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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The ISO 23308 series deals with the energy efficiency of industrial trucks including batteries and
battery chargers.

This document contains the procedures to determine the efficiency of trucks, traction batteries and
battery chargers. The other parts provide a specific test cycle for different truck types.

NOTE

The test cycles are based on the VDI 2198 guideline. This guideline is widely accepted by industry

and is used to measure the energy consumption of electric industrial trucks and internal combustion (IC)
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bvaluation of the energy efficiency of trucks by comparison.

content of this document is of relevance for the following stakeholder groups:
machine manufacturers (small, medium and large enterprises);

market surveillance authorities;

machine users (small, medium and large enterprises);

service providers, e.g. for consulting activities.

stakeholder groups above have been given the opportunity to take part in the drafting
document. The machines concerned are indicated in thé.scope of this document.

©IS
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Energy efficiency of industrial trucks — Test methods —

Part 1:
General

1

Thi
self
the

The
req

Thi

It aj

Scope

5 document specifies general test criteria and requirements to measure the energyyconsu
propelled industrial trucks (hereinafter referred to as trucks) during operation:For elec
efficiency of the battery and the battery charger is included.

truck specific requirements in ISO 23308-2 and ISO 23308-3 take precedence over the
1irements of [SO 23308-1.

5 document is applicable to the in-use phase of the product life cycle.
pplies to the following truck types according to ISO 5053-1:
counterbalance lift truck;

articulated counterbalance lift truck;

reach truck (with retractable mast or fork arm‘carriage);
straddle truck;

pallet-stacking truck;

pallet truck;

platform and stillage truck;

pallet truck end controlled;

order-picking truck;

centre-controlledorder-picking truck;

towing, pushing tractor and burden carrier;

towing-and stacking tractor;

mption for
tric trucks,

respective

side*loading truck (one side only);

©IS

variable-reach container handler;
counterbalance container handler;
lateral-stacking truck (both sides);
lateral-stacking truck (three sides);

multi-directional lift truck.

02020 - All rights reserved
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2 Normative references

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

ISO 3691-1:2011, Industrial trucks — Safety requirements and verification — Part 1: Self-propelled
industrial trucks, other than driverless trucks, variable-reach trucks and burden-carrier trucks

ISO 3691-2:2016, Industrial trucks — Safety requirements and verification — Part 2: Self-propelled
variable-reach trucks

ISO 5053-1), Industrial trucks — Terminology and classification — Part 1: Types of industrial trucks

ISO 1550011, Road vehicles — Compressed natural gas (CNG) fuel system components — Part I Genpral
requiremer|ts and definitions

ISO 23308 |(all parts), Energy efficiency of Industrial trucks — Test methods
IEC 6025411, Lead acid traction batteries — Part 1: General requirements and methods of tests

IEC 626202014, Secondary cells and batteries containing alkaline or other non-acid electrolytey —
Secondary lithium cells and batteries for use in industrial applications

EN 589, Aufomotive fuels — LPG — Requirements and test methods

3 Terms and definitions
For the purposes of this document, the terms and definitiens given in ISO 5053-1 and the following agply.

ISO and [E€ maintain terminological databases for use'in standardization at the following addresse

122}

— ISO Online browsing platform: available athttps://www.iso.org/obp

— IEC El4ctropedia: available at http://wivw.electropedia.org/

31

battery
electrical power source consistingef battery cells, connectors of cells, battery controller (if applicgble,
e.g. controller for Li-lon batteries) and battery enclosure that is ready to use in a truck

3.2
battery state of chargé
measured fapacity (inf/Ampere hours [Ah]) of the battery divided by the maximum rated capacity [Ah],
expressed ps a percentage

3.3
carbon digxide equivalent
CDE

quantity that describes, for a given mixture and amount of greenhouse gas, the amount of CO, that
would have the same global warming potential (GWP)

3.4

charging factor

ratio between amount of Ah recharged into the battery and the prior discharged amount of Ah from
the battery

Note 1 to entry: Typically, the charge factor for lead acid batteries is in the range of 1,02 to 1,25.

2 © IS0 2020 - All rights reserved
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3.5

power battery factor

PBF

factor that gives the ratio between the battery capacity and the electrical power taken from the battery

3.6

synthetic discharge cycle

typical battery discharge profile that mirrors the actual energy consumption of electric trucks during
a test cycle

4 |Test conditions

4.1] General

The following test conditions ensure that the measurement of power consumption is perfprmed in a
simjilar and comparable way.

4.2 Test equipment

4.2]1 Testarea

The test area shall be a flat and smooth area with a hard;clean and dry surface made df concrete,
asphalt or equivalent. The test course shall have no more thah 2 % slope in any direction of fravel.

4.2)2 Test track

For|truck type specific information, see the relevant part of the ISO 23308 series.

4.2{3 Testload and / or towing capacity.

Unlgss it is otherwise stated in thesspecific part of the ISO 23308 series, the test lodd shall be
equial to 70 % of the rated load and/standard load centre distance of the truck, in accorglance with
1SO|3691-1:2011, A.2, or ISO 3691-2:2016, A.1 and A.3.

Trattors shall tow with @ force according to 70 % of the rated drawbar pull, as |defined in
1S0|3691-1:2011, A.3.

Burl{den-carriers shall b€ laden with 70 % of the maximum payload, as defined by the manufacturer.

4.3| Truck cenditions

The truck'to*be tested shall be a sample that is representative of series production. For all parts of the
trugk, Myith effect to the energy consumption, a run-in time of up to 100 h is permissible. [The run-in
timg shall be documented.

The truck to be tested shall be in a safe and functional state. All equipment attached shall be in
accordance to the specification of the manufacturer of the truck.

The set-up of the truck (e.g. software parameters) shall be available as per the manufacturer's
specification. This requirement means that the truck performance as specified is achievable (e.g. driving
and lifting speed, acceleration) and all software settings are commercially available to the customer.

NOTE For instance, the test driver can adapt the maximum driving speed to achieve the number of cycles
per hour.

The test truck shall be fitted with new tyres (maximum 10 % of tread wear) which shall comply with
the specifications of the manufacturer of the truck. Pneumatic tyres shall be inflated to their correct
pressure specified by the truck manufacturer or by default from the tire manufacturer.

© IS0 2020 - All rights reserved 3
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The fuel tanks of internal combustion engine trucks shall be filled to the maximum specified level prior
to the warm up period. All other tanks shall be filled to their correct operating levels, if applicable.

If the test is to be performed on a sample that is representative for a range of trucks with the same
rated capacity but different lift heights, the test shall be carried out on the truck with the specification
according to ISO 3691-1:2011, A.2.1. For trucks covered by ISO 3691-2, the specific requirements of the
applicable part of the ISO 23308 series shall apply.

For trucks covered by ISO 3691-1, the specified lift height shall be at least the standard lift height
according to I1SO 3691-1:2011, A.2.2. The truck’s specified lift height shall allow the measurement

procedures as defined in the specific part of the ISO 23308 series.

If the test
rated capa
and A.2.2,

If the test
of differen
batteries a

4.4 Envi

The meas

is to be performed on a sample that is representative for a range of trucks with the\s
City and the lift height is lower than the lift height that is specified in ISO 3691-1:2011, A
he test shall be carried out on the truck with the greatest lift height.

s to be performed on a sample representative of a range of electric trucks with the op
[ battery capacities, the test shall be carried out on the truck with therstandard batte
ccording to the data sheet of the manufacturer.

ronmental conditions

ment shall be carried out at an environmental temperatuce range between 5 °C and 35

u‘|:e
The truck in test configuration shall be at operating temperature,

A minimun

4.5 Truc

IC-trucks v
control dey
allowed to

Engines w|
within the

4.6 Batt

Battery ef
geometry.
type/batte

If the batt
system, co

h warm-up period of 10 min is required for the laden truck, before the test starts.

'k maintenance

vith emissions control systems that can require cleaning or regeneration of the emis
Fice shall remain within manufacturer'fecommended parameters throughout the test.
block automatic regenerating of thelemission control device during the test.

parameters recommended by'the manufacturer throughout the test.

ery condition

ficiencies are inflienced by many factors, e.g. cell technology, cell type, cell design
Therefore, thebattery efficiency as stated in 6.2.2 is representative for the tested bat
ry manufacturer.

ntroller;cooling or heating, this shall be included in the test.

The batter

hme
2.1

fion
pry/

°C.

bion
[t is

ith other emissions control systems utilizing additional reagents/materials shall renpain

and
ery

ery techiniology requires any energy consuming auxiliary device, e.g. battery managengent

v shall be charged to the rated capacity prior to the respective test. When tests req

ire

discharging to the rated minimum capacity of the battery, this shall be determined by one of the
following methods.

a) Lead-acid batteries voltage: the battery is discharged if the voltage is less than or equal to 1,6 V/cell
(according to IEC 60254-1 for discharge current I1).

b) Lead-acid rated capacity: the battery is discharged if 80 % of the rated capacity is taken from
the battery during the test. Recuperation may be considered by calculating with 75 % of the
recuperated current over time.

c) Other technologies: discharge criteria are defined by the battery manufacturer. This criterion shall
be consistent with all other specification provided with the battery type, e.g. identical life time and

4 © IS0 2020 - All rights reserved
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life cycle characteristic based on endurance tests. A discharge value given in energy (Wh) may be

used depending on the technology.

5 Measurement procedure

5.1 General

Subclauses 5.2 to 5.7 describe the measurement procedure that is applicable for trucks in g
specific information for different truck types, see the relevant part of the ISO 23308 series.

eneral. For

5.2 Operating sequence

Trufks shall operate according to the manufacturer's instruction handbook and the tést sy
defined in the specific part of the ISO 23308 series with the load according to 4:2<3. Unless
stafled in the specific part of the ISO 23308 series, pick- and place-cycles mdy)be simulat
depositing the load.

NOTE The test load can be secured.

The speed shall be so adapted as to obtain the specified number of. cycles per hour. Unless
stafled in the specific part of the ISO 23308 series, simultaneous.Qperations are not permissi
handling and travelling functions shall be operated separately.

For|truck types that are not covered exhaustively by alspecific part of the ISO 23308
appropriate sequence of operations shall be selected dépending on the design in accordan
intgnded use of the truck.

5.3| Electric trucks

5.3]1 General

To determine the overall energy consumption of electric trucks the test shall consider:

— |the overall efficiency of the.truck, including motor (s), controller(s) and electrical install
— |the efficiency of the battery/batteries;

— |the efficiency of tHe-battery charger.

Becpuse the equipment of trucks with batteries and battery chargers is versatile, it i
necpssary to différentiate between these elements.

Subiclauses5.:3.2 to 5.3.4 define the procedure to determine the elements of the system effici

5.3J2C+ Truck measurement

ecification
otherwise
bd without

otherwise
ble, all load

series, an
fe with the

htion;

generally

ency.

The battery of the truck shall be charged to the rated capacity prior to the warm-up period.

The measurement of the energy consumption shall start at the first test cycle. The warm-up period

shall be excluded from the measurement.

The energy consumption shall be given in terms of the electrical energy that is required for 1 h
performing the operating sequence, in kWh/h. This measurement can be done by continuous

measurement of voltage and current during the test [see Formula (1)].

© IS0 2020 - All rights reserved
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The measurement of voltage and current shall be performed at the connector of the truck and the
traction battery.

T
Etruck :J'Ubatt (t)*f*lbatt (t)*dt (1)
0
where
Ei ..k Iisthe energy taken from the battery during the test in Wh;
Upatt 1S the battery voltage In V;
Tpate is the battery current in A;
dt is the differential (measurement over time);
T is the test duration;
f is the discharge/charge factor with f=1 for I, ,;, 2 0; and f= 0,75 for I, < 0.
NOTE1  } . <Orepresentsrecuperation. The factor f= 0,75 refers to the majority of traction batteries, nathely

lead-acid batteries.

NOTE 2

If the pow
shall be ca

If the detej
the measu
the battery

5.3.3 Bafttery efficiency

The batter
the en

the en
batter

NOTE ]
current and|

The overal

’

'he factor fdiffers for other battery technologies.

er consumption is determined by measuring electric.charge in Ah, the power consump
culated by multiplication with the nominal batterysyoltage.

mination of the battery efficiency should be included in the truck measurement proced
‘ement cycle shall start with a battery charged to its rated capacity and shall continue y
is discharged to the rated minimum capadcity (see 4.6).

y efficiency consists of two elements that generate power loss:
brgy flow to the truck (enérgy taken by the truck from the battery);

brgy flow from the cliarger to the battery (energy for complete recharging of the dischar

).

'he efficiency varies depending on the battery charging status, the current when discharging
method whendcharging, the battery temperature and the battery type.

efficiency of the battery shall be determined by:

direct
measu
last pa

measurement of current and voltage during discharging the battery by performing the ty

fion

re,
ntil

ged

the

uck

ragraph of 5.3.2 and 4.6), and during recharging the battery (see 5.3.4);

(see

direct measurement of current and voltage during discharging the battery by performing the

synthetic discharge cycle (in accordance with Annex A), until the battery is discharged to the rated
minimum capacity (see last paragraph of 5.3.2 and 4.6) and during recharging the battery (see
5.3.41); or

efficiency for lead acid traction batteries used in a truck (in accordance with Annex B).

1

The synthetic discharge cycle can be used to determine the efficiency of all kind of batteries.

© IS0 2020 - All rights rese
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4 Charger efficiency

The overall efficiency of the charger shall be determined:

in combination with the truck measurement according to 5.3.2;

after the battery efficiency evaluation according to 5.3.3; or

— by taking into account information of the charger efficiency operating at its optimum operating

Ifa

point (see Annex B).

' measured

aga

Fro

whg

In a
she

The

estis pprfnrmpd, the currentand vn]fngn atthe r‘h:n'gpr'c terminalsshall be continuously

nst time to allow calculation of the charger efficiency.

 this test, the charger efficiency is calculated with Formula (2):

E
h
nCh = E;
grid

bre
Neh is the charger efficiency;

E is the energy delivered to the battery in Wh;
E,iq is the energy withdrawn from grid supply innWh.

g

ddition to the efficiency value, information regarding the power factor should be given
bt and on the type plate of the charger.

power factor shall be determined for thexated operating point. If this is not possible,

facfor may be determined at 80 % of the rated power. In this case, information should be g

dat

5.4

Thd
sha

The
tru

Thd
Thd
Die

h sheet.

Internal combustion (IC)-trucks

measurement of the energy consumption shall start at the first test cycle. The warm
| be excluded from the measurement.

energy consumption-of diesel and gasoline driven trucks shall be given in fuel per hour
ks powered by gas\(LPG) or natural gas (CNG), in gas consumption per hour (kg/h).

LPG quality‘shall be in accordance to EN 589.
CNG quality shall be in accordance to ISO 15500-1.

sel fuel shall be determined by weight, calculated for 15 °C. The density of the fuel of

sha

(2)

in the data

the power
iven in the

-up period

1/h) or, for

830 kg/m3

1'5e used, which corresponds with the average as defined in EN 590.

5.5

Hybrid trucks

Hybrid trucks shall be tested according to 5.4.

After the test, the energy stored in accumulators (e.g. electrical, pneumatic or hydraulic) shall not be
less than before starting the test.

NOTE Starter batteries are not subject to this requirement.

5.6

Measurement accuracy

Suitable measurement equipment shall be selected.

© IS0 2020 - All rights reserved
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The following tolerances or accuracies of the measurement equipment shall be taken into consideration.

All measuring equipment shall have an accuracy of +2 % maximum. The time measuring equipment
(e.g. stopwatch) shall have an accuracy of +0,1 % maximum.

The energy/fuel efficiency test in accordance to the specific part of the ISO 23308 series shall be

performed

in a way that a tolerance of maximum 5 % is ensured for the tested truck.

This shall be verified by:

evaluation of the test record (e.g. if voltage and current are recorded); or

repeat|
chargd

Continuou
energy me
verified.

The result
Clause 6.

5.7 Calc

Calculatioy
permissibl

When com
consumpti

6 Docu

6.1 Test
The testre
a)
b)
c)
d)
e)

a refer]
specifi
in casd
specifi

specifi

ing the test and calculate a median value and the standard deviation (e.g. if only the eleg
is measured).

reading of the energy/fuel consumption, e.g. by continuous fuel measurement or eled

may be rounded to one decimal place. This test result shall be documented in accordandg

ulation

s, computer modelling or other equivalent simulating methods, based on empirical data,
b if these methods are producing comparable results.

paring calculated and test values, the test values.ate considered the true measure of po
bN.

mentation

report
port shall contain the following details:
ence to this document (i7e;4S0 23308-1);
cation of the tested-truck in respect to its marking;
of type testing;a-reference to the type series;
cation of triuck equipment (e.g. attachment, cabin, specification of filled hydraulic oil, etc

cationof'tyres (manufacturer, type, material, dimensions, pressure of pneumatic tyres);

tric

tric

hsurement by the controller, can be used for measurement if the accuracy-6fthe systemn is

e to

are

Wwer

f)

operat

ioiymodes and/or setting of operator assistance devices;

g)
h)
i)
j)
k)
)

specifi

specifi

the set-up of the truck (e.g. software parameters);

cation of the traction battery, if applicable;

cation of the battery charger, if applicable;

the power factor of the battery charger;
the efficiency of the battery and the method used, according to 5.3.3, if applicable;

the efficiency of the battery charger and the method used, according to 5.3.4, if applicable;

m) a description of the test track (material, slope, smoothness);

© IS0 2020 - All rights reserved
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the wind speed, if applicable;
specification of the measurement equipment;
a description of the climatic conditions (temperature);

the date and name of the authorized person;

the result of the test including the achieved tolerance of the energy consumption according to 5.6.

Where the verification of the truck design is made by other methods, e.g. simulation, the report shall

reasanablv be qdaptpd tothat cpm‘ifir method

6.2

6.2

The
doc

Wh
cala
sho

6.2

Thd
to K

The

manufacturer's document (data'sheet).

6.2

Thd
doc

Declaration

1 Truck energy consumption

umentation?) shall include the appropriate version of the following inforration:
energy consumption according to the relevant part of the ISO 23308 series in kWh/h at tru
fuel consumption according to the relevant part of the ISO 23308 series in 1/h at truck sg
gas consumption according to the relevant part of the IS@ 23308 series in kg/h at truck

ere conversion of values from 5.3.2, 5.4 and 5.5 into carbon dioxide equivalents is desired|
ulate the related greenhouse gas emissions of different systems, the methods according
11d be applied.

2 Battery efficiency

battery manufacturer's documentatien shall include the overall battery efficiency, ng,
ormula (A.7) including the correspending charging factor.

manufacturer's instruction handbook accompanying the battery shall refer to the public

3 Charger efficiency

umentation shall include the overall charger efficiency, 1, according to Formula (2).

manufacturer's instruction handbook accompanying the truck.“and the manpfacturer's

ck setup?);
et up;
et up.

in order to
to Annex C

according

y available

manufacturer'sHinstruction handbook accompanying the charger and the manpfacturer's

2)
3)

For example, type sheet according to VDI 2198.

The truck set up that is used for the measurement as defined in 4.3.

© IS0 2020 - All rights reserved
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Annex A
(normative)

Determination of battery efficiency by using the synthetic

discharge cycle

A1l Genleral

As the syn
resultstob

The applie
reached.

Lead-acid
according 1

The nomin
discharge
use of the {

The cycle g
Typically, t

A.2 Defi

The synthe
duration aj

Recharged

keep the nfimber of elements of the synthetic discharge cycles small.

See Figure|
the electriq

atteries of the same design but different sizes if a representative element of thedbattery is u

 charging method shall ensure that the service life stated by the battery’manufacturg

batteries shall be charged according to IEC 60254-1. Li-lon batteries shall be char
o IEC 62620.

h1 battery capacity and the efficiency for lead acid batteriesistypically based on the cons
rurrent for 5 h (I5). Because this procedure does not repfesént the application in a truck,
ynthetic discharge cycle is recommended.

an be used to determine the efficiency of all kind.dfbatteries.

he battery efficiency should be determined byithe battery manufacturer.

nition of the synthetic discharge 'cycle

tic discharge cycle consists of a humber of blocks, defined by the current magnitude
pproximating to the individual eléments of the cycle.

energy can be taken as négative values into consideration. The cycle is clustered in ordsg

[A.1 and Table A.1.fena typical discharge cycle using the power battery factor (PBF) (rati
al power taken from the battery over the battery capacity).

hetic cycle is scaled to the power battery factor (PBF), it is possible to transfer m¢asurenjent
ced.

ris

ged

ant
the

and

r to

o of

10
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Key
1 PBF factor
X time in s

5 10 15 20 25 30 35 40 45 50 55 60

Y power/battery capacity in W/Wh

Figure A.1 — Typicalidischarge cycle

Table A.1 — Descriptionof the synthetic discharge cycle

Step Duration PBF factor Charge/Discharge
S W/Wh

1 4,5 0,10 Discharge
2 6,0 0,83 Discharge
3 45 0,03 Discharge
4 2,5 0,70 Discharge
5 1,5 -0,14 Charge

6 3,5 0,75 Discharge
7 5,0 0,60 Discharge
8 2,5 -0,44 Charge

9 4.5 0,10 Discharge
10 6,0 0,83 Discharge
1T 15 0,03 Discharge
12 2,5 0,70 Discharge
13 1,5 -0,14 Charge

14 3,5 0,75 Discharge
15 5,0 0,60 Discharge
16 2,5 -0,44 Charge

© IS0 2020 - All rights reserved
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A.3 Testing according to the synthetic cycle

A.3.1 Preconditions

To ensure comparable results the following test conditions shall be observed. If test conditions deviate,

this shall b

e clearly stated in the test report.

suitable to conduct the required current.

The rate of current change between the blocks shall be not less than 150 A/100 ms.

The battery can be connected to the test equipment directly or by using connectors which are

Prior fo the test the battery shall be charged to the rated capacity according to the (hat

ery

manufpcturer’s definition, e.g. acid electrolyte density for lead-acid batteries, chargerconitrol

syste

The battery manufacturer shall define the preconditioning of the battery pripf to the test.
examplle, this takes into account the battery temperature.

The b

Using
manag

A.3.2 PO‘[Nel‘ value

The speci
discharge j

F Cycle 7
where
P Cycld

PBF

Qbatt

Ubatt

The teft shall be performed using the specific power value (see A.3.2).

The tgst using the synthetic discharge cycle ends when the battery<is discharged to the rz
minimum capacity according to 4.6.

feedback for Li-lon batteries.

ttery temperature at the beginning of the test shall be (25 #5) °C.

h reduced cell number is permissible, if cell connectors and other components (e.g. bat
ement systems, if applicable) of the type used for,thie complete battery assembly are fittg

ic power value depends on the battery voltage and the effective battery capacity.
power value shall be calculated with.-Formula (A.1):

Qbatt *PBF* Ub

attnom

is the power yalue in W;
is the power/battery capacity factor;
is theeffective battery capacity in Ah;

lom «iS.the nominal voltage of the battery in V.

For

ted

ery
d.

The

\.1)

The effecti

vEbattery capacity is calculated with Formula (A.2):

_ *
Qbatt _Qnom feff

where

Qnom

Qbatt

feff
NOTE 1

12

is the nominal battery capacity in Ah;
is the effective battery capacity in Ah;

is the factor between effective and nominal capacity of the battery.

(A.2)

For lead acid batteries, f ¢ is typically 0,8. This value is based on a constant discharge current for 5h Ic.
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NOTE 2  For Li-lon batteries f, is typically 1,0. This value is based on a constant discharge current for 5 h I
according to the requirements of IEC 62620:2014, 6.3.1.

EXAMPLE Table A.2 shows an example for a standard lead acid battery with a nominal voltage of 80 V with a
nominal capacity of 500 Ah. The effective battery capacity is Formula (A.3):

Qpatt =500 Ah*0,8=400 Ah (A.3)

Table A.2 — Example for the calculation of the power value

Ql-nlr’ Time PBE DLycle
s W/Wh w
1 4,5 0,10 3200
2 6,0 0,83 26 560
3 4,5 0,03 960
4 2,5 0,70 22400
5 1,5 -0,14 <4480
6 3,5 0,75 24000
7 50 0,60 19 200
8 2,5 -0,44 -14 080
9 4,5 0,10 3200
10 6,0 0,83 26 560
11 4,5 0,03 960
12 2,5 0,70 22 400
13 1,5 -0,14 -4 480
14 3,5 0,75 24000
15 50 0,60 19 200
16 2,5 -0,44 -14 080
A.3l3 Test procedure and niedsurements
Duijing this test, current and yoltage against time are continuously measured to allow calculgtion of the
dis¢harged energy, E} ... (See Formula (A.4]].
T
Epart =JUbatt (£) e (£)*dt (A-4)
0
where
Eie is the energy taken from the battery during synthetic discharge cycle in Wh;

Up.ee s the battery voltage in V;

Tpatt is the battery currentin A;
dt is the differential (measurement over time);
T is the total time to discharge the battery.

After the test, the battery shall be recharged to the rated capacity again, using the charging
specifications as provided by the battery manufacturer.

NOTE Depending on the battery technology, these charging specifications as provided by the battery
manufacturer can include overcharging.

© IS0 2020 - All rights reserved 13
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During this part of the test, current and voltage are continuously measured against time to allow
calculation of the charged energy [see Formula (A.5]].

T

En :jUbatt (6) Ty () *dt (A.5)
0
where

E., is the energy to recharge the battery in Wh;

Uy, [ 15 the battery voltage In v,

I | 1s the battery currentin A;

dt is the differential (measurement over time);
T total time to discharge the battery.

From thesg tests, the overall battery efficiency, 1, is calculated with FormulaTA.6):

I
batt
nbatt = Ea (1\.6)
ch
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Annex B
(normative)

Simplified procedure to calculate the battery and charging

efficiency for lead-acid batteries

B

The

General
efficiency of lead acid batteries can be calculated by taking the ratio of:

the energy taken from the battery including power loss; and

— |the energy required for the recharging of a discharged battery, including power loss. The applied
charging method shall ensure that the service life stated by the battejy manufacturer agcording to
IEC 60254-1 can be reached.
The battery efficiency depends on various factors, e.g. the battery cell design, the battefry state of
chafge, the discharge current, the battery temperature, theccharging current and method (charging
curye) and the charging factor.
The charger efficiency is defined as the ratio of the energy delivered to a discharged battdry and the
enefrgy taken from the public grid. It varies depending’on the charging method (charging qurves) and
the|charger technology.
B.Z Formula
B.2l1 Battery efficiency during discharging based on measurement with constgnt
discharge current
In the case that no testing dataaccording to the synthetic cycle according to Annex A are avpilable, the
battery efficiency can be calculated based on a constant current discharge with the rated 1 h current
(I;)[to a discharge voltageof 1,6 V per cell or to the value as specified by the battery manufagturer.
In this case the discharged energy shall be calculated with Formula (B.1):
T
Epatt :J.11 Upare (£)*dt (B.1)
0
whére
Epait is the energy taken from the battery in Wh;
Uy, s the battery voltage in V;
L is the battery currentrated 1 hin A;
dt is the differential (measurement over time);
T is the total time to discharge the battery.
NOTE The energy efficiency measured by this method results in a lower energy efficiency compared to the

measurement with the synthetic cycle, according to Annex A.

© IS0 2020 - All rights reserved
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B.2.2 Estimation of the battery efficiency based on generally accepted empirical values

If no values resulting from measurements according to Annex A or B.2.1 are available, the efficiency can
be estimated according to Table B.1.

The values stated in Table B.1 are based on empirical values.

The value given for efficiency takes into account the difference between the standardized method to
determine the nominal battery capacity (discharge current for 5 h, I5) and the typical current profile in
an industrial truck (see also Annex A).

NOTE 1 e estinmated vatues Tesuttim o fower efficiency of the battery tham the measurenment according to
the synthetjc cycle or according to B.2.1.
Table B.1 — Battery and charging technology specific overall battery efficiency
Battery type Charging method Nbaft
Flooded baftery Taper charge based on DIN 41774 0,1
Flooded baftery Charging regime with current pulses for electro- 0,4
lyte mixing
Flooded baftery Charging regime with electrolyte mixing by air 0,6B
pump
Valve reguliated lead acid (VRLA) battery with Regulated [Ula chargiiig regime based on 0,6f
immobilizeld electrolyte DIN 41773-1
NOTE 2 harging method and charging curve significantly influence the efficiency of a lead acid battery.
B.2.3 Chprger efficiency
Battery chirgers are differentiated between 50 Hz-and high frequency (HF) chargers. The charger
efficiency is dependent on the battery charger teclinology.
The overalll efficiency of the charger is related to the complete charging process, including charging
characterigtic, the battery type, size, and condition. The efficiency for the complete charging process is

typically 1
Where the

% to 2 % lower than the effi¢iency for the optimum operating point.

e are no values available from the manufacturer, Table B.2 can be used.

Table B:2)— Approximate values for charger efficiencies

Charger technology Nech
HE 0,88
50 Hz regulated 0,78
50 Hz taper 0,73

16
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