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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.
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Introduction

As a result of the development of new drive unit concepts for refuse collection vehicles (RCV), as well
as (from a European point of view) the provisions from the procurement guideline 2009/33/EC, there
is now a demand for universal processes and provisions for determining the environmental effects of
RCVs, with the objective of achieving a uniform evaluation for environmental efficiency.

The environmental effects in the utilization phase for RCVs are essentially determined by their energy
consumption, from which the relevant CO, emissions will result.
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is thg
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whet
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er to he able to define appropriate characteristic numhers for the environmental effe

ct of RCVs, it

erefore necessary to differentiate between refuse collection and transport trips with
. The complete logistics shall be considered for an effective comparison of the, var
ls and their respective drive units.

bjective is to be able to issue an environmental efficiency ID for various vehicle mode

ymakers, planners, administrators, manufacturers and users should be able to decide
her consumption measuring should be executed as a simulationor-by means of act
ircuits.

and without
ious vehicle
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Test method for energy consumption of refuse collection
vehicles

1 Scope

This document specifies a uniform, reproducible testing process for various drive units, chassis,

cons|
excly

This
This
tool,

NOTH
by th
with
#tab

2

The
cons
undg

EN 1
loadé

EN 1

Normative references

ding EN 1501-4), with which a comparison for energy consumption can be performed

specification defines criteria for a reference area with regard to a synthesized tour (|
therefore serves to determine a representative test circuit and/or data forca,software
e.g. VECTOD.

VECTO (Vehicle Energy Consumption calculation TOol) is a simulation tool that has be
e European Commission for determining CO, emissions and fuel consGmption from heavy
h gross vehicle mass above 3 500 kg. URL: https://ec.europa.eu/clima/policies/transport/vehi
0-0

following documents are referred to in the text in, such a way that some or all of t
[itutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of the referenced document (including any amendme

501-1, Refuse collection vehicles — General requirements and safety requirements —
d refuse collection vehicles

501-2, Refuse collection vehicles~<-General requirements and safety requirements —

1 (all parts,

test circuit).
calculation

en developed
duty vehicles
tles/vecto_en

neir content
applies. For
hts) applies.

Part 1: Rear

Part 2: Side

loaded refuse collection vehicles

EN 1)501-3, Refuse collection vehijcles — General requirements and safety requirements — Rart 3: Front
loadéd refuse collection vehicles

EN 1501-5, Refuse collection vehicles — General requirements and safety requirements — Part 5: Lifting
devides for refuse colléction vehicles

3

For t

Terms and definitions

he putposes of this document, the following terms and definitions apply.

ISO

nd4EC maintain terminology databases for use in standardization at the following ad

resses:

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

31

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

energy consumption
amount of mechanical, electrical, hydraulic and pneumatic energy which is needed for the defined
cycles of the body

1) VECTO is an example of a suitable product available free of charge. This information is given for the convenience
of users of this document and does not constitute an endorsement by ISO of this product.
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load simulation valve
valve in the hydraulic circuit of the compaction unit (packing unit) of an RCV for generating a hydraulic

load
3.3

pre-control valve

valve in the

3.4
ballasting

hydraulic circuit for controlling the load simulation valves (3.2)

loading of t

3.5
measuring
measuring ¢

3.6
measuremg
sum of all teg

3.6.1
reference r
run of the t¢

3.6.2
compactior
run of the te

3.6.3
lifting run
run of the t4

3.6.4
discharge 1
one dischar

3.7
test bench |
sum of all te

3.8

vehicle maj
mass of the
full hydraul

Note 1 to ent

11 4 o £ RCYL Jd el £ 11 iy g atla
C LUIICTULIVUIT CUITILAITITT TUI dIl IN\GV dIlIU LIIT TTIUST CUITITULIUIT CUITILAITITT VVILIL I11dS5O5

turbine
evice for the consumption of fuel using differential measurement in the fuet.system

ent run
st cycles on the test track

un

| run
st cycle (3.11) with the chassis and the bodyworkwith one loading cycle

st cycle (3.11) with the chassis and one‘eycle of the lifting device

un
be cycle of the body with the.chassis in standstill

"un
st cycles on the testhench

bS
RCV in adréady-to-drive and ready-for-refuse-collection status with full fuel and urea
c and.cooling systems

y“The mass is stated in kg.

st cycle (3.11) only with the chassis and without any furthierénergy-consuming compoments

tank,

39

discontinuous compaction system
components of the compacting equipment, which always traverse the same route curve in the operation
in cycles and return to their defined starting position after one cycle

3.10
continuous

compaction system

compacting devices which continuously and without reversing follow the direction of movement of
individual components after commissioning and which have no defined starting position

© IS0 2022 - All rights reserved
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3.11
test cycle
sum of the defined time proportions with different operating conditions

Note 1 to entry: See Table 4 for the time proportions of the test cycle (3.11).

3.12

steady state

temperature level of all operating fluids which does not vary during the test bench run (3.7) and/or the
test run

3.13
worllting cycle
procgdures which are to be performed during the vehicle standstill

3.14
maxjmum pressure
maximum hydraulic pressure during the working cycle (3.13) in the compacting system

3.15
contpiner emptying cycle
succession of sequences to pick up from the ground, lift, hold and efiipty the container int¢ the hopper
of the RCV and put it back on the ground

3.16
compaction cycle
cyclg by discontinuous (3.9) or continuous (3.10) compadtion system

Note |l to entry: The continuous compaction system is the given (fix) time in Table 4.

4 Minimum requirements

4.1 | Refuse collection vehicle (test item)
— The operating conditions shall‘be in accordance with the operating instructions.
— The steady state shall be.achieved.

— The load simulationComponents shall be installed in accordance with the respective specifications
from the bodywork manufacturer.

— The vehicleconfiguration shall be documented in accordance with Annex A.

4.2 | Load simulation

The load simulation shall be carried out hydraulically.

NOTE For an example of the installation of a hydraulic load simulation, see Annex B, Figure B.1.

4.3 Test conditions

— Temperature (°C/°F):
Range A: (10 £5)°C/(50 £ 9) °F;
Range B: (20 +5)°C/(68 % 9) °F;
Range C: (30+5)°C/(86 % 9) °F;
Range D: (40 +5)°C/(104 +9) °F.

©1S0 2022 - All rights reserved 3
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— Air pressure (1 013 + 100) hPa.

— Wind speed (maximum 5 m/s).

— Dry road surface condition.

4.4 Test circuit

— The test circuit shall be a circular course.

— The road surface finish shall be asphalt or concrete.

— Gradienft within the test circuit shall not exceed + 2 %.

— Curves

— The sto
5 Implel
5.1 Onth

— The tim
— The test

— At least]
account
Mmin 3

max

max

— The nuif

— The en€|
with thg

— To meas

and technology shall be used, such as measuring the fuel consumption using measuring turbin

compar

bn the test circuit shall have a curve radius of at least 15 m.

bping points shall be clearly marked, for example with traffic cones.

mentation

e test track
e required for a measurement run shall not exceed 60 min.
should only be performed by trained personnel.

three measurement runs of the same type shall'be performed, taking Formula (1)
in order to obtain valid measurement values:

r 0,95

is the minimum measurement value;
is the maximum measurement value.
hber of test cyclesswithin a measurement run shall correspond to Table 4.

rgy consumption shall be indicated for each test run in kilowatt hours (kWh), in accord
p conversion.factors in Table 5.

ure any-energy sources, a measurement procedure according to the valid state of sc

hble technologies.

into

Q)

ance

ence
€S or

— To measure the energy consumption of plug-in battery systems, only the stored energy of batteries

shall be

considered; the energy needed for charging the batteries is not taken into account.

— The regeneration of diesel particulate filters during the test run shall be excluded.

— In addition to energy-consuming components, such as rotating beacons and air conditioning,
working lights of the vehicle shall be switched off.

— Ballasti

ng shall be carried out in accordance with Table 1.

© IS0 2022 - All rights reserved
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Software calculation

5.2.1 General

With the described method, it should be possible to achieve the same results with the software
calculation as those stated in 5.1. For this it is necessary to transfer the test cycles from the test circuit
to the software. This is to be performed by means of various data files which shall match the form and
content with the criteria set out in Table 1 to Table 4, respectively.

NOTE

of VECTO, which is the official European software calculation tool.

5.2.2

Driv
spee
thet
5.2.3

5.2.3

The

asso
COorrq

5.2.3

It is

requ

The

The data for the chassis and the common profile to drive into the collection area and return are part

Data for the driving cycle

ng the vehicle on the test circuit from stopping point to stopping point will be illu
d curve which shall be provided both graphically and as a readable data file (by agrg
bst bench operators). The number of test cycles shall correspond to the zalues in Table

Data for the working cycle

.1 General

bower consumption of the body shall be represented by a torque curve and an ope
riated with this torque curve on the auxiliary drive»The duration of the working
e spond to the vehicle standstill in accordance with Table 4.

.2 Determination of the working cycle

rements according to Table 3 shall be observed.

working cycle shall proceed as folows:

The construction test bench is.equipped with a device for providing the drive capacity,
¢lectrical engine. It shall beyequipped with a measuring instrument for the output tof
measuring shaft) and a speed controller. Record the measurement values from the torqu
haftin a table; the wonking speed shall be indicated as an individual value.

q

[onnect the hydraulic or electric pump for the construction configuration which shall

the constructiontest bench with the assembled and adjusted load simulation compone

Iecord thesmeasurement values at timed intervals of 0,1 s (f= 10 Hz).

epeatthe relevant cycles for conditioning the bodywork until the steady state has beg

strated by a
rement with
4.

ating speed
cycle shall

the bodywork manufacturer’s responsibility to describe the working cycle. For this purpose, the

penerally an
que (torque
e measuring

be tested to
nts.

n set.

$tart the measurement and repeat it 20 times for structural safety.

Execute the test cycles in accordance with Table 2 and record the measurement values. Maintain

breaks between the separate test cycles with respect to the driving times according to

Stop the measurement.

Table 4.

Determine an average using 20 corresponding values (corresponds to the table rows) and save it in

a separate table.

Save the resulting table as the torque progression. Take this torque progression as the basis for the

working cycle.

© IS0 2022 - All rights reserved
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In a further measurement procedure, the drag losses of the bodywork configuration shall be determined
with the construction switched off. Proceed as follows:

Put the bodywork configuration connected to the bodywork test bench into the state intended to be

used during real operation while moving from waste bin to waste bin.

to the initial value within another 20 s.

Accelerate the electrical engine from 600 min~! to 3 000 min~1 linear within 20 s and then decelerate

Record the torque measurement values in a table as a function of the engine speed.

During the measurements on the vehicle test bench, the torques from the torque progression table

above afe taken into account, as the torque on the auxiliary drive depending on the auxiliary drive

speed dtring the phases that simulate the movement from stop to stop.

The gear chdange characteristic (i.e. transmission programme) shall be identical for the chassis refefence

run and in the collective mode.

The determjned values i) torque progression over the course of time at a constant 'speed and ii) tqrque

over speed
programme

Table 1 — Arrangement of the ballasting mass for vehicle configuration in the test cycle

shall also be used as a basis for calculations, for example in the VECTO, municipal

cycle

Ballasting
kg
Chassis conpfigura- | 2-axis vehicle up to 5 t GVM2 | 2-axis vehicleup to 10 t GVM | 2-axis vehicle up to 20 t|GVM
tion
Ballasting miass 500 +50 1500 + 100 3000 £ 250
Ballasting
kg
Chassis configura- 3-axis vehicle up to 30t 4-axis vehicleup to 40 t Any vehicle configuratjion
tion GVM GVM beyond 4-axis and 40 t GVM
Ballasting mfass 6000 = 250 9000 + 250 10 000 * 250

a2 The grosq vehicle mass (GVM) is the maximum allowable mass.

Table 2 — Load.simulation during the vehicle standstill in the test cycle

Compaction mechanism pressure

Total lifting device ballgst

Continuous compaction system (e.g.
screw compressor)

RCV models to be simulated?2 mass, including containejrbc
kg
Rear-loaded |RCV, ENN1501-1
Continuous ompaction system (e.g. |35 * 5 % of the maximum pressure 50
rotating druka-6rretatingplate}
Rear-loaded RCV, EN 1501-1
Discontinuous compaction system 75 £5 % of the maximum pressure 50
(e.g. compaction plate)
Side-loaded RCV, EN 1501-2
35 + 5 % of the maximum pressure 50

¢ Iflifting device is fitted.

a2 The percentage of the maximum hydraulic pressure of the system is needed to calculate the specific pressure for
mounted components and used ratios which has to be adjusted to the load simulation valves.

b The maximum possible number of the defined containers shall be utilized depending on the loading application. The
ballast mass tolerance is maximum 5 %.

© IS0 2022 - All rights reserved
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Compaction mechanism pressure

Total lifting device ballast

RCV models to be simulated? mass, including containerb.

kg

Side-loaded RCV, EN 1501-2

Discontinuous compaction system 25 £ 5 % of the maximum pressure 50

(e.g. pendulum press)

Side-loaded RCV, EN 1501-2

Discontinuous compaction system 25 %5 % of the maximum pressure 350

(e.g. pendulum press)

Fronft-loaded RCV, EN 1501-3 40 £ 5 % of the maximum pressure 250

a2 The percentage of the maximum hydraulic pressure of the system is needed to calculate the specifi
mounted components and used ratios which has to be adjusted to the load simulation valves.

b The maximum possible number of the defined containers shall be utilized depending on_the loading ap

ballapt mass tolerance is maximum 5 %.

¢ Iflifting device is fitted.

plication. The

pressure for

Table 3 — Working cycle during the vehicle standstill

Reference run

Compaction run

Compaction.and
lifting run

Lifting run

Disgcharge run

Rearfloaded RCVP

Run following

cycle: container

RCV models
Measurement Measurement Measurement Measurement Mefasurement
run 1 run 22 run 3 run 42 run 5
Run following Run following

Run following

cycld: one dis-

Side{loaded RCV

cycle: one cani~~ |emptying cycle |cycle: container |charge cycle
EN 1501-1 paction cycle and one compac- |emptying cycle |withput hopper
tion cycle clearjing
Run following
cycle: container Run following

tion cycle

emptying cycle cycld: one dis-
EN 1501-2 and one compac- charge cycle
tion cycle
Run following
Fronlkt-loaded RCV cycle: container Run following
emptying cycle cycld: one dis-
EN 1501-3 and one compac- charge cycle

a

b

thers

Hor vehicle§ in‘accordance with EN 1501-2 and EN 1501-3, measurement runs 2 and 4 shall not be performed because
is currently no way to separate the loading and compaction system components.

Vehicles with continuous compaction are always in operation during the complete vehicle standstill peripd.

The prescribed intervals stated in Table 4 shall be overcome in the energy-efficient driving mode in
accordance with the prescribed times. For rear-loaded RCVs in accordance with EN 1501-1, a compaction
cycle shall be fully completed during the vehicle standstill period. For front-loaded RCVs in accordance
with EN 1501-3, 50 % of the maximum path of the compaction plate shall be retracted and extended
during the vehicle standstill period.
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Table 4 — Time proportion of the test cycle according to RCV model

Time for RCV
Procedure S
EN 1501-1 EN 1501-2 EN 1501-3
Driving 20 m 10 10 10
Vehicle standstill period 25 15 100
Driving 40 m. 15 15 15
Vehicle standistill period 25 15 100
Total duratiagn of the test cycle 75 55 225
Number of test cycles per measurement run 48 66 16

Table 5 — Energy values from energy sources according to 2009/33/EC

Fuel Energy value Energy value
Diesel 36 MJ/1 10 kWh/I
Gasoline 32 MJ/1 8,9 kWh/I1

Nhtural gas 33 to 38 MJ/Nm3 9,2 kWh/Nm3 to 10,6 kWh/Nm3

Liqufid gas (LPG) 24 MJ/1 6,7 kWh/1
Ethanol 21 MJ/1 5,8 kWh/1
Biodiesel 33 MJ/1 9,2 kWh/I
Emulsion fuel 32 MJ/1 8,9 kWh/I

Hydrogen 11 MJ/Nm3 3,1 kWh/Nm3

© IS0 2022 - All rights reserved
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Annex A
(normative)

Sample data collection sheet for measuring energy consumption

Location:

Date

1 Vi

phicle data

[2)

1.1

Chassis

Mak

h

Mod

p]

Chas

sis number

Motd

r

Emis

sion standard

Outp

ut (kW)

Tran

smission

N

Man

Automatic N

\I}Xutomated

Manual

hal version

\\.Qb

Actiy

n&witchable

re auxiliary drive

e

No

xO

Engi

o

Yes

No

he dependent

o

Tran

Yes

No

smission dependent

o

Whe

|\

elbase

Tyre

Y
P %)

Whe

2

el formula

Part
brid

cularities, e.@ﬁ/e unit system; hy-

1.2

PN
Designé\/

Mak

! ‘«\Z*

Mod

31(0

Serial number

Design volumes

According to the EN 1501 series (others
have to be described)

Lifting device (make, model)

Serial number

Hydraulic system

e.g. single circuit or dual circuit system

NOTE The maximum time of each measurement run is limited to 60 min.
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Hydraulic pump(s)
e.g. constant pump, adjustable pump

Can be Unpressurised | Zero-point
Switchable switched off circulation conveying
Operating pressure, loading unit maximum
(kPa)
Hydraulic oil (ISO viscosity class according
to [SO 3448)
Description pfttredriveumitsystermr=de-
sign, e.g. altgrnative drive unit system, plug- q,
in, electrical|lifting device an/
2 Measurement conditions (measured parameter) 0 l’
Vehicle masq (kg) \bv
Vehicle masg, ballasted (kg) 9]
Tyre pressuile measured according to the O
manufacturgr’s specifications (kPa) ) c.)
Load simulation description (attach circuit O\
diagram) AQ
Load simulation pressure, measured on Q\) Compare with
loading unit|(kPa) N Table 2
Working speled bodywork AS\\)
Lifting devige working speed (min1) ,{Q‘o
Ballasting the refuse collection container, $ N Mass according to
measured fof the lifting device (kg) ‘\\® Table 2

~
Measuremer]t process, described as energy e
consumption \L\'
Details relatjng to the utilized load simula- ’\\Q\
tion componpnts ) C)
Environmental conditions -
Temperaturgs ,.O\
Start (\V °C
7 o

End \\% C
All additiondl non-stated spgs{ﬁ?ations shall be met according to the manufacturer’s specifications.

3 Measuring runs

Q}/
?‘

Fuel consumption

Energy consumption

Synthesized measu@nt circuits according to I1SO 24162:
= 1 kWh
Measuremer| téﬁ}.i (M1) Transport trip (reference run)
" ; ;
Measuremerntruair2 (WIZ) toadedtt 1p; Uu}y Trset=up mode

Measurement run 3 (M3)

Loaded trip, only in lifting mode

Measurement run 4 (M4)

mode

Loaded trip, set-up plus lifting

Measurement run 5 (M5)

Discharge

NOTE The maximum time of each measurement run is limited to 60 min.

10
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