test applies only to direct methanol fuel cells. This test is for measuring the
volume fraction of each component in the exhaust gas from the direct methanol fuel cell power
system. It is used to calculate the following values during start-up time, the rated power output
phase and shutdown time:

— the mass concentrations of CO and THC (mg/m3) (15.3.4.3);
— the masses of CO and THC per energy of fuel input (mg/kWh) (15.3.4.4).

15.3.2 Components to be measured

The components and values to be measured shall be as follows:
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carbon monoxide (CO);
total hydrocarbons (THC);
oxygen (O,).

.3.3 Test method

When putting the sampling probe(s) entirely into the exhaust stream, ensure that t
sampling probe(s) do not block the exhaust duct. The probe(s) shall be placed close to t
exhaust gas outlet of the fuel cell power system, either inside of the exhaust gas evacuati

he
he
on

duct for closed exhaust ventilation systems, or directly at the outlet of the exhaust gas for

b)
c)
d)

e)

15.
15.3.4.1 General

Th
fol

Th

15.

TH
Cco
th

open exhaust ventilation systems. If the exhaust ducting is large in size, take readings
the centre of the exhaust duct and at representative points in a grid across the exhaust du
and average the readings.

For open exhaust gas ventilation systems, the probe(s) shall be placed in‘a'way th
prevents the mixing of the sample gas with ambient air.

During measurements, ensure that condensation on the temperature sensor is avoidg
Condensation on the sensor will invalidate the readings.

Start up the system from its cold state and wait until the rated power output is reached. W,
until at least another 30 min passes after reaching the rated power!output.

Continue to operate the system at the rated power output for.another 3 h or more, then sh
down the system.

Measure the volume fraction of each component in the éxhaust gas (in vol % or mi/m3), f{
flow (in volume or mass flow), fuel pressure and_‘temperature, room temperature a

3.4 Processing of data

e corrected volume fraction at dry and. air-free conditions (15.3.4.2) shall be used in t
lowing calculations:

the mass concentrations of CQ and THC (mg/m3) (15.3.4.3);
the masses of CO and THC_per energy of input fuel (mg/kW - h) (15.3.4.4).

e calculated values which*shall be reported are indicated in 15.3.4.5 and 15.3.4.6.

3.4.2 Correction'to volume fraction at dry and air-free conditions

e measuredtvolume fraction of each component (in ml/m3) in the exhaust gas shall
rrected to/the 'volume fraction at dry and air-free conditions with the following equation usi
e measuréd O, volume fraction in dry exhaust gas:

humidity from start-up to shutdown. The frequency of-data collection shall be 15 s or lesg.

at
ct

at

Ait

ut

el
nd

he

Pat (o’) )

B corr = PBmeas X

Pat (02 ) ~ Pex (02 )

where

9B,corr is the corrected volume fraction of each component (vol % or ml/m3);

?B.meas IS the measured volume fraction of each component (vol % or ml/m3);

9,t(05)  is the measured O, volume fraction in atmosphere at the air inlet in dry state (vol %,

in case of fresh air, ¢4;,(05) = 21 %);

9ex(05) is the measured O, volume fraction in dry exhaust gas (vol %).
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15.3.4.3 Mass concentration of each component

15.3.4.3.1

CO mass concentration

The CO mass concentration shall be calculated with the following equation:

Yex (CO) = Pex,corr (CO)X 1,250 (13)

where
7ex(CO)

q’ex,corr(CO)
1,250

15.3.4.3.2

ThHe THC mass concentration shall be calculated with the following equation:

where
Yex(THC)
ek, corr( THC)
a(THC)
0,37

0,045

NQTE The standard conditions are-@-°C and 101,325 kPa (1 atm).

19.3.4.4 Mass of each‘component per energy of input fuel

15.3.4.4.1

is the CO mass concentration in dry exhaust gas (mg/m3);
is the corrected CO volume fraction in dry exhaust gas (ml/m3);

is the value for the CO density under standard conditions (kg/m?).

THC mass concentration

Yex (THC) = 9oy corr (THC) x (0,537 +a(THE)X 0,045) (14)

is the THC mass concentration in dry exhaust gas (mg/m3);
is the corrected THC volume ffaetion in dry exhaust gas (ml/m3, C equivalent);

is the hydrogen to carbon:atom ratio of the THC in the exhaust gas;

is the C atomic weight.divided by molar volume at standard conditions (kg/m3

~~

is the H atomic weight divided by molar volume at standard conditions (kg/m3

~~

Mass, of CO per energy of input fuel

ThHe mass of CO“emission per energy of input fuel (mg/kW - h) shall be calculated with the

following equation:

&(CO)=pex corr (CO)x

{22,4%10_3
L

fs

—'x1,250><3600 (15)

where
&(CO)
Pex,cor{CO)
Hig

22,4 x 1073

]

is the mass of CO emission per energy of input fuel (mg/kW - h);

is the corrected CO volume fraction in dry exhaust gas (ml/m3);
is the molar heating value of methanol under standard conditions (kJ/mol);

is the theoretical dry exhaust gas volume (CO,) per 1 mol of methanol input
according to the following reaction (m3/mol);

CH4OH + 3/20, — CO, + 2H,0
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1,250 is the value for the CO density under standard conditions (kg/m3);
3 600 is the conversion factor of kJ into kW - h.

15.3.4.4.2 Mass of THC per energy of input fuel

The mass of THC emissions per energy of input fuel (mg/kW - h) shall be calculated with the
following equation:

PRSP JETEPENN ’722,4X10_3 —I (A raz JE TRV NPT PPN
(T ) =i corr (TTTC)X (Uo7 Fo(THO XG0 <5600 (16)
L Hig J
where
&(THC) is the mass of THC per energy of fuel input (mg/kW - h);

ek corr(THC) is the corrected THC volume fraction in dry exhaust gas (ml/m3);
is the molar heating value of methanol under standard'conditions (kJ/mol);

B

a(THC) is the hydrogen to carbon atom ratio of the THC irf thé exhaust gas.

19.3.4.5 Averaging the data

THe mean mass concentration and the mean mass per-input fuel energy for each measurgd
harmful component during the rated power output opération (for 1 h starting from 30 min after
the rated power output is reached) shall be calculatéd)by averaging the mass concentration and
thé mass per input fuel energy respectively.

The mean mass concentration and the meanmass per input fuel energy shall be recorded wjth
annex notes that include average electrical power output, average room temperature, aphd
avierage humidity.

15.3.4.6 Averaging the temperature of exhaust gas

The average exhaust gas temperature measured at the rated power output shall be recorded.

15.4 Discharge water test
15.4.1 General

When applicable, the quality of discharged water from the fuel cell power system shall pe
measured throughout all phases of operation from start-up, rated power output to shutdown.
THhe rated\power output is specified by the manufacturer.

15|.4.2 Test method
1) After installing a device for collecting the discharge water, start the fuel cell power system.

2) The discharge water shall be collected and pooled together from start-up to shutdown
through the rated power output for 3,5 h, or one hydrogen tank content, whichever comes
first.

3) Measure the following items:
— total amount of discharge water (time duration of operation shall be recorded);
— temperature of discharge water;
- pH;
— biochemical oxygen demand (BOD) when necessary;
— chemical oxygen demand (COD) when necessary.
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It is recommended to refer to 1ISO 10523 for pH measurement, 1ISO 5815 (all parts) for BOD
measurement, and ISO 6060 for COD measurement.

16 Test reports

16.

1 General

Test reports shall accurately, clearly, and objectively present sufficient information to
demonstrate that all the objectives of the tests have been attained. The minimum requirements

fO ‘l;IU tb‘bt IUPUIt b;ld“ IUC' d tltib‘ pagc:, d tdIUiU Uf bUIItUIItb dlluI d bulllllldly lcpuﬁ.. FUI fuci Ul ”
sygtems tested in compliance with this document, the summary report shall be made available
tolinterested parties.

More information obtained under Clauses 11 and 12 can be provided with eithera detailpd
report or a full report for internal purposes. Guidelines for the contents of the'detailed repprt
and the full report are given in Annex B.

16.2 Title page

The title page shall present the following information:

a)| report identification number;

b)| type of report (summary, detailed, or full);

c)| authors of the report;

d)| entity conducting the tests;

e)| date of report;

f) | location of the tests;

g)| titles of the tests;

h)| date and time of the tests;

i) | fuel cell power system identification code and the manufacturer’s name.

16.3 Table of contents

The table of contents shall present the titles of chapters, clauses, subclauses, etc. in the report

Wi
16
TH

1)
2)

h the page numbers_in.an orderly sequence.

.4 Summary feport
e summary report shall include the following information:

objective of the test;
déseription of the test, equipment, and instruments;

3)
4)
5)
6)
7)

d” tﬂbt IUbuitb,

confidence for each test result;

conclusions as appropriate;

discussion of the tests and their results (i.e. comments and observations);
results of fuel analyses.

16.5 Checklist for performance parameters

The performance criteria dealt with in this document are given in Annex C.
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Annex A
(informative)

Heating values for hydrogen and methanol at standard conditions

The heating values for hydrogen and methanol are given in Table A.1.

Table A.1 — Heating values for hydrogen and methanol at standard conditions

Component Lower heating Higher heating Lower heating Higher heatinj
value on a value on a value on a mass | value on a mass
molar basis molar basis basis basis

kJ/mol kJ/mol MJ/kg MJ/kg
Hydrogen 241,56 286,63 119,83 142,19
Methanol 676,44 766,59 21,11 23,92

OTE These values were extracted from ISO 6976.
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Annex B
(informative)

Guidelines for the contents of detailed and full reports

B.1 General

It is recommended that the detailed report or the full report be created to record sufficient

informmatiomtodemonstrate-thatatt-theobjectivesof thetestshave beenmattaimed———

E3

contain the same information as that described in 16.2.

B{2 Detailed report

Th

contained in the summary report:

1)
2)

3)
4)
5)

e
B.

Th

the detailed report:

ch type of report shall include the title page and the table of contents, and the title page’shfall

e detailed report shall include the following information in addition to the informati

type, specifications, and operating configuration of the fuel |eell power system and t
process flow diagram showing the test boundary;

description of the arrangements, location, and operating conditions of the equipment a
instruments;

calibration results of instruments;
reference to the calculation method;
tabular and graphical presentation of the results.

TE The detailed discussion of uncertainty analysis’can be found in IEC 62282-3-200:2015, Annex A.
3 Full report

e full report shall include the following information in addition to the information contained

copies of original data sheets that shall include the following information in addition to t
measurement data.

— date and time’of the test run;

— model and'serial number and measurement accuracy of instruments used for the test;

— ampient test conditions;
— name and qualifications of person(s) conducting the test;

on

he

n

he

—~{Aull and detailed uncertainty analysis.
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(informative)
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Checklist for performance criteria dealt with in this document

Parameters Relevance
Xlyes I [Ino?

1 Principles of parameter integration X
2 Fuel quality
21 Types of fuel (e.g., propane, natural gas, methanol) X
2.2 Fuel composition (e.g., hydrogen content) X
2.3 Fuel impurities (e.g., Sulphur, NOx, CO) X
2.4 Particles O
3 Air quality (if applicable)
3.1 Chemical active ingredients X
3.2 Humidity
4 Media input
4.1 Minimum requirements X
4.2  Air temperature X
4.3  Air pressure [
4.4  Air flow rate O
4.5 Fuel temperature X
4.6  Fuel flow rate X
4.7 Fuel pressure X
4.8  Air excess/Air fuel ratio O
49  Flow rate") X
410 Maximum temperature’ O
411 Normal-operating temperature’) X
412 Mihimum temperature’) O
4.13/ 'Maximum pressure') O
4.14 Normal operating pressure’) X
415 Minimum pressure") O
5 Energy/power input
5.1 Electrical O

e Voltage external power supply O
5.2 Mechanical O
5.3  Heat O
5.4 Fuel X
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Parameters Relevance
Xlyes I [Ino?
5.5  Maximum load? X
5.6  Normal operating load? O
5.7  Minimum load? O
5.8  Standby energy? O
5.9  Start-up energy? O
(¢ Media output (Minimum requirements)
q.1 Exhaust gas temperature |
g.2 Exhaust gas flow rate O
§.3  Oxygen content [Vol %] O
4.4 Content of harmful or restricted components [
§.5 Flow rate") X
.6  Maximum temperature? O
6.7 Normal operating temperature’ O
6.8  Minimum temperature’) O
4.9 Maximum pressure’) O
g.10 Normal operating pressure’) O
.11 Minimum pressure’) O
1 Energy/power output
711 Electric
e Maximum voltage X
e Minimum voltage X
e Maximum current X
e Frequency O
e Overloag-capability X
e Power\stability under the operation X
7.2 General performance measured
o\ Electric efficiency X
e Heat recovery efficiency O
e Rated power output X
e Ramp up rate O
e Start-up energy O
e Shutdown energy O
e Pre-generation X
e Maximum power output X
e Environmental performance O
7.3  Recovered heat O
7.4  Maximum load ?) O
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Parameters Relevance
Xlyes I [Ino?
7.5  Normal operating load (rated®)? O
7.6  Minimum load?) O
8 Efficiency
8.1  Electrical efficiency at rated load® X
8.2 Electrical efficiency at minimum load [
8.3  Heat recovery efficiency at rated load® A
8.4 Heat recovery efficiency at minimum load 1
8.5 Overall energy efficiency at rated load® O
8.6 Overall energy efficiency at minimum load [
q Dynamic operation®)
d.1 Start-up [
q.2 Load change O
q.3 Shutdown O
10 Environmental performance
10. Exhaust gas temperature and composition (e.g.;. 0,, CO,, CO, NOx, SO,, Total X
Hydrocarbon (THC) concentrations)
10.2 Discharged water properties ((_e.g., flow rate, temperature, pH-Value, Biochemical =
Oxygen Demand (BOD), Chemical Oxygeén Demand (COD))
10.3 Noise level X
1|0.4 Vibration level O
1|0.5 Electromagnetic Compatibility (EMC) behaviour O
1|0.6 Ambient temperature.operation [
1|0.7 Ambient temperature standby and start-up O
10.8 Relative humidity X
11 Control and communications
11.1 ~Cemmunication interface O
Remarks

") Applicable per each used process medium. Media are all substances that are supplied or removed from the

fuel cell power system. Examples are also cooling substances or water needed for heating.

2) Applicable per subsystem/component.

3) See definition of "rated power" in IEV 485-14-04: maximum continuous electric power output that a fuel cell
power system is designed to achieve under normal operating conditions specified by the manufacturer.

4)

increased degradation, etc.)

Dynamic operation should be defined by the manufacturer to avoid unacceptable conditions (thermal stresses,
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1

2)

3)

4)

5)

6)
7)

8)

9)

COMMISSION ELECTROTECHNIQUE INTERNATIONALE

TECHNOLOGIES DES PILES A COMBUSTIBLE -

Partie 4-102: Systéemes a piles a combustible pour chariots
de manutention électriques — Méthodes d’essai des performances

AVANT-PROPOS

La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation’compos
de I’ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC(a\ pour objet
favoriser la coopération internationale pour toutes les questions de normalisation dans'les domaines
I’électricité et de I'électronique. A cet effet, '|EC — entre autres activités — publie des Normes international
des Spécifications techniques, des Rapports techniques, des Spécifications accessibles ‘au ‘public (PAS) et g
Guides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur élaboration est confiée a des comités d’études, 4
travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisatid
internationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, participent également 4
travaux. L'IEC collabore étroitement avec I'Organisation Internationale de~Normalisation (ISO), selon g
conditions fixées par accord entre les deux organisations.

Les décisions ou accords officiels de I'|EC concernant les questions technigues représentent, dans la mesure
possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de I'lEC intéresg
sont représentés dans chaque comité d’études.

Les Publications de 'lEC se présentent sous la forme de recommandations internationales et sont agrégq
comme telles par les Comités nationaux de I'lEC. Tous lesgfforts raisonnables sont entrepris afin que I'l
s’assure de I'exactitude du contenu technique de ses Publications; I'lEC ne peut pas étre tenue responsable
I’éventuelle mauvaise utilisation ou interprétation qui en gst'faite par un quelconque utilisateur final.

Dans le but d’encourager 'uniformité internationale, les, Comités nationaux de I'lEC s’engagent, dans toutg

ée
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es
EC
de

la

mesure possible, a appliquer de fagon transparenteides Publications de I'lEC dans leurs publications nationajes

et régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationales
régionales correspondantes doivent étre indiquées’en termes clairs dans ces dernieres.

L'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépenda
fournissent des services d’évaluation de’conformité et, dans certains secteurs, accédent aux marques
conformité de I'lEC. L’IEC n’est responsable d’aucun des services effectués par les organismes de certificat
indépendants.

Tous les utilisateurs doivent s’assurer qu’ils sont en possession de la derniére édition de cette publication.

Aucune responsabilité ne doit'étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandatair
y compris ses experts particuliers et les membres de ses comités d’études et des Comités nationaux de I'lH
pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de queld
nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépeng
découlant de la publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de I'lH
ou au crédit qui lUi est accordé.

L’attention est.attirée sur les références normatives citées dans cette publication. L’utilisation de publicatig
référencées est obligatoire pour une application correcte de la présente publication.

L’attention.est attirée sur le fait que certains des éléments de la présente Publication de I'l[EC peuvent faire I'of
de droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits
brevets.
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L’'[EC6228Z-3-1T0Z a ete etablie par le comiie d etudes 105 de I'TECT: Technologies des piles a
combustible. Il s’agit d'une Norme internationale.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2017. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) alignement du domaine d’application sur la deuxiéme édition de I'l[EC 62282-4-101:2022;

b) suppression de termes et de définitions (les entrées 3.5, 3.10 et 3.15 qui existaient

précédemment);
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g)

- 42 - IEC 62282-4-102:2022 © |EC 2022

ajout de nouveaux termes a I'Article 3: "puissance fournie" (3.13) et "puissance régénérée"
(3.14);

révision de symboles et de leurs significations en vue d’un alignement sur ceux de
'EC 62282-3-201;

remplacement de "conditions de référence" par "conditions normales" comme vu a
I’Article 5;

révision de la méthode d’essai pour I'essai de pointe de tension des charges accessoires
(13.3.2);

njnllf de clarifications a 'Article 14 (Qfahilifé de la pniecnn(‘n en fnnr‘finnnpmpnf);

h)

Le

Le
ab

La
Ce
Di
W\

Ur
de

Le

ajout d’une liste de controle pour les critéres de performance traités dans le présgnt
document (Annexe C).

texte de cette Norme internationale est issu des documents suivants:
Projet Rapport de vote
105/947/FDIS 105/954/RVD

rapport de vote indiqué dans le tableau ci-dessus donne toute-information sur le vote aygnt
outi a son approbation.

langue employée pour I’élaboration de cette Norme intechationale est 'anglais.

document a été rédigé selon les Directives ISO/UEC, Partie 2, il a été développé selon les
rectives ISO/IEC, Partie 1 et les Directives ISOHEC, Supplément IEC, disponibles sous
hw.iec.ch/members_experts/refdocs. Les principaux types de documents développés par
FC sont décrits plus en détail sous www.iec.ch/publications.

e liste de toutes les parties de la série IEC 62282, publiées sous le titre général Technologies
s piles a combustible, se trouve sur:le'site web de I'lEC.

comité a décidé que le contend_de ce document ne sera pas modifié avant la date de stabiljté

ingliquée sur le site web de I'l[EC sous webstore.iec.ch dans les données relatives au documagnt

re

therché. A cette date, le:doéument sera

reconduit,
supprime,
remplacé par une édition révisée, ou

amendé:
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INTRODUCTION

La présente partie de 'l|EC 62282-4 fournit des méthodes d’essai cohérentes et reproductibles
pour les performances électriques, thermiques et environnementales des systémes a piles a
combustible pour chariots de manutention électriques.

La série IEC 62282-4 traite d’aspects tels que la sécurité, les performances et
I'interchangeabilité des systémes a piles a combustible utilisés pour la propulsion autres que
ceux destinés aux véhicules routiers et aux groupes auxiliaires de puissance (GAP). Le présent
doed sssontislemen methodes-d-essai-desperforman

La présente partie de I'l|EC 62282-4 ne décrit que les essais de type et leurs méthodes d’esspi.
présent document ne spécifie aucune exigence pour les essais individugls de série |et

Les systémes a piles a combustible utilisés sur les chariots de manutention électriques tels que
le$ chariots élévateurs a fourche utilisent a la fois des batteries et'des piles a combustible,|et
fonctionnent par conséquent dans différents modes. De méme, les chariots élévateurs a fourche

piles a combustible dans les différentes combinaisons de modes de fonctionnement des piles
a combustible et des chariots élévateurs a fourche. Le présent document décompose ces
différents modes et propose un cadre de conception et d’évaluation d’'un systéme a pile| a
combustible destiné spécifiquement aux chariots élévateurs a fourche.

La présente partie de I'lEC 62282-4 est prévue:pour étre utilisée soit par les fabricants fde
sygtémes a piles a combustible pour chariots de manutention électriques, soit par les
responsables chargés de I'évaluation des-performances des systémes utilisés dans ceux-c| a
des fins de certification, soit les deux.

Legs utilisateurs du présent document peuvent choisir et réaliser les essais dont ils ont besgin

parmi ceux décrits. Le présent document n’a pas pour objet d’exclure tout autre essai.
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TECHNOLOGIES DES PILES A COMBUSTIBLE -

Partie 4-102: Systemes a piles a combustible pour chariots
de manutention électriques — Méthodes d’essai des performances

Domaine d’application

L4

systémes a piles a combustible pour la propulsion et les groupes auxiliaires de puissance (GA
présent document couvre les systémes a piles a combustible destinés a la propulsion, autres

Le
qu

Le

combustible destinés a étre utilisés sur des chariots de manutention électriques définis da
I'I'$O 5053-1, a I'exception:

Le

ga
CO

Le

Le

d’line tension de~seortie assignée maximale de 150 V en courant continu pour utilisation

I’in

Le
de
co

e ceux destinés aux véhicules routiers.

présent document concerne les méthodes d’essai des performances des 'systémes a piles

des chariots tout-terrain;

des chariots cavaliers élévateurs non gerbeurs;

des chariots cavaliers élévateurs gerbeurs;

des chariots tout-terrain a portée variable;

des chariots tout-terrain rotatifs a portée variablg;

des chariots porte-conteneurs a portée variablg;

des chariots manuels.

présent document s’applique aux systemes a piles a combustible utilisant de I'hydroge
zeux et a ceux utilisant du méthanol direct pour les chariots de manutention électriques. L
mbustibles suivants relevent du domaine d’application du présent document:

hydrogéne gazeux; et

méthanol.

présent document traite du systéme a pile a combustible défini en 3.7 et a la Figure 1.
présent document 's*applique aux systémes a piles a combustible de type a courant contin

térieur et a l'extérieur.

présent document concerne les systémes a piles a combustible dont le conteneur de sour
combustible est fixé a demeure, soit au chariot de manutention, soit au systéme a pilg
mbustible.

présente partie de I'lEC 62282 spécifie les méthodes d’essai des performancées, des

P).

ne

u

Le présent document s’applique a tous les systémes équipés de systémes de stockage
d’énergie intégrés. Ces derniers comprennent des systémes tels que des batteries pour
recharge interne ou rechargées par une source externe.

Le

s éléments suivants ne relevent pas du domaine d’application du présent document:

conteneurs de source de combustible de type amovible;
chariots hybrides qui contiennent un moteur a combustion interne;
systémes a piles a combustible équipés d’un reformeur;

systétmes a piles a combustible congus pour fonctionner dans des atmospher
potentiellement explosives;

systémes de stockage de combustible utilisant de I’hydrogéne liquide.

es
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Combustible (hydrogéne, méthanol) Fluide de refroidissement
Limites du systéme
» Excédent/dégagement
Stockage du J » de combustible
combustible Gestion
hydrogéne, — > .
(n'%/éthgnol) thermique Besoms nternes Chaleur résiduelle
v ¢ T en énergie
Systéeme de Conditionne- ) i )
régulation et ~ . P> ment P Puissance électrique
tuyauterie » Condlté?nneur 1 Module de I'énergie de sortie
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e A
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PEM perturbations électromagnétiques
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NQTE Un systéeme a pile a combustible peut comporter tous les’composants représentés ci-dessus ou seulemgnt

ce

Le
de
I'é
ré

IS
ac

IS
ac

tains d’entre eux.

Figure 1 — Systémes a piles a combustiblepour chariots de manutention électriques

Références normatives

leur contenu, des exigences-du présent document. Pour les références datées, sed

érence s’applique (y compris les éventuels amendements).
C 62282-6-300:2012, "Technologies des piles & combustible — Partie 6-300: Systémes
cro-piles a combustible — Interchangeabilité de la cartouche de combustible

oustique @ partir de la pression acoustique — Partie 1: Méthode d’expertise

oustique a partir de la pression acoustique — Partie 2: Méthode de contrdle

ISO 14687, Qualité du carburant hydrogene — Spécification de produit

3

Termes et définitions

Pour les besoins du présent document, les termes et définitions suivants s’appliquent.

s documents suivants sont cités dan's le texte de sorte qu’ils constituent, pour tout ou partie

le

dition citée s’applique. Pour, les références non datées, la derniére édition du document de

D 6798-1, Moteurs alternatifs a combustion interne — Mesurage du niveau de puissance

D 6798-2, Moteurs alternatifs a combustion interne — Mesurage du niveau de puissance

L'ISO et I'l[EC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

IEC Electropedia: disponible a I'adresse https://www.electropedia.org/;

ISO Online browsing platform: disponible a 'adresse https://www.iso.org/obp.
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3.1

niveau de bruit

niveau de pression acoustique produit par le systéeme a pile a combustible mesuré a une
distance spécifiée et dans tous les modes de fonctionnement

Note 1 a I'article: Le niveau de bruit est exprimé en décibels (dB) et est mesuré comme décrit en 15.2.

3.2
niveau de bruit de fond
niveau de pression acoustique d’un bruit ambiant au point de mesure

3.3
batterie
digpositif électrochimique de stockage de I’énergie qui fournit soit I'énergie d’entrée hécessalre
pdur traiter des charges parasites, soit I'énergie électrique de sortie, soit les deux

Note 1 a l'article: Les batteries de sauvegarde pour la mémoire des logiciels de contrdle let des applicatigns
similaires ne sont pas incluses.

3.4
état froid
état d’'un systéme a pile a combustible, a la température ambiante, lorsqu’il ne recgoit pps
d’¢nergie ou qu’il n’en produit pas

[SPURCE: IEC 60050-485:2020, 485-21-01]
3.5

e:u d’écoulement
egu qui s’écoule du systéme a pile a combustible, y compris I’eau résiduelle et le condensat]

Note 1 a l'article: L’eau d’écoulement ne fait pas_pattie du systeme de récupération de la chaleur.

3.6
rendement électrique du systéme\a pile a combustible
rapport de la puissance électrique de sortie moyenne d’un systéme a pile a combustible qur
unle durée donnée et de la puissance moyenne du combustible fournie au méme systéme a pjle
a combustible sur la méme.durée

3.7
sylstéme a pile a combustible
sygtéme générateurqui utilise un ou plusieurs modules a piles a combustible pour produire de
I’énergie électrigue et de la chaleur

Note 1 a l'article: Le systeme a pile a combustible destiné a étre utilisé avec des chariots de manutention pst
regrésenté sous 'une des formes indiquées dans I'lEC 62282-4-101:2022, 3.9 et 3.10.

[SPURCE: IEC 60050-485:2020, 485-09-01, modifié¢ — La Note 1 a I'article a été ajoutée.]

3.8
entrée de combustible
quantité d’hydrogéne ou de méthanol fournie au systéme a pile a combustible

3.9

consommation de combustible

volume ou masse de combustible consommé par le systéme a pile a combustible dans des
conditions de fonctionnement spécifiées
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3.10

puissance électrique minimale en sortie
puissance électrique minimale, a laquelle le systéme a pile a combustible est capable de
fonctionner de fagon continue et stable

3.1
puissance assignée

puissance de sortie électrique continue maximale, dans les conditions normales de
fonctionnement spécifiées par le fabricant, pour laquelle un systéme a pile a combustible est
congu

[SPURCE: IEC 60050-485:2020, 485-14-04, modifié — La Note 1 a I'article a été supprimée.
3.12

dyrée d’essai

laps de temps au cours duquel les points de données exigés pour le calcul desrésultats d’ess

SO

3.

pu
ex

infervalles de temps, nécessaires au maintien des performangces-acceptables du chariot

3.
pu

lig
No
[S

étq

Le
T4

pe

put]ssance électrodynamique dans laquelle les moteurs de traction fournissent de I'énergie a

nt enregistrés

3
issance fournie
igences de fourniture de courant et de tension du chariot'de” manutention a différer

4
issance régénérée

e de contact ou a des dispositifs d'accumulation 'd'énergie

e 1 al'article: Exemples de dispositifs de stockage:\batteries, volants d’inertie.

DURCE: IEC 60050-811:2017, 811-06%25, modifié — Le terme "freinage par récupération'
b remplacé par "puissance régénérée" et dans la définition, "freinage" a été remplacé p
lissance".]

Symboles

s symboles et leurs_significations utilisés dans le présent document sont donnés dans

rformances enyirennementales, avec les unités appropriées.

ai

a

ar

bleau 1 pour les-performances électriques et thermiques et dans le Tableau 2 pour les
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Tableau 1 — Symboles et signification correspondante pour les performances

électriques et thermiques

Symbole Définition Unité
M, m Masse molaire, masse
M, Masse molaire du combustible kg/mol
mg Masse de combustible mesurée au cours de la durée d’essai kg
P Pression
Ds Pression normale (101,325 kPa (abs)) kPa (ahs
Pt Pression moyenne du combustible kPa (abs
Puissance
P, Puissance électrique nette moyenne de sortie kW
Piin Puissance moyenne du combustible en entrée kJ/s
E Energie d’entrée
mf Energie d’entrée du combustible par masse kJ/kg
E Energie d’entrée du combustible par volume kJ/I
Eq, Energie d’entrée totale du combustible kJ
U Débit massique
Gons Débit massique moyen de combustible dans les conditions d’essai kg/s
qv Débit volumétrique
qys Débit volumétrique moyen de combustiblerdans les conditions d’essai I/min
Gvis Débit volumétrique moyen de combustible dans les conditions normales I/min
H Valeur calorifique
Hg Valeur calorifique du combustible sur une base molaire dans les conditions kJ/mol
normales
Hy Valeur calorifique de.la masse de liquide kJ/kg
t Temps
At Durée d’essai s, min
T Température
T, Température normale (273,15 K) K
T; Température moyenne du combustible K
ViV Volume, volume molaire
Ve Volume de combustible total mesuré au cours de la durée d’essai |
v Volume molaire de reference de gaz ideal (22, 4T T/mol) (a Ta temperature normare T7mol
ms T, = 273,15 K et a la pression normale p, = 101,325 kPa)
w Energie électrique
Wt Energie électrique de sortie kW - h
] Rendement
el Rendement électrique %
Mh Rendement de I’énergie thermique récupérable %

Mtotal

Rendement énergétique global

%
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Tableau 2 — Symboles et signification correspondante pour les performances

environnementales

Symbole Définition Unité
0 Fraction volumique
. . . . vol % ou
?B meas Fraction volumique mesurée du constituant B mi/m3
. . . . vol % ou
?8B corr Fraction volumique corrigée du constituant B ml/m3
Fraction volumique en O, (oxygéne) mesurée dans I'atmosphere a I'entrée d’air
¢a‘(02) g 2 (oxyg ) P vol-%
sec
?6x(05) Fraction volumique en O, mesurée dans un gaz d’échappement sec vol %
(CO) Fraction volumique en CO (monoxyde de carbone) corrigée dans un gaz /m3
ex,corr d’échappement sec mi/m
p (THC) Fraction volumique en hydrocarbures totaux (THC) corrigée dans un gaz /m3
ex, corr d’échappement sec (équivalent carbone) mi/m
y Concentration massique
7ex(CO) Concentration massique en CO dans un gaz d’échappement sec mg/m3
7ex(THC) Concentration massique en THC dans un gaz d’échappemernit'sec mg/m3
P Emission
&(CO) Masse d’émission de CO par énergie de combustiblécd’entrée mg/kW - h
&(THC) Masse d’émission de THC par énergie de combdstible d’entrée mg/kW - h
a Rapport atomique
THC Rapport atomique entre I’hydrogéne et le'carbone du THC dans le gaz
o ) d’échappement
w Fraction massique
g Fraction massique du méthangt
5| Conditions normales
Lels conditions normales sont spécifiées comme suit:
— | température normale: T, = 273,15 K (0 °C);
— | pression normale: pg = 101,325 kPa (abs).
6 | Base:de la valeur calorifique
Squfispécification contraire. la valeur calorifigue du combustible doit étre la valeur calorifighe

inférieure (VCI) ou une valeur calorifique similaire.

NOTE Les valeurs calorifiques de I’lhydrogene et du méthanol (VCI et VCS) sont données a I’Annexe A.

Lorsque la valeur calorifique inférieure (VCI) est appliquée pour le calcul du rendement

énergétique, il n'est pas nécessaire d’ajouter "VCI", comme indiqué ci-dessous:

Nels Mths OU Mot = XX %
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Si la valeur calorifique supérieure (VCS) est appliquée, "VCS" doit étre ajouté a la valeur du
rendement énergétique comme suit:

7

Nels NMthy OU Ntotal = XX % (VCS)

Préparation aux essais

71 Généralités

L’Article 7 décrit les éléments types qui doivent étre pris en compte avant de réaliser un ess
ur chaque essai, l'incertitude doit, dans toute la mesure du possible, étre réduitenle/plus
es
Se

Pd

pdssible en choisissant des appareils a haute précision et en planifiant minutieusement |
esjsais. Les parties concernées par I'essai doivent préparer des plans d’essai détaijllés en
fondant sur le présent document. Un plan d’essai écrit doit étre établi.

Les éléments suivants doivent étre pris en compte pour le plan d’essai:

1)
2)
3)
4)

5)
6)
7)
8)

7-A

Pd
ap
pr

L’acquisition automatique~des données a l'aide d’un ordinateur personnel ou d'un appar

Sl

8

La
SO
co|

objectif;
spécifications d’essai;

qualifications du personnel d’essai;

collectivement famille ISO 9000, ou d’autres normes équivalentes);
incertitude cible;

identification des appareils de mesure (voir I'Attiele 9);

plage estimée de parameétres d’essai;

plan d’acquisition des données.

P Plan d’acquisition des données

ur déterminer de maniére satisfaisante [l'incertitude cible, la durée et la fréquen
propriées des valeurs lues doivent étre définies et des enregistreurs de données doivent é
Bparés avant I'essai de performance.

hilaire est préférable:

Montage d’essai

Figure.2/et la Figure 3 donnent des exemples de montages d’essai qui sont exigés pdg
umetire le systeéme a pile a combustible a I'essai avec le combustible hydrogéne et
mbustible méthanol, respectivement, qui sont décrits dans le présent document. Une char

Ai.

normes de management de la qualité (ISO 9000, 4SO 9001 et I1SO 9004, appelées

ur
le

ge

tihla

él et nct cannAntAN S 1in ovctAan A Nl A Ao
CCtquC—Cotr oMM CCtCCTo ooy otCm o pPTC T CoOTm oo oStriores
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hydrogene

Systéme a Electricité Charge

e PPPP,

B E@EE @GS

[

o

Air
pile @ combustible électrique
Electricité
OH G-
v \ 4
Eau d'écoulement? Gaz d'échappement? £c
jende

ampéremetre

voltmetre

thermomeétre

manometre

débitmetre

compteur totalisateur
wattmeétre

wattmeétre totaliseur (compteur d’énergie ‘électrique)

vers le dispositif de collecte pour la mesure du volume (ou du poids), du pH, de la demande biochimique
oxygene (BOD), de la demande chimigue en oxygéne (COD).

vers le dispositif de collecte pour Fanalyse des constituants.

Figure 2 — Exemple de montage d’essai pour combustible hydrogéne
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NQTE Voir les explications des symboles a la Figure 2.

vers le dispositif de collecte pour la mesure du volume (ou du poids), du pH) de la demande biochimique
oxygeéne (BOD), de la demande chimique en oxygéne (COD).

vers le dispositif de collecte pour I'analyse des constituants.

Figure 3 — Exemple de montage d’essai pour.combustible méthanol

9 | Appareils de mesure et méthodes de mesure

9. Généralités

Le

s appareils de mesure et les méthodes de mesure doivent étre conformes aux Norm

EC

es

infernationales applicables. lls doivent:s étre choisis pour satisfaire a la plage de mesyre

splécifiée par le fabricant et a I’exactittde de mesure exigée.

9.2 Appareils de mesure
Lels appareils de mesure sont indiqués en fonction de leur utilisation prévue:

a)| appareils de mesure des pointes de tension: oscilloscope, analyseurs haute fréquence;

b)
électrique en entrée et en sortie:

— wattmetres, compteurs d’énergie électrique, voltmétres, ampéremeétres;
c)| appareits de mesure de I'entrée de combustible:

- ,‘débitmetres, compteurs totaliseurs, balances, capteurs de pression, capteurs
température;

appareils de mesure de la puissance électrique en entrée et en sortie, et de I'énerg

e

d) appareils de mesure des conditions ambiantes:
— baromeétres, hygromeétres et capteurs de température;

e) appareils de mesure du niveau de bruit:

— sonomeétres tels que spécifiés dans I'IEC 61672-1 ou autres appareils de mesure

d’exactitude équivalente ou meilleure;
f) appareils de mesure des concentrations des composants des gaz d’échappement:

— analyseur d’oxygéne (par exemple, basé sur des capteurs paramagnétiques,

électrochimiques ou d’oxyde de zirconium);

— analyseur de dioxyde de carbone (par exemple, CG-SM ou basé sur des capteurs

d’absorption infrarouge);
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g)

9.3

— analyseur de monoxyde de carbone (par exemple, basé sur des capteurs infraroug
non dispersifs ou électrochimiques);

appareils de détermination de '’eau d’écoulement:
— éprouvette graduée (pour le mesurage du volume), capteur de température, appare
de mesure du pH, sondes de DBO.

Points de mesure

Les points de mesure pour les différents parameétres sont indiqués ci-dessous.

a)

b)

c)

d)

e)

g)

h)

k)

es

ils

Débit du combustible hydrogéne:

Placer un débitmétre de combustible sur la conduite d’alimentation en combustible
systéme a pile a combustible pour mesurer le débit de combustible.

Entrée de combustible hydrogéne intégré:

Placer un compteur totaliseur de combustible sur la conduite d’alimentation’en combustil
du systéme a pile a combustible pour mesurer I'entrée de combustible. Le compte
totaliseur doit comporter un débitmétre qui mesure le débit de combustible.

Poids de I‘'entrée de combustible méthanol:

Placer une balance sous le réservoir de combustible pour’ mesurer le poids total
combustible et du réservoir. Le poids de I'entrée de combustible méthanol est mesuré
soustrayant le poids obtenu aprés I'essai de celui obtenu(@vant I'essai.

Température du combustible:
Connecter un thermomeétre ou un thermocouple juste-en aval du débitmétre de combustib
Pression du combustible:

Placer un appareil de mesure de la pressian_juste en aval du débitmétre de combustik
pour mesurer la pression relative du combdistible.

Puissance électrique de sortie:

Connecter un wattmétre a la borne.de sortie de la puissance électrique du systéme a pilg
combustible et a proximité des limites du systéme.

Energie électrique de sortie:

Connecter un compteur d’&nergie électrique a la borne de sortie de la puissance électriq
du systéme a pile a, combustible et a proximité des limites du systéme. Le compte
d’énergie électrique.doit comporter un wattmétre qui indique la puissance électrique
sortie.

Composition duscombustible:

La composition du combustible utilisé pour les essais doit étre échantillonnée et analysg

pour chague session d’essai.
Pression atmosphérique:
Placer un appareil de mesure de la pression absolue a c6té du systéme a pile a combustil

du

ur
de

e
r

A

efvde maniére a ce qu'il ne soit pas affecté par la ventilation, la prise ou I'évacuation d’

du systéme a piles a combustible.
Température de l'air:

Placer un thermomeétre a c6té du systéme a pile a combustible et de maniére a ce qu’il
soit pas affecté par la ventilation, la prise ou I'’évacuation d’air du systéme a piles
combustible.

Humidité de I'air:
Placer un hygrometre a cété du systéme a pile a combustible et de maniére a ce qu'il

soit pas affecté par la ventilation, la prise ou I’évacuation d’air du systéme a pile
combustible.

Niveau de bruit:
Voir 15.2.

ne
a

ne
a
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