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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

Fuel cell technologies -  
Part 7-1: Test methods - Single cell performance tests for polymer 

electrolyte fuel cells (PEFC) 
 
 

FOREWORD 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for 
standardization comprising all national electrotechnical committees (IEC National Committees). 
The object of IEC is to promote international co-operation on all questions concerning 
standardization in the electrical and electronic fields. To this end and in addition to other 
activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National 
Committee interested in the subject dealt with may participate in this preparatory work. 
International, governmental and non-governmental organizations liaising with the IEC also 
participate in this preparation. IEC collaborates closely with the International Organization for 
Standardization (ISO) in accordance with conditions determined by agreement between the two 
organizations. 

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

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

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC 
Publications transparently to the maximum extent possible in their national and regional 
publications. Any divergence between any IEC Publication and the corresponding national or 
regional publication shall be clearly indicated in the latter. 

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

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

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

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced 
publications is indispensable for the correct application of this publication. 

9) IEC draws attention to the possibility that the implementation of this document may involve 
the use of (a) patent(s). IEC takes no position concerning the evidence, validity or applicability 
of any claimed patent rights in respect thereof. As of the date of publication of this document, 
IEC had not received notice of (a) patent(s), which may be required to implement this document. 
However, implementers are cautioned that this may not represent the latest information, which 
may be obtained from the patent database available at https://patents.iec.ch. IEC shall not be 
held responsible for identifying any or all such patent rights. 
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IEC TS 62282-7-1 has been prepared by IEC technical committee 105: Fuel cell technologies. 
It is a Technical Specification. 

This third edition cancels and replaces the second 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) the harmonization with the “EU Harmonised Test Protocols for PEMFC-MEA Testing in 
Single Cell Configuration for Automotive Applications” published by Joint Research Centre 
(JRC) of European Commission; 

b) restructuring of the format: move the applied performance test methods in Annex H (Edition 
2) to the main body and restructure the clause of testing and measurements; 

c) add new example single cell designs to Annex A and Annex B. 

The text of this Technical Specification is based on the following documents: 

Draft Report on voting 

105/1120/DTS 105/1138/RVDTS 

Full information on the voting for its approval can be found in the report on voting indicated in 
the above table. 

The language used for the development of this Technical Specification is English. 

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 
described in greater detail at www.iec.ch/publications. 

A list of all parts of the IEC 62282 series, published under the general title Fuel cell 
technologies, can be found on the IEC website. 

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under webstore.iec.ch in the data related to the 
specific document. At this date, the document will be 

– reconfirmed, 
– withdrawn, or 
– revised. 
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INTRODUCTION 

This part of IEC 62282 describes standard single-cell test methods for polymer electrolyte fuel 
cells (PEFCs). This document has been mainly based on the research and development of 
PEFCs [1], [2], [3], [4], [5], [6], [7], [8], [9], and provides consistent and repeatable methods to 
test the performance of single cells. This document should be used by component 
manufacturers or stack manufacturers who assemble components in order to evaluate the 
performance of cell components, including membrane electrode assemblies (MEAs) and flow 
plates. This document is also available for fuel suppliers to determine the maximum allowable 
impurities in fuels. 

Users of this document can selectively execute test items suitable for their purposes from those 
described in this document. This document is not intended to exclude any other methods. 

Although this document is for proton exchange membrane fuel cells (PEMFCs) as stated in the 
scope, users can use this document as a reference to other types of electrolyte membrane fuel 
cells because they have a certain similarity to PEMFC in test items and test methods. 

Further reading 

IEC 60688, Electrical measuring transducers for converting A.C. and D.C. electrical quantities 
to analogue or digital signals 

IEC 61882, Hazard and operability studies (HAZOP studies) - Application Guide 

IEC 60051-2, Direct acting indicating analogue electrical measuring instruments and their 
accessories - Part 2: Special requirements for ammeters and voltmeters 

ISO 5167-1:2022, Measurement of fluid flow by means of pressure differential devices inserted 
in circular cross-section conduits running full - Part 1: General principles and requirements 

ISO 5167-2:2022, Measurement of fluid flow by means of pressure differential devices inserted 
in circular cross-section conduits running full - Part 2: Orifice plates 

ISO 5167-3:2022, Measurement of fluid flow by means of pressure differential devices inserted 
in circular cross-section conduits running full - Part 3: Nozzles and Venturi nozzles 

ISO 5167-4:2022, Measurement of fluid flow by means of pressure differential devices inserted 
in circular cross-section conduits running full - Part 4: Venturi tubes 

Other publications 

Taylor, B. N., and Kuyatt, C. E., 1994, “Guidelines for Evaluating and Expressing the 
Uncertainty of NIST Measurement Results,” National Institute of Standards and Technology, 
NIST Technical Note 1297 

Fuel Cell Handbook (7th Ed.), EG&G Technical Services, US DOE Report, 2004 

FCTESTNET Fuel Cells Glossary, EUR22295 EN (June 2006) 

G. Tsotridis, A. Pilenga, G. De Marco, T. Malkow, EU harmonised test protocols for PEMFC 
MEA testing in single cell configuration for automotive applications; JRC Science for Policy 
report, 2015; EUR 27632 EN; doi 10.2790/5465 
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T. Bednarek, G. Tsotridis, Development of reference hardware for a harmonised testing of PEM 
single fuel cells, EUR 30592 EN, Publication Office of the European Union, Luxembourg, 2021, 
ISBN 978-92-76-30231-5 (online), doi:10.2760/83818, JRC123219 
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1 Scope 

This document covers cell assemblies, test station setup, measuring instruments and 
measuring methods, performance test methods, and test reports for PEFC single cells. 

This document is used for evaluating: 

a) the performance and durability of membrane electrode assemblies (MEAs) for PEFCs in a 
single cell configuration; 

b) materials or structures of PEFCs in a single cell configuration; or, 
c) the influence of impurities in fuel and/or in air on the fuel cell performance and durability. 

This document is for proton exchange membrane fuel cells (PEMFC) basically having flow field 
configurations and using hydrogen or hydrogen containing gas as fuel. It excludes from the 
scope fuel cells based on anion exchange membranes, bipolar membranes, and phosphoric 
acid doped polybenzimidazole membranes. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. 
For undated references, the latest edition of the referenced document (including any 
amendments) applies. 

ISO 14687, Hydrogen fuel quality - Product specification 

IEC 60050-485:2020, International Electrotechnical Vocabulary (IEV) - Part 485: Fuel cell 
technologies (available at http://www.electropedia.org) 

3 Terms, definitions and symbols 

3.1 Terms and definitions 

For the purposes of this document, the terms and definitions given in IEC 60050-485:2020 and 
the following apply. 

ISO and IEC maintain terminological databases for use in standardization at the following 
addresses: 

– IEC Electropedia: available at http://www.electropedia.org/ 
– ISO Online browsing platform: available at http://www.iso.org/obp 

3.1.1  
anode 
electrode (3.1.8) at which the oxidation of fuel (3.1.12) takes place 

[SOURCE: IEC 60050-482:2004 [10], 482-02-27, modified - Definition adapted for the context 
of fuel cell technologies and Note 1 to entry has been deleted.] 

3.1.2  
catalyst 
substance that accelerates (increases the rate of) a reaction without being consumed itself 

Note 1 to entry: The catalyst lowers the activation energy of the reaction, allowing for an increase in the reaction 
rate. 
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[SOURCE: IEC 60050-485:2020 [11], 485-01-01, modified - "an electrochemical reaction" has 
been replaced with "(increases the rate of) a reaction" and Note 2 to entry has been deleted.] 

3.1.3  
catalyst-coated membrane 
CCM 
<in a PEFC> membrane whose surfaces are coated with a catalyst layer (3.1.4) to form the 
reaction zone of the electrode (3.1.8) 

Note 1 to entry: See also membrane electrode assembly (3.1.20) (MEA). 

[SOURCE: IEC 60050-485:2020 [11], 485-04-03] 

3.1.4  
catalyst layer 
porous region adjacent to either side of the membrane containing the catalyst (3.1.2), typically 
with ionic and electronic conductivity 

Note 1 to entry: The catalyst layer comprises the spatial region where the electrochemical reactions take place. 

[SOURCE: IEC 60050-485:2020 [11], 485-02-06 modified - "the electrolyte, containing the 
electrocatalyst" has been replaced with "the membrane containing the catalyst".] 

3.1.5  
catalyst support 
material that supports the catalyst, and serves as the conductive medium for electricity 

[SOURCE: IEC 60050-485:2020 [11], 485-01-06, modified - "electrocatalyst" has been replaced 
with "catalyst".] 

3.1.6  
cathode 
electrode (3.1.8) at which oxidant (3.1.23) reduction takes place 

[SOURCE: IEC 60050-482:2004 [10], 482-02-28, modified - Definition adapted for the context 
of fuel cell technologies and Note 1 to entry has been deleted.] 

3.1.7  
current collector 
conductive material in a fuel cell (3.1.13) that collects electrons from the anode (3.1.1) side or 
conducts electrons to the cathode (3.1.6) side 

[SOURCE: IEC 60050-485:2020 [11], 485-06-07] 

3.1.8  
electrode 
electronic conductor (or semi-conductor) through which an electric current enters or leaves the 
electrochemical cell as the result of an electrochemical reaction 

Note 1 to entry: An electrode may be either an anode (3.1.1) or a cathode (3.1.6). 

[SOURCE: IEC 60050-485:2020 [11], 485-02-01] 

3.1.9  
electrolyte 
liquid or solid substance containing mobile ions that render it ionically conductive 

Note 1 to entry: The electrolyte is the main distinctive feature of the different fuel cell technologies (e.g. a liquid, 
polymer, molten salt, solid oxide) and determines the usable operating temperature range. 
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[SOURCE: IEC 60050-114:2014 [12], 114-01-02, modified - Note 1 to entry has been modified.] 

3.1.10  
flow plate 
conductive plate made of metal, a material such as graphite, or a conductive polymer that may 
be a carbon-filled composite, which is incorporated with flow channels for fuel (3.1.12) or an 
oxidant (3.1.23) gas feed and has an electrical contact with an electrode (3.1.8) 

3.1.11  
end plate 
clamping plate 
component located on each of the two ends of the cell, serving to transmit the required 
compression to the cell 

[SOURCE: IEC 60050-485:2020 [11], 485-06-06 modified - "fuel cell stack" and "stacked cells" 
were replaced with "cell".] 

3.1.12  
fuel 
hydrogen or hydrogen-containing gas that reacts at the anode (3.1.1) 

3.1.13  
fuel cell 
electrochemical device that converts the chemical energy of a fuel (3.1.12) and an oxidant 
(3.1.23) to electrical energy (DC power), heat and reaction products 

Note 1 to entry: The fuel and oxidant are typically stored outside of the fuel cell and transferred into the fuel cell as 
they are consumed. 

[SOURCE: IEC 60050-485:2020 [11], 485-08-01] 

3.1.14  
gas diffusion electrode 
GDE 
type of electrode (3.1.8) specifically designed for gaseous reactants or products or both 

Note 1 to entry: A gas diffusion electrode usually comprises one or more porous layers, like the gas diffusion layer 
and the catalyst layer (3.1.4). 

[SOURCE: IEC 60050-485:2020 [11], 485-02-02, modified - Note 2 to entry has been deleted.] 

3.1.15  
gas diffusion layer 
GDL 
porous substrate placed between the catalyst layer (3.1.4) and the flow plate (3.1.10) to serve 
as electric contact and allow the access of reactants to the catalyst layer and the removal of 
reaction products 

Note 1 to entry: The gas diffusion layer is a component of a gas diffusion electrode (3.1.14). 

[SOURCE: IEC 60050-485:2020 [11], 485-04-05, modified - "bipolar plate" has been replaced 
with "flow plate".] 

3.1.16  
gasket 
sealing component which prevents the reactant gas and/or coolant from leaking out of a cell 
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3.1.17  
internal resistance 
ohmic resistance inside a fuel cell (3.1.13), measured between current collectors (3.1.7), 
caused by the electronic and ionic resistances of the different components (electrodes (3.1.8), 
electrolyte (3.1.9), flow plates (3.1.10) and current collectors (3.1.7)) 

Note 1 to entry: The term ohmic refers to the fact that the relation between voltage drop and current is linear and 
obeys Ohm’s Law. 

[SOURCE: IEC 60050-485:2020 [11], 485-15-04, modified - "bipolar plate" has been replaced 
with "flow plate".] 

3.1.18  
limiting current density 
maximum current density that can be attained by the cell under a given set of test conditions 
where the cell voltage sharply decreases to near zero 

3.1.19  
maximum current density 
highest current density allowed for a short time as specified by the manufacturer 

3.1.20  
membrane electrode assembly 
MEA 
component of a fuel cell (3.1.13), usually a polymer electrolyte fuel cell (3.1.13), comprising an 
electrolyte membrane with gas diffusion electrodes (3.1.8) on each side or of a catalyst-coated 
membrane with a gas diffusion layer on each side 

[SOURCE: IEC 60050-485:2020 [11], 485-04-01, modified - "or a direct methanol fuel cell" has 
been deleted.] 

3.1.21  
minimum cell voltage 
lowest permitted cell voltage specified by the manufacturer 

3.1.22  
open circuit voltage 
OCV 
voltage across the terminals of a fuel cell (3.1.13) with fuel (3.1.12) and oxidant (3.1.23) present 
and in the absence of external current flow 

Note 1 to entry: The open circuit voltage is expressed in V. 

[SOURCE: IEC 60050-485:2020 [11], 485-13-02, modified - "stack" has been deleted.] 

3.1.23  
oxidant 
oxygen or oxygen-containing gas (e.g. air) that reacts at the cathode (3.1.6) 

3.1.24  
overload 
operation of the cell under a power demand larger than the rated power 

Note 1 to entry: As a consequence of an overload, the cell voltage drops to unsafe values that may cause 
deterioration of its components, principally the electrodes and membrane. 

Note 2 to entry: The overload conditions (current, temperature, duration) should be specified by, or in accordance 
with, the manufacturer. 
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3.1.25  
polymer electrolyte 
polymer material able to exchange ions in the presence of a liquid that render it ionically 
conductive 

3.1.26  
polymer electrolyte fuel cell 
PEFC 
fuel cell (3.1.13) that employs a polymer with proton ionic exchange capability as the electrolyte 
(3.1.9) 

Note 1 to entry: The polymer electrolyte fuel cell is also called a proton exchange membrane fuel cell (PEMFC). 

[SOURCE: IEC 60050-485:2020 [11], 485-08-08, modified - "( )" has been deleted.] 

3.1.27  
power 
energy per unit time, calculated from the voltage multiplied by the current 

3.1.28  
power density 
measure calculated by dividing the power by the geometric active electrode area 

Note 1 to entry: Power density is expressed in W/cm2. 

3.1.29  
rated current density 
maximum current density specified by the manufacturer of the MEA (3.1.20) or single cell 
(3.1.31) for continuous operation 

3.1.30  
rated voltage 
minimum cell voltage specified by the manufacturer of the MEA (3.1.20) or single cell (3.1.31) 
for continuous operation 

3.1.31  
single cell 
basic unit of a fuel cell consisting of an anode flow plate (3.1.10), MEA (3.1.20), cathode flow 
plate (3.1.10) and sealing gaskets (3.1.16) 

Note 1 to entry: See Annex B for additional information. 

3.1.32  
single cell test 
test of the fuel cell (3.1.13) performance based on a single cell (3.1.31) 

[SOURCE: IEC 60050-485:2020 [11], 485-22-05, modified - "that of" has been deleted and Note 
1 to entry has been deleted.] 

3.1.33  
stoichiometry 
molar ratio of the fuel (3.1.12) or oxidant (3.1.23) gas flow rate supplied to the cell to that 
required by the chemical reaction, as calculated from the current using Faraday equation 

Note 1 to entry: Stoichiometry is the inverse value of fuel (or oxidant) utilization as defined in IEC 60050-485:2020. 

Note 2 to entry: See Annex Q for additional information. 
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3.2 Symbols 

Table 1 lists the symbols and units that are used in this document. 

Table 1 – Symbols 

Symbol Definition Unit 

A Geometric active area of the electrode cm2 

Ae−Pt Electrochemically active surface area (ECSA) of platinum catalyst per unit 
electrode area 

m2/cm2 

Ag ECSA per 1 g of platinum catalyst m2/g 

Amass Mass activity of the cathode A/g 

b Tafel slope V/deca 

dO2 Gas densities of oxygen at flow rate measuring conditions g/cm3 

dH2 Gas densities of hydrogen at flow rate measuring conditions g/cm3 

δi Molar stoichiometric factors in the cell reaction of substance i (dimensionless) 

E0 Thermodynamic potential at the conditions used V 

F Faraday constant (96485) C/mol 

I Current A 

Imin Minimum current A 

Imax Maximum current A 

I0,9 Total current density at 0,9 V (IR-free voltage) A/cm2 

j Current density A/cm2 

J0 Exchange current density A/cm2 

jst Rated current density A/cm2 

jcoc Crossover current density A/cm2 

jtotal Sum of the applied and the crossover current densities A/cm2 

jL Limiting current density A/cm2 

L Platinum loading g 

Lpt Platinum loading of the cathode g/cm2 

M i Molar mass of substance i g/mol 

mi Gas mass of substance i g 

p Fuel and oxidant pressures kPa b 

pamb Ambient pressure kPa b 

pH2 Fuel pressure at cell inlet or outlet c port kPa b 

pAir Oxidant pressure at cell inlet or outlet c port kPab 

Pel Electric power output W 

Pst Power output under the standard test conditions W 

Pd Electric power density W/cm2 

Qfuel Fuel flow rate d (at STP e) cm3/min 

Qox Oxidant flow rate d (at STP e) cm3/min 
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Symbol Definition Unit 

Qfuel,min Fuel minimum flow rate cm3/min 

Qox,min Oxidant minimum flow rate cm3/min 

RASR Area-specific cell resistance Ω·cm2 

Rint Cell resistance Ω 

RHamb Ambient relative humidity % 

RHfuel Fuel relative humidity f % 

RHox Oxidant relative humidity f % 

t Time: hour, minute, second h, min, s 

T Temperature °C, K 

Tamb Ambient temperature °C 

Tc Cell temperature °C 

Tfuel Fuel dew point °C 

Tox Oxidant dew point °C 

Tbfuel Fuel bubbler temperature °C 

Tbox Oxidant bubbler temperature °C 

Tlfuel Fuel line temperature °C 

Tlox Oxidant line temperature °C 

V Cell voltage V 

VIR-free IR-free voltage V 

Vmeasured Measured voltage V 

ΔVCI Instantaneous change of cell voltage upon current-interrupt V 

Xfuel Fuel composition g % H2 ,% other 
gases 

Xox Oxidant composition g % Air or O2 ,% 
other gases 

λ i Stoichiometry of substance i (dimensionless) 

λfuel Fuel stoichiometry (dimensionless) 

λox Air stoichiometry (dimensionless) 

νco Hydrogen crossover rate mol/(s·cm2) 

jco Crossover current density (interpolated current density at zero potential) A/cm2 

qh Hydrogen desorption or adsorption charge C (coulomb) 

σH Hydrogen desorption or adsorption charge per unit active area of platinum (the 
most accepted value is 2,1 C/m2 Pt ) 

μC/cm2 

σco CO desorption charge per unit active area of platinum μC/cm2 
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Symbol Definition Unit 

a Change of voltage for a factor of 10 between two currents. 

b ISO recommends using absolute pressure (kPa) if possible. If gauge pressure is used, it should be noted as 
such and be given in kPaG. 

c State in the test report which option was selected and whether the cell inlet or outlet pressure was controlled 
to be constant. 

d Qλfuel and Qλox are respectively the stoichiometry controlled volumetric flow rates of fuel and oxidant. The 
actual volumetric flow rates used during the test are the stoichiometry controlled flow rates, unless the values 
are smaller than the minimum flow rates: Qfuel,min and Qox,min. 

e STP = standard temperature and pressure: 0 °C and 101,325 kPa (absolute). Unless stated otherwise, STP is 
used for the flow rate. 

f Relative humidity is calculated based on the cell temperature. 

g Impurities are expressed as (μmol)/mol. 

4 General safety considerations 

An operating fuel cell uses oxidizing and reducing gases. Typically, these gases are stored in 
high-pressure containers. It is possible but not necessarily the case that the fuel cell itself can 
be operated at pressures greater than atmospheric pressure. 

Those who carry out single cell testing shall be trained and experienced in the operation of 
single cell test systems and specifically in safety procedures involving electrical equipment and 
reactive, compressed gases. 

The test personnel are responsible for obtaining and following all applicable safety codes and 
generally accepted engineering practices related to their test system, facility, fuels (with 
particular attention to compressed gases), and exhaust products. 

Materials which are compatible with the use and storage of the reactant gases shall be used 
during testing. Local safety codes and standards can contain requirements for working with 
hydrogen and carbon monoxide. Safety of hydrogen systems is explained in ISO/TR 15916 [13]. 

In summary, safely operating a single cell test station requires appropriate technical training 
and experience as well as safe facilities and equipment, all of which are outside the scope of 
this document. 

5 Cell components 

5.1 General 

The following components are typically used: 

a) an MEA; 
b) gaskets; 
c) an anode-side flow plate and a cathode-side flow plate; 
d) an anode-side current collector and a cathode-side current collector; 
e) an anode-side clamping plate and a cathode-side clamping plate; 
f) electrically insulating sheets; 
g) clamping or axial load hardware which may include bolts, washers, springs, etc., and; 
h) temperature control devices. 
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5.2 Membrane electrode assembly (MEA) 

The MEA shall have an active electrode area as large as needed to measure desired 
parameters. A suggested active electrode area should be approximately 25 cm2, though cells 
having larger electrodes can give more relevant data for practical applications. Also, an active 
electrode area of approximately 1 cm2 to 10 cm2 to bring uniform testing condition in the 
electrode may be used. The active electrode area shall be recorded. The uncertainty in the area 
measurement shall also be recorded. 

NOTE 1 Larger active areas are technologically more relevant, but heterogeneities in parameters such as 
temperature, flow rate, reactant concentration and/or compression can become significant. Cells with small areas 
can have more homogeneous behavior but results can differ from those of larger areas used in practical cells. 

NOTE 2 The active area is expressed in m2 and was modified to cm2. 

NOTE 3 The effective active area of the cell is the area resulting from the overlapping of the active areas of anode 
catalyst layer, cathode catalyst layer, and membrane. 

5.3 Gasket 

The gasket material shall be compatible with fuel cell reactants, components, reaction products, 
coolant and cell operating temperature. It shall minimize gas leakage. 

5.4 Flow plate 

Flow plates shall be made of materials that have negligible gas permeability and high electrical 
conductivity. Resin-impregnated, high-density, synthetic graphite, polymer/carbon composites, 
or corrosion-resistant metals, such as titanium or stainless steel, are recommended. If metal is 
used, the plate surface may be coated/plated (e.g. with gold or platinum) in order to reduce 
contact resistance. The flow plate should be corrosion-resistant and provide a suitable seal. 

Information about suggested designs is given in Annex A. The flow field configuration shall be 
documented in the test report. 

The flow plates for testing shall allow the accurate measurement of cell operating temperature. 
For example, flow plates may have a small hole on an edgewise face in order to accommodate 
a temperature sensor. In this case, the hole shall reach the centre of the flow plate. 

If the objective of testing is to evaluate the design of a particular flow channel, it is not necessary 
to use the suggested flow plate design. 

5.5 Current collector 

Current collectors shall be made of materials that have high electrical conductivity, such as 
metal. Metal collectors may be plated with contact resistance-reducing materials, such as gold 
or platinum. However, care should be taken in choosing the coating material. It shall be 
compatible with the cell components and reactants and products. 

Current collectors shall be thick enough to minimize voltage drop over their surface area. They 
should provide an output terminal for wire connection. 

If flow plates act as current collectors, independent current collectors are not required. 

5.6 End plate (or clamping plate) 

End plates (or clamping plates) shall be flat and smooth-surfaced, with their mechanical 
properties strong enough to withstand the bending force being applied when clamped with bolts. 

If the clamping plates are conductive, they shall be insulated from the current collectors in order 
to prevent short-circuiting. 
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5.7 Clamping hardware 

Clamping hardware shall have high mechanical strength in order to withstand the stresses 
generated during installation and operation. Washers and springs or pneumatic mechanism may 
be used to maintain constant, uniform pressure on the single cell. A calibrated torque wrench 
or other measuring device shall be used to set exact pressure on the cell. 

The clamping pressure should be tested and noted before and after each experiment. The 
spatial variation should not be higher than 10 %. If possible, the clamping pressure (magnitude, 
distribution) should be controlled continuously. 

It is recommended to electrically insulate the clamping hardware. 

5.8 Temperature-control device 

The single cell shall be provided with a temperature-control device in order to maintain it at a 
targeted temperature or temperature profile along the flow plate and across the cell. The 
temperature-control device may be programmable to follow a fixed temperature profile. The 
temperature-control device shall have a means to prevent over-temperature. 

There are multiple ways of achieving this requirement. 

One simple way is to convectively cool and electrically heat the clamping (end) plates. The 
heating can also be achieved by attaching a skin resistance heater to the external surface of 
the plate. An alternative method is to insert a cartridge heater into a hole in the plate. 

In either case, care is required to maintain insulation for electrical safety. 

6 Cell assembly 

6.1 Assembly procedure 

Cell assembly procedures have a large impact on the repeatability of fuel cell data. Specific 
procedures shall be documented for the following assembly operations: 

a) CCM alignment, including identification of anode and cathode sides, 
b) diffusion media (i.e. GDL) alignment, including identification of anode and cathode parts, as 

well as the sides to be placed facing the membrane and flow field, 
c) gasket/seal placement, 
d) alignment fixtures or jigs to be used, if any, 
e) compression procedures and specifications, such as diffusion media compression values, 

bolt tightening order, compression springs, and final torque specifications. 

Pressure may be checked by pressure-sensitive paper/film. 

Typical alignment of cell components is shown in Annex B. 

After assembly, the isolation between the clamping plates and current collectors shall be 
checked. 

6.2 Cell orientation and fluid flow configuration 

A cell shall be operated in an orientation which facilitates product water removal. The cell 
orientation shall be documented. The flow configuration of the fluids, including any coolant, in 
the cell shall be documented, for example inlet and outlet locations (top, bottom, centre) and 
relative direction (co-flow, counter-flow, cross-flow, co-counter-cross-flow). If the cell is 
operated in dead-end configuration, details of the purge procedure shall be recorded. 
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6.3 Leak check 

The cell shall have minimal external and internal leakage. Examples of leak-check procedures 
are given in Annex D. In principle, the leak-check procedures consist of injecting an inert or test 
gas into both the anode and cathode sides. By using a suitable pressure difference, the nature 
and direction of the leak can be ascertained. The maximum pressures, the nature of the test 
gas and leakage rates shall be documented. If a leak is detected, other tests, such as a bubble 
test, may be performed to further delineate the type and nature of the leak. 

The differential pressure on the membrane is critical. The maximum differential pressure 
specified by the manufacturer should not be exceeded. 

7 Test station setup 

7.1 Minimum equipment requirements 

A fuel cell test station is required to conduct the testing of a single cell. The minimum test 
equipment functionality in order to meet the intention of the single cell test procedure includes 
the following test parameters: 

a) reactant gas flow rate control to meter and control the flow rates of fuel and oxidant gases 
to the fuel cell at a desired stoichiometric ratio; 

b) reactant gas humidification control to humidify the reactant gases to a specified dew point 
prior to delivery to the fuel cell. The recommended water resistivity is at least 0,1 MΩ·cm 
(or at most a conductivity of 10−6 S·cm−1). The gas transfer lines between the humidifiers 
and the cell should be heated to at least 5 °C above the dew point temperature to minimize 
condensation. The lines should be insulated to minimize heat loss. For some MEAs, it is 
possible that humidification is not required; 

c) reactant gas pressure control to regulate the reactant gas pressure within the fuel cell. 
Unless otherwise required for the purpose of the test, the pressure should be controlled at, 
and relative to, the outlet of the cell; 

d) load control: load bank to draw a specified current or voltage from the cell. 
e) cell heating/cooling control to heat or cool the single cell to the desired operating 

temperature; 
f) cell voltage monitoring and data acquisition instrumentation to measure and record the cell 

voltage throughout the test; 
g) test station control: test station capable of controlling the above parameters; 
h) automatic shutdown safety features are recommended. They are to allow the testing system 

to recognize undesirable operating conditions and respond by shutting down to prevent any 
damage to the fuel cell and/or stop any potentially unsafe event. 

7.2 Schematic diagram 

Figure 1 is a schematic block representation of the major sub-systems required in a test station 
to conduct fuel cell testing. 
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Figure 1 – Test station schematic diagram for single cell testing 

Materials used for any component that will be in contact with humidified gas or humidifier water 
shall be compatible with the gas or water to prevent the extraction of impurities from the 
material. Example materials include stainless steel and fluoro-plastics. 

Beware of leaching of metal cations from stainless steel in pure water at elevated temperature 
and the necessity to drain humidifiers periodically if not in constant use. 

In the case of impurity testing, the gas humidification system shall be designed to avoid 
removing the test impurities from the gas stream prior to the gas entering the cell. 

NOTE Impurities are given in ISO 14687 [14]. 

Variations to this configuration are acceptable provided that the functional requirements of this 
document are met. 

7.3 Maximum variation in test station controls (inputs to test) 

The fuel cell test station shall have the following maximum variation in its controls: 

a) current control ±1 % relative to set point; 
b) voltage control ±1 % relative to set point; 
c) cell temperature control ±1 °C at set point (in steady state); 
d) humidity dew point control ±2 °C at set point (in steady state), if applicable; 
e) flow rate control ±5 % relative to set point; 
f) pressure control ±3 % relative to set point. 
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8 Measuring instruments 

8.1 Instrument uncertainty 

The maximum instrument expanded uncertainty (k = 2, representing 95 % coverage) for 
measurements (test inputs and outputs) in the tests shall be as follows: 

a) current ±1 % of maximum expected value; 
b) voltage ±0,5 % of maximum expected value; 
c) temperature ±1 °C; 
d) dew point ±2 °C; 
e) flow rate ±2 % of maximum expected value; and 
f) pressure ±3 % of maximum expected value. 

NOTE At low current, voltage and flow rates, the uncertainties can be very large with respect to the measured 
values. 

8.2 Measuring instruments and measuring methods 

8.2.1 General 

Measuring instruments shall be selected in accordance with the range of values to be measured. 
The instruments shall be calibrated regularly in order to maintain the level of accuracy described 
in 8.1. All measuring devices shall be calibrated according to the manufacturer’s instructions. 
Relevant national regulations or international standards can apply, IEC 60051-1 [15]. 

8.2.2 Voltage 

A voltage meter shall be connected to the anode and cathode flow plates or current collectors, 
minimizing the influence of electrical contact resistances. The voltage sensing cables should 
be connected independently of current carrying cables to avoid measuring additional 
resistances from this current carrying circuit. The electrical contact resistances between the 
connections of the voltage meter, either anode and cathode flow plates or output terminals of 
anode and cathode current collectors shall be measured and recorded, if not negligible. 

8.2.3 Current 

A current measuring device shall be located in the current-carrying circuit of the cell. The 
current-measuring device may consist of a low-impedance ammeter or a calibrated shunt 
resistor, which develops a precisely known voltage in proportion to the current flowing. The 
current may also be measured using the features of an electronic load. 

8.2.4 Internal resistance (IR) 

Recommended IR measuring methods are the current-interrupt method (see 11.6.2.1) and the 
electrochemical impedance spectroscopy (EIS) method (see 11.8). An AC resistance method 
at a fixed frequency (typically 1 kHz to 10 kHz), such as the use of an AC milliohm meter, is 
also acceptable (see 11.6.2.2). Care should be taken in the selection of a frequency to ensure 
the impedance contains a negligibly small positive imaginary component at the condition of 
measurement. The frequency of the milliohm meter should be recorded. 

Care should be taken when using an external AC signal in parallel with the load in order to 
avoid interference. 

Plus and minus sense leads of these measuring instruments shall be connected to the output 
terminals of the cathode and anode current collectors, respectively. 
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8.2.5 Fuel and oxidant flow rates 

Fuel and oxidant flow rates shall be measured by means of a volumetric meter, a mass flow 
meter, or a turbine-type flow meter. If such a method is not practical, flow measurement by a 
nozzle, orifices or Venturi meter is recommended. The location of a flow meter shall be 
upstream of the humidifier. 

If the flow meter requires pressure compensation, a static pressure measuring port shall be 
located immediately upstream of the flow meter to be corrected. 

8.2.6 Fuel and oxidant temperature 

The recommended sensor for direct temperature measurement is a thermocouple, a resistance 
thermometer with a transducer or a thermistor. 

The temperature sensor shall be located immediately upstream of the single cell. It is 
recommended to position another sensor immediately downstream of the single cell. 

If the fuel and/or oxidant flow meter requires temperature compensation, the sensor for such 
correction shall be located immediately upstream of the flow meter. 

8.2.7 Cell temperature 

The recommended sensor for direct temperature measurement is a thermocouple, a resistance 
thermometer with a transducer or a thermistor. 

The temperature sensor should be located as close as possible to the centre of the cathode 
active area. Ideally, it should be at the centre of both anode and cathode flow plates (see 5.4 
and Annex A for more details). 

8.2.8 Fuel and oxidant pressures 

For measuring fuel and oxidant pressures, calibrated pressure transducers are the preferred 
method. Other acceptable methods include calibrated manometers, dead-weight gauges, 
bourdon tubes or other elastic-type gauges. 

Static pressure-measuring ports shall be located immediately upstream or immediately 
downstream of the single cell. Fuel and oxidant pressures may be controlled either upstream of 
the cell (inlet pressure mode) or downstream of the cell (back pressure mode). 

Connecting piping shall be checked to verify that it is leak-free under working conditions in 
advance of the performance tests. Liquid water in the piping should be avoided. 

If pressure fluctuations occur, a suitable means of damping shall be installed in an effective 
position. 

Pressures shall be measured as static pressures with the effect of velocity considered and 
eliminated. 

8.2.9 Fuel and oxidant humidity 

To measure fuel and oxidant humidity, a chilled mirror, aluminium oxide, bulk polymer resistive 
or capacitance-type hygrometer can be used to obtain humidity values, depending on the fuel 
and oxidant temperatures. 

Humidity shall be expressed as a dew-point temperature or as relative humidity in % calculated 
at the cell temperature. 
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A humidity measuring port shall be located upstream of the single cell, or the humidity sensor 
can be in the reactant gas before testing commences. In the case of using ambient or synthetic 
air as oxidant, the dew point shall be measured and recorded. 

8.2.10 Ambient conditions 

It is recommended that the ambient temperature, pressure and humidity be measured and 
recorded. 

For the direct measurement of ambient temperature, thermocouples with a transducer or a 
resistance thermometer with a transducer is recommended. 

For the direct measurement of ambient pressure, a barometer is recommended. 

For direct measurement of ambient humidity, a hygrometer is recommended. 

9 Gas composition 

9.1 Fuel composition 

9.1.1 Hydrogen 

Hydrogen fuel shall be in accordance with the hydrogen fuel quality standard ISO 14687 grade 
D (for road vehicles) or grade E category 3 (for stationary appliances). 

9.1.2 Hydrogen containing gas 

The gas composition shall be specified. The purity and composition of the gas shall be 
determined by chemical analysis. The results of the chemical analysis shall be recorded. 

9.2 Oxidant composition 

If air is used as an oxidant, then either atmospheric or synthetic air may be used. In the case 
of atmospheric air, it is recommended that the air be water-, oil- and particulate-free. Impurities 
such as SOx, NOxand NH3 are known to influence the performance of fuel cells. The oxidant 
composition, including the concentration of impurities, shall be recorded. 

10 Test preparation 

10.1 Standard test conditions 

The following shall be specified by the cell and/or cell component manufacturer as the standard 
test conditions before commencing a test. If no specifications are given, the conditions will 
depend on the study to be performed. These conditions shall be recorded: 

a) cell temperature (recommended location: centre of cathode flow plate); 
b) fuel operating pressure; 
c) oxidant operating pressure; 
d) fuel humidity at fuel cell operating temperature; 
e) oxidant humidity at fuel cell operating temperature; 
f) fuel composition; 
g) oxidant composition; 
h) fuel stoichiometry; 
i) oxidant stoichiometry; 
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j) rated current density; 
k) rated voltage; 
l) maximum current density; 
m) minimum cell voltage. 

Performance tests shall be carried out under standard testing conditions unless otherwise 
specified in the description of the respective test methods. A typical testing flowchart is given 
in Figure 2. 

 

Figure 2 – Typical testing flowchart 

10.2 Ambient conditions 

For each test run, it is recommended that the following ambient conditions are measured: 

a) temperature; 
b) absolute pressure; and 
c) relative humidity. 

NOTE Altitude can have an influence on the air composition. 

10.3 Data sampling rate 

The recommended data sampling rate is 1 Hz. If the system is at a steady state, it is appropriate 
to take one measurement value as an average value over 1 min (i.e. mean value of 60 single 
measurements). 

10.4 Repeatability and reproducibility 

It is recommended to verify the repeatability and reproducibility of the measurements at an 
appropriate interval in accordance with ISO/IEC Guide 98-3 [16]. 

10.5 Number of test samples 

Tests can be conducted either in sequence with one sample or in parallel with multiple samples. 
The repeatability and reproducibility specifications are limited to polarization curves only. The 
measurements shall be performed consecutively. Between measurements, the fuel cell shall be 
shut down and re-conditioned from ambient start up conditions. 

10.6 Leak check of gas circuit with inert or test gas 

All materials used for leak checking the gas circuit shall be compatible with the gas piping and 
cell components. After mounting the single cell in the stand, check for gas leaks using inert or 
test gas. If gas leaks exist, use a liquid leak detector test on all connections. 

10.7 Initial conditioning 

Initial conditioning shall be applied to a newly assembled cell. The main purpose of initial 
conditioning is to bring the cell to a stable state in performance for subsequent testing. 

Initial conditioning shall be: 

a) carried out in accordance with the MEA or component manufacturer’s instruction; 
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