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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 g
in addition to other activities, IEC publishes International Standards, Technical Specifications,, Fechnical Repo
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEG,\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-governmeéntal organizations liais
with the IEC also participate in this preparation. IEC collaborates closely with thé International Organization

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

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 latf

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.

IEC draws attention to the possibility that the implementation of this document may involve the use of
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rightg
respect thepeof."As of the date of publication of this document, IEC had not received notice of (a) patent(s), wh
may be requiired to implement this document. However, implementers are cautioned that this may not repres
the latest.information, which may be obtained from the patent database available at https://patents.iec.ch. |
shall-net be held responsible for identifying any or all such patent rights.
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is.redline version of the official IEC Standard allows the user to identify the chang
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made to the previous edition IEC 62282-8-201:2024. A vertical bar appears in the margin
wherever a change has been made. Additions are in green text, deletions are in
strikethrough red text.
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IEC 62282-8-201 has been prepared by IEC technical committee 105: Fuel cell technologies.

Iti

s an International Standard.

This second edition cancels and replaces the first edition published in 2020. This edition

co

nstitutes a technical revision.

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

ed

a)

ition:

consideration of systems connected to hydrogen supply infrastructure (hydrogen grids,

b)
c)
d)

e)

Th

Fy
the

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
[ ]

vessels, caverns or pipelines);

hydrogen input and output rate is added in the system parameters (5.10);
electric energy storage capacity test is revised (6.2);

roundtrip electrical efficiency test is revised (6.5);

hydrogen input and output rate test is added (6.6.6).

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

Draft Report on voting

105/1034/FDIS 105/1050/RVD.

[l information on the voting for its approval can be foundin the report on voting indicated
b above table.

e language used for the development of this Intérnational 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/refdags. The main document types developed by IEC 3
scribed in greater detail at www.ieg-ch/publications.

ist of all parts in the IEC 62282'series, published under the general title Fuel cell technolog
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, or

revised.

in

he
he

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 specifies performance evaluation methods for electric energy storage
systems using hydrogen that employ electrochemical reactions both for water/ and steam
electrolysis and electric power generation.

NOTE Heat generation can be a secondary purpose.

This document is intended for power-to-power systems which typically employ a set of
electrolyser and fuel cell, or a reversible cell for devices of electric charge and discharge.

A typical target application of the electric energy storage systems using hydrogen is in the.class

of(energy intensive electric energy storage. The systems are recognized as critically useful for

the¢ relatively long-term power storage operation, such as efficient storage and stpply of the

repewable power derived electric energy and grid stabilization.

The IEC 62282-8 series aims to develop performance test methods forcpewer storage apd

bjffering systems based on electrochemical modules (combining electrolysis and fuel cells,|in

particular reversible cells), taking into consideration both optionscof re-electrification apd

substance (and heat) production for sustainable integration of renewable energy sources.

Under the general title Energy storage systems using fuel cell modules in reverse mode, the

IEC 62282-8 series consists of the following parts:

e | IEC 62282-8-101: Test procedures for the performance of solid oxide single cells and
stacks, including reversible operation

o [ IEC 62282-8-102: Test procedures for the perfermance of single cells and stacks with protpn
exchange membrane, including reversible opéeration

o | IEC 62282-8-103": Alkaline single cell and stack performance including reversible operatipn

o [ IEC 62282-8-201: Test procedures for'the performance of power-to-power systems

e | IEC 62282-8-2022: Power-to-powér systems — Safety

o | IEC 62282-8-300 (alparts)®Power—to-substance-systems

o [ IEC 62282-8-301: Power o methane energy systems based on solid oxide cells includipg
reversible operation (Pgfformance test methods

Aq a priority dictated.by the emerging needs for industry and opportunities for technologigal

delvelopment, IEC. 62282-8-101, IEC 62282-8-102 and IEC 62282-8-201 were initiated jointly

and firstly. These_parts are presented as a package to highlight the need for an integratpd

approach as «wegards the system's application (i.e. a solution for energy storage) and |ts

fundamentalconstituent components (i.e. fuel cells operated in reverse or reversing mode).

IES 62282-8-103, IEC 62282-8-202 and |EC 62282-8-300 (all parts) are suggested but are 1pft

fob idtiinti .

T Future project.

2

Future project.

Q‘Uﬂéepc—eﬂside#atiem
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FUEL CELL TECHNOLOGIES -

Part 8-201: Energy storage systems using fuel cell modules in reverse

mode — Test procedures for the performance of power-to-power systems

1

Th

re
ar

Scope

THhe conceptual configurations of the electric energy storage systems usingchydrogen are sho

in

Fi

Figure 1 and Figure 2.

madule. Figure 2 shows the system equipped with a reversible ¢ell’/module.

is part of IEC 62282 defines the evaluation methods of typical performances for-elect
energy storage systems using hydrogen. It is applicable to the systems that use electrochemic
pction devices for both power charge and discharge. This document applies to_systems th
b designed and used for service and operation in stationary locations (indoorand outdoor].

jure 1 shows the system independently equipped with an electralyser module and a fuel ¢

ric
al
at

vn

ell

203

o P

pr
a

bssure management), a thermal m@hagement system (which can include a thermal storag
vater management system (whichican include a water storage) and a purge gas supply (in

gds, practically neither oxidizingenor reducing).

NG

TH
hy|

TE 1 Indispensable compogrents are indicated by bold lines in Figure 1 and Figure 2.

drogen supply infrastructure or a combination of both. There can be a battery and an oxyg

stprage, as optiofal Components.

TH

e electrolyser module can comprise one or more electrolysers whether or not of the sar

tyi
m
mq

pe. Depending on the operating conditions and considering the operation history, the over

anagement system can command the concurrent operation of the electrolysers. The fuel ¢
dule can compnse one or more fuel cells whether or not of the same type Dependmg ont

lispensable components are an electrolyser module and a fuel cell module, or a reversit
Il module, an overall management system (which includes a data interface and can include

e system can be eguipped with either a hydrogen storage or a connection to an exteri

4
=
—

al

ne
all
ell
he

command concurrent operatlon of the fueI ceIIs The rever3|ble ceII module can comprlse one

can

or more reversible cells whether or not of the same type. The fuel cell module can comprise
one or more fuel cells whether or not of the same type. Depending on the operating conditions
d considering the operation history, the overall management system can command

an
co

ncurrent operation of the reversible cells.

The performance measurement is executed in the defined area surrounded by the bold outside

SO

lid line (system boundary).

NOTE 2 In the context of this document, the term "reversible" does not refer to the thermodynamic meaning of
ideal process. It is common practice in the fuel cell community to call the operation mode of a cell that alternates
between fuel cell mode and electrolysis mode "reversible".

an
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This document is intended to be used for data exchanges in commercial transactions between
the system manufacturer and customer. Users of this document can selectively execute test
items suitable for their purposes from thosespecified in this document.
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System boundary

<

\
Overall
management Oxygen
system storage Heat
management
system
Battery
<
Hydrogen
N
J Electrolyser storage *)r Fuel cell
Ty
Water
management
system

%
()

IEC

Oxygen
/air
System boundary
\
Overall Thermal
management management .‘ ngg
system Oxygen system
storage
Battery 2
i Electrolyser Hydrogen .
Electricity module storage —>{ Fuel cell module Electricity
Water
management Pl;';lge ?as
system PPl
SR— —
EMD EMI
Vibration, Acoustic noise,
wind, rain, total harmonic
temperature; AN distortion
etc.
Water Purge
@ Hydrogen @

>

Key

EMD
EMI

NOTE 1

electromagnetic disturbance

electromagnetic interference

IEC

Overall management system, thermal management system, water management system and purge gas

supply can have the relation with electrolyser, fuel cell, battery, hydrogen storage and oxygen storage, and also can
have the relation with one another.

NOTE 2 Other fluid or energy in- or outputs, depending on the used electrolyser and fuel cell types, can be

co

nsidered.

NOTE 3 The electricity input and output can be DC or AC or both. Power conditioning sub-systems are usually

us

ed.
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NOTE 4 There can be more than one electricity point of connection for input or output or both.

Figure 1 — System configuration of electric energy storage system using hydrogen —
Type with electrolyser and fuel cell
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Key

EMD

EMI

NOTE 1

electromagnetic disturbance

electromagnetic interference

Oxygen
/air
System boundary
N
Overall
managtement Oxygen
system storage
9 Heat
management <
system
Battery
I
§ 7
% Reversible cell Hydrogen
storage
TV
Water
management
system
S 77
‘ Hydrogen
IEC.
Oxygen
/air
%8\ System boundary
j J
Overall Thermal O Heat
management management [ < | / e?d
system Oxygen system co
storage
Battery
" ;(( < Reversible cell Hydrogen
<{ Electricity ) module storage
margg:aer:\ent Purge gas
system supply
—> +—
EMD- EMI
Vibration, Acoustic nois
wind, rain, total harmoni
Igt::llpcldlulc, ENEN PN AN distortion
Water Purge
Jsteam Hydrogen gas

IEC

Overall management system, thermal management system, water management system and purge gas

supply can have the relation with reversible cell, battery, hydrogen storage and oxygen storage, and also can have
the relation with one another.
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NOTE 2 Other fluid or energy in- or outputs, depending on the used electrolyser and fuel cell types, can be
considered.

NOTE 3 The electricity input and output can be DC or AC or both. Power conditioning sub-systems are usually
used.

NOTE 4 There can be more than one electricity point of connection for input or output or both.

Figure 2 — System configuration of electric energy storage system using hydrogen —

Type with reversible cell

2

Th
co|
Fd

Normative references

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

amendments) applies.

IE
re

IEC

re

IE
Pe

IEC

Pd

IE

C 61427-1, Secondary cells and batteries for renewable energy./storage — Gene
huirements and methods of test — Part 1. Photovoltaic off-grid application
C 61427-2, Secondary cells and batteries for renewable_energy storage — Gene

juirements and methods of test — Part 2: On-grid applications

C 62282-3-200, Fuel cell technologies — Part 3-200: Stationary fuel cell power systems
rformance test methods

C 62282-3-201, Fuel cell technologies — Part 3-201: Stationary fuel cell power systems
rformance test methods for small fuel cell power systems

C 62282-8-101, Fuel cell technologies»—~ Part 8-101: Energy storage systems using fuel ¢
maodules in reverse mode — Test procedures for the performance of solid oxide single cells a

sthek-performance stacks, including-téversible operation

IEC

m
pe

IE
te

IS
un

IS

C 62282-8-102, Fuel cell technologies — Part 8-102: Energy storage systems using fuel ¢
bdules in reverse mode —:Test procedures for-PEM the performance of single cells and-stg
rformance stacks with preton exchange membrane, including reversible operation

C 62933-2-1:2017+ Electrical energy storage (EES) systems — Part 2-1: Unit parameters a
5ting methods < General specification

D/IEC Guide'98-3, Uncertainty of measurement — Part 3: Guide to the expression
certainty_in measurement (GUM:1995)

D.3746, Acoustics — Determination of sound power levels and sound energy levels of no

e following documents 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

ral

ral

ell
nd

ell
ok

nd

of

S

H J Q y) J H / H 4 £
urvCo usSirtyg suunua Proeosurc = ouirvey Iiictriou usiimryg arr TITveIUpPIINTY TITICdSUrTITITTTT SUTTatc UV

a reflecting plane

ISO 9614-1, Acoustics — Determination of sound power levels of noise sources using sound
intensity — Part 1: Measurement at discrete points
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ISO 11204, Acoustics — Noise emitted by machinery and equipment — Determination of emission
sound pressure levels at a work station and at other specified positions applying accurate

en

vironmental corrections

ISO 16111, Transportable gas storage devices — Hydrogen absorbed in reversible metal hydride

ISO 19880-1, Gaseous hydrogen — Fuelling stations — Part 1. General requirements

ISO 19881, Gaseous hydrogen — Land vehicle fuel containers

IS
hy

D 19882, Gaseous hydrogen — Thermally activated pressure relief devices for compress
drogen vehicle fuel containers

ISP 22734:2019, Hydrogen generators using water electrolysis — Industriaixcommercial, apd
rekidential applications

ISP 227341 vdroaen—aeneratorsusina-water electrolysis nrocess. Daort 1- Inductrial ahd
ISP-22734-1—Hydrogen-generators—using-water-electrolysis-processy“Part1—tndustrial-ahd
commercial-applications

1ISD 227342 Hvudrooen—aenerators using water electrolvsis! nrocess Dart 2:- roacidenfial
ISP—22734-2—Hydrogen—generators—using—water—electrolysis’ process Part 2: residentjial
cefslisotiens

3 | Terms, definitions and symbols

3. Terms and definitions

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

ISP and IEC maintain terminology~@atabases for use in standardization at the following
addresses:

o [ IEC Electropedia: availabte at https://www.electropedia.org/

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

3.11

electric energy storage

EES

ingtallation able*to store electric energy or which converts electric energy into another form|of

ergy and-vice versa, while storing energy

e to entrv EES can be used-alsoto-indicate the activitvyof an-—a
—te=eRtry-——EtE B Sea—atsotoHhaicatetheactHvtyoraha

s deseribed-in-the definition—dur
S—gescrbeaihthe—geHHioRGuH

3.1.2

electric energy storage system
EES system

installation with defined electrical boundaries, comprising at least one EES, whose purpose is
to extract electric energy from the electric power system, store this energy in some manner and
inject electric energy into the electric power system and which includes civil engineering works,

en

ergy conversion equipment and related ancillary equipment
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Note 1 to entry: The EES system is controlled and coordinated to provide services to the electric power system
operators or to the electric power system users.

Note 2 to entry: In some cases, an EES system can require an additional energy source during its discharge,
providing more energy to the electric power system than the energy it stores.

[SOURCE: IEC 62933-1:2018, 3.2, modified — In the definition, "grid connected" and "internally"
have been deleted, and "which extracts" has been replaced by "whose purpose is to~added
extract". Note 2 to entry has been shortened and Note 3 to entry deleted.]

3.1.3

EES system using hydrogen
EES system comprising at least one EES using hydrogen, whose purpose is to extract electfic
energy from the electric power system, store this energy as hydrogen and inject eléciric energy
info the electric power system, using hydrogen as a fuel

Note 1 to entry: The conceptual configurations of the EES system using hydrogen are refenred to in Clause 1.

3.1.4

bdttery
EES device for electrochemically storing electricity with electnicity charge and discharpe
fupctions

—~

Nofe 1 to entry: Batteries are typically employed for absorbing short-termfluctuating electricity input combined with

hydirogen storage of an EES system using hydrogen.

3.1.5

electrolyser
electrochemical device that converts water/ or.steam to hydrogen and oxygen by electroly$
reaction

S

Note 1 to entry: Electrolysers include alkaline, water electrolysis device, polymer electrolyte membrane water
eldctrolysis device, solid oxide electrolysis celldevice, and other devices of similar type.

3.1.6

enfvironment
sufrroundings in which an EES;system using hydrogen exists, including air, water, land, natufal
resources, flora, fauna, himans, and their interrelation

3.1.7

fuel cell
elfctrochemical device that converts the chemical energy of a fuel and an oxidant to electfic
energy (DC power), heat and reaction products

Nofe 1 to.entry: The fuel and oxidant are typically stored outside of the fuel cell and transferred into the fuel celljas
thgy are.consumed.

TR = Vo el | el S oY o VoV oS NV e VaVa Vol No¥ ~lia Vo lilal
[S UUNULE. TEU OUUOVU=500.Z2UZVU, 500-U0O=U

3.1.8

heat thermal management system

subsystem of the EES system using hydrogen, for controlling the-heat thermal storage and
thermal fluid flows in the system and its POCs (if applicable)

Note 1 to entry: Typically, heat is utilized among the various items of system equipment. An example of the mutual
heat utilization is where the exothermic reaction heat of the fuel cell is conveyed to an electrolysis cell, in particular
a solid oxide electrolysis cell for endothermic consumption.
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3.1.9

hydrogen storage

component of the EES system using hydrogen, for storing hydrogen that is produced by water/
or steam electrolysis in or supplied to the system

Note 1 to entry: There are several kinds of hydrogen storage equipment depending on the hydrogen storage
principles. They include low/- and high-pressure gas, liquid, hydrogen-absorbing alloy (hydrogen absorbed in
reversible metal hydride), non-metal hydrides and others.

3.1.10

hydrogen supply infrastructure
asisembly of hydrogen carrying and storing devices providing connection points to hydrogen
appliances, which supply hydrogen to the appliance or absorb hydrogen delivered by the
appliance

3.1.11
limit operating conditions
conditions not to be exceeded for operating the EES system normally and safely

Note 1 to entry: They are recommended by the EES system manufacturer considering the system characteristics.

3.1.12

ndt electric energy output
us@able electric energy output from the EES system using hydrogen, which is able to serve for
th¢ user's purpose, excluding internal and external electric.energy dissipation of the system

Note 1 to entry: The internal and external electric dissipation 6fthe EES system is typically electric energy I¢ss
from the equipment operations and connections.

Nofe 2 to entry: The net electric energy output is the difference between the electric energy outputs and inputq at
all|POCs.

3.1.13
ndt electric power
pawer output of the EES system and @vailable for external use

Nofe 1 to entry: The net electric powenoutput is the difference between the electric power outputs and inputs at]all
PQCs.

3.1.14

operating conditions
conditions at which-the tested system, more specifically each item of equipment of the tested
EHS system, is operated,-as-wel-as and including physical conditions such as range of ambignt
temperatures, pressure, radiation levels, humidity and atmosphere-are-included

3.1.15
operating state

st te_at“which the tested system, more specifically each item of equipment of the tested EES
yetem is aperated at specified conditions

3.1.16

overall management system

subsystem of the EES system using hydrogen, served for monitoring and controlling the EES
system using hydrogen,—by—fulfiling including all equipment and functions for acquisition,
processing, transmission, and display of the necessary process information

Note 1 to entry: The overall management system also includes a subsystem containing an arrangement of hardware,
software, and propagation media to allow the transfer of messages from one EES system using hydrogen component/
or subsystem to another one, including the data interface with external links.

Note 2 to entry: Generally, the control subsystem may be connected to the primary POC (just for data exchange)
and it can comprise the communication subsystem and the protection subsystem.
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Note 3 to entry: The protection subsystem includes one or more items of protection equipment, one or more
instrument transformers, transducers, wiring, one or more tripping circuits, one or more auxiliary supplies. Depending
upon the principle or principles of the protection system, it may include one end or all ends of the protected section
and, possibly, automatic reclosing equipment.

3.1.17

oxygen storage

ene-component of the EES system using hydrogen, for storing oxygen that is produced by water/
or steam electrolysis in {or supplied to} the EES system

Note 1 to entry: Oxygen storage is equipped, if needed.

3.1.18

pgint of connection
POC

paint where an EES system using hydrogen is connected to a supply/ or extractjen exterior|to
the system

Nofe 1 to entry: Generally, POCs are electricity, heat, water, hydrogen-and, oxygen/ and jair connection points.
They are shown as open circles on the EES system boundary (thick solid-line square) in"Eigure 1 and Figure 2.

3.1.19

gyiescentstate stand-by state
operating state of the EES system, in which the EES systém,is partly or fully charged and ho
infended charging and discharging of the stored energy, except self-discharging, takes placg

sul of eneravloss rate and eneravconsumptionrate of EES svstem durina-the-auiescentstdte
SU-ot-eRergy1osSateaRG-ehRergy-coRsSUHMpPHoNate-otEE=o-SYStem-auHhg e gtHesScentSsStgte

rated operating conditions
conditions which are applied for standard operation of equipment and/or systems

Nofe 1 to entry: Rated operating conditions are recommended by the equipment andfor EES system manufacturg
sidering therespestive characteristics of the equipment/ or system.

=

S

(o]
o

3.1.21

rated input conditions
conditions specified~by the manufacturer, at which the tested EES system absorbs electf
pawer input at the POC

c

Nofe 1 to entry{_The rated input conditions include the rates of net electric power, heat, water flow, oxygen flow gnd
air|flow.

3.1.22

rated output conditions

conditions specified by the manufacturer, at which the tested EES System detlvers efect
power output at the POC

c

Note 1 to entry: The rated output conditions include the rates of net electric power, heat, water flow, oxygen flow
and air flow.

3.1.23
rated test conditions
specific boundary conditions at which the tested EES system is operated

Note 1 to entry: Rated test conditions are agreed between the EES system manufacturer and customer.
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3.1.24
reversible cell
electrochemical device that is able to operate as a fuel cell or as an electrolyser, alternatively

Note 1 to entry: The term "reversible" in this context does not refer to the thermodynamic principle of an ideal
process.

3.1.25

roundtrip electrical efficiency

electric energy discharged measured on the primary POC divided by the electric energy
. - o ~ndard

apsorbed—mea ed-onh-38 he PO aldlaabe ~Tala S~ - a one s\ siem

Nl . el . . _

Nofe 1 to entry: The auxiliary POC is used for electricity supply of auxiliary components and.,'dégvices such|as
instrumentation, controls, monitoring and safety functions.

3.1.26
operation history
record of the operating conditions of the system

3.1.27
steady state
st@te of an EES system in which the relevant characteristic&r€main constant with time

[SPURCE: IEC 60050-485:2020, 485-21-05, modified,—1n the definition, “physical” has bepn
replaced with “EES”.]

3.1.28

S;Litchover time
time that is required to switch an EES system using hydrogen from a specified charging phalse
tola specified discharging phase or vicelversa

Nofe 1 to entry: This can be of relevance.in case grid service-shalt is required to be performed with the EES systgm.
It gomprises the time that is required t6.go from one operating point in either charging or discharging operation| to
gqufeseent stand-by state, purging ‘of-gas lines if applicable, setting of auxiliary components (valves, heatdrs,
compressors, etc.) if applicable and’to go to an operating point in the opposite operating phase (discharging| or
charging).

3.1.29

test state
state of the tested EES system that is consistent with the objective of the evaluation

3.1.31

water management system

subsystem of the EES system using hydrogen, for controlling the water flow, the steam flow
or both in the EES system

Note 1 to entry: Water management system includes the controlling mechanisms of water inlet, transport, purifying
(if applicable), and drain.
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3.2 Symbols

IEC 62282-8-201:2024 RLV © IEC 2024

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

Table 1 — Symbols

Symbal Definition Unit Eormula Eigure
k Coverage factor
My in Hydrogen mass supplied to the system at the POC g (4)
n Number of measurements until discharge completion (3), (4)
Py, Active Electric power at the POC W (2)
Pl loss Quiescent Stand-by state loss rate W (6)
Petin Net electric power input w
Py out Net electric power output w (3)
dP/dt Ramp rate Wis (2) Figure 5
Pihin Heat input W
Py out Heat output W
1 H2,in Hydrogen mass flow into the system at the PO@ als (4)
mH2,0out | Hydrogen mass flow out of the system at the\pOC gls
o Time when_ the system, w_hich is-at-rest@m, steady s 1) Figure 4
state, receives the set point value
Time when the-active electric power at the POC
1y becomes less than 90 % for negative state or higher s (2) Figure 4
than 10 % for positive state ofithe set point value
Time when the-active electiic power at the POC
t, becomes less than 10-% for negative state or higher s (2) Figure 4
than 90 % for positive state of the set point value
t Time wheq theaeotive electric power at the POC s 1) Figure 4
reaches withim2 % of the set point value
Lloss Measurement time of self-discharging h (6)
tso Switchover time s Figure 6
s Step response time s (1) Figure 5
W Electric energy storage capacity Wh (3)
Wi Electric energy input Wh (5), (6)
el,out Net electric energy output Wh (3)
At Sampling time of measurement h, s (3)
Mgy Roundtrip electrical efficiency % (5)

4 Measurement instruments and measurement methods

4.1 General

For measuring certain properties of the tested EES system, the configuration of its components
and the boundary conditions to the environment shall be determined first.
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Attention is required to clearly define the tested EES system. The components which the tested
EES system includes and the conditions of the test environment at all points of connection
(POC) shall be defined. The POCs are input/ and output-ef connections for electricity, heat,
water, hydrogen, oxygen and air. The boundary conditions for all POCs shall be defined.

Secondly, the test state of the EES system shall be defined. The test state of the EES system
means the operating levels compared to the maximum capability of either the EES system or
one of its components at the time of test execution.

Then the operating conditions for the test shall be defined. They shall be agreed between the
E$S system manufacturer and the customer.

Fprelbometoe e thocooatlen Rloten s and tho cotnal cocratine oo of Hhe caeto o o iogle
the-evaluation-of systemperformance-values-—During execution of the tests, the opérating times

shiall be noted. They are the electric input time, the electric output time, the input-and-output
gufiescent stand-by period, and combination patterns thereof. The operatiom history and the
actual operating time of the system affects the evaluation of the EES sysiem performange,
th¢refore the history of the operating times of the EES system before execlting the test shall
also be reported.

Where it is unfeasible to perform measurements of electric powelr,'or media flow at full scqgle
due to large system size, for safety related reasons or |ack”of suitable instrumentatign,

asurements may be performed at sub-system level/,Such measurements shall allpw
der|vation of data representative of measurements at¢fill system size. The measuremgnt
cojncept applied shall be detailed in the test report (see @4).

4.2 Instrument uncertainty

The expanded uncertainty of each measuring<nstrument (coverage factor £ = 2) at the time|of
calibration or that estimated from the class ofjinstrument shall meet the following requirements:

— | electric power: 12 % ofireading;

— | current: +1.% of reading;

— | voltage: +1 % of reading;

— | mass flow: +1 % of reading;

— | ambient temperature; 1 K;

— | ambient pressures 10,1 kPa;

— | ambient relative-humidity: 1% {(absolute} +5 %.

Ingtruments that satisfy the above requirements shall be used. ISO/IEC Guide 98-3 shall applly.

4.3 Measurement plan

ThHecomponents' configuration, the boundary conditions to the environment of the tested EES
system and the test state shall be clearly defined. The test state shall be considered according
to the application and usage. Also, the test phases, which are charge, storage and discharge
illustrated in Figure 3, should be considered.

The rated and the limit operating conditions for the tested EES system are confirmed between
the system manufacturer and the customer. The rated and the limit operating conditions for
each component shall be established from the component manufacturers' specifications.
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Then the sequence of the measurements shall be planned. It shall be considered that certain
properties of some components relate to the conditions and/or the-condition settings for other
components. For example, the operating state of the hydrogen storage capacity relates to the
operating conditions settings of the electrolyser. Also, attention should be paid to the fact that
some properties can change considerably during the measurement. For example, the electric
power input can vary during a charging phase. The test state shall be clearly defined and the
property changes during the measurement shall be identified. For setting up the measurement
methods and instruments, instrument uncertainty and permissible variation shall be checked

and reported.—Fhe—related-regulations—shall- be—considered- The-—required-steps actions to be

made before executing the measurement are summarized in Table 2.

After confirming that the EES system is operating under the test state, the measurement: for
testing the EES system performance is executed.

Amount of stored energy

Charging Storing Discharging !
phase phase phase
R s

>
Operation time
IEC

Figure 3 — Typical sequence of’phases during the system operation

Table 2 — Required steps before executing the measurement

Requirements Required stéps Remarks Actions
11 Note the system components' eanfiguration.
2| Define the system bounddry: Define ambient conditions-shal-be-defired.
3| Note the initial operating state of the system. Report the operation history of the system-shal-be—
4] Confirm the ratéd pperating conditions and the Confirm the rated operating conditions and the limit
limit operating.conditions for the system. operating conditions for the system-shall-be-confirmed

between system manufacturer and customer.

5| Definelthe tests to be executed. Consider the mutual interaction of the system
components-shal-be-considered.

6| {Define the measurement methods and set up the | Check and report instrument uncertainty and permissible

instruments. variation-shall be checked and reported.
Execute safety measures-shall-be-taken.

7 Execute the measurement.

4.4 Environmental conditions

The reference environmental conditions shall be the normal environmental conditions as
specified in IEC 62933-2-1.

Air temperature, relative humidity and pressure shall be measured as ambient conditions.
Supplementary items shall be recorded, if needed. In the case of an outdoor installation, the
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information concerning hoarfrost, dew, hail, rain, snow, wind, and solar radiation shall be
recorded.

When the EES system is intended to be used under conditions different from the reference
environmental conditions, an agreement shall be established between the system manufacturer
and the customer-is-necessary. In those cases, the appropriate ambient conditions for the test
shall be-considered agreed between the system manufacturer and the customer.

If required, the EES system may also be tested under the most extreme environmental

co

ditions. In this case, the EES system manufacturer shall provide the most extre

en

4,

Th
th

vironmental conditions.

b  Maximum permissible variation in test operating conditions

e tolerable variation of each operating parameter in the testing EES system shall fall with
p following range:

power: 15 % relative to set point;

ambient temperature: +5 K;

ambient relative humidity: 10 %.
System parameters

General

e following parameters shall be specified as~the common basic parameters to ensy
pability and performance of an EES system using hydrogen:
electric energy storage capacity;
rated electric power input;
rated net electric power output;

roundtrip electrical efficiency.
addition, the following parameters shall be specified if required:

system response (step response time and ramp rate);
minimum switchover time;

guiescent stand-by state loss rate;

thermal-gawer input and output;

hydrogen input and output;

acoustic noise level;

tatal harmaniec Adictartinn-
tota e RoHHE—atStoHHo RS

discharge water quality;

electrolyser performance;

hydrogen storage performance;

fuel cell performance;

water management system performance;
battery performance;

oxygen storage performance.

e

n
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5.2 Electric energy storage capacity

Electric energy storage capacity is the electric energy that can be extracted from the EES
system at the POC under reference environmental conditions as specified in 4.4. The electric
energy storage capacity shall be evaluated considering energy losses. The electric energy
storage capacity is the electric energy discharged from fully charged state to fully discharged

state of the EES system at rated output cond|t|ons lhe—#ated—eetpet—eendmens—metude—mpet
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5.4 Rated net electric power output

The rated net electric power output (Pg), 1) is the-value-of net electric power that the tested

EHS system can provide for a specified time at the POC under the reference environmental
conditions specified in 4.4. The rated net electric power output shall be specified together wjth
applicable output duration. Thecrated net electric power output and the applicable output
ddration, along with the conditions including input and output rates of heat, water flow-agd,
oxlygent flow and air flow,shall be agreed by the system manufacturer and the customer.

In|the case where mgre'than one electric POC is present in the EES system, rated net electfic
pawer output is calculated from the difference of the measured electric power outputs and inputs
atjall POCs. Typically, it contains the electric power connections of the fuel cell or the reversiljle
celll and the battery.

5.9 Roundtrip electrical efficiency

The-roundtrip electrical efficiency (1) is the ratio of net electric energy output (W ,,t) during
discharging to electric energy input (W, ;,) during charging of the EES system for one charging—

discharging cycle which has the same energy storage level at the start and at the end of the
measurement.

NOTE Since the net electric energy output is considered during discharging, the electric energy input during this
phase does not have to be added to the electric energy input during charging.

The boundary conditions of an electric input and output are defined. The test state is defined.
The operating conditions for testing are determined. They include input and output rates of net
electric power, heat, water flow-and, oxygen/ flow and air flow, and energy storage levels of
electric energy and energy other than electricity. They shall be agreed by the system
manufacturer and the customer. These items shall be reported with the measurement results.
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The roundtrip electrical efficiency is measured over one charging—discharging cycle for
specified energy storage levels using specified input and output rates of net electric power,
heat, water flow-and, oxygen/ flow and air flow. At the end of the charging—discharging cycle,
the level of charge and the operating conditions of the tested EES system shall be the same as
those before the charging—discharging cycle.

For EES systems with an internal hydrogen storage, the charging—discharging cycle is defined
by operation from the minimum to the maximum state of charge of the hydrogen storage and
back to minimum state of charge. For EES systems without an internal hydrogen storage, the
charging—discharging cycle is defined by comparing the mass of hydrogen which is delivered
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5.6.1 Step response time
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ring charging operation and the mass of hydrogen which iIs supplied during dischargi
eration. The cycle is complete when the mass of the delivered hydrogen during chargi
uals the mass of the supplied hydrogen during discharging.

e roundtrip electrical efficiency can be affected by energy storage levels, electricypower inf
d net output rates, electric energy consumption of the system operation, operatihg conditio

components relating to an energy source other than electricity, as well\as the referen
vironmental conditions.

h

b System response (step response time and ramp rate)

e step response time of the EES system is the duration’of the time interval between t
tant ¢y when the EES system, which is-atrest in steady, state, receives the set point and t

tant 13 when the-active electric power at the POC,reaches the set point (within £2 %)
own in Figure 4. Detailed definition of 7y shall be.agreed between the system manufactu

d the customer. The reference set point for-the definition of the step response time is t
ed input/ or output power.

sr- 137 0

ere
is the step response time (s);
is the time point when the EES system, which is-atrest in steady state, receives the s
point value;

is the timepoint when the-active electric power at the POC reaches the set point (with
2 %).
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b) Positive ramp rate

NOTE The ramp rate and the parameters ¢, and ¢, are explained in 5.6.2.

Figure 4 — Step response time and ramp rate of EES system
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5.6.2 Ramp rate

The ramp rate of the EES system is the average rate of-active electric power variation per unit
of time between ¢, and ¢, as shown in Figure 4 a) for negative ramp rate and Figure 4 b) for
positive ramp rate. For the negative (positive) state, ¢, is the time point when the-active electric
power at the POC becomes less than 90 % (higher than 10 %) of the set point value and ¢, is
the time point when the-active electric power at the POC becomes less than 10 % (higher than
90 %) of the set point value. The reference set point for the definition of the ramp rate is the
rated input and output power. In case of non-linear characteristic or transition behaviour during
the_mode change, for example charge—discharge—charge, the definition of ramp rate shall be
agreed by the system manufacturer and the customer.

ARG

dP/dr = 2)
Iy —14
where
dA/d¢ is the ramp rate (W/s);
1 is the time point when the-active electric power at the-POC becomes less than 90|%
(negative ramp rate) or higher than 10 % (positive,famp rate) of the set point valye;
ty is the time point when the-active electric power.at the POC becomes less than 10|%
(negative ramp rate) or higher than 90 %.{positive ramp rate) of the set point valye;
Py(t4) is the-active electric power at the POG/at time point z4;
P(ty) is the-active electric power at the<ROC at time point ¢,.

5.7 Minimum switchover time

THe minimum switchover time is the minimum duration required to switch the operatipg
conditions of the tested EES systenifrom a specified charging phase to a specified dischargihg
phlase, or vice versa. It specifically comprises the time that is required to go from a specifipd
chiarging or discharging phase-to open circuit voltage (OCV) phase, purging of gas lineq if
applicable, setting of auxiliary components if applicable and to go to the opposite specifiped
operating phase. The switchover times from charging to discharging phase and vice versa cpn
be different, so both values shall be reported. The charging and discharging phases for the test
(fgr example, 80 % of ‘the nominal input and output power rates) shall be agreed between the
system manufacturer and the customer.

Quiestent Stand-by state loss rate

The gytescentstand-by state loss rate of the EES system is the sum of the energy loss rate ahd
e.energy consumption rate of the EES system during the-guiescent stand-by state, which]is
. ' 3 ' A haraa and W H harg o8 - _ aSH H Of
the-quiescent stand-by state loss rate shall be chosen from among one hour, one day or one
week or the time agreed upon by the system manufacturer and the customer. The energy
consumption of any auxiliary operation within the system boundary shall be included.

NOTE Stand-by state energy losses include electric energy losses such as parasitic loads or supply of controls and
gas losses.

5.9 Heat input-rate

The heat input-rate (P, ;,) is the thermal power, which is absorbed by the tested EES system
during the system operation in the different operation phases (charging, storage, discharging).
The heat input is fed to the EES system at the POC, using a heat transfer fluid (e.g. air, water,
steam).
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In the case where there is more than one POC for heat input, the heat inputrate is calculated
from the total of concurrent measurements of all heat-inputrates inputs at the POC.

5.10 Hydrogen input and output rate

For systems connected to a hydrogen supply infrastructure, the hydrogen input rate (g, y2.in)
and hydrogen output rate (g,, 42 out) @re the mass flow rate of hydrogen at the POC into and out

of the tested EES system, respectively, during the different operation phases (charging, storage,
discharging).

5.11 Recovered heat output-rate

The recovered heat output-rate (P, ;) is the usable thermal power output, which is,recovergd
byl the tested EES system during the system operation in the different operdtion phasks
(charging, storage, discharging). The recovered heat output is dissipated at the)POC, usingd a
heat transfer fluid (typically water). The recovered heat output+ate does not inelude waste hgat
losses, for example due to system components cooling.

5.12 Acoustic noise level

THe acoustic noise level is the total acoustic noise level, including jall noise sources of the EES
sygtem. It shall be measured under the rated operating states ‘ahd/or those states which gre
agreed between the system manufacturer and the customer

5.13 Total harmonic distortion

THe total harmonic distortion is the overall harmehie’ distortion of the EES system. It shall pe
measured under the rated operating states andfor 'those states which are agreed between the
sygtem manufacturer and the customer.

5.14 Discharge water quality

All discharge water sources of the EES system are covered. The quality of the discharged water
shiall be measured under the rated operating states andlor those states which are agrepd
begtween the system manufacturer and the customer.

6 | Test methods and procedures

6. General

Syistem parameters specified in Clause 5 and component performances shall be reported
selectively-aécording to the purpose of the performance test.

The parameters listed in 5.2 to 5.5 are primary performance indicators of the EES system usihg
hydrogen. They are measured under the rated test conditions or other operating conditions
within the limit operating conditions. These conditions for testing shall be agreed between the
system manufacturer and the customer.

The other parameters listed in Clause 5 are secondary performance indicators of the EES
system. The testing conditions as specified in 4.4 shall be applied, based upon agreement
between the system manufacturer and the customer.

Suitable performance test standards for electricity-converting devices and EES shall be
followed as available.
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6.2 Electric energy storage capacity test

Electric energy storage capacity shall be tested at rated input and output conditions under
reference environmental conditions as specified in 4.4, and if required, at additional operating
conditions different from the rated ones.

For EES systems with an internal hydrogen storage, which are connected to an external
hydrogen supply, the hydrogen supply at the POC shall be closed during this test. The electric
energy storage capacity can not be determined for EES systems without an internal hydrogen
storage. Only in case of a limited and known state of charge of the external hydrogen supply

inﬂ_hl—m_r_n_ﬁﬁ‘rh—ﬁrﬁ_ﬁ‘m_ﬁras TUcture can tne latier be considered ke an internal hydrogen storage an € electfic
enlergy storage capacity be determined.

THe electric energy storage capacity shall be evaluated as the electric energy discharged at the
rated output conditions and the output duration time starting from the fully chargedstate of the
sygtem. Values of output power from the tested EES system shall be obtained at all POCs usihg
a |calibrated power meter or a calibrated combination of one or more, voltmeters anhd
amperemeters, as appropriate.

Fgr the measurement of the electric power input, the test methodsVof ISO 22734:2019 for
elgctrolysers, |IEC 62282-3-200 for stationary fuel cells, IEC 62282-8-101 for reversible sofid
oxjide electrolysis (SOE) cells and IEC 62282-8-102 for revérsible polymer electrolyte
mémbrane (PEM) cells shall apply. Furthermore, the guideljnes of IEEE Std 1459™-2010 mjay
bel used.

THe measurement shall be performed in the three consecutive steps a) to ¢). The electric energy
storage capacity shall be calculated by Formula (3):

a)| The tested EES system shall be discharged.to-the specified minimum electric energy storapge
level in accordance with the system specifications and operating instructions.

b)| The tested EES system shall be charged to the specified maximum electric energy storape
level at rated input conditions in accordance with the system specifications and operating
instructions.

c)| The tested EES system shall®e discharged at the rated output conditions of the system|in
accordance with the system.specifications and operating instructions. The EES system shill
be discharged to the spegified minimum electric energy storage level associated with the
system specification and operation instructions. The net electric power output over time
shall be measured+and recorded.

Sybsequently, the ‘net electric energy output is calculated using Formula (3). The electric
energy storageycapacity () is defined as the net electric energy output during this tgst

(Wel,out)'

n
W.. _\"p (+) e At
el ="elout = 2 Felout Ui )4
i=1
n
Wei = Wel out = Zi:TPeI,out (1)< A (3)
where:
We is the electric energy storage capacity of the tested EES system (Wh);

Wel out is the calculated net electric energy output-at-the POC (Wh);
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Pe out(?;) is the net electric power output at time point ¢, -measured-at-the POC (W);

At is the sampling time of measurement (h);

n is the number of measurements until discharge completion.

The rated input and output operation conditions shall also be reported. If the energy storage
capacities of components of the EES are reported separately, the following standards shall

apply:

¢ hydrogen storage capacity of hydrogen tanks: performance test methods of the related parts
14

n
mlo 101 1SO. 40000 4 1CM 410004 oA |on 410009 o od 10 M 10004,
T oo TO 1 y 1O TIJOUUUT T, TOOU TIJUU T altd o9 TIU

3 UZ O oo TooUT,

o | electricity storage capacity of batteries and similar components: performance test methods
of IEC 61427-1 and IEC 61427-2.

Fgr components without suitable test standards for the evaluation of energy storagelcapacitigs,
the applied test method and conditions shall be reported.

6.3 Rated electric power input test

The rated electric power input test of the EES system shall be gonducted to confirm that
constant rated electric power can be input to the system for a spéecified duration at the PO[C.
THis test shall be performed using the electric energy storage lcapacity measurement tgst
routine in 6.2 as follows.

It shall be confirmed that the tested EES system can absorb, or be charged at, the set electric
power for a specified duration at the POC. The rated glectric power input of the system shall pe
applied as the set electric power value in this test.

In|step b) of the electric energy storage capacity'test in 6.2, the rated electric power is input|to
the tested EES system at the set electric power. The input electric power and the charging time
shiall be measured. The measured valuesof the input electric power and the charging time
duration shall be compared to the specified parameters and reported. The duration for which
this rated electric power is maintaifed shall be measured and reported. The rated input
operating conditions shall also be reported.

Edr the meacurement of tha elactric nower innut the tast methods of ISO 2272341 1SO 22734

=gtheMmeastiremenRt o me g e CtHC POWeHHRPUL e e StHHMNEetROGS O Ho O &L/ o1 1o 9 L2 g4

2 for electrolvsers IEC 68228923200 for fuel cells |IEC 62282-8-101 and |IEC 682282-8-102 for
2o E1eCH OS5, T E o OELE0 Lo Lo O e Ce NS 1 E - 8L 0L- 01 v+ ARG E o OLL0L- 61 9L O
B R e

Fgr EES systems-without an internal hydrogen storage, which are connected to a hydroggen
supply infrastructufe, the rated electric power input shall be determined by using step b)|of
6.9.2.2 accordingly.

Where an~EES system comprises more than one electrolyser, this test may also be conductged
at|a fraction of the rated electric power which corresponds to the non-concurrent operation|of
the ®léctrolysers. This fraction may also correspond to the concurrent operation of more thhn
one but not all electrolysers. The same applies to an EES system, which comprises more than
one reversible cell. The specified duration at which the selected fraction of rated electric power
can be input to the EES system at the POC shall be reduced proportionally. Alternatively, this
duration shall be increased so that its value multiplied by the fraction of the rated electric power
equals the product of the rated electric power and the original duration (rated electric energy
input).

6.4 Rated net electric power output test

The rated net electric power output test of the EES system shall be conducted to confirm that
constant rated net electric power can be output from the system for a specified duration at the
POC. This test shall be performed using the electric energy storage capacity measurement test
routine in 6.2 as follows.
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It shall be confirmed that the tested EES system is able to output the set net electric power for
a specified duration at the POC. The rated net electric power output of the system shall be
applied as the set power value in this test.

In step c) of the electric energy storage capacity test in 6.2, the rated net electric power is
output from the tested EES system at the set electric power. The net electric power output and
the discharge time shall be measured and reported. The measured values of the net electric
power output and the discharge time duration shall be compared to the specified parameters.
The duration for which this rated electric power is maintained shall be measured and reported.
The rated output conditions shall also be reported.

Fdr EES systems without an internal hydrogen storage, which are connected to a hydrogen
supply infrastructure, the rated electric power input shall be determined by using, step a)|of
6.9.2.2 accordingly.

Where an EES system comprises more than one fuel cell, this test may also be €onducted af a
frgction of the rated net electric power which corresponds to the non-coneudbrent operation|of
the fuel cells. This fraction may also correspond to the concurrent operation of more than ohe
but not all fuel cells. The same applies to an EES system, which cemprises more than ope
reyersible cell. The specified duration at which the selected fraction‘ef'fated net electric power
can be output from the EES system at the POC shall be reduced\proportionally. Alternatively,
this duration shall be increased so that its value multiplied by the\fraction of the rated net electfic
pawer equals the product of the rated net electric power andjthe original duration (rated net
elg¢ctric energy output).

6.5 Roundtrip electrical efficiency test

6.9.1 General

THe roundtrip electrical efficiency test shall be conducted to determine the amount of net electfic
energy output which the tested EES system“can deliver, relative to the amount of electric energy
inrlut into the system during the preceding charge-and-discharge, under-determined specifipd
operating conditions and at the sameg,reference environmental conditions. This test shall pe
performed using the electric energy. capacity test routine presented in 6.2. The test shall pe

calrried out at least twice-forone set of measurements-at specific-operating-conditions.

6.5.2 Test procedure

6.9.2.1 For systems with internal hydrogen storage, not connected to an external
hydrogén,'supply infrastructure

The net electri&\energy output W o, shall be measured and calculated during the electfic
err-]ergy storage capacity test; see 6.2 c). The electric energy input W, ;, shall be measured apd

calculatediaccordingly during the electric energy storage capacity test; see 6.2 b). The electfic
energy ihput shall be determined analogously to the net electric energy output, usihg
Fdrindla (3).

6.5.2.2 For systems without internal hydrogen storage, connected to an external
hydrogen supply infrastructure

The net electric energy output W, ,,; and the electric energy input W, ;, of the tested EES

system and the hydrogen mass flow into and out of the tested EES system shall be measured
at rated input and output conditions under reference environmental conditions as specified in
4.4 and, if required, at additional operating conditions different from the rated ones.

The values of the input and output power shall be obtained at the electricity POC, using a
calibrated power meter or a calibrated combination of one or more voltmeters and
amperemeters, as appropriate. The values of the hydrogen mass flow into and out of the tested
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EES system shall be obtained at the hydrogen POC, using a calibrated hydrogen mass flow
meter.

For the measurement of the electric power input, the test methods of ISO 22734:2019 for
electrolysers, IEC 62282-3-200 for stationary fuel cells, IEC 62282-8-101 for reversible solid
oxide electrolysis (SOE) cells and IEC 62282-8-102 for reversible polymer electrolyte
membrane (PEM) cells shall apply. Furthermore, the guidelines of IEEE Std 1459-2010 may be
used.

The measurement shall be performed in the two consecutive steps a) and b)

a)| The tested EES system shall be operated in discharging mode at rated output condifiohs
(positive electric power output and hydrogen input) in accordance with th tq
specifications and operating instructions, for a specified duration.

b)| The tested EES system shall be operated in charging mode at rated mx/% conditions

(positive electric power input and hydrogen output) in accordance wjthi the syst¢m
specifications and operating instructions, until the mass of delivered ogen equals the
mass of hydrogen supplied to the system during step a). Q),

ThHe mass of hydrogen supplied to the system during step a) C? be determined using
Fdrmula (4). The mass of hydrogen delivered by the system dur| ep b) can be determingd

accordingly. C)
: N4

MH2.in Zﬂm H2,in (t 4)
where ‘\0
myo in is the hydrogen mass supphé@‘o the system at the POC (g);
dpdH2.in is the hydrogen mass flo\v@ to the system at the POC (g/s);
At is the sampling time,@measurement (s);
n is the number of surements until end of discharging operation.

% nergy input We in shaII be measured and calculated during step b). The values shlall
bj h e

rmined in the same way as the method in 6 2 _using Formula (3)

6.5.3 Calculation of the roundtrip electrical efficiency

The roundtrip electrical efficiency shall be calculated according to Formula (5).

W,
;7e|=%x100% (5)

el,in

where

Nl is the roundtrip electrical efficiency (%);
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Wel.out is the net electric energy output-measured—at-the POC—which-is—considered-as
Welin is the electric energy input-measured-atthe POC (Wh).

NOTE W, ., considers electric energy losses due to energy conversion and the use of electric energy for system
operation.

The roundtrip electrical efficiency shall be reported as indicated in Table 3, for example. Where
an additional test is performed beyond the minimum required two cycles, an additional row shall
bel added to Table 3. The average value shall be calculated from each measured value and, the

ropundtrip electrical efficiency shall be reported based on the average value.

Table 3 — Example of document format of roundtrip electrical efficiency

Start . . Charged . Net End
rest | stateor | Electic | Blectric | iaioor | EeCtic | srectric | stateof | Rouncirk
EES r;nput inptf]ty EES gutput energy EES efficien::y
system 2 system output system ?
(%) (W) (Wh) (%) (W) (W) (%) (%)
Test 1 X X X X X X X X
Test 2 X X X X X X X X
\verage X X X X X X X X
al Start and end (discharged) states have the same energy storage level for one charging/~discharging cycle
measurement. The values for start and end state are typically 0 %, the value for charged state is typically
100 %.

6.6 Other system performance tests

6.6.1 System response test, step-response time and ramp rate

THe system response is measured, after confirming that the system is operating under the tgst
state. The performance evaluationtest shall be conducted by following the applicable standards
for the response of the EES system.

THhe following typical evaluation procedures refer to IEC 62933-2-1.

THe procedures are-listed below. The EES system shall absorb or provide the-active electfic
power according. to the set point of rated input/ or output power. The set point and the input/|or
output powefat the POC shall be recorded with a data acquisition system at regular intervals
of time, withyappropriate time resolution.

—_

THe <alculation of the step response times t; shall be carried out using Formula (1) in 5.6

T aalarlati o~ £+ romu—iratac ball b areiad b i Do 1o (O 10 B o 9
o LdaivurativimT UT uic TAarliy TaltC o oiffdil v Lalttcu Uut Uuoiirty T UThiuia (<7 1 Jv. V. <.

a) The EES system shall be charged or discharged to 50 % state of available energy or
specified capacity value agreed upon between the system manufacturer and the customer.

b) The set point of electric power input or output shall be changed to zero. This set point shall
be maintained until the electric power input or output is within £2 % of the rated power input
or output.

c) The set point of the electric power input shall be changed to rated power input. The set
point value shall be maintained until the-active electric power input at the POC is within
12 % of rated power input. Step response time and ramp rate of this step shall be reported
as tgq and dP/dt,, respectively.

d) The set point of the electric power input shall be changed to zero. The set point value shall
be maintained until the-active electric power input at the POC is £2 % of rated power input.
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Step response time and ramp rate of this step shall be reported as 5, and dP/dz,,
respectively.

e) The EES system shall be discharged to 50 % state of available energy or specified capacity
value agreed between the system manufacturer and user.

f)  The set point of electric power output shall be changed to rated power output. The set point
value shall be maintained until the-active electric power output at the POC is within +2 %
of rated power output. Step response time and ramp rate of this step shall be reported as
tsr3 and dP/dt5, respectively.

Ei

output. Step response time and ramp rate of this step shall be reported as ¢4, andydP/d
respectively.

jure 5 shows the procedure listed from step b) to step g), step a) is omitted.

Procedure b) c) d) e) f) g)
r \
A
Rated output power f--==--======cq-z--= ==
Set point 0 >
Time
Rated intput power |----
BR. BB,
Rated output power {- RR1 RRZ/ \ -
Active power at POC 0 - - : : — >
: : A4 R Time
Rated intput power {- | W p o i
—H-v—' —>T—' —»—v—' —>—<\<- ;
SRT," | SRT, SRT, SRT,
IEC
Procedurg-, b) c) d) e) f) g)
Rated output power f---=-===-=ectonmn- -
Power set point 0 >
Time
Rated input power |....
s dp/dr,;  [dP/dr,
Rated output power {-; dPlc " \
Electric power at POC 0 —t y— —>
/ ' o Time
Rated input power 1- | ' i &
- B B

SOURCE

6.6.2

[sr1

IEC 62933-2-1:2017, Figure 7, modified.

Figure 5 — Step response test

Minimum switchover time test

~

sr4

IEC

The minimum switchover time is measured, after confirming that the system is operating under
the test state. A typical test procedure for the switchover time of an EES system is listed below
and shall apply (see Figure 6).
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a) The specified charging and discharging power rates and the specified energy capacity levels
for the test-arefixed-byagreement shall be agreed between the system manufacturer and
the customer.

b) The tested EES system shall be charged or discharged to the specified capacity values.

c) The charging and discharging power rates at the POC shall be maintained until they are
within +2 % of their set-peintvalues points (see Figure 4).

d) Minimum switchover times from the charging phase to the discharging phase and from the
discharging phase to charging phase shall be-respectively measured and reported.

Figure © exprains the minimum switchover time from charging phase 1o discharging phase, 7
and from discharging phase to charging phase ¢g,.

Procedure b) ¢) d) b) c¢) d)

A o S o

Fixed discharging rate

Set point 0 >
Time

Fixed charging rate

A
Fixed discharging rate [ /— —— ,\
Active power at POC -

/ \ Time
Fixed charging rate - E— P

IEC

Procedure b) ¢)d) b) c)d)
A = A

Fixed discharging rate

Power set point 0 >

Fixed charging rate |......... SN IS SSSSR A

A
Fixed discharging rate /— E— \
Electric power at POC >

Time

et ; .
FIXeuchargmygrate —

13
sof s02 IEC

Figure 6 — Minimum switchover time test

6.6.3 Quiescent Stand-by state loss rate test
The-guiescent stand-by state loss rate is measured, after confirming that the system is operating

under the test state. The typical test procedure for the-guiescent stand-by loss rate of an EES
system is listed below and shall apply.

NOTE 1 The tests are similar to the IEC 62933-2-1 self-discharge test for EES systems.
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NOTE 2 This test is not intended to determine hydrogen leakages, for which the relevant methods are given in
IEC 62282-2-100 (fuel cell modules) and IEC 62282-3-100 (stationary fuel cell power systems).

a) The EES system shall be charged/ or discharged to 100 % of the rated energy capacity or
specified energy capacity value agreed between the system manufacturer and the customer.

b) The EES system shall be kept at a-guiescent stand-by state for the measurement period of
self-discharging. The measurement period of self-discharging shall be chosen from among
one hour, one day or one week or the time agreed between the system manufacturer and
the user.

c) The electric energy input to the EES system shall be measured at the POC throughout the

at raod-aof calf o baoraina
Reastremerit HUIIUU T ST UIOUIIquIIIU

d)| After completing the measurement period of self-discharging, the EES system shall pe
charged to the initial energy capacity level, and the electric energy input shall be measured
at the POC.

e)| The self-discharge power consumption shall be evaluated by using the sum of electric
energy input measured in step ¢) and step d) in accordance with Formula (6. The electric
energy input for re-charging shall be determined analogously to the-het electric energy
output using Formula (3).

W, .
el,in

Pel,loss = 6)
loss

where
Pl 0ss IS the-guiescent stand-by state loss rate (W);

Weiin is the sum of electric energy inputs during self-discharging in step c) and
re-charging in step d) (Wh);
Noss is the measurement time of self-discharging (h).

6.6.4 Heat input-rate test

THis test only applies to EES systems being equipped with a POC for heat input, using a hegt-
carrying transfer fluid.

ThHe heat input-rate test of the EES system shall be performed using the electrical energy
storage capacity-measurement testroutine in 6.2 and the—guiescent stand-by loss rate tgst
roptine in 6.6.3. The heat input-rate can be determined by using the measurement methods for
external thermal input, as given in IEC 62282-3-200.

The heat inpltrate shall be determined separately and reported for the charging phase-by-usihg
th¢—routine”in accordance with 6.2 b), for the discharging phase—by—using—the—routine |in
accordance with 6.2 c), and for the storage phase-by-using-theroutine in accordance with 6.6(3.
If during one of these phases no heat input occurs, the test of that phase can be omitted. The
measured vatues of the heatmputt=testatt be comparedtospecified-vatues;ifavaitabte—The
test operating conditions shall also be reported-exacthy, comprising the temperature-levels of
the heat transfer fluid-inlet input and-eutlet output, and the-heatfluid respective flow rate. If
other suitable heat input-rate test methods are applied, the test methods and conditions shall
be reported.

6.6.5 Recovered heat output-rate test

This test only applies to EES systems being equipped with a POC for recovered heat output,
using a heat-earrying transfer fluid.

The recovered heat output-rate test of the EES system shall be performed using the electrical
energy storage capacity-measurement test-routine in 6.2 and the-guiescent stand-by loss rate
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test—routine in 6.6.3. The recovered heat output—+ate can be determined by using the
measurement methods for recovered thermal power output, as given in IEC 62282-3-200.

The recovered heat output-rate-shall be determined separately and reported for the charging
phase-using-theroutine in accordance with 6.2 b) , for the discharging phase-using-theroutine
in accordance with 6.2 c), and for the storage phase;using-theroutine in accordance with 6.6.3.
If during one of these phases no recovered heat output occurs,-the-referring this test can be
omitted. The measured values of the recovered heat output-rate shall be compared to the
specified values. The test operating conditions shall also be reported-exaetly, comprising the
temperature levels of the heat fluid inlet and outlet and the heat fluid flow rate. If other suitable
recovered heat outputrate test methods are applied, the test methods and conditions shall pe
reported.

6.6.6 Hydrogen input and output rate test

THis test only applies to EES systems being equipped with a POC for hydrogen,input and outppt,
which are connected to a hydrogen supply infrastructure.

THe hydrogen input and output rate test of the EES system shall be performed by measuripg
th¢ hydrogen mass flow into and out of the system, using the roundtfig'€lectrical efficiency tgst
roptine in 6.5.2.2. The hydrogen input and output rate can peldetermined by using the
measurement methods for fuel input, as given in IEC 62282-3-200"

THe hydrogen input rate shall be determined for the chargihg phase by using the routine(in
6.5.2.2 a). The hydrogen output rate shall be determinedfor the discharging phase by using the
ropitine in 6.5.2.2 b). The measured values of the_fidrogen input and output rate shall pe
cojmpared to specified values, if available. The testjgperating conditions shall also be reportgd,
comprising the temperature and the pressure of\the hydrogen at the POC.

6.6.7 Acoustic noise level test

THe acoustic noise level is measured after conflrmmg that the system is operating under the
tegt state. - .
@9%44—4—&%—@9—142@4—8#%&“%9—%“%%39@%% Th|s test shaII be conducted in
aclcordance with ISO 3746, 1ISO"2614-1 or ISO 11204 as appropriate.

6.6.8 Total harmonic distortion test

Tdtal harmonic distortion shall be measured and reported for EES systems that are connectged
tofan AC grid. IEC.61000-4-7 and IEC 61000-4-13 provide measurement guidance.

6.6.9 Discharge water quality test

Discharge.water quality is measured, after confirming that the system is operating under the
test state'and intended water discharge takes place. Any appropriate methods for water qualfity
evialuation, for example ISO 15839, ISO 17381 and IEC 62282-3-201, apply.

6.7 Component performance test
6.7.1 Electrolyser performance test

In addition to the tests specified in 6.6, the hydrogen production rate, the electric power and
the water consumption are measured for the electrolyser or the reversible cell module in
electrolysis mode. The boundary of the electrolyser or the reversible cell module in the tested
EES system shall be agreed between the system manufacturer and the customer. The
respective performance evaluation methods of +tSO-22734-1or1S0O-22734-2 I1SO 22734:2019
for the hydrogen production rate and the electric power, IEC 62282-8-101 (solid oxide
electrolysis cells) or IEC 62282-8-102 (polymer electrolyte membrane cells) for the electric
power of single cell and stack, and IEC 62282-3-200 for the water consumption apply.
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As an optional property evaluation test, the purge gas consumption is measured for the
electrolyser or the reversible cell module in electrolysis mode. The respective performance

ev

aluation method of IEC 62282-3-200 applies.

The measurements shall be conducted under the test state and under the rated operating

co

nditions, using the referenced standards in Table 4.

For electrolysers without suitable performance evaluation test standards, the applied test
method and conditions shall be-reperted-and-they-shal-be recommended by the manufacturer

a

d documented in the test report (see Clause 7)

Table 4 — Additional parameters measured on the electrolyser
or the reversible cell module in electrolysis mode

Parameter Definition Reference
Hydrogen production rate | Electrolytic hydrogen production rate (kg/h) 180-22734-1
18022734-2
ISO 22734:2019
Electric power Electric power input (W) 185O-22734-1
1S022734-2
Forsingle—cell-anrd—
stack
ISO 22734:2019
IEC 62282-8-101
IEC 62282-8-102
Water consumption? Water consumption rate (kg/h)
Plurge gas consumption Amount of supplied inert/or dilution gas (I/min) IEC 62282-3-200
NOTE 2 Water consumption of the electrolyser for the electrolysis and others, if-required used (i.e. cooling
water).
6.7.2 Hydrogen storage performance test
In|addition to the tests specified in 6.6, the hydrogen storage rate, the operating power and the
cojnsumed electricity for storing the unit amount of hydrogen operated under the test state apd
the¢ rated operating\conditions are measured for the hydrogen storage components. Any
appropriate methods for evaluating hydrogen storage performance—using—the—referencpd
standards-in-Table4; shall apply in accordance with Table 5 depending on the storage types|of
hydrogen. I8@-16111 is referenced as a method for evaluating the hydrogen storage capacity.
Fdr the hydrogen storage without suitable performance evaluation test standards, the applied
test<method and conditions shall be4epe#ted—and—they—sha+l—be recommended by the
manufacturerand-decumentedinthetestreport{seeClaus

Table 5 — Additional parameters measured on the hydrogen storage component

Parameter Definition Reference
Storage rate Rate of storing hydrogen (kg/h) For storage capacity:
Operating power Electric power required for operation (W/kg) B
Consumed electricity Electricity for storing unit amount of hydrogen (Wh/kg) ISO 16111
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6.7.3 Fuel cell performance test

In addition to the tests specified in 6.6, the electric power, the thermal power, the electrical
efficiency and the overall efficiency are measured for the fuel cell or the reversible cell module
in fuel cell mode. The respective performance evaluation methods of IEC 62282-3-200 or
IEC 62282-3-201-{forfuelcell-systems) or of IEC 62282-8-101 or IEC 62282-8-102-(fersingle
cell-and-stack-performance) apply.

As an optional property evaluation test, the purge gas consumption is measured for the fuel cell
or the reversible cell module in fuel cell mode. The respective performance evaluation method
of TEC62282-3-200 applies.

THe measurements shall be conducted under the test state and under the rated operating
conditions, using the referenced standards in Table 6.

Fgr the fuel cells without suitable performance evaluation test standards,the applied tgst
method and conditions shall be-reperted-and-they-shal-be recommended by the manufactuter
anld documented in the test report (see Clause 7).

Table 6 — Additional parameters measured on thefuel cell
or the reversible cell module in fuel cell mode

Parameter Definition Reference
Electric power Net electric power output (W)
IEC 62282-3-200
- — - - - IEC 62282-3-201
Electrical efficiency Ratio of electric power output and fuel power input (%)
Thermal power Recovered thermal power output (W)
IEC 62282-3-201
Quverall efficiency Ratio of all useful power outputs and fuel power input (%)
Plurge gas consumption Amount of suppliedsihert or dilution gas (m3/s) IEC 62282-3-200

6.7.4 Water management system performance test

In|addition to the tests specified in 6.6, the water input flow rate (I/min) and the electric power
input (W) are measured(for the water management system. Use appropriate methods for
evjaluating fluid flow in closed conduits, for example ISO 4064-1 and ISO 4064-2—shatl-apply.
Fdr the devices without'suitable performance evaluation test standards, the applied test methpd
anld conditions shall be reported and they shall be recommended by the system manufacturer.

-

Aq optional-property performance evaluation tests, the water storage capacity (m3, 1), and the

water purification quality (e.g. conductivity in uyS/cm) are measured-fer-the-watermanagemgnt
syptem.se standards of fluid flow in closed conduits for measuring the water storage capacity,

the-standardsof fluid-flow-in-closed-conduits;for example ISO 4064-1 and ISO 4064-2,-apply-

For the water management systems without suitable performance evaluation test standards,

the applied test method and conditions shall be-repeorted,—and-they-shal-berecommended by
the manufacturer and documented in the test report (see Clause 7).

or-the-waterpurificati anag ; Use appropriate standards
regarding—for the determination of water purification quality, for example 1SO 7888
(determination of electrical conductivity)-shallapphy. Information about the typical impurities
that are expected to affect the components' properties considerably shall be provided by the
system manufacturer.—tis—to-be-noted-that These properties change during operation, so

attention is-regquired important.
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6.7.5 Battery performance test

In addition to the tests specified in 6.6, the charging capacity is measured for the battery-which
i e . Also, the electric power input, the
electric power output and the charge—discharge efficiency operated under the test state and the
rated operating conditions are measured.

The performance evaluation test standards for the relevant type of battery apply; for example,
IEC 61427-1 and IEC 61427-2 particularly for renewable energy storage.
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6.Y.6 Oxygen storage performance test
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demonstrate that all the objectives of the tests.have or have not been attained.

7.]
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a)
b)
c)
d)
e)
f)
9)
h)

r batteries without suitable performance-evaluation test standards, the applied test meth

d conditions shall be-reported-and-they-shal-be recommended by the manufacturer,a

cumented in the test report (see Clause 7).

addition to the tests specified in 6.6, the oxygen storage capacity, the oXygen storage ra
b operating power and the consumed electricity for storing the unit amouni’of oxygen-stera

d-the—efficiencyfor-oxygen-storage operated under the test state_and the rated operati

nditions are measured for the oxygen storage component. The applied measuring meth

d conditions shall be-reported—and-they-shal-be recommended, by the manufacturer a

cumented in the test report (see Clause 7).

Test reports

General

st reports shall accurately, clearly and -ebjectively present sufficient information

P Report items
e report shall present at least the\following information:

title of the report;

authors of the report;

date of the report;

standard number,-test procedure number;
location of the-test;

tested system data (see 7.3 for details);
test conditions (see 7.4 for details);

test/data (see 7.5 for details).
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7.3 Tested system data description
The tested EES system data shall include at least the following information:

a) product name and brand name of the system;

b) constitution of the system;

c) definition of the boundary for the tested EES system,;
d) type of electrolyser and/or reversible cell;

e) type of fuel cell;

f) | type of hydrogen storage (if included);
g)| type of battery (if included);
h)| type of oxygen storage (if included).

7.4 Test condition description
THe test condition description shall include at least the following information:

a)| name of person or persons conducting the test;
b)| instruments, calibration record;

c)| definition of the operating state;

d)| test procedure;

e)| data acquisition method.
7.5 Test data description
THe test data shall include at least the followinginformation:

a)| title of the test or tests;

b)| test operating conditions;

c)| testresults;

d)[ ambient conditions;

e)| uncertainty evaluation (sée 7.6 for details).

If system operation requires external energies, such as heating, cooling and the like, and su

enlergies are not incerporated in the performance tests, the energies and their amounts sh
be reported under.b),

7.6 Uncertainty evaluation

Uncertainties of instruments shall be reported. If necessary, variation of measurements and
measurement uncertainties calculated from the variation of measurements and uncertainties
ingttuments should be reported (see ISO/IEC Guide 98-3).
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FUEL CELL TECHNOLOGIES -

Part 8-201: Energy storage systems using fuel cell modules in reverse

mode — Test procedures for the performance of power-to-power systems

1
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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 g
in addition to other activities, IEC publishes International Standards, Technical Specifications,, Fechnical Repo
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEG,\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-governmeéntal organizations liais
with the IEC also participate in this preparation. IEC collaborates closely with thé International Organization

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

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 latf

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 g
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.

IEC draws attention to the possibility that the implementation of this document may involve the use of
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rightg
respect thepeof."As of the date of publication of this document, IEC had not received notice of (a) patent(s), wh
may be requiired to implement this document. However, implementers are cautioned that this may not repres
the latestinformation, which may be obtained from the patent database available at https://patents.iec.ch. |
shall-net be held responsible for identifying any or all such patent rights.

ng
hal
nd
ts,
eir
ith
ng
for

hal
all

hal
FC

nd

or
nd
FC

is

(a)

in
ch
Pnt
FC

£ 62282-8-201 has been prepared by IEC technical committee 105: Fuel cell technologie

It is an International Standard.

This second edition cancels and replaces the first edition published in 2020. This edition
constitutes a technical revision.

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

a) consideration of systems connected to hydrogen supply infrastructure (hydrogen grids,

b)
c)

vessels, caverns or pipelines);
hydrogen input and output rate is added in the system parameters (5.10);
electric energy storage capacity test is revised (6.2);
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d) roundtrip electrical efficiency test is revised (6.5);
e) hydrogen input and output rate test is added (6.6.6).

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

Draft Report on voting
105/1034/FDIS 105/1050/RVD
F uH-rfermatien-onthevoetingtorHsapprovalcanbetoundinthe reportonveothginrdicatedin
the above table

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

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

A list of all parts in the IEC 62282 series, published under the generaltitle 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,

e | withdrawn, or

e | revised.

[

hat it contains colours which are considered to be useful for the correct understandi
df its contents. Users should therefore print this document using a colour printer.

IMPORTANT - The "colour jnside" logo on the cover page of this document indicatel;
n
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INTRODUCTION

This part of IEC 62282 specifies performance evaluation methods for electric energy storage
systems using hydrogen that employ electrochemical reactions both for water and steam
electrolysis and electric power generation.

NOTE Heat generation can be a secondary purpose.

This document is intended for power-to-power systems which typically employ a set of
electrolyser and fuel cell, or a reversible cell for devices of electric charge and discharge.
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bjffering systems based on electrochemical modules (combining electrolysis and fuel cells,

energy intensive electric energy storage. The systems are recognized as critically, useful
b relatively long-term power storage operation, such as efficient storage and stpply of t
hnewable power derived electric energy and grid stabilization.

e IEC 62282-8 series aims to develop performance test methods forcpewer storage a

rticular reversible cells), taking into consideration both optionscof re-electrification a
bstance (and heat) production for sustainable integration of renewable energy sources.

der the general title Energy storage systems using fuel cell modules in reverse mode, t
C 62282-8 series consists of the following parts:

IEC 62282-8-101: Test procedures for the performance of solid oxide single cells a
stacks, including reversible operation

IEC 62282-8-102: Test procedures for the perfermance of single cells and stacks with prot
exchange membrane, including reversible opération

IEC 62282-8-103": Alkaline single cell and stack performance including reversible operati
IEC 62282-8-201: Test procedures for'the performance of power-to-power systems

IEC 62282-8-2022: Power-to-powér systems — Safety

IEC 62282-8-301: Power tomethane energy systems based on solid oxide cells includi
reversible operation — Performance test methods

a priority dictated by the emerging needs for industry and opportunities for technologig
velopment, IEC 62282-8-101, IEC 62282-8-102 and IEC 62282-8-201 were initiated join
d firstly. These parts are presented as a package to highlight the need for an integrat
proach as regards the system's application (i.e. a solution for energy storage) and
hdamental constituent components (i.e. fuel cells operated in reverse or reversing mode).

ypical target application of the electric energy storage systems using hydrogen is in the. clalss
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Future project.

Future project.
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FUEL CELL TECHNOLOGIES -

Part 8-201: Energy storage systems using fuel cell modules in reverse

mode — Test procedures for the performance of power-to-power systems

1 Scope

THis part of IEC 62282 defines the evaluation methods of typical performances for-elect
energy storage systems using hydrogen. It is applicable to the systems that use electrochemic
reaction devices for both power charge and discharge. This document applies to_systems th

are designed and used for service and operation in stationary locations (indoor@and outdoor].

THhe conceptual configurations of the electric energy storage systems usingchydrogen are sho
in[Figure 1 and Figure 2.

Figure 1 shows the system independently equipped with an electrolyser module and a fuel ¢
madule. Figure 2 shows the system equipped with a reversible ¢ell’/module.

Ingispensable components are an electrolyser module and«a fuel cell module, or a reversil
cell module, an overall management system (which includes a data interface and can include

pressure management), a thermal management system (which can include a thermal storage

a \ater management system (which can include a water storage) and a purge gas supply (in
gds, practically neither oxidizing nor reducing).

NQTE 1 Indispensable components are indicated by bold lines in Figure 1 and Figure 2.

ThHe system can be equipped with eitherva hydrogen storage or a connection to an exterr
hydrogen supply infrastructure or a combination of both. There can be a battery and an oxyg
storage, as optional components.

THhe electrolyser module can‘cemprise one or more electrolysers whether or not of the sar
tyie. Depending on the opérating conditions and considering the operation history, the over
management system can'‘eemmand the concurrent operation of the electrolysers. The fuel ¢
module can comprise dne or more fuel cells whether or not of the same type. Depending on t
oplerating conditions and considering the operation history, the overall management system c
command concurrent operation of the fuel cells. The reversible cell module can comprise o
or|more reversible cells whether or not of the same type. The fuel cell module can compri
one or more{fuel cells whether or not of the same type. Depending on the operating conditio
anld considering the operation history, the overall management system can comma
concurrént operation of the reversible cells.
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solid line (system

bounday).

NOTE 2 In the context of this document, the term "reversible" does not refer to the thermodynamic meaning of

an

ideal process. It is common practice in the fuel cell community to call the operation mode of a cell that alternates

between fuel cell mode and electrolysis mode "reversible".

This document is intended to be used for data exchanges in commercial transactions betwe

en

the system manufacturer and customer. Users of this document can selectively execute test

items suitable for their purposes from those specified in this document.
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Oxygen
[air
System boundary
\
Overall Thermal
management management .i }j:gﬂ
system Oxygen system
storage
Battery

o

_—> 4+
EMD EMI

Vibration, Acoustic noise,
wind, rain, total harmonic
tetmperature, AN distortion

etc.

Water Purge

y

D electromagnetic disturbance

| electromagnetic interference

TE 1 Overall management system, thermal, management system, water management system and purge (

ply can have the relation with electrolyser, fuel cell, battery, hydrogen storage and oxygen storage, and also g
e the relation with one another.

TE 2 Other fluid or energy in- orcoutputs, depending on the used electrolyser and fuel cell types, can
sidered.

TE 3 The electricity input @nd ‘output can be DC or AC or both. Power conditioning sub-systems are usug
pd.

TE 4 There can bemore than one electricity point of connection for input or output or both.

Figure 1 — System configuration of electric energy storage system using hydrogen -
Type with electrolyser and fuel cell
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Oxygen
[air
System boundary
A
Overall Thermal O Heat
management management [ < | /e?d
system Oxygen system co
storage
Battery

v

" \:(( < Reversible cell Hydrogen
<{ Electricity ) module storage

margg:aer:\ent Purge gas
system supply

— +—
EMD EMI

V|_brat|or_1, Acoustic nois¢
wind, rain, total harmoni
temperature, AN distortion

etc.

Water Purge

|EC
Kely

EMD electromagnetic disturbance

EMI electromagnetic interference

NQTE 1 Overall management system, thermal\management system, water management system and purge gas
supply can have the relation with reversible, cell; battery, hydrogen storage and oxygen storage, and also can hgve

thg relation with one another.

NQTE 2 Other fluid or energy in- or‘outputs, depending on the used electrolyser and fuel cell types, can |be
considered.

NQTE 3 The electricity input ‘and output can be DC or AC or both. Power conditioning sub-systems are usugl

y
uséd.

NQTE 4 There can be{mbre than one electricity point of connection for input or output or both.

Figure 2 — System configuration of electric energy storage system using hydrogen -
Type with reversible cell

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.

IEC 61427-1, Secondary cells and batteries for renewable energy storage — General
requirements and methods of test — Part 1: Photovoltaic off-grid application

IEC 61427-2, Secondary cells and batteries for renewable energy storage — General
requirements and methods of test — Part 2: On-grid applications

IEC 62282-3-200, Fuel cell technologies — Part 3-200: Stationary fuel cell power systems —
Performance test methods
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IEC 62282-3-201, Fuel cell technologies — Part 3-201: Stationary fuel cell power systems —
Performance test methods for small fuel cell power systems

IEC 62282-8-101, Fuel cell technologies — Part 8-101: Energy storage systems using fuel cell
modules in reverse mode — Test procedures for the performance of solid oxide single cells and
stacks, including reversible operation

IEC 62282-8-102, Fuel cell technologies — Part 8-102: Energy storage systems using fuel cell
modules in reverse mode — Test procedures for the performance of single cells and stacks with

pr

ton exchange membrane, including reversible operation

IE
te

IS
un

IS
o
a

IS

inlensity — Part 1: Measurement at discrete points

IS
S0
en

IS
1S
IS

IS
hyj

IS
re

3

C 62933-2-1:2017, Electrical energy storage (EES) systems — Part 2-1: Unit parameters a
5ting methods — General specification

D/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the' expression
certainty in measurement (GUM:1995)

D 3746, Acoustics — Determination of sound power levels and sound energy levels of no
urces using sound pressure — Survey method using an enveloping measurement surface oy
eflecting plane

D 9614-1, Acoustics — Determination of sound power levéls of noise sources using sou

D 11204, Acoustics — Noise emitted by machinery and equipment — Determination of emissi
und pressure levels at a work station and at,other specified positions applying accura
vironmental corrections

D 16111, Transportable gas storage devices— Hydrogen absorbed in reversible metal hydri
D 19880-1, Gaseous hydrogen — Fuelling stations — Part 1: General requirements
D 19881, Gaseous hydrogen —(band vehicle fuel containers

D 19882, Gaseous hydrogen — Thermally activated pressure relief devices for compress
drogen vehicle fuel containers

D 22734:2019, Hydrogen generators using water electrolysis — Industrial, commercial, a
sidential applications

Terms, definitions and symbols

3.

nd

of

on
te

ed

Terms and definitions

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

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

3.11
electric energy storage
EES
installation able to store electric energy or which converts electric energy into another form of

en

ergy and vice versa, while storing energy
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3.1.2

electric energy storage system
EES system

installation with defined electrical boundaries, comprising at least one EES, whose purpose is
to extract electric energy from the electric power system, store this energy in some manner and
inject electric energy into the electric power system and which includes civil engineering works,

en

ergy conversion equipment and related ancillary equipment

Note 1 to entry: The EES system is controlled and coordinated to provide services to the electric power system
operators or to the electric power system users.

No|
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EE
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fu
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3.
en
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re

3.

e 2 to entry: In some cases, an EES system can require an additional energy source during its dischar
viding more energy to the electric power system than the energy it stores.

DURCE: IEC 62933-1:2018, 3.2, modified — In the definition, "grid connected" and %internal
ve been deleted, and "which extracts" has been replaced by "whose purpose s to extrag
te 2 to entry has been shortened and Note 3 to entry deleted.]

.3

ES system using hydrogen

ES system comprising at least one EES using hydrogen, whose puspose is to extract elect
ergy from the electric power system, store this energy as hydrogen-and inject electric ener
0 the electric power system, using hydrogen as a fuel

e 1 to entry: The conceptual configurations of the EES system using¢hydrogen are referred to in Clause 1.

4

ttery

ES device for electrochemically storing electficity with electricity charge and dischar|
hctions

irogen storage of an EES system using hydrogen:

.5

ctrolyser

ctrochemical device that converts water or steam to hydrogen and oxygen by electroly
bction

e 1 to entry: Electrolysers include alkaline water electrolysis device, polymer electrolyte membrane w4
ctrolysis device, solid exide electrolysis cell device, and other devices of similar type.

.6

vironment

rroundings/in which an EES system using hydrogen exists, including air, water, land, natu
sources;. flora, fauna, humans, and their interrelation

I

e 1to entry: Batteries are typically employed forabsorbing short-term fluctuating electricity input combined wi

be,

y
t".

ric
gy

ge
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o

electrochemical device that converts the chemical energy of a fuel and an oxidant to electric

en

ergy (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, 485-08-01]
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3.1.8

thermal management system

subsystem of the EES system using hydrogen, for controlling the thermal storage and thermal
fluid flows in the system and its POCs (if applicable)

Note 1 to entry: Typically, heat is utilized among the various items of system equipment. An example of the mutual
heat utilization is where the exothermic reaction heat of the fuel cell is conveyed to an electrolysis cell, in particular
a solid oxide electrolysis cell for endothermic consumption.

3.1.9
hydrogen storage

component of the EES system using hydrogen, for storing hydrogen that is produced by water
or|steam electrolysis in or supplied to the system

Note 1 to entry: There are several kinds of hydrogen storage equipment depending on the hydrogen storgge
pripciples. They include low- and high-pressure gas, liquid, hydrogen-absorbing alloy (hydrogen”absorbed| in
reersible metal hydride), non-metal hydrides and others.

3.1.10

hydrogen supply infrastructure
asisembly of hydrogen carrying and storing devices providing connection points to hydrogen
appliances, which supply hydrogen to the appliance or absorb Aydrogen delivered by the
appliance

3.1.11
limit operating conditions
conditions not to be exceeded for operating the EES system normally and safely

Nofe 1 to entry: They are recommended by the EES system manufacturer considering the system characteristids.

3.1.12

ndt electric energy output
us@able electric energy output from the EES system using hydrogen, which is able to serve for
th¢ user's purpose, excluding internal and external electric energy dissipation of the system

Note 1 to entry: The internal and external electric dissipation of the EES system is typically electric energy I¢ss
from the equipment operations and connections.

Note 2 to entry: The net electric\eénergy output is the difference between the electric energy outputs and inputq at
all|POCs.

3.1.13
ndt electric power
pawer output of.the EES system and available for external use

Note 1 to enfry}* The net electric power output is the difference between the electric power outputs and inputs at|all
PQCs.

3.1.14

op 4 it
conditions at which the tested system, more specifically each item of equipment of the tested
EES system, is operated, and including physical conditions such as range of ambient
temperatures, pressure, radiation levels, humidity and atmosphere

3.1.15

operating state

state at which the tested system, more specifically each item of equipment of the tested EES
system, is operated at specified conditions
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3.1.16

overall management system

subsystem of the EES system using hydrogen, served for monitoring and controlling the EES
system using hydrogen, including all equipment and functions for acquisition, processing,
transmission, and display of the necessary process information

Note 1 to entry: The overall management system also includes a subsystem containing an arrangement of hardware,
software, and propagation media to allow the transfer of messages from one EES system using hydrogen component
or subsystem to another one, including the data interface with external links.

Note 2 to entry: Generally, the control subsystem may be connected to the primary POC (just for data exchange)
and it can comprise the communication subsystem and the protection subsystem.

Note 3 to entry: The protection subsystem includes one or more items of protection equipment, one)or/more
insfrument transformers, transducers, wiring, one or more tripping circuits, one or more auxiliary supplies. Depend|ng
upon the principle or principles of the protection system, it may include one end or all ends of the pretected sectjon
andl, possibly, automatic reclosing equipment.

3.1.17
o>1ygen storage

component of the EES system using hydrogen, for storing oxygen that is)produced by water|or
steéam electrolysis in or supplied to the EES system

Nofe 1 to entry: Oxygen storage is equipped, if needed.

3.1.18

pgint of connection
POC

paint where an EES system using hydrogen is connécted to a supply or extraction exterior|to
the system

Note 1 to entry: Generally, POCs are electricity, heat, water, hydrogen, oxygen and air connection points. They fre
shown as open circles on the EES system boundary (thick solid-line square) in Figure 1 and Figure 2.

3.1.19
s::rnd-by state

operating state of the EES system;.lin which the EES system is partly or fully charged and ho
infended charging and discharging of the stored energy, except self-discharging, takes placg

3.1.20
rated operating conditions
conditions which are.applied for standard operation of equipment or systems

Note 1 to entry: Rated operating conditions are recommended by the equipment or EES system manufacturgrs
considering the characteristics of the equipment or system.

3.1.21

rated input conditions
conditions specified by the manufacturer, at which the tested EES system absorbs electf
pawer‘input at the POC

c

Note 1 to entry: The rated input conditions include the rates of net electric power, heat, water flow, oxygen flow and
air flow.

3.1.22

rated output conditions

conditions specified by the manufacturer, at which the tested EES system delivers electric
power output at the POC

Note 1 to entry: The rated output conditions include the rates of net electric power, heat, water flow, oxygen flow
and air flow.
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3.1.23
rated test conditions

sp

ecific boundary conditions at which the tested EES system is operated

Note 1 to entry: Rated test conditions are agreed between the EES system manufacturer and customer.

3.1.24
reversible cell
electrochemical device that is able to operate as a fuel cell or as an electrolyser, alternatively

No|
prg

3.
ro

e 1 1o entry: [he term “reversible” In this context does not refer to the thermodynamic principle of an (d
cess.

.25
undtrip electrical efficiency

pal

el¢ctric energy discharged measured on the primary POC divided by the electric energy

absorbed, measured on all the POCs (primary and auxiliary), over one EES,system standdrd
chiarging—discharging cycle under specified operating conditions

Note 1 to entry: The auxiliary POC is used for electricity supply of auxiliary components and devices such|as
instrumentation, controls, monitoring and safety functions.

3.1.26

operation history

record of the operating conditions of the system

3.1.27

steady state

state of an EES system in which the relevant characteristics remain constant with time
[SPURCE: IEC 60050-485:2020, 485-21-05; modified — In the definition, “physical” has bepn
replaced with “EES”.]

3.1.28

S\r;[itchover time

time that is required to switch_ an“EES system using hydrogen from a specified charging phase

to

No
co
stq
if g

3.
te
st

a specified discharging phase or vice versa

nd-by state, purging(ofigas lines if applicable, setting of auxiliary components (valves, heaters, compressors, e
pplicable and to go to an operating point in the opposite operating phase (discharging or charging).

.29
t state
te of the tested EES system that is consistent with the objective of the evaluation

3.

30

e 1 to entry: This can be of relevance in case grid service is required to be performed with the EES system|. It
mprises the time that is.required to go from one operating point in either charging or discharging operation| to

c.)

tested system
EES system defined by its boundary to the environment that is in accordance with the objective

of

the evaluation

3.1.31
water management system
subsystem of the EES system using hydrogen, for controlling the water flow, the steam flow or

bo

th in the EES system

Note 1 to entry: Water management system includes the controlling mechanisms of water inlet, transport, purify
(if applicable), and drain.

ing
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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 Formula Figure
k Coverage factor
Mo in Hydrogen mass supplied to the system at the POC g (4)
n Number of measurements until discharge completion (3), (4)
Py, Electric power at the POC W (2)
Pl loss Stand-by state loss rate W (6)
Py in Net electric power input w
Py out Net electric power output w (3)
dP/dt Ramp rate W/s (2) Figure 5
Py in Heat input W
Pih out Heat output W
] 11, H2,in Hydrogen mass flow into the system at the POC d/s (4)
9, H2,0ut | Hydrogen mass flow out of the system at the POC al/s

Time when the system, which is in steady state,
receives the set point value

Iy s (1) Figure 4

Time when the electric power at the POCcbecomes
1y less than 90 % for negative state or higher'than 10 % s (2) Figure 4
for positive state of the set point valuge

Time when the electric power at thé POC becomes
t, less than 10 % for negative state or higher than 90 % s (2) Figure 4
for positive state of the set pointvalue

Time when the electric power at the POC reaches

s within 2 % of the set peint value s ™ Figure 4
Lioss Measurement timg-of.self-discharging h (6)
Iso Switchover time s Figure 6
sy Step response time s (1) Figure 5
We Electric'energy storage capacity Wh (3)
Welin Electric energy input Wh (5), (6)
We ofit Net electric energy output Wh (3)
At Sampling time of measurement h, s (3)
Nel Roundtrip electrical efficiency % (5)

4 Measurement instruments and measurement methods

4.1 General

For measuring certain properties of the tested EES system, the configuration of its components
and the boundary conditions to the environment shall be determined first.
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Attention is required to clearly define the tested EES system. The components which the tested
EES system includes and the conditions of the test environment at all points of connection
(POC) shall be defined. The POCs are input and output connections for electricity, heat, water,
hydrogen, oxygen and air. The boundary conditions for all POCs shall be defined.

Secondly, the test state of the EES system shall be defined. The test state of the EES system
means the operating levels compared to the maximum capability of either the EES system or
one of its components at the time of test execution.

Then the operating conditions for the test shall be defined. They shall be agreed between the
E$S system manufacturer and the customer.

Dyring execution of the tests, the operating times shall be noted. They are the electric ingut
time, the electric output time, the input-and-output stand-by period, and combinatioh patterns
thereof. The operation history and the actual operating time of the system affectsithe evaluatipn
ofthe EES system performance, therefore the history of the operating times of.the EES systgm
before executing the test shall also be reported.

Where it is unfeasible to perform measurements of electric power of jmedia flow at full scale
due to large system size, for safety related reasons or lack oftsuitable instrumentatign,
me¢asurements may be performed at sub-system level. Such|measurements shall allpw
derivation of data representative of measurements at full ,system size. The measurement
concept applied shall be detailed in the test report (see 7.4),

4.2 Instrument uncertainty

ThHe expanded uncertainty of each measuring instfument (coverage factor £ = 2) at the time|of
calibration or that estimated from the class of instrument shall meet the following requirements:

— | electric power: 2 % of reading;
— | current: +1 % of reading;
— | voltage: +1 %<of reading;
— | mass flow: +1 % of reading;
— | ambient temperature: +1 K;

— | ambient pressure: +0,1 kPa;

— | ambient relative humidity: 15 %.

Instruments that satisfy the above requirements shall be used. ISO/IEC Guide 98-3 shall apply.

4.3 MeasUurement plan

The components' configuration, the boundary conditions to the environment of the tested EES
syptem-and the test state shall be clearly defined. The test state shall be considered according
to|the“application and usage. Also, the test phases, which are charge, storage and discharpe
illustrated in Figure 3, should be considered.

The rated and the limit operating conditions for the tested EES system are confirmed between
the system manufacturer and the customer. The rated and the limit operating conditions for
each component shall be established from the component manufacturers' specifications.
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Then the sequence of the measurements shall be planned. It shall be considered that certain
properties of some components relate to the conditions or the settings for other components.
For example, the operating state of the hydrogen storage capacity relates to the operating
conditions settings of the electrolyser. Also, attention should be paid to the fact that some
properties can change considerably during the measurement. For example, the electric power
input can vary during a charging phase. The test state shall be clearly defined and the property
changes during the measurement shall be identified. For setting up the measurement methods
and instruments, instrument uncertainty and permissible variation shall be checked and
reported. The actions to be made before executing the measurement are summarized in Table 2.

After confirming that the EES system is operating under the test state, the measurement for
testing the EES system performance is executed.

Amount of stored energy

Charging Storing Discharging !
phase phase phase N__
R e

[ —
1

Operation time
IEC

Figure 3 — Typical sequence of phases during the system operation

Table 2 — Required steps‘before executing the measurement

Required steps Actions

11 Note the system components' configuration.

2| Define the system boundary: Define ambient conditions.
3| Note the initial operating state of the system. Report the operation history of the system.
4| Confirm the rated operating conditions and the Confirm the rated operating conditions and the limit
limit operating conditions for the system. operating conditions for the system between system
manufacturer and customer.
5| Define the tests‘to be executed. Consider the mutual interaction of the system

components

6] Define the measurement methods and set up the | Check and report instrument uncertainty and permissible
instruments. variation.

Execute safety measures.

7 Execute the measurement.

4.4 Environmental conditions

The reference environmental conditions shall be the normal environmental conditions as
specified in [IEC 62933-2-1.

Air temperature, relative humidity and pressure shall be measured as ambient conditions.
Supplementary items shall be recorded, if needed. In the case of an outdoor installation, the
information concerning hoarfrost, dew, hail, rain, snow, wind, and solar radiation shall be
recorded.
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When the EES system is intended to be used under conditions different from the reference
environmental conditions, an agreement shall be established between the system manufacturer
and the customer. In those cases, the appropriate ambient conditions for the test shall be

agreed between the system manufacturer and the customer.

If required, the EES system may also be tested under the most extreme environmental
conditions. In this case, the EES system manufacturer shall provide the most extreme

environmental conditions.

45  Maxi issibl iation in test (i liti

THe tolerable variation of each operating parameter in the testing EES system shall fall with

th¢ following range:

— | power: 15 % relative to set point;
— | ambient temperature: +5 K;

— | ambient relative humidity: +10 %.
5| System parameters

5. General

THe following parameters shall be specified as the comfmon basic
capability and performance of an EES system using hydrogen:

o [ electric energy storage capacity;

o | rated electric power input;

¢ | rated net electric power output;

¢ [ roundtrip electrical efficiency.
In|addition, the following parameters @hall be specified if required:

e | system response (step respanse time and ramp rate);
e [ minimum switchover time;

¢ | stand-by state loss rate;

o | thermal input andveutput;

e [ hydrogen input and output;

e [ acoustic noise level;

e | total harmonic distortion;

¢ | discharge water quality;

e | electrolyser performance;

parameters to ensy

e hydrogen storage performance;

o fuel cell performance;

e water management system performance;
e Dbattery performance;

e oxygen storage performance.

n
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5.2 Electric energy storage capacity

Electric energy storage capacity is the electric energy that can be extracted from the EES
system at the POC under reference environmental conditions as specified in 4.4. The electric
energy storage capacity shall be evaluated considering energy losses. The electric energy
storage capacity is the electric energy discharged from fully charged state to fully discharged
state of the EES system, at rated output conditions.

The EES system may contain several types of energy source storages other than electricity and
hydrogen, such as heat and oxygen. In those cases, each property of the components related
to[the energy source storages shou € reported separately, adding to the eleciric energy
storage capacity for the EES system.

5.3 Rated electric power input

The rated electric power input (Pg ;) is the electric power that the tested EES system cpn

ablsorb for a specified time at the POC under the reference environmental conditions specifipd
in4.4. The rated electric power input shall be specified together with applicable input duratign.
THe rated electric power input and the applicable input duration, along with the conditiohs
in¢luding input and output rates of heat, water flow, oxygen flow and_air flow, shall be agrepd
byl the system manufacturer and the customer.

In|the case where more than one POC for electric power input is present in the EES system,
rated electric power input is calculated from the total of the’concurrent measurements of fall
el¢ctric power inputs at the POC. Typically, it contains the electric power inputs of the
electrolyser or reversible cell, battery and other electrically operated components.

5.4 Rated net electric power output

The rated net electric power output (Pg o) is,the net electric power that the tested EES system

can provide for a specified time at thexROC under the reference environmental conditions
splecified in 4.4. The rated net electric.power output shall be specified together with applicabple
output duration. The rated net electric¢’power output and the applicable output duration, alohg
with the conditions including input.and output rates of heat, water flow, oxygen flow and air flow,
shiall be agreed by the system manufacturer and the customer.

In|the case where more than one electric POC is present in the EES system, rated net electfic
pawer output is calculated from the difference of the measured electric power outputs and inputs
atjall POCs. Typicallys-it'contains the electric power connections of the fuel cell or the reversiljle
celll and the battery:

5.9 Roundtrip electrical efficiency

=)

The roundtrip electrical efficiency (rg) is the ratio of net electric energy output (W o) during
digcharging to electric energy input (W, ;,) during charging of the EES system for one charging—
dig r‘harging r‘yr‘lp which has the same energy storage level at the start and at the end of the
measurement.

NOTE Since the net electric energy output is considered during discharging, the electric energy input during this
phase does not have to be added to the electric energy input during charging.

The boundary conditions of an electric input and output are defined. The test state is defined.
The operating conditions for testing are determined. They include input and output rates of net
electric power, heat, water flow, oxygen flow and air flow, and energy storage levels of electric
energy and energy other than electricity. They shall be agreed by the system manufacturer and
the customer. These items shall be reported with the measurement results.
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The roundtrip electrical efficiency is measured over one charging—discharging cycle for
specified energy storage levels using specified input and output rates of net electric power,
heat, water flow, oxygen flow and air flow. At the end of the charging—discharging cycle, the
level of charge and the operating conditions of the tested EES system shall be the same as
those before the charging—discharging cycle.

For EES systems with an internal hydrogen storage, the charging—discharging cycle is defined
by operation from the minimum to the maximum state of charge of the hydrogen storage and
back to minimum state of charge. For EES systems without an internal hydrogen storage, the
charging—discharging cycle is defined by comparing the mass of hydrogen which is delivered
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darmg charging operation and the mass of hydrogen which Is supplied during dischargi

.6 System response (step response time and ramp rate)

.6.1 Step response time

eration. The cycle is complete when the mass of the delivered hydrogen during chargi
uals the mass of the supplied hydrogen during discharging.

e roundtrip electrical efficiency can be affected by energy storage levels, electricypower inf
d net output rates, electric energy consumption of the system operation, operatihg conditio

components relating to an energy source other than electricity, as well\as the referen
vironmental conditions.

h

e step response time of the EES system is the duration’of the time interval between t
tant 7y when the EES system, which is in steady state,«eceives the set point and the inst3

when the electric power at the POC reaches the set’point (within £2 %) as shown in Figure
tailed definition of ¢y shall be agreed between the system manufacturer and the custom

e reference set point for the definition of thesstep response time is the rated input or outp
wer.
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ere

is the step response time (s);

is the time point when the EES system, which is in steady state, receives the set po
value;

is the timepoint when the electric power at the POC reaches the set point (within £2 %),
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NQTE The ramp rate and the parameters ¢, and ¢, are*explained in 5.6.2.

Figure 4 — Step response-time and ramp rate of EES system

5.6.2 Ramp rate

The ramp rate of the EES system’is the average rate of electric power variation per unit of time
beftween ¢, and ¢, as showaq.in Figure 4 a) for negative ramp rate and Figure 4 b) for positive
ramp rate. For the negative’ (positive) state, 74 is the time point when the electric power at the
PQC becomes less than 90 % (higher than 10 %) of the set point value and 1, is the time pojnt
when the electric power at the POC becomes less than 10 % (higher than 90 %) of the set pojnt
value. The reference set point for the definition of the ramp rate is the rated input and outpgut
pawer. In case-of non-linear characteristic or transition behaviour during the mode change, for

example chatge—discharge—charge, the definition of ramp rate shall be agreed by the syst¢gm
manufacturer and the customer.

dp/dr=-—S2<2L S0 (2)
th — 14
where
dp/d¢ is the ramp rate (W/s);
1 is the time point when the electric power at the POC becomes less than 90 %
(negative ramp rate) or higher than 10 % (positive ramp rate) of the set point value;
ty is the time point when the electric power at the POC becomes less than 10 %

(negative ramp rate) or higher than 90 % (positive ramp rate) of the set point value;
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(21) is the electric power at the POC at time point 74;

(22) is the electric power at the POC at time point 7.

5.7 Minimum switchover time

The minimum switchover time is the minimum duration required to switch the operating
conditions of the tested EES system from a specified charging phase to a specified discharging
phase, or vice versa. It specifically comprises the time that is required to go from a specified
charging or discharging phase to open circuit voltage (OCV) phase, purging of gas lines if

aI

plicable, setting of auxiliary components if applicable and to go to the opposite specifi

d

op
b€
(fg

SY|

erating phase. The switchover times from charging to discharging phase and vice versa'c
different, so both values shall be reported. The charging and discharging phases for_the tq
r example, 80 % of the nominal input and output power rates) shall be agreed between t
stem manufacturer and the customer.

5.8 Stand-by state loss rate

Th

e stand-by state loss rate of the EES system is the sum of the engrgy’loss rate and t

energy consumption rate of the EES system during the stand-by state;“which is typically t

ph
by|
up
op

NG
ga

ase between the charge and the discharge operation. The measdrement time of the star
state loss rate shall be chosen from among one hour, one day aor,one week or the time agre
on by the system manufacturer and the customer. The energy)consumption of any auxiliz
eration within the system boundary shall be included.

TE Stand-by state energy losses include electric energy losses such as parasitic loads or supply of controls 3
b losses.

5.

Heat input

The heat input (Py, ) is the thermal power, which is absorbed by the tested EES system duri

the¢ system operation in the different operation phases (charging, storage, discharging). T
heat input is fed to the EES system at the POC, using a heat transfer fluid (e.g. air, wat

st

In
the
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am).

the case where there is morexthan one POC for heat input, the heat input is calculated frg
p total of concurrent measuréments of all heat inputs at the POC.

.10 Hydrogen input and output rate

r systems connected to a hydrogen supply infrastructure, the hydrogen input rate (g, 2|
d hydrogen output rate (g, 42 out) @re the mass flow rate of hydrogen at the POC into and g

the tested EES system, respectively, during the different operation phases (charging, stora
charging).

1/, Recovered heat output
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The recovered heat output (P, o,¢) is the usable thermal power output, which is recovered by

the tested EES system during the system operation in the different operation phases (charging,
storage, discharging). The recovered heat output is dissipated at the POC, using a heat transfer
fluid (typically water). The recovered heat output does not include waste heat losses, for

ex

ample due to system components cooling.

5.12 Acoustic noise level

The acoustic noise level is the total acoustic noise level, including all noise sources of the EES
system. It shall be measured under the rated operating states or those states which are agreed

be

tween the system manufacturer and the customer.
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5.13 Total harmonic distortion

The total harmonic distortion is the overall harmonic distortion of the EES system. It shall be
measured under the rated operating states or those states which are agreed between the
system manufacturer and the customer.

5.14 Discharge water quality

All discharge water sources of the EES system are covered. The quality of the discharged water
shall be measured under the rated operating states or those states which are agreed between
thegsystemmmmanufacturerand-thecustomer:

6 | Test methods and procedures

6. General

Syistem parameters specified in Clause 5 and component performances“shall be reported
selectively according to the purpose of the performance test.

The parameters listed in 5.2 to 5.5 are primary performance indicators’of the EES system usihg
hydrogen. They are measured under the rated test conditions-or-other operating conditions
within the limit operating conditions. These conditions for testing’shall be agreed between the
system manufacturer and the customer.

ThHe other parameters listed in Clause 5 are secondary performance indicators of the EES
sygtem. The testing conditions as specified in 4.4 shall be applied, based upon agreemegnt
beftween the system manufacturer and the customer:

Sditable performance test standards for electricity-converting devices and EES shall pe
followed as available.

6.2 Electric energy storage capacity test

Electric energy storage capacity>shall be tested at rated input and output conditions under
reference environmental conditions as specified in 4.4, and if required, at additional operatipg
conditions different from the.rated ones.

Fgr EES systems with an internal hydrogen storage, which are connected to an external
hydrogen supply, the/hydrogen supply at the POC shall be closed during this test. The electfic
energy storage capacity can not be determined for EES systems without an internal hydroggen
stprage. Onlytin'case of a limited and known state of charge of the external hydrogen supply
infrastructurg, can the latter be considered like an internal hydrogen storage and the electfic
energy sterage capacity be determined.

The\eléctric energy storage capacity shall be evaluated as the electric energy discharged at the
rated output conditions and the output duration time starting from the fully charged state of the
system. Values of output power from the tested EES system shall be obtained at all POCs using
a calibrated power meter or a calibrated combination of one or more voltmeters and
amperemeters, as appropriate.

For the measurement of the electric power input, the test methods of ISO 22734:2019 for
electrolysers, IEC 62282-3-200 for stationary fuel cells, IEC 62282-8-101 for reversible solid
oxide electrolysis (SOE) cells and IEC 62282-8-102 for reversible polymer electrolyte
membrane (PEM) cells shall apply. Furthermore, the guidelines of IEEE Std 1459™-2010 may
be used.
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The measurement shall be performed in the three consecutive steps a) to ¢). The electric energy
storage capacity shall be calculated by Formula (3).

a) The tested EES system shall be discharged to the specified minimum electric energy storage

b)

c)

level in accordance with the system specifications and operating instructions.

The tested EES system shall be charged to the specified maximum electric energy storage
level at rated input conditions in accordance with the system specifications and operating

instructions.

The tested EES system shall be discharged at the rated output conditions of the system
accordance with the Qnyﬁm epnr‘ifir\:\finne and npnrnfing instructions. The EES Qnyﬂm sh

in
Il

be discharged to the specified minimum electric energy storage level associated with\t
system specification and operation instructions. The net electric power output overtir
shall be measured and recorded.

Sybsequently, the net electric energy output is calculated using Formula (3)\ The elect
energy storage capacity () is defined as the net electric energy output dufring this te
(Wel,out)'
Wel = Welout = Z?zTPel,out (ti)XAt
where:
W, is the electric energy storage capacity of*the tested EES system (Wh);
Wi out is the calculated net electric energy, output (Wh);
Pej outt;) is the net electric power output,at time point 7, (W);
At is the sampling time of measurement (h);
n is the number of measuréments until discharge completion.
The rated input and output operation conditions shall also be reported. If the energy stora
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ply:

in 1ISO 16111, 15SO-19880-1, ISO 19881, and 1ISO 19882;

electricity storage capacity of batteries and similar components: performance test metho
of IEC 614271 and IEC 61427-2.

r components without suitable test standards for the evaluation of energy storage capacitis
b applied test method and conditions shall be reported.

6.3—Ratedetectric powerinputtest

hydrogen storage capacity of hydrogen tanks: performance test methods of the related paf

he
he
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pacities of components of ‘the EES are reported separately, the following standards shjll

—

S

ds

IS,

The rated electric power input test of the EES system shall be conducted to confirm that
constant rated electric power can be input to the system for a specified duration at the POC.
This test shall be performed using the electric energy storage capacity measurement test
routine in 6.2 as follows.

It shall be confirmed that the tested EES system can absorb, or be charged at, the set electric
power for a specified duration at the POC. The rated electric power input of the system shall be

ap

plied as the set electric power value in this test.
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In step b) of the electric energy storage capacity test in 6.2, the rated electric power is input to
the tested EES system at the set electric power. The input electric power and the charging time
shall be measured. The measured values of the input electric power and the charging time
duration shall be compared to the specified parameters and reported. The duration for which
this rated electric power is maintained shall be measured and reported. The rated input
operating conditions shall also be reported.

For EES systems without an internal hydrogen storage, which are connected to a hydrogen
supply infrastructure, the rated electric power input shall be determined by using step b) of
6.5.2.2 accordingly.

Where an EES system comprises more than one electrolyser, this test may also be conductgd
at|a fraction of the rated electric power which corresponds to the non-concurrent operation|of
the electrolysers. This fraction may also correspond to the concurrent operation of more than
onle but not all electrolysers. The same applies to an EES system, which comprises’more than
onle reversible cell. The specified duration at which the selected fraction of rated €lectric power
can be input to the EES system at the POC shall be reduced proportionally_Alternatively, this
duration shall be increased so that its value multiplied by the fraction of the,rated electric power
equals the product of the rated electric power and the original durationi(rated electric energy
input).

6.4 Rated net electric power output test

The rated net electric power output test of the EES systemhall be conducted to confirm that
constant rated net electric power can be output from the-system for a specified duration at the
PQC. This test shall be performed using the electric energy storage capacity measurement tgst
rofitine in 6.2 as follows.

It shall be confirmed that the tested EES systemis able to output the set net electric power for
a ppecified duration at the POC. The rated>net electric power output of the system shall pe
applied as the set power value in this test!

In|step c) of the electric energy storage capacity test in 6.2, the rated net electric power|is
output from the tested EES system at the set electric power. The net electric power output apd
th¢ discharge time shall be measured and reported. The measured values of the net electfic
power output and the discharge time duration shall be compared to the specified parametefs.
The duration for which this rated electric power is maintained shall be measured and reported.
THe rated output condijtions shall also be reported.

Fgr EES systems~without an internal hydrogen storage, which are connected to a hydroggen
supply infrastructure, the rated electric power input shall be determined by using step a) |of
6.5.2.2 accordingly.

Where . an EES system comprises more than one fuel cell, this test may also be conducted af a
frgction-of the rated net electric power which corresponds to the non-concurrent operation|of
th¢ fuel cells. This fraction may also correspond to the concurrent operation of more than ohe
but not all fuel cells. The same applies to an EES system, which comprises more than one
reversible cell. The specified duration at which the selected fraction of rated net electric power
can be output from the EES system at the POC shall be reduced proportionally. Alternatively,
this duration shall be increased so that its value multiplied by the fraction of the rated net electric
power equals the product of the rated net electric power and the original duration (rated net
electric energy output).
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6.5 Roundtrip electrical efficiency test
6.5.1 General

The roundtrip electrical efficiency test shall be conducted to determine the amount of net electric
energy output which the tested EES system can deliver, relative to the amount of electric energy
input into the system during the preceding charge, under specified operating conditions and at
the same reference environmental conditions. This test shall be performed using the electric
energy capacity test routine presented in 6.2. The test shall be carried out at least twice.

6.5-2—Testprocedure

6.5.2.1 For systems with internal hydrogen storage, not connected to an external
hydrogen supply infrastructure

The net electric energy output W o, shall be measured and calculated during’the electfic
e:]ergy storage capacity test; see 6.2 c). The electric energy input W, ;, shall be-measured apd

callculated accordingly during the electric energy storage capacity test; se€)6-2 b). The electric
energy input shall be determined analogously to the net electric (energy output, usiphg
Fgrmula (3).

6.9.2.2 For systems without internal hydrogen storage, connhected to an external
hydrogen supply infrastructure

The net electric energy output W, ,,; and the electric energy input W, ;, of the tested EfS
sygtem and the hydrogen mass flow into and out of the tested EES system shall be measurgd
at|rated input and output conditions under referengeyenvironmental conditions as specified|in
4.4 and, if required, at additional operating conditions different from the rated ones.

THhHe values of the input and output power shall be obtained at the electricity POC, using a
c:;lzibrated power meter or a calibrated-“combination of one or more voltmeters apd
amperemeters, as appropriate. The values of the hydrogen mass flow into and out of the tested
EES system shall be obtained at the’hydrogen POC, using a calibrated hydrogen mass flpw
meter.

Fgr the measurement of the€lectric power input, the test methods of ISO 22734:2019 for
elg¢ctrolysers, IEC 62282-3-200 for stationary fuel cells, IEC 62282-8-101 for reversible sofid
oxjide electrolysis (SOE)~“cells and IEC 62282-8-102 for reversible polymer electrolyte
meémbrane (PEM) cells'shall apply. Furthermore, the guidelines of IEEE Std 1459-2010 may pe
used.

THe measurement shall be performed in the two consecutive steps a) and b).

a)| The tested EES system shall be operated in discharging mode at rated output conditions
(positive electric power output and hydrogen input) in accordance with the system
specifications and operating instructions, for a specified duration.

b) The tested EES system shall be operated in charging mode at rated input conditions
(positive electric power input and hydrogen output) in accordance with the system
specifications and operating instructions, until the mass of delivered hydrogen equals the
mass of hydrogen supplied to the system during step a).

The mass of hydrogen supplied to the system during step a) can be determined using
Formula (4). The mass of hydrogen delivered by the system during step b) can be determined
accordingly.

n
Magin = D dmHz,n () x At (4)
i1
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where

My2.in
9m,H2,in
At

n

is the hydrogen mass supplied to the system at the POC (g);
is the hydrogen mass flow into the system at the POC (g/s);

is the sampling time of measurement (s);

— 27 —

is the number of measurements until end of discharging operation.

The net electric energy output W, ,; shall be measured and calculated during step a) and the

electric energyv input W ., .
a7 T (SN

shall he measured and calculated dnring step h) The values shall

bel determined in the same way as the method in 6.2, using Formula (3).

6.5.3

Calculation of the roundtrip electrical efficiency

THe roundtrip electrical efficiency shall be calculated according to Formula (5).

where

N

¢l,out
¢l,in

NQTE W
opgration.

el,out

is the roundtrip electrical efficiency (%);

w,
Ny = —2UL 4100 %

el,in

is the net electric energy output (Wh);

is the electric energy input (Wh).

considers electric energy losses due-té-energy conversion and the use of electric energy for system

THhe roundtrip electrical efficiency shall’'be reported as indicated in Table 3, for example. Where
an| additional test is performed beyond the minimum required two cycles, an additional row shall
bel added to Table 3. The average value shall be calculated from each measured value and the
roundtrip electrical efficiency(shall be reported based on the average value.

Table 3 — Example of document format of roundtrip electrical efficiency

Start

Charged

Net

End

state of E;is:;irc il:::;i; state of E;i‘x;irc electric state of Re?eucr:gitcralrl)
Test syEtEe?n a input input s;sli:m output 22‘:;?‘3{ syEtEe?n a | efficiency
(%) (W) (Wh) (%) (W) (Wh) (%) (%)
Test A X X X X X X X X
Test 2 X X X X X X X X
Average X X X X X X X X

a

100 %.

Start and end (discharged) states have the same energy storage level for one charging—discharging cycle
measurement. The values for start and end state are typically 0 %, the value for charged state is typically
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6.6 Other system performance tests

6.6.1 System response test, step response time and ramp rate

The system response is measured, after confirming that the system is operating under the test
state. The performance evaluation test shall be conducted by following the applicable standards
for the response of the EES system.

Th

e following typical evaluation procedures refer to IEC 62933-2-1.

TH
ag

po
Wi

d)

e)

g)

Ei

h appropriate time resolution.

e calculation of the step response times ¢g,; shall be carried out using Formula (1) in 5.6
e calculation of the ramp rates shall be carried out using Formula (2) in5:6.2.

The EES system shall be charged or discharged to 50 % statge, of available energy
specified capacity value agreed upon between the system manufacturer and the custom

The set point of electric power input or output shall be changéd,to zero. This set point sh

or output.

point value shall be maintained until the electric_power input at the POC is within +2 %
rated power input. Step response time and rampyrate of this step shall be reported as ¢

and dP/dzq, respectively.

The set point of the electric power input shall be changed to zero. The set point value sh
be maintained until the electric power.ifiput at the POC is +2 % of rated power input. St
response time and ramp rate of this step shall be reported as ¢, and dP/d¢,, respective

value agreed between the system manufacturer and user.

The set point of electric power output shall be changed to rated power output. The set po
value shall be maintaineduntil the electric power output at the POC is within +2 % of rat
power output. Step résponse time and ramp rate of this step shall be reported as ¢, a

dP/dt3, respectively.

The set point-of electric power output shall be changed to zero. The set point value sh
be maintained/until the electric power output at the POC is +2 % of rated power outp
Step response time and ramp rate of this step shall be reported as ¢, and dP/d

respectively.

jure(5)shows the procedure listed from step b) to step g), step a) is omitted.

e procedures are listed below. The EES system shall absorb or provide the electric pawer
cording to the set point of rated input or output power. The set point and the input or.output
wer at the POC shall be recorded with a data acquisition system at regular intervals.oftime,

—_

or

er.

lall

be maintained until the electric power input or output is within-t2 % of the rated power ingut

The set point of the electric power input shall be changed to rated power input. The set

of
5r1

[all
Ep
ly.

The EES system shall be discharged to 50 % state of available energy or specified capaciity

nt
ed
nd

lall
ut.

ks,
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Procedure b) ¢) d) e) f) 9)

Rated output power f--==--===-=ctomc-- R

Power set point 0 >

Time
Rated input power |-
s dP/dr,; |dPrdr,
Rated output power {-4p/q; dP/dr
\ 1 ’ 2 ’ \ H
Electric power at POC 0 . 7 N >

SQURCE IEC 62933-2-1:2017, Figure 7, modified.

6.6.2 Minimum switchover time test

Rated input power - ' \" /é v E : ;“‘ TiTTTe
e e AYS Aot
[sr1 Z,

IEC,

Figure 5 — Step response test

ThHe minimum switchover time is measured, after confirming that the system is operating under
th¢ test state. A typical test procedure for the switchover time, of an EES system is listed belpw

and shall apply (see Figure 6).

a)

b)
c)

d)

Ei

The specified charging and discharging power rates and the specified energy capacity levels
for the test shall be agreed between the system manufacturer and the customer.

The tested EES system shall be charged ordischarged to the specified capacity values.

The charging and discharging power rates at the POC shall be maintained until they dre
within £2 % of their set points (see Figure 4).

Minimum switchover times from thescharging phase to the discharging phase and from the
discharging phase to charging phase shall be measured and reported.

jure 6 explains the minimum _switchover time from charging phase to discharging phase #{,4
and from discharging phase te’' charging phase .

Procedure b) ¢)d) b) c)d)
v T 4

Fixed discharging rate

Power set point 0 >

Fixed charging rate |.......... e

Fixed discharging rate /— E— \

Electric power at POC >
Time

Fixed charging rate |- —_— —
t

[501 s02

IEC

Figure 6 — Minimum switchover time test
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6.6.3 Stand-by state loss rate test

The stand-by state loss rate is measured, after confirming that the system is operating under
the test state. The typical test procedure for the stand-by loss rate of an EES system is listed
below and shall apply.

NOTE 1 The tests are similar to the IEC 62933-2-1 self-discharge test for EES systems.

NOTE 2 This test is not intended to determine hydrogen leakages, for which the relevant methods are given in
IEC 62282-2-100 (fuel cell modules) and IEC 62282-3-100 (stationary fuel cell power systems).

a) Tha EES cvctam chall ha cnharand Ay Adicnharand t0 ANN 0/ Af thi rotad Aanaran ~onanit or

L
Mo O Oy otoT T oo o~ oo g U O o CTaTrgo U to—TTUU—70 O trirc Tratc U oTreTgy—coapacity

specified energy capacity value agreed between the system manufacturer and the custemer.

b)| The EES system shall be kept at a stand-by state for the measurement period. of sqlf-
discharging. The measurement period of self-discharging shall be chosen from.among ope
hour, one day or one week or the time agreed between the system manufacturer and the
user.

c)| The electric energy input to the EES system shall be measured at the POC throughout the
measurement period of self-discharging.

d)| After completing the measurement period of self-discharging, the’ EES system shall pe
charged to the initial energy capacity level, and the electric energy input shall be measured
at the POC.

e)| The self-discharge power consumption shall be evaluated by using the sum of electric
energy input measured in step ¢) and step d) in accordahce with Formula (6). The electric
energy input for re-charging shall be determined analogously to the net electric energy
output using Formula (3).

Wel,in

F elloss <
loss

where
P 0ss IS the stand-by state loss rate (W);
Weiin I8 the sum of electric energy inputs during self-discharging in step c) apd

re-charging in‘step d) (Wh);
Noss is the measurement time of self-discharging (h).
6.6.4 Heat inputtest

THis test only)applies to EES systems being equipped with a POC for heat input, using a heat-
trgnsfer fldid.

The heat input test of the EES system shall be performed using the electrical energy storage
calpacity test in 6.2 and the stand-by loss rate test in 6 6.3 The heat input can be determined
by using the measurement methods for external thermal input, as given in IEC 62282-3-200.

The heat input shall be determined separately and reported for the charging phase in
accordance with 6.2 b), for the discharging phase in accordance with 6.2 c), and for the storage
phase in accordance with 6.6.3. If during one of these phases no heat input occurs, the test of
that phase can be omitted. The measured values of the heat input shall be compared to
specified values, if available. The test operating conditions shall also be reported, comprising
the temperature of the heat transfer fluid input and output, and the respective flow rate. If other
suitable heat input test methods are applied, the test methods and conditions shall be reported.
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6.6.5 Recovered heat output test

This test only applies to EES systems being equipped with a POC for recovered heat output,

us

ing a heat transfer fluid.

The recovered heat output test of the EES system shall be performed using the electrical energy
storage capacity test in 6.2 and the stand-by loss rate test in 6.6.3. The recovered heat output
can be determined by using the measurement methods for recovered thermal power output, as
given in IEC 62282-3-200.
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storage phase in accordance with 6.6.3. If during one of these phases no recovered heat-outy
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me¢asurement methods for fuel input, as given in [EC 62282-3-200.
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6.7 Acoustic noise level test

e recovered heat output shall be determined separately and reported for the charging pha
accordance with 6.2 b), for the discharging phase in accordance with 6.2 c), and fort

curs, this test can be omitted. The measured values of the recovered heat output shall
mpared to the specified values. The test operating conditions shall also(bg” reportg
mprising the temperature levels of the heat fluid inlet and outlet and the heat fluid flow ra
other suitable recovered heat output test methods are applied, the d¢est methods a
nditions shall be reported.

5.6 Hydrogen input and output rate test

is test only applies to EES systems being equipped with a POCAof hydrogen input and outp
ich are connected to a hydrogen supply infrastructure.

e hydrogen input and output rate test of the EES system shall be performed by measuri
b hydrogen mass flow into and out of the system, using the roundtrip electrical efficiency te
itine in 6.5.2.2. The hydrogen input and output rate can be determined by using t

e hydrogen input rate shall be determined for the charging phase by using the routine
b.2.2 a). The hydrogen output rate shalkbé determined for the discharging phase by using t
itine in 6.5.2.2 b). The measured values of the hydrogen input and output rate shall

mpared to specified values, if available. The test operating conditions shall also be reporte
mprising the temperature and the pressure of the hydrogen at the POC.

e acoustic noise level js measured, after confirming that the system is operating under t
5t state. This test shall be conducted in accordance with ISO 3746, ISO 9614-1 or ISO 112
appropriate.

5.8 Total*harmonic distortion test

tal harmonic distortion shall be measured and reported for EES systems that are connect
an,AC grid. IEC 61000-4-7 and IEC 61000-4-13 provide measurement guidance.
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6.6.9 Discharge water quality test

Discharge water quality is measured, after confirming that the system is operating under the
test state and intended water discharge takes place. Any appropriate methods for water quality

ev

aluation, for example ISO 15839, ISO 17381 and IEC 62282-3-201, apply.
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6.7 Component performance test
6.7.1 Electrolyser performance test

In addition to the tests specified in 6.6, the hydrogen production rate, the electric power and
the water consumption are measured for the electrolyser or the reversible cell module in
electrolysis mode. The boundary of the electrolyser or the reversible cell module in the tested
EES system shall be agreed between the system manufacturer and the customer. The
respective performance evaluation methods of ISO 22734:2019 for the hydrogen production
rate and the electric power, IEC 62282-8-101 (solid oxide electrolysis cells) or IEC 62282-8-

102(polyvmer electrolvte membrane cells) for the electric power of single cell and stack —and
AL 7 7 7 L ~J 7

IEC 62282-3-200 for the water consumption apply.

A9 an optional property evaluation test, the purge gas consumption is measured ‘for the
electrolyser or the reversible cell module in electrolysis mode. The respective-performance
evialuation method of IEC 62282-3-200 applies.

THe measurements shall be conducted under the test state and under‘the rated operating
conditions, using the referenced standards in Table 4.

Fdr electrolysers without suitable performance evaluation test-standards, the applied test
method and conditions shall be recommended by the manufacturer’and documented in the tgst
report (see Clause 7).

Table 4 — Additional parameters measured on the electrolyser
or the reversible cell module in‘electrolysis mode

Parameter Definition Reference
Hydrogen production rate | Electrolytic hydrogen production rate (kg/h) 1ISO 22734:2019
Electric power Electric power input«(9 ISO 22734:2019

IEC 62282-8-101
IEC 62282-8-102
Water consumption? Water consumption rate (kg/h)
Plurge gas consumption Amount.of supplied inert or dilution gas (I/min) IEC 62282-3-200
a8l Water consumption of the'eléctrolyser for the electrolysis and others, if used (i.e. cooling water).

6.7.2 Hydrogen,storage performance test

In|addition tothe tests specified in 6.6, the hydrogen storage rate, the operating power and the
cojnsumed(electricity for storing the unit amount of hydrogen operated under the test state apd
th¢ rated—operating conditions are measured for the hydrogen storage components. Any
appropriate methods for evaluating hydrogen storage performance shall apply in accordance
withnFable 5 depending on the storage types of hydrogen. ISO 16111 is referenced as a methpd
for evaluating the hydrogen storage capacity.

For the hydrogen storage without suitable performance evaluation test standards, the applied
test method and conditions shall be recommended by the manufacturer and documented in the
test report (see Clause 7).
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Table 5 — Additional parameters measured on the hydrogen storage component

Parameter Definition Reference
Storage rate Rate of storing hydrogen (kg/h) For storage capacity:
Operating power Electric power required for operation (W/kg) 1ISO 16111
Consumed electricity Electricity for storing unit amount of hydrogen (Wh/kg)

6.7.3 Fuel cell performance test

In|addition to the tests specified in 6.6, the electric power, the thermal power, the electrig¢al
efficiency and the overall efficiency are measured for the fuel cell or the reversible cell/module
in[fuel cell mode. The respective performance evaluation methods of IEC 62282x3-200 |or
IEC 62282-3-201 or of IEC 62282-8-101 or IEC 62282-8-102 apply.
Ag an optional property evaluation test, the purge gas consumption is measured for the fuel cell
or|the reversible cell module in fuel cell mode. The respective performancelevaluation methpd
of IEC 62282-3-200 applies.
THe measurements shall be conducted under the test state and Winder the rated operatipg
conditions, using the referenced standards in Table 6.
Fdgr the fuel cells without suitable performance evaluation”test standards, the applied tgst
method and conditions shall be recommended by the manufacturer and documented in the tegst
report (see Clause 7).
Table 6 — Additional parameters measured on the fuel cell
or the reversible cell’'module in fuel cell mode
Parameter Definition Reference
Electric power Net electric power output (W)
IEC 62282-3-200
IEC 62282-3-201
Electrical efficiency Ratio of electric power output and fuel power input (%)
Thermal power Recovered thermal power output (W)
IEC 62282-3-201
Quverall efficiency Ratio of all useful power outputs and fuel power input (%)
Plurge gas consumption Amount of supplied inert or dilution gas (m3/s) IEC 62282-3-200
6.7.4 Waterrmanagement system performance test
In|addition:to the tests specified in 6.6, the water input flow rate (I/min) and the electric power
inputr (W) are measured for the water management system. Use appropriate methods for
evjaldating fluid flow in closed conduits, for example 1SO 4064-1 and ISO 4064-2. For the

devices without suitable performance evaluation test standards, the applied test method and

co

nditions shall be reported and they shall be recommended by the system manufacturer.

As optional performance evaluation tests, the water storage capacity (m3, 1), and the water
purification quality (e.g. conductivity in uS/cm) are measured. Use standards of fluid flow in
closed conduits for measuring the water storage capacity, for example I1SO 4064-1 and
ISO 4064-2.

For the water management systems without suitable performance evaluation test standards,
the applied test method and conditions shall be recommended by the manufacturer and

do

cumented in the test report (see Clause 7).
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Use appropriate standards for the determination of water purification quality, for example
ISO 7888 (determination of electrical conductivity). Information about the typical impurities that
are expected to affect the components' properties considerably shall be provided by the system

manufacturer. These properties change during operation, so attention is important.

6.7.5 Battery performance test

In addition to the tests specified in 6.6, the charging capacity is measured for the battery. Also,
the electric power input, the electric power output and the charge—discharge efficiency operated

under the test state and the rated operating conditions are measured.

The performance evaluation test standards for the relevant type of battery apply; for examp
IEC 61427-1 and IEC 61427-2 particularly for renewable energy storage.

Fdr batteries without suitable performance-evaluation test standards, the applied_test meth
and conditions shall be recommended by the manufacturer and documented in .the test rep
(s¢e Clause 7).

6.7.6 Oxygen storage performance test

In|addition to the tests specified in 6.6, the oxygen storage capacity; the oxygen storage ra
the operating power and the consumed electricity for storing the unit amount of oxygen operat
un[der the test state and the rated operating conditions are- measured for the oxygen stora
component. The applied measuring method and conditiohs shall be recommended by t
manufacturer and documented in the test report (see Clause 7).

7| Test reports

7. General

Tgst reports shall accurately, clearly, and objectively present sufficient information
demonstrate that all the objectives of(the tests have or have not been attained.

7.2 Report items
THe report shall present atleast the following information:

a)| title of the report;

b)| authors of the.keport;

c)| date of thetreport;

d)[ standard.number, test procedure number;
e)| location of the test;

f) | . dested system data (see 7.3 for details);

e7
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g) testconditions (See 7.4 for detaifs);
h) test data (see 7.5 for details).
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7.3 Tested system data description
The tested EES system data shall include at least the following information:

a) product name and brand name of the system;

b) constitution of the system;

c) definition of the boundary for the tested EES system;
d) type of electrolyser or reversible cell;

e) type of fuel cell;

f) | type of hydrogen storage (if included);
g)| type of battery (if included);
h)[ type of oxygen storage (if included).

7.4 Test condition description
THe test condition description shall include at least the following information:

a)| name of person or persons conducting the test;
b)[ instruments, calibration record;

c)| definition of the operating state;

d)| test procedure;

e)| data acquisition method.
7.5 Test data description
THe test data shall include at least the followinginformation:

a)| title of the test or tests;

b)| test operating conditions;

c)| testresults;

d)| ambient conditions;

e)| uncertainty evaluation (sée 7.6 for details).

If system operation requires external energies, such as heating, cooling and the like, and su

energies are not incerporated in the performance tests, the energies and their amounts sh
bel reported under.b).

7.6 Uncertainty evaluation

Uncertainties of instruments shall be reported. If necessary, variation of measurements a
measurement uncertainties calculated from the variation of measurements and uncertainties
insttuments should be reported (see ISO/IEC Guide 98-3).
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

TECHNOLOGIES DES PILES A COMBUSTIBLE -

Partie 8-201: Systémes de stockage de I’énergie a partir de modules de

piles a combustible réversibles — Procédures d’essai pour la performance

1)

2)

3)

4)

5)

6)
7)

8)

9)

AVANT-PROPOS

La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normatisation 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, 'IEC — entre autres activités — publie des’Nofmes international
des Spécifications techniques, des Rapports techniques, des Spécifications accessibles“au public (PAS) et g
Guides (ci-aprés dénommeés "Publication(s) de I'lEC"). Leur élaboration est confiée a*des comités d’études, 3
travaux desquels tout Comité national intéressé par le sujet traité peut).participer. Les organisatig
internationales, gouvernementales et non gouvernementales, en liaison ave€ I'fEC, participent également 3
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 'lEC concernant les questions téchniques représentent, dans la mesure
possible, un accord international sur les sujets étudiés, étant donné que‘des Comités nationaux de I'lEC intéress
sont représentés dans chaque comité d’études.

Les Publications de I'lEC se présentent sous la forme de_te€commandations internationales et sont agrég
comme telles par les Comités nationaux de I'lEC. Tous_les Jefforts raisonnables sont entrepris afin que I'l
s’assure de I'exactitude du contenu technique de ses publications; I'l[EC ne peut pas étre tenue responsable
I’éventuelle mauvaise utilisation ou interprétation qui én\est faite par un quelconque utilisateur final.

Dans le but d’encourager 'uniformité internationale,\les Comités nationaux de I'lEC s’engagent, dans toutg
mesure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications nationa
et régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationales
régionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

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, accedent 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<gst 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’IEC attire I'attention sur le fait que la mise en application du présent document peut entrainer I'utilisation d
olde plusieurs brevets. L’IEC ne prend pas position quant a la preuve, a la validité et a I'applicabilité de t

Hes systémes de conversion électrochimiques électriques a électriques
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dreit de propriété revendiqué a cet égard. A |a date de publication du présent document. I'lEC [avait/n’avait p

s]

recu notification qu’un ou plusieurs brevets pouvaient étre nécessaires a sa mise en application. Toutefois, il y a
lieu d’avertir les responsables de la mise en application du présent document que des informations plus récentes
sont susceptibles de figurer dans la base de données de brevets, disponible a I'adresse https://patents.iec.ch.

L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de brevet.

L'IEC 62282-8-201 a été établie par le comité d’études 105 de I'l[EC: Technologies des piles a

co

mbustible. Il s’agit d’'une Norme internationale.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2020. Cette édition

co

nstitue une révision technique.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a)

b)
c)
d)
e)

prise en compte des systémes raccordés a une infrastructure d’alimentation en hydrogeée
(réseaux d’hydrogéne, cuves, cavernes ou canalisations);

ne

ajout des débits d’hydrogene d’entrée et de sortie dans les paramétres du systéme (5.10);

révision de I'essai de capacité de stockage de I'énergie électrique (6.2);
révision de I'essai de rendement électrique aller-retour (6.5);

ajout de 'essai des débits d’hydrogéne d’entrée et de sortie (6.6.6)
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texte de cette Norme internationale est issu des documents suivants:

Projet Rapport de vote
105/1034/FDIS 105/1050/RVD

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

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

document a été rédigé selon les Directives ISO/IEC, Rartie 2, il a été développé selon |
rectives ISO/IEC, Partie 1 et les Directives ISO/IEC Supplément IEC, disponibles so

nt

bw.iec.ch/members_experts/refdocs. Les principaux types de documents développés par

FC sont décrits plus en détail sous www.iec.ch/pyblications.

e liste de toutes les parties de la série IEC 62282, publiée sous le titre général Technolog
s piles a combustible, se trouve sur le site, Web de I'lEC.

comité a décidé que le contenu de ce:document ne sera pas modifié avant la date de stabil

té

indliquée sur le site Web de I'lEC sousiwebstore.iec.ch dans les données relatives au documant

re

therché. A cette date, le document sera

reconduit,
supprimé, ou

révise.

PORTANT - Le logo "colour inside" qui se trouve sur la page de couverture de ¢
ocumeéntindique qu’elle contient des couleurs qui sont considérées comme utiles
ne bonne compréhension de son contenu. Les utilisateurs devraient, par conséquen

primer cette publication en utilisant une imprimante couleur.
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INTRODUCTION

La présente partie de I'l|EC 62282 spécifie les méthodes d’évaluation des performances des
systémes de stockage de I'énergie électrique utilisant de I’hydrogéne et recourant a des
réactions électrochimiques tant pour I'électrolyse de I'eau et de la vapeur que pour la production
d’électricité.

NOTE La production de chaleur peut étre un objectif secondaire.

Le présent document est destiné aux systémes de conversion électrochimiques électriques a

ce

La
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électriques, qui emploient généralement un ensemble électrolyseur-pile a combustible ou\u
|

eIIctrique sur une durée relativement longue, tel que le stockage efficace et la fournity
d

éjctrochimiques (qui combinent des piles a combustible et ‘des cellules d’électrolyse,

lule réversible pour les dispositifs de charge et de décharge électrique.

classe de stockage de I'énergie électrique a haute intensité énergétique constitue u
plication cible type des systémes de stockage de I’énergie électrique utilisant del’hydroger
s systémes sont reconnus comme étant extrémement utiles pour le stockage de I’énerg

nergie électrique issue des énergies renouvelables et la stabilisationdu réseau.

stéemes de stockage de I'énergie et les systémes tampons |reposant sur des modul

rticulier des cellules réversibles), en tenant compte des’ options de ré-électrification et

ckage de I’énergie a partir de modules de piles ‘d combustible réversibles:

piles a oxyde solide, comprenant le fonctionnement réversible

piles 8 membrane échangeuse de protons, comprenant le fonctionnement réversible

IEC 62282-8-103": Alkaling sSingle cell and stack performance including reversible operati
(disponible en anglais seulement)

IEC 62282-8-201: Procédures d’essai pour la performance des systémes électriques
électriques

IEC 62282-8-2022: Power-to-power systems — Safety (disponible en anglais seulement)

IEC 62282-8-301: Systémes de conversion de I'’énergie en méthane a base de piles a oxy
solide, comprenant le fonctionnement réversible — Méthodes d’essai des performances

série IEC 62282-8 vise a développer des méthodes d’essai des performances pour lES

ne

S
en
de

de

bduction de substance (et de chaleur) pour l'intégration”durable des sources d’énergies
nouvelables.
EC 62282-8 comprend les parties suivantes, pfésentées sous le titre général Systemes

IEC 62282-8-101: Procédures d’essai pour la performance des cellules élémentaires et des

IEC 62282-8-102: Procédures d’essai pour la performance des cellules élémentaires et des

de

EC 62282-8-101, I'lEC 62282-8-102 et I'lEC 62282-8-201 ont été initiées conjointement
premier lieu car elles constituent une priorité dictée par les besoins émergents des industri
les\possibilités de développement technique. Ces parties sont présentées collectivement a

et
S
in

de souligner Ta nécessité d'une approche Iniégrée concernant l'application du sysiéme
(c’est-a-dire une solution pour le stockage de I'énergie) et ses composants fondamentaux

(¢’

1
2

est-a-dire les piles a combustible réversibles ou fonctionnant par inversion).

Futur projet.

Futur projet.
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TECHNOLOGIES DES PILES A COMBUSTIBLE -

Partie 8-201: Systémes de stockage de I’énergie a partir de modules de
piles a combustible réversibles — Procédures d’essai pour la performance

des systémes de conversion électrochimiques électriques a électriques

La
de

sy

uti

Le
I'h

L4
m
ré

Le
co|

inferface de données et pouvant inclure une gestion de la pression), un systéme de gesti

the
ing
ni

NG

Le

infrastructure externe d’alimentation en hydrogéne, soit d’'une combinaison des deux. L

CO

Le

type différent. Selon les conditions de fonctionnement et compte tenu de [I'historique

fo

Domaine d’application

ydrogéne sont représentées a la Figure 1 et la Figure 2.

bdule de pile a combustible. La Figure 2 représente le systéme équipé d’un module a celly
ersible.

s composants indispensables sont un module\ a électrolyseur et un module de pile

brmique (pouvant inclure un stockage thermique), un systéme de gestion de I'eau (pouva
oxydant ni réducteur).

TE 1 Les composants indispensables sont indiqués en traits gras sur la Figure 1 et la Figure 2.

mposants facultatifs peuvent étre une batterie et un stockage de I'oxygene.

présente partie de I'lEC 62282 définit les méthodes d’évaluation des performances types
s systémes de stockage de I'énergie électrique utilisant de I’'hydrogéne. Elle s’applique aux
stémes qui emploient des dispositifs a réaction électrochimique a la fois pour la charpge
éle¢ctrique et la décharge électrique. Le présent document s’applique aux systemes congus
lisés pour I’entretien et le fonctionnement a des endroits fixes (en intérieuret a I’extérieur]).

s configurations conceptuelles des systémes de stockage de I'énergie électrique utilisant de

Figure 1 représente le systéme indépendamment équipé d/un module a électrolyseur et d’un

le

mbustible, ou un module a cellule réversible, unisystéme de gestion global (comprenant uhe
pn

nt

lure un stockage de I’eau) et une alimentation en gaz de purge (gaz inerte, dans la pratique

systéme peut étre équipé soit d’un stockage de I’hydrogéne, soit d’'un raccordement a upe
es

module a électralyseur peut comprendre un ou plusieurs électrolyseurs du méme type ou fde
de

nctionnement)le systéme de gestion global peut commander le fonctionnement simultané des
ctrolyseurs='Le module de pile a combustible peut comprendre une ou plusieurs piles

a
et
er
ut

Ile

de pile a combustible peut comprendre une ou plusieurs piles a combustible du méme type ou
de type différent. Selon les conditions de fonctionnement et compte tenu de I'historique de
fonctionnement, le systéme de gestion global peut commander le fonctionnement simultané des

ce

llules réversibles.

La mesure des performances s’effectue dans la zone définie par le trait plein épais extérieur
(frontiere du systéme).

NOTE 2 Dans le contexte du présent document, le terme "réversible" n’a pas la signification thermodynamique d’un
processus idéal. Le terme "réversible" est couramment employé dans le secteur des piles a combustible pour
désigner le fonctionnement d’une cellule qui alterne entre le mode pile a combustible et le mode électrolyse.
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Le présent document est destiné a étre utilisé pour les échanges de données dans le cadre des
transactions commerciales entre le fabricant du systéme et le client. Les utilisateurs du présent
document peuvent choisir d’exécuter les éléments d’essai répondant a leurs besoins parmi ceux
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- s Module a Stockage de Module de pile - s
Electricité ) i L - ( Electricité
O_(J électrolyseur Ihydrogéne a combustible \‘)_)C
Systéme de Alimentation
gestion de I'eau en gaz de purge
—% — }
EMD EMI
Vibrations, Bruit acoustique,
vent, pluie, taux de distorsion
température, harmonigque
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Eau Gaz de
JIvapeut purge
égende
D perturbation électromagnétique
| brouillage électromagnétique
TE 1 Le systéme de gestion\global, le systéeme de gestion thermique, le systéme de gestion de I'eau

écifiés dans le présent document.

Oxygéne
fair

Frontiére du systéme

P

Systéme de !gestion Chalgur
gestion global Stockage de thermique ffroid

mentation en gaz de purge'peuvent avoir une relation avec I'électrolyseur, la pile a combustible, la batterie
ckage de I’hydrogene et le'stockage de I'oxygéne, et peuvent également avoir des relations mutuelles.

TE 2 D’autres entrée$ ‘ou sorties de fluide ou d’énergie, selon les types d’électrolyseur et de pile a combusti
isés, peuvent étre(envisagées.

TE 3 L’enireeou la sortie d’électricité peut étre du courant continu et/ou du courant alternatif. Des so
témes de,eonditionnement de I'énergie sont généralement utilisés.

TE 4~ N, peut y avoir plusieurs points de connexion d’électricité pour I’entrée et/ou la sortie.

EC
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le
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S-

|Figure 1 — Configuration d’un systéme de stockage de I’énergie électrique utilisant

de I’hydrogéne — Type de systéme avec électrolyseur et pile a combustible
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% Frontiére du systéme
LA

. Systéme de
Systéme de yseslion .l Chaleur
gestion global gest froid
Stockage de thermique
I'oxygéne
Battert
s Module a Stockage de
< Bectricite ;8 cellule réversible Phydrogéne
Systéme de Alimentation
gestion de I'eau en gaz de purge
E— +—
EMD EMI
Vibrations, Bruit acoustique,
vent, pluie, taux de distorsion
température, harmonique
etc WY

Eau
. Gaz de

hende

D perturbation électromagnétique

| brouillage électromagnétique

TE 1 Le systéme de gestion global, le systeme de gestion thermique, le systéme de gestion de I'eau

mentation en gaz de purge peuvent avoiryune relation avec la cellule réversible, la batterie, le stockage
drogene et le stockage de I'oxygéne, et pelvent également avoir des relations mutuelles.

TE 2 D’autres entrées ou sorties de.fluide ou d’énergie, selon les types d’électrolyseur et de pile a combusti
isés, peuvent étre envisagées.

TE 3 L’entrée ou la sortie_d’électricité peut étre du courant continu et/ou du courant alternatif. Des so
témes de conditionnement de I’énergie sont généralement utilisés.

TE 4 1l peut y avoif plusieurs points de connexion d’électricité pour I’entrée et/ou la sortie.

Figure 2 — Configuration d’un systéme de stockage de I’énergie électrique utilisant
de I’hydrogéne — Type de systéme avec cellule réversible
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3

Termes, définitions et symboles

3.1 Termes et définitions

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

L’'ISO et I'IEC 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 I'adresse https://www.iso.org/obp
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3.1.1

stockage de I’énergie électrique

EES

installation capable de stocker de I’énergie électrique ou qui la convertit en une autre forme
d’énergie et inversement, tout en la stockant

Note 1 a l'article: L’abréviation "EES" est dérivée du terme anglais développé correspondant "electric energy
storage".

3.1.2

sysié

sylsteme EES
ingtallation avec des limites électriques définies, comportant au moins un EES, dont lesbut g¢st
d’¢xtraire I’énergie électrique d’un réseau d’énergie électrique, de stocker cette énergie d’'upe
certaine maniére et d’injecter I'énergie électrique dans un réseau d’énergie électrique, et qui
in¢lut des équipements de génie civil, de conversion de I'énergie ainsi que des\equipements
auxiliaires associés

Note 1 a l'article: Le systéme EES est commandé et coordonné dans le but de fournir des’Services aux opérateprs
de|réseaux d’énergie électrique ou aux utilisateurs de ces réseaux.

Nofe 2 a I'article: Dans certains cas, un systéme EES peut nécessiter une source|d*eénergie supplémentaire durpnt
sa|décharge, fournissant plus d’énergie au réseau d’énergie électrique que I’énergie emmagasinée.

[SPURCE: IEC 62933-1:2018, 3.2, modifié — Dans la définition, "connectée au réseau" et "pn
inferne" ont été supprimés et, dans la version anglaise, "which extracts" a été remplacé par
"whose purpose is to extract". La Note 2 a I'article a étéraccourcie et la Note 3 a 'article a gté
supprimée.]

3.1.3

sylstéme EES utilisant de I’hydrogéne
syptéme EES comportant au moins un EESyutilisant de I’hydrogéne, dont le but est d’extrajre
de I'énergie électrique d’un réseau d’énergie électrique, de stocker cette énergie sous forme
d’hydrogéne et d’'injecter I'énergie électrique dans un réseau d’énergie électrique, en utilisgnt
I’hydrogéne comme combustible

Note 1 a I'article: L’Article 1 fait, référence aux configurations conceptuelles du systéme EES utilisant |de
I’hydrogéne.

3.14

bdtterie
digpositif EES destinée a stocker de [I'électricité par voie électrochimique et intégrant des
fonctions de charge et de décharge de I'électricité

Note 1 a larticler Les batteries permettent normalement d’absorber les fluctuations a court terme de I'électrigité
fodrnie, combinées au stockage de I'hydrogéne d’'un systéeme EES utilisant de I’hydrogéne.

3.1.5
électrolyseur
dispositif électrochimique qui convertit de 'eau ou de la vapeur en hydrogéne et en oxygéne
par une réaction d’électrolyse

Note 1 a l'article: Les électrolyseurs comprennent les dispositifs d’électrolyse alcaline de I'eau, les dispositifs
d’électrolyse de 'eau a membrane échangeuse de protons, les dispositifs d’électrolyse a cellule élémentaire a oxyde
solide et d’autres dispositifs de type analogue.

3.1.6

environnement

milieu comportant un systéme EES utilisant de I’hydrogéne, et incluant l'air, I’eau, la terre, les
ressources naturelles, la flore, la faune, les étres humains et leur interrelation
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3.1.7

pile a combustible

dispositif électrochimique qui convertit I'’énergie chimique d’un combustible et d’'un oxydant en
énergie électrique (courant continu), en chaleur et en produits de réaction

Note 1 a l'article: Le combustible et I'oxydant sont normalement stockés en dehors de la pile a combustible et
transférés dans la pile a combustible lorsqu’ils sont consommés.

[SOURCE: IEC 60050-485:2020, 485-08-01 — modifi€]

3.1-8

sylstéme de gestion thermique
sous-systéme du systéme EES utilisant de I’hydrogéne, destiné a contrbler le stockape
thermique et les écoulements de fluide thermique dans le systéme et ses POC (le cas échéapt)

Note 1 a l'article: La chaleur est généralement utilisée entre les divers équipements du systeme. Le transfert dg la
chaleur de la pile a combustible par réaction exothermique vers une cellule d’électrolyse, en particulier une cellule
d’électrolyse a oxyde solide pour la consommation endothermique, est un exemple d’utiisation mutuelle de| la
chaleur.

3.1.9

stpckage de I’hydrogéne
composant du systéme EES utilisant de I’hydrogéne, destiné a stoeker I’hydrogéne produit gar
electrolyse de I'’eau ou de la vapeur dans le systéme ou fourni a celui-ci

Note 1 a I'article: |l existe plusieurs types d’équipements de stockage de I’hydrogéne qui varient en fonction des
pripcipes de stockage de ce gaz. lls comprennent les gaz a haute/et basse pression, les liquides, les alliages
absorbeurs d’hydrogéne (hydrogene absorbé dans un hydrure meétallique réversible), les hydrures non métalliques,
etq.

3.1.10

infrastructure d’alimentation en hydrogéne
ensemble des dispositifs de transport et de-stockage de I'hydrogene qui fournissent des points
de connexion a des appareils a hydrogéne, ces dispositifs fournissant de I’hydrogéne apux
appareils ou absorbant ’hydrogéne .délivré par ces derniers

—

3.1.1

cgnditions de fonctionnement limites
conditions a ne pas dépasserpour que le systeme EES fonctionne de fagon normale et en toyte
sécurité

Note 1 & I'article: Elles sont recommandées par le fabricant du systéme EES compte tenu des caractéristiques|de
celsysteme.

3.1.12

énergie électrique nette de sortie
énergie~électrique utilisable produite par le systéme EES utilisant de I’hydrogéne, pouvgnt
satisfaire aux besoins de l'utilisateur, a I’exclusion de la dissipation d’énergie électrique interhe
et|externe du systéme

Note 1 a I'article: La dissipation d’énergie électrique interne et externe du systéme EES correspond généralement
aux pertes d’énergie électrique dues aux manceuvres et aux connexions des équipements.

Note 2 a l'article: L’énergie électrique nette de sortie correspond a la différence entre les énergies électriques de
sortie et les énergies électriques d’entrée a tous les POC.

3.1.13
puissance électrique nette
puissance de sortie du systéme ESS, disponible pour une utilisation externe

Note 1 al'article: La puissance électrique nette de sortie correspond a la différence entre les puissances électriques
de sortie et les puissances électriques d’entrée a tous les POC.
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3.1.14

conditions de fonctionnement

conditions dans lesquelles fonctionne le systéme soumis a I’essai, plus spécifiquement chaque
équipement du systeme EES soumis a I'essai, et incluant les conditions physiques telles que
la plage des températures ambiantes, la pression, les niveaux de rayonnement, ’humidité et
I'atmosphére

3.1.15

état de fonctionnement
état auquel le systéme soumis a I'essai, plus spécifiquement chaque équipement du systéme
EHES soumis a 'essai, fonctionne dans les conditions specifiees

3.1.16

sylstéme de gestion global
sous-systéme du systeme EES utilisant de I'hydrogéne, qui permet la surveillance et|la
commande de ce systéme, comprenant tous les équipements et I'exécution 'de toutes les
fonctions d’acquisition, de traitement, de transmission et d’affichage des)informations He
prpcessus nécessaires

Note 1 a l'article: Le systéme de gestion global inclut également un sous-systémeé’eomprenant une disposition|du
mdtériel, des logiciels et du support de propagation permettant d’assurer le transfert de messages d’un composgant
ou|sous-systéme du systeme EES utilisant de I’hydrogéne a un autre, en incluant I'interface de données a liaisgns
exfernes.

Nofe 2 a I'article: En général, le sous-systeme de commande peut étrescephecté au POC primaire (simplement ppur
I’é¢hange de données) et peut comprendre le sous-systéme de commuinication et le sous-systéme de protection.

Note 3 a 'article: Le sous-systéme de protection inclut un ou pluSieurs équipements de protection, un ou plusieprs
trapsformateurs d’instrument, des transducteurs, des cablages; un ou plusieurs circuits de déclenchement, uneou
plusieurs alimentations auxiliaires. Selon le ou les principes dd systéme de protection, le sous-systéme de protectjon
pelit inclure une ou toutes les extrémités de la section protégée et, éventuellement, un dispositif automatique|de
régnclenchement.

3.1.17

stockage de 'oxygéne
composant du systéme EES utilisanf¢de I’hydrogéne, destiné a stocker I'oxygéne produit gar
electrolyse de I'eau ou de la vapeur dans le systeme EES ou fourni a celui-ci

Note 1 a l'article: Le stockage de loxygene comporte des équipements, si nécessaire.

3.1.18

pgint de connexion
POC

pdint auquel un systéme EES utilisant de I’hydrogéne est raccordé a une source d’alimentatipn
oy d’extraction-extérieure au systéme

Note 1 a l'artiele: En général, les POC sont des points de connexion d’électricité, de chaleur, d’eau, d’hydrogepe,
d’gxygene et d’air. La Figure 1 et la Figure 2 les présentent sous forme de cercles blancs situés a la frontiére|du
systeme EES (carré a trait épais).

Note 2 a I'article: L’abreviation "POC" est dérivée du terme anglais développé correspondant "Point Of Connection".

3.1.19

état de veille

état de fonctionnement du systéme EES dans lequel le systéme ESS est chargé en tout ou
partie, aucune charge ou décharge intentionnelle de I'’énergie stockée ne se produisant par
ailleurs, sauf 'autodécharge

3.1.20
conditions de fonctionnement assignées
conditions appliquées pour un fonctionnement normal des équipements ou des systémes

Note 1 a I'article: Les conditions de fonctionnement assignées sont recommandées par les fabricants des
équipements ou du systéeme EES compte tenu des caractéristiques de ces équipements ou de ce systéme EES.
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3.1.21

conditions d’entrée assignées

conditions spécifiées par le fabricant, auxquelles le systéme EES soumis a I’essai absorbe la
puissance électrique d’entrée au POC

Note 1 a I'article: Les conditions d’entrée assignées comprennent les taux relatifs a la puissance électrique nette,
a la chaleur, au débit d’eau, au débit d’oxygéne et au débit d’air.

3.1.22

oc

Note 1 a 'article: Les conditions de sortie assignées comprennent les taux relatifs a la puissance électrique nefte,
a la chaleur, au débit d’eau, au débit d’oxygene et au débit d’air.

3.1.23
cgnditions d’essai assignées
conditions de fonctionnement limites spécifiques au systéme EES soumis atessai

Note 1 a l'article: Les conditions d’essai assignées sont convenues entre le fabricantidu systéme EES et le cliept.

3.1.24

celllule réversible
digpositif électrochimique capable de fonctionner comme une’pile a combustible ou bien comme
un| électrolyseur

Note 1 a I'article: Dans ce contexte, le terme "réversible" ne fait ‘pas référence au principe thermodynamique djun
prqcessus idéal.

3.1.25

renhdement électrique aller-retour
énlergie électrique déchargée mesuréexau POC primaire, divisée par I'énergie électrigue
ablsorbée, mesurée a tous les POC (primaires et auxiliaires), sur un cycle de charge/décharpge
ndrmal d’un systéme EES dans les conditions de fonctionnement spécifiées

Note 1 a l'article: Le POC auxiliaire est utilisé pour la fourniture d’électricité aux composants auxiliaires et gux
dislpositifs tels que les instruments,cles"’commandes, les fonctions de surveillance et de sécurité.

3.1.26
historique de fonctionnement
registre des conditions de fonctionnement du systeme

3.1.27

régime permanent
étﬂ d’un'systeme ESS dans lequel les caractéristiques pertinentes restent constantes dans|le
temps

[SOURCET TEC 60050-485:2020, 485-21-05, modiiie — Dans la definition, "physique. a eté
remplacé par "EES"]

3.1.28

temps de commutation

durée exigée pour faire passer un systéme EES utilisant de I’hydrogéne d’une phase de charge
spécifiée a une phase de décharge spécifiée, ou inversement

Note 1 a I'article: Ce temps de commutation peut étre important dans le cas ou il est exigé que I'entretien du réseau
soit effectué avec le systéeme EES. Il comprend la durée exigée pour passer d’un point de fonctionnement en mode
charge ou décharge a I'état de veille, la purge des conduites de gaz le cas échéant, le réglage des composants
auxiliaires (soupapes, éléments chauffants, compresseurs, etc.) le cas échéant, et pour passer a un point de
fonctionnement dans la phase opposée (décharge ou charge).
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3

.1.29

état d’essai
état du systéme EES soumis a I’essai conforme a I'objectif de I’évaluation

3

.1.30

systéme soumis a I’essai
systéme EES défini par ses limites par rapport a I'’environnement, conforme a l'objectif de
I’évaluation

3
s

31

ylstéme de gestion de I'eau

sous-systéme du systéme EES utilisant de ’hydrogéne, destiné a contrdler le débit d’eau et/
le [débit de vapeur dans le systéme EES

Nofe 1 a l'article: Le systéme de gestion de I'eau comprend les mécanismes de contréle de I'entrée d’eau, ai
que de son transport, sa purification (le cas échéant) et sa vidange.

3

.2 Symboles

Lel Tableau 1 énumére les symboles et les unités utilisés dans le présent document.

Tableau 1 — Symboles

nsi

Symbole Définition Unité Formule Figure

k Facteur d’élargissement

My in Masse d’hydrogene fourni au systéme au POC g (4)
n Nombre de mesures jusqu’a la fin de la décharge (3), (4)
P, Puissance électrique au POC w (2)

Pelloss Taux de perte a I'état de veille w (6)

Pemn Puissance électrique nette d’entrée w

Pe|,0ut Puissance électrique nette'\de sortie w (3)

dP/dt Taux de rampe W/s (2) Figure 5

Py in Chaleur fournie W

P out Chaleur produite W

Débit massique d’hydrogéne a I'entrée du systéme au

qm,HZ,in POC g/S (4)
Débit massique d’hydrogéne a la sortie du systéme /
m,H2,out al POC g/s
P Instant ou le systéme, qui est en régime permanent, s 1) Fiqure 4
% recoit la valeur du point de consigne 9
TNstant ou la puissance electrique au POC devient
‘ inférieure a 90 % pour un état négatif ou supérieure a s ) Fiqure 4
1 10 % pour un état positif de la valeur du point de 9
consigne
Instant ou la puissance électrique au POC devient
¢ inférieure a 10 % pour un état négatif ou supérieure a s ) Fiqure 4
2 90 % pour un état positif de la valeur du point de 9
consigne
Instant ou la puissance électrique au POC atteint la .
t
3 valeur du point de consigne 2 % s ™ Figure 4
Loss Temps de mesure de I'autodécharge h (6)
tso Temps de commutation s Figure 6

sy Temps de réponse a un échelon s (1) Figure 5
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Symbole Définition Unité Formule Figure
W Capacité de stockage de I'énergie électrique Wh (3)
Welin Energie électrique d’entrée Wh (5), (6)
Wel out Energie électrique nette de sortie Wh (3)
At Temps d’échantillonnage de la mesure h, s (3)
UN Rendement électrique aller-retour % (5)

4 | Instruments et méthodes de mesure

4, Généralités

Pqur mesurer certaines propriétés du systéme EES soumis a I'essai, la caonfiguration de s
cojmposants et les conditions limites par rapport a I’environnement doivent'étre déterminées
premier lieu.

La définition claire du systéme EES soumis a I'essai exige upe lattention particuliére. L
composants du systeme EES soumis a I'essai et les conditions"de I’'environnement d’essa
tolis les points de connexion (POC) doivent étre définis. Les POC sont les connexions d’entr
et|de sortie pour I'électricité, la chaleur, I'eau, I'hydrogéne{A'oxygéne et l'air. Les conditio
limites applicables a tous les POC doivent étre définies,

L'¢tat d’essai du systéme EES doit ensuite étre/défini. L’état d’essai du systéme ES
cofrrespond aux niveaux de fonctionnement par rapport a la capacité maximale du systeme El
ou de I'un de ses composants au moment deda‘realisation de I’essai.

es
en

es

Ee

ES

Les conditions de fonctionnement applicables a I'essai doivent ensuite étre définies. Elles

dgivent étre convenues entre le fabricant du systéme EES et le client.

Les durées de fonctionnement dgivent étre relevées pendant la réalisation des essais. Elles
composent des temps d’entrée_et de sortie électriques, des périodes de veille en entrée et
sortie, ainsi que des maodéles de combinaison de ces parameétres. L’historique
fonctionnement et la durée réelle de fonctionnement du systéme affectent I’'évaluation d
performances du systéme EES. Par conséquent, I'historique des durées de fonctionnement
systéme EES avantlexécution de I'essai doit également étre consigné.

Ldgrsqu’il n’est.pas possible d’effectuer des mesures de la puissance électrique ou du flux még
leine échellé en raison de la taille importante du systéme, pour des motifs de sécurité ou
cals d’absénce des instruments appropriés, des mesures peuvent étre effectuées au niveau

s5e
en
de
es
du

ia
en
du

sous-systéme. Ces mesures doivent permettre de déterminer des données représentatives des

mesuyres a la taille réelle du systéme. Le concept de mesure appliqué doit étre détaillé dans

le

rapport d’essai (voir 7.4).

4.2 Incertitude des instruments

L'incertitude élargie de chaque instrument de mesure (facteur d’élargissement k= 2) au
moment de I’étalonnage, ou l'incertitude estimée a partir de la classe d’instrument doit satisfaire

aux exigences suivantes:

— puissance électrique: 12 % de la valeur lue;
— courant: +1 % de la valeur lue;
— tension: +1 % de la valeur lue;
— débit massique: +1 % de la valeur lue;

— température ambiante: 1 %;
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— pression ambiante: +0,1 kPa;
— humidité relative ambiante: *5 %.

Les instruments qui satisfont aux exigences ci-dessus doivent étre utilisés. L’ISO/IEC

Guide 98-3 doit s’appliquer.

4.3 Plan de mesure

La configuration des composants, les conditions limites par rapport a I'environnement du
systéme EES soumis a I'essai et I'état d’essai doivent étre clairement définis. L’état d’essai doit

étre considéré au regard de I'application et de I'utilisation. De méme, il convient de tenir comg
des phases d’essai représentées a la Figure 3 qui comprennent la charge, le stockage et
décharge.

Les conditions de fonctionnement assignées et les conditions de fonctionnement limites
systéme EES soumis a I'essai font I'objet d’une confirmation entre le fabricantdu’systéme et

te
la

client. Les spécifications des fabricants des composants doivent permettre d’établir les

conditions de fonctionnement assignées et les conditions de fonctionnement limites pg
chiaque composant.

La séquence des mesures doit ensuite étre planifiée. Des propfiétés spécifiques de certai
composants doivent étre prises en compte en fonction des. conditions ou des parameétr
applicables a d’autres composants. Par exemple, I'état de/fenctionnement de la capacité
stockage de I'hydrogéne se rapporte aux paramétres des“conditions de fonctionnement
I'g
prppriétés peuvent varier de maniére significative_au cours de la mesure. Par exemple,
puissance électrique d’entrée peut varier pendantla/phase de charge. L’état d’essai doit &
clairement défini et les changements de propriétés pendant la mesure doivent étre identifie
Pqur établir les méthodes et les instruments.de mesure, l'incertitude des instruments et
variation admissible doivent étre vérifiées, et consignées dans un rapport. Le Tableat
récapitule les actions préalables a meneravant la mesure.

La mesure de vérification des performances du systeme EES est effectuée aprés confirmati
que le systéme EES fonctionne a-l’état d’essai.

Quantité d’énefgie stockée

es
de
de

ectrolyseur. Il convient également d’accorder une attention particuliére au fait que certaines

la
re
S,
la
2

Phase de Phase de Phase de
I tanl i X
tharge etuurfa‘ge_‘_deeh'a‘rsc —
PP

Durée de fonctionnement
IEC

Figure 3 — Séquence type de phases pendant le fonctionnement du systéme
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