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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

Estimates of operating costs for digital printing devices often include a calculation of energy
consumption. However, energy efficiency comparisons are currently impossible to make, as there is no
standard reference for their calculation.

[tis common industry practice to estimate energy usage based solely on the connected load of a machine.
This is not a very reliable method, however, as this means that, in many cases, the calculated values
(e.g. 70 % of the power consumption) do not reflect the actual usage of the machine and its energy

consumptlon[ 1. Actual energy consumptlon often dlffers SIgnlflcantly from the estimated values[8l.
h 5 mpared, since the

calc
equi
then
that

This
pres
print
such

Spec
mach

lations have not followed a common framework that takes 1nto account the influenceq
bment such as IR or UV dryers and measurement cycles. This document providesirequ
easurement of the parameters needed to estimate the energy efficiency (e.g. 1.000 A4 §
correspond to the actual energy consumption for a defined machine combination.

document specifies a method for the estimation of energy efficiency forrdigital product
ses, also known as professional digital printing presses. It is up to(the manufacturei
ing system to declare whether it is suitable for use as a digital production printing f
cases, this document is applicable.

fications to calculate the energy consumption of conventional sheet-fed and we
jines[2] and office equipmentlé] exist and are widely’AiSed. This document is th

applicable for the calculation of energy efficiency of conventional sheet-fed and web-fed of

mack

The

mack
print
does
cons
mair

iines, or for office equipment.

universal availability of accurate and verifiable'energy consumption data will ena
linery buyers, printers and their customers-to assess the energy efficiency of digita
ing presses. However, the user of this docuthent should understand that the effectiven
not dictate quality acceptance levels of the expected output that a customer may red
imption is an important part of all the output requirements and quality standards n
taining the quality and repeatabijlity-required by the print buyer. Energy efficiency can|

in various ways, such as the number'ef prints printed per kWh, or as the amount of energy

kWh

q

q

to produce a specific numbet.of prints. This information can be used to
1ssess the power consumption and energy efficiency of machines including peripheral

bstimate operatingcosts for investment planning,

enchmark energy’efficiency of digital production presses,

easure energy efficiency improvements of digital printing devices over time or fdq
rocess variations, and

rovide data to enable companies to claim environmental subsidies, when replacing
ith more energy efficient equipment.

f peripheral
rements for
heets/kWh)

ion printing
of a digital
ress and, in

b-fed offset
erefore, not
set printing

ple printing
production
bss of power
Juire. Power
ecessary for
be reported
required in

devices,

r dedicated

y equipment

This document defines how to calculate the electrical energy requirements and thus the energy
efficiency of digital printing devices.

When comparing the results obtained from this document, care should be taken that the devices being
compared were set up to produce the same print quality using comparable types of printing technology,
process and device configurations. This document may not be suitable for all devices, such as those
resulting from continuous developments. It is intended to be revised as the technology evolves.
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INTERNATIONAL STANDARD ISO 20690:2018(E)

Graphic technology — Determination of the operating
power consumption of digital printing devices

1 Scope

This document provides requirements and recommendations for measuring the electricity consumption
of snratt-formmatamd - wide-formmatdigitat production presses primting i differemt modes of pperation. It
is infended for use on equipment that has been declared by the manufacturer to be suitablg for use as a
digithl production printing press.

This|document provides a means to compare the energy efficiency figures according to fwo or more
characteristic machine combinations: Best Quality (BQ), Best Productivity (BR)or other combinations.

This|document is not suitable for determining the power consumption ofindividual device fomponents
such(as servos, fans, compressors, control boards and so on. It excludes digital presses designed to print
textiles intended for clothing or machines, which similarly depend on additional processe$ to produce
the printed product, such as ceramics.

2 Normative references

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

IEC 40204-1, Safety of machinery — Electrical-equipment of machines — Part 1: General requirements

3 Terms and definitions
For the purposes of this document,the following terms and definitions apply.
ISO gnd [EC maintain terminplogical databases for use in standardization at the following dddresses:

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

— IEC Electropediaj available at http://www.electropedia.org/

31
electrical energy
E
equiyalent to electrical energy converted to other forms of energy (power, light, heat) for t]lle operation

| EE aad Jdors
Ofm CImIC S arn OacviIteSs

Note 1 to entry: Electricity generated in this way is calculated using the following formula:
ty .
E =j Cu(e)xi(e)de
1

where u(t) and i(t) are the instantaneous values of voltage and current.

3.2
energy usage
power required for the operation of a given process over time

Note 1 to entry: Energy usage or electric energy consumption is typically measured in watt seconds, kilowatt-
hours or watt-hours; Symbol Ws, kWh or Wh.

© ISO 2018 - All rights reserved 1
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3.3

connected load

theoretically possible maximum power consumption of a machine, which can be expected when
components of the printing machine are running at maximum load

Note 1 to entry: The connected load is the power specified by the manufacturer and used to rate the electrical
power supply of the printing house (power rating, fuse rating, cable cross section). This ensures fail-safe
operation of the machine under any possible operating condition. Determination of the connected load value has
not been uniformly regulated so machine manufacturers handle it differently.

Note 2 to entry: The connected load should not be used to calculate a device’s actual power consumption. This is
always lower, and in most applications, it is significantly lower.

34
operational] power consumption
power consyimption of a machine in a defined operating condition (operational mode)

Note 1 to entfy: Active power, reactive power and apparent power are distinct operational power consumpfions.
Typical operdting modes are Sleep, Print Ready and Production (also known as active mode),

3.5
active power
P
power available for conversion into other types of power

Note 1 to entfy: Mechanical, thermal or chemical power. In general, the active power of a consumer in a petriodic
AC voltage syjstem can be determined with the formula

P:1/TJ. T ueyxi(e)de

where T is the desired period.
Note 2 to entty: standard unit: watt, kilowatt; symbol: W, kW.

3.6
reactive power

Q

power causgd by inductive, capacitive and non-sinusoidal consumers placing additional burdgn on
supply network

Note 1 to entfy: Standard unjt: ¥olt ampere reactive; Symbol: var, kvar.

3.7
apparent ppwer

geometric shmreflactive power, P, (3.5) and reactive power, Q, (3.6) and/or the product of the effeictive
values of voltage and current

Note 1 to entry: It can be calculated as follows:
S=Uefr ¥l eff

Note 2 to entry: With non-ohmic consumers, the apparent power is always higher than the active power. The
electrical connections ought to be sized analogously to the apparent power that can be transferred.

Note 3 to entry: Standard unit: volt ampere, Kilovolt-ampere; Symbol: VA, kVA.

2 © ISO 2018 - All rights reserved
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3.8

power meter

power analyser, which records voltages and currents as continuous values to determine power
parameters

Note 1 to entry: For example, active, apparent and/or reactive power by numerical integration.
Note 2 to entry: These are high precision devices designed for industrial use.

39

Sleep mode
periqd when printing machine is switched on, not printing and operating with lower power than that of
Prin{ Ready mode

Note|l to entry: A reduced power state that a printing device automatically enters after a sefperiod of inactivity.
Sleep mode permits operation of all product features (including maintenance of network connectivity), albeit
with p possible delay to transition into Print Ready or production mode.

3.10
Print Ready mode
perigd when printing machine is switched on with all assembled components (pre and posf processing
unitg) ready to print immediately

3.11
production mode
peridd when printing machine is printing live jobs

Note|l to entry: A production mode is characterized by a stable power consumption, when the printing machine
is pripting in a representative and typical fashion.

Note 2 to entry: The production mode is also known\as the steady production mode.

3.12
Raster Image Processor
RIP
devige or piece of software which converts coded character data and/or vector data into| a raster bit
stregm (bitmap)

[SOURCE: ISO 12637-2:2008,"2:115, modified]

3.13
machine combination
software, hardwape'and print media having a direct influence on the resulting print image jquality

EXANPLE BQ combination = device configuration (hardware) + substrate (media) + print modg¢ (software)

Note [l todentry: RIP (3.12) and print mode (3.17) settings are examples of machine combination.

h 4 L IAZL, 1 e 1 a1 i1 o DID q P FISON SN | R 1 : :
Note 2o ety vV e tie Settmgs e penaneaviry ofrtie it ana prtig tetnoro gy, tire raciti combination

can also be referred to as the digital printing combination.

3.14
device configuration
physical hardware equipment included in a given production line

3.15

basic device configuration

standard hardware equipment configuration as defined by the manufacturer, owner or user of the
device for the type of printed products or market that the press is being used

3.16
alternative device configuration
physical hardware configuration differing from the basic device configuration

© ISO 2018 - All rights reserved 3
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print mode

:2018(E)

collection of settings, that are used to control a given device configuration via software (RIP) to enable,
disable or otherwise affect the operation of that device

EXAMPLE

3.18
alternative

Using four colours on a machine capable of seven colours, varying the resolution, changing the
speed, enabling duplex printing.

print mode

collection of settings different to the print modes used for obtaining the Best Quality (BQ) or Best

Productivity

3.19

imposition
fitting of th
length with

3.20

imposition
ratio betwse
length pape]

Note 1 to en
printed on la

3.21
copies
number of g

EXAMPLE
the test form

3.22
consistency
method for
the results

EXAMPLE
2A/A+B < 1,0

3.23
image qual
IQ adjustm

modificatiops made.during printing to ensure print image quality that forces the printing systg

pause prody

Note 1 to ent

(RD) (‘nm]’\inafinnc’ andused for (‘]pfining additional combinations

e maximal number of test images (with no change to size) into the screenjsheet or
put overlapping

rate
en the area of the imposed test images and the total area of the screen, sheet or
r

[ry: In this document, the imposition rate is used to calculate\the equivalent A4 or Letter
Fger paper formats, regardless of the original image size.

iven test forms printed on a substrate, regardléss of being printed simplex or duplex

100 copies = 100 test forms printed on 100 sheets (simplex) or 50 sheets (duplex) or 100 ima
imposed on the given substrate.

r check
determining the stability and validity of two sequential measurements before aver:

5% consistency is satisfied when the first result value A and the second result value B meet
5, where result value-means reporting value (e.g. XX pages/kWh for Energy Efficiency).

ity adjustmeént
ent

ctionfor a short period of time

unit

unit

bages

bes of

1ging

95 <

m to

F'y-IJmage quality (IQ) adjustments depend on many parameters, such as test form area covera

ge or

required quality level.

Note 2 to entry: Some printing devices will make image quality (IQ) adjustments during printing to ensure print

quality, wher

3.24

e the devices continue moving without delivering any printouts.

energy efficiency
ratio or other quantitative relationship between an output of performance, service, goods or energy,
and an input of energy

EXAMPLE

[SOURCE: IS

The energy efficiency of a digital press is reported in m2/kWh for large format systems or
numbers of A4 pages per kWh.

050001:2011, 3.5.3, modified]

© ISO 2018 - All rights reserved
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3.25
tonal coverage
cumulative colorant percentage

EXAMPLE

defined by the tone value <data> as defined in 1SO 12647-1[1],

A full sheet of 100 % deep black in CMYK has a tonal coverage = 400. The colorant coverage is

Note 1 to entry: Typical coverages based on one colour plane are: Light - 1 % to 9 %, Medium - 10 % to 35 %,
Heavy - 36 % above.

[SOURCE: X]DF-Specification-2.0 Draft 2017-05-11]

4

4.1

How
such
seled

dryi

General conditions

Condition, age and machine combination

much power a digital printing device and peripheral devices consume is-subject to man
as the selected print mode, equipment characteristics and their condition, ambient
ted print speed, additional machine settings and the printing substrates used, esp
g requirements.

The ¢perational climate should comply with the following condjtigns, and the actual condit

doc

Mea
mea

powsg

1,60
The

conf

Pro

ented.
Temperature: 20 °C to 25 °C

Relative air humidity: 45 % to 60 %

gurement of the operational climate parameters shall be made for the period of pr
ured for at least three times throughout the print run, including at the start and at th
br measurement at a distance of 1 m tosthe front side of the sheet feeder or roller unit, 4
m above floor level.

q

manufacturer, owner or user of-a printing system shall determine a basic or stan
guration that can be used for testing. Where possible, two printing modes Best Qual
ctivity shall be identified:\Where this is not possible, a single mode shall be used BQ

purppose of this test, these print modes shall be used for printing and measuring to reflect th
on ity power consumption and energy efficiency data. Combining the selected device config
the chosen print mode-and substrate results in the following machine combinations.

NOTE 1

est Quality-combination: The manufacturer, owner or user of a printing system s
evice configlration, print mode and substrate for achieving the best possible saleable
11 colorants of the system shall be used.

est Productivity combination: The manufacturer, owner or user of a printing syst
hé-same device configuration as used in the Best Quality combination, with a prin

y influences
conditions,
ecially their

ons shall be

inting to be
e end of the
it a height of

dard device
ity and Best
/BP. For the
bir influence
iration with

hall select a
rint quality.

bm shall use
t mode and

substrate forachieving the highest possible sateable productivity:

Best Quality/Best Productivity combination: Where the differentiation between a Best Quality

and a Best Productivity combination cannot be made, the manufacturer, owner or user

of a printing

system shall use a device configuration with a print mode and substrate for achieving the typical

compromise between Best Quality and Best Productivity.

Supplemental combination: Using the same device configuration, alternative print modes are

allowed (e.g. monochrome printing of a colour test page on a colour device, printing with

four colours

on a device capable of seven colours, changing the print resolution, etc.) and shall be reported as a

Supplemental combination, and labelled such as not to be confused with the mandatory
or Best Productivity combinations.

combination, and is intended to be tested in both BQ and BP, or a BQ/BP combination.

© ISO 2018 - All rights reserved
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The absolute colour accuracy shall be measured and reported by using a control strip according to
ISO 12647-8:2012, 5.2[4] for all combinations. All patches of the control wedge need to be measured and
reported, (see A.3). Compliance to 12647-8l4] is not required.

NOTE 2  The colour accuracy is tested in order to ensure that a minimum level of print image quality is
achieved, and is not intended as a full test of colour accuracy.

NOTE3  Colour accuracy of monochrome printers is evaluated using a monochrome test page. Such a test pagel9]
can be created following the principles of ISO 15930 (PDF/X) and using a monochrome (Gray) output intent.

Electrophotographic processes have significantly fewer parameters affecting energy efficiency
compared to _inkjet printing. However, printing systems are available that allow for a change in print

image quali v for
a meaningfy

'y, e.g. by adding a further colorant. If the printing press to be evaluated does not alo
| separation between Best Quality and Best Productivity, one machine combinationm

used. This npachine combination shall be labelled Best Quality/Best Productivity (BQ/BP).

All equipme

Alternative
and output
enhanceme

nt needed to produce printed sheets shall be included in the assessment.

device configurations may include additional pre-handling or post-handling, or
enhancement equipment (e.g. sheeting, folding, binding, additional colours, subs
t or manipulation), under the condition that the additional equipment is built-in as

of the prodyction line (in-line). Any alternative device configurations shallybe seen and reported
different deyice configuration and tested in both a Best Quality and Best Productivity combinati
defined by the user of this document.

4.2 Connpection conditions

Digital printing systems incorporating pre-processing and-post-processing units, shall use 1-f

hy be

print
trate
part
asa
bn as

hase

or 3-phase ¢onnection, 50 Hz to 60 Hz and 100 V to 650-V. The power supply quality and the voltage
tolerance shiall comply with IEC 60204-1 or equivalent

Measuremehts shall be performed on all outlets™used by the printing system. Typical conneftion
points are:

— main prjinting unit (main switch cabinet);

— paper fgeder of the press;

— paper dglivery unit;

— external cooling units that'can be directly attributed to the printing system;

— digital firont end (RIR};

— viewing cabinet:

All units that dre required for printing but that can’t be attributed directly to the printing presq (e.g.
a centralized pressure, air conditioning or cooling system) shall be estimated using averaged pbwer

consumption values provided by the manufacturer. The method used and the results shall be reported.

For units which can be directly attributed but for which power consumption varies with outside
temperatures, the actual temperature shall be reported. The average annual energy consumption based
on an average temperature of 10 °C and 20 °C should also be reported.

EXAMPLE A chiller or air conditioning unit, mounted on the roof of a printing site, might be connected
directly or indirectly to a press, but its power consumption relies on the outside temperature. While for
an outside temperature of about 30 °C, with the device constantly in operation, it might run only a fraction
of that time during outside temperatures of about 10 °C or less. In order to account for this effect, the power
consumption can be estimated for two temperatures that provide orientation for different (cooler or warmer)
ambient. To accomplish this, one would conduct power measurements or deduce the power measurement based
on manufacturer data sheet provided for the temperatures around 10°C and 20°C. When performing power
measurements, the recommended measurement time is at least 1 h.
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4.3 Printing conditions and operational modes

4.3.1 General

The printing conditions, including the substrate used, shall be based on the machine’s best quality and
highest productivity modes, and may also cover additional machine operational modes. All modes shall
be documented in conformance with Annex A.

For printing, an unscaled 1 page PDF test form shall be used. The test form shall contain technical and
pictorial elements, with an area coverage up to 40 % per channel, calculated by using tone value data
as defined in ISO 12647-1[1]. A colour wedge for conducting the absolute colour accuracy test according

to IS
sugg
2016
be in
picty
two-
page

NOTH
area

Larg
to ac
used
unan
total

Fors
can |
even
repo

For |

extended sufficiently to ensure that the average energy used is not significantly influe

ener

The |
averj
repo
4.3.2

4.3.2

D 12647-8:2012, 5.214] shall be used. The used colour wedge shall be part of the PDE+t¢
ested to use recognized test forms, such as the Fogra test files (2016_ISO20690_LTR]|
_1S020690A4 _Testfile.pdf, 2016_1S020690A3 _Testfile.pdf)[2]. The PDF file for the tes
A4, Letter or A3 format. The test form used shall be documented by means of an’icon
re alongside the measurement data sheet. Two-sided printing (duplex) may also be
cided printing is used, the same image shall be printed on both sides of\the sheet, and
5 shall be included in the calculation of printed area or number of copies:

The Fogra test charts reflect typical graphic arts use cases and‘therefore, have signi
foverage than typical direct mail applications.

e format presses are defined as those designed for A2 media‘and larger, including thg
rommodate continuous-form media greater than or equakto 406 mm wide. Duplex prir
by means of the optional machine combinations, andithe reporting of such shall cov
hbiguous manner. For large format presses, the pages shall be imposed to fill at least
available substrate width. The imposition rate shall be taken into consideration (see 4

mall and large format printing, unless it cantbe reliably demonstrated that the consistg

e met in a shorter time, the continuous printing measurement time shall be at least 3
L, the measurement time shall not be less than 1 min, and the actual measurement t
Fted.

brinting systems where no printing has started within 5 min, the measurement ti

by consumed during the start-up period.

print modes describedin this clause shall be identified for the printing system to be teg
hge power consumption for all supported non-printing operational modes shall be m
Fted.

Measurements required for energy efficiency

.1 , General

The

hverage energv consumed during nrinting of nages (e.g_number of A4 pages for 1 k\
[=] OoJ oI O r— O \Y [=] r O

st form. It is
' Testfile.pdf,
t form shall
r miniature
used. When
the printed

icantly more

se designed
iting may be
er this in an
66 % of the
.6).

PnCy criteria
min. In any
me shall be

Ime shall be
nced by the

ted, and the
pasured and

\Vh) shall be

measured and reported. The actual measurement time used for the energy efficiency calculations shall
be reported. Where image adjustment procedures take place during the measurement cycle, they shall
be included in the evaluation and reported.

4.3.2.2 Print Production (Best Quality)

Printing mode recommended by the manufacturer, owner or user for use when highest quality printing
is required.

4.3.2.3 Print Production (Best Productivity)

Printing mode recommended by the manufacturer, owner or user for use when acceptable print quality
is required at high speed.

© ISO 2018 - All rights reserved
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4.3.3 Measurements required for power consumption

4.3.3.1 General

The average power (kW) consumed in the following modes shall be measured and reported. If a mode

is not suppo

rted by the press, it shall be indicated in the report.

4.3.3.2 Off

The printer

is connected to the power supply but is switched off.

In some cas
used in this

4.3.3.3 Pq
The printer

For many uf

4.3.34 SI

A low-powe
a possible d

This mode i
not being ug

4.4 Meas

The power 1

s, power is used even when the printer is switched off, for example for a heater. The,p
mode may be significant in cases where the printer is switched off overnight.

int Ready
is ready to print but printing has not yet been started.

ers, the printer may spend a significant proportion of its time in thissmode.

pep

- mode where the printer can initiate printing corresponding to print requests, albeit
lay.

5 measured so that users will know whether it is important to turn the printer off whel
ed for a long time.

uring conditions

heters shall fulfil the following requigenients listed in Table 1.

Table 1 — Requirements for the power meters

Ty

ype:

Power line analyser with data logging capability

Measurement parameters:

Voltage, current

A

Ccuracy: +3 0[10]

The measuf
shall be rep
(W). The acf

The interna
higher. The

ement device type and model shall be documented. Valid test or calibration certifi
orted. The power meter shall measure voltage and current to compute the active p
ive power shall not be calculated by tabulated power factors or power consumption v3

sampling rate of the measuring device for the current and voltage values shall be 5 k
recording frequency shall be one second or less, and the power consumption over time

be reported

pwer

with

N it is

rates
pwer
lues.

Hz or
shall

NOTE

A threshold of 5 kHz is commonly used in the industry since the bandwidth captures deviation from

non-sinusoidal waveforms. 5 kHz is a common international practice for this purpose. The requirements in

Table 1 to me

asure voltage and current are to ensure that hand-held power clamp meters are not used.

4.5 Measurement cycle

Connect the measurement device(s). Assure that machine is maintained according to the manufacturer’s
recommendation. The measurement cycle shall be conducted for machine combinations Best Quality
and Best Productivity as follows:

1) Startrecording (of all units).

2) After 5 min, switch on the printing press.

8
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3)

4)
5)
6)
7)
8)
9)
10)

11)

12) Bring the press in Sleep mode and retain there for circa’5 min.

13)

14)

The
termled production mode.

IS0 20690:2018(E)

Setup the printing job for a machine combination (Best Quality, Best Productivity, Best Quality/Best

Productivity or Supplemental).

Bring the press in Print Ready mode and retain there for circa 5 min.
Print test job for requested machine combination (ca. 5 min).

Bring the press in Print Ready mode and retain there for circa 5 min.

Reprint the print job one more time (ca. 5 min).

Calculate the energy efficiency (see 4.6) of the two print jobs and compare the two results.

If the two energy efficiency values satisfy < 5 % consistency, then proceed to 11).

If they fail, proceed to 6), ensure that the press is in Print Ready mode and_print th
gdnd compare the 2nd and 3rd results for satisfying the 5 % consistency. Gentinue td

e job again,
repeat this

gequence until the 5 % consistency is met, and then use the last two valuesfor averaging, ignoring

the previous values. It is recommended that the sequence 6) to 10) shouldbe repeated
f five times, but the actual number of repetitions shall be left up(to the tester. Hoy

tlester, the procedure shall be stopped and it shall be recorded-that energy values af
enough to obtain accurate results.

If another machine combination is to be tested, proceed te'3) (see B.4).

Turn press off and retain there for minimum of 5\min.
$top recording.

measurement cycle is also illustrated in-Figure 1, where the pertinent machine comb

a maximum
wever, if the

¢onsistency check has not been met after the maximum number of¥epetitions determined by the

e not stable

inations are
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1) Start recording = 8) Calculate energy efficiency
" of two jobs
(5 min)
A\ 4
2
) Switch on press 9)
- l\l Value satisfy 5%
| consistency?
=
\ 4 | =)
R et up print job I S
I BQ RP BRQ/RBP or SIIP 1 §
15
| |2 11) ¢
| A4 I B Test another
4) Bring press to | 5 production mode? ]
I Print Ready I »;; I
| g
(ca. 5 min) I 2 N I
I v 12 I
5) 1 £ 12)
| Print test job =) Bring préss.to I
(ca. 5 min) 1 ; Sleep.fhode
I Iz . I
! 2 (5 min)
I v - v |
6 i I = 13
: ) ot Ready “---r- ) Turn press off |
I (ca. 5 min) (5 min) I
I \ 4 A\ 4
I ") Repeat print job 4 Stop recording I
(ca. 5 min) I

Figure }~—~"Measurement cycle flowchart

This recording allows deducing.the power consumption for Off, Sleep, Print Ready and mag¢hine
combinatiors (see 4.6). For additional information, see Annex B. A time stamp shall be noted for each step
to identify sftart and end time“stamps for pertinent production and non-production modes. Average the
power consymption results of the identifiable Off, Print Ready and Sleep modes and report. Average the
energy efficlency results for the 2 runs that satisfy the 5 % consistency of each combination and repprt.

The print prjoduction measurement starts (time stamped) while the printer is in Print Ready mod¢ and
the print jol is’started. On some production printers, there may be a short power surge at the beginjning
of the print jab/as shown in Figure 2 For this document, it is accepted that this surge data_if it ekists,
shall be included in the energy efficiency calculation. For those wanting to additionally exclude the
initial power surge from the calculation, there are several methods, one of which is described in B.2.2
and the results shall be documented in addition to the normative requirements of this document if used.

However, one should understand that Figure 2 is a simplified drawing for explanation, and that during
the print production, there may be several peaks, valleys and surges taking place as a result of various
processes like image optimization, fuser energy fluctuations, fans/blowers for drying the ink, et cetera.
The 5 % consistency check is made to ensure that the two consecutive test runs are similar, and that
nothing atypical is taking place in one of those print runs to falsify the averaging.
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1
Key
X ime, t 5 Print Ready ‘\\
Y iower, w 6 BQ2nd §§
1 ff 7 PrintQ y
2 dtartup 8 BQ\%{] run
3 Print Ready 9 p
4 BQ1strun 201 Off
a Lheck 1st and 2nd run for 5 % consistency. If fai}, e 3rd run.
b [ontinue making additional runs comparing pré}l'ous with current until 5 % consistency check i§ met.
xO

Figure 2 — EX{\@Ie of test flow for one combination

All measurement points stated i ‘shall be measured at the same time with one or more nmeasurement
deviges. If the machine or the ipheral devices are connected via transformers in order tjo obtain the
connection parameters, the Eeﬁpective power loss shall be included in the value measured| at the main
swit¢h cabinet or the vall@)f the respective peripheral device.

N\
4.6 Calculation@ documentation of measurement results

Base(d on the ded power consumption as defined in 4.5, the operational modes shall He identified.
If an|operatiohal mode is not supported by the printing press to be tested, this mode shall pe excluded.
More in/fﬁ tion can be found in Annex B. Finding the exact start and end times for each{operational

e done by a graphical evaluation or by using the recorded time stamps. Av¢rage power

modeﬁ
consbmption can be calculated hy Hividing the infngrn] power value of each maode hy the time spent

in that mode. For the supported and measured non-printing modes (Off, Sleep and Print Ready), the
average of the power consumption shall be calculated. Since there is no printed output, there are no
energy efficiency figures (only power consumption values) and so, the average power consumption
shall be reported for these modes.

Based on the actual printed area (number of pages or area in m2) and the consumed energy over the
identified time period, the energy efficiency for the used production modes shall be calculated. For the
repeated print job, the calculated power consumption data shall be averaged. The data shall then be
scaled to the pertinent reference unit. The reference unit for produced printed matter (functional unit)
is m2 for large format printing systems including the imposition rate, and for small-format production
presses, the number of A4 or letter sheets.

© ISO 2018 - All rights reserved 11
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The reporting for each printing press shall contain the energy efficiency (defined in m2/kWh for large
format systems or numbers of A4 pages/kWh) for best quality and highest productivity machine
combinations. Depending on the productivity, either 1 or 1 000 A4, A3, Letter pages (or equivalent m2)
should be used for reporting.

The measurement results shall be documented together with the machine combination, the
measurement conditions and the selected process parameters in accordance with the format outlined
in the measurement data sheet in Annex A.

Additional machine combinations (alternative device configurations) may be tested and reported
additionally. In this case, the same reporting model shall be used.

Although thle reference unit for produced printed matter on large format printing systems is m3|with
reference tg the imposition rate, it is recommended that an A4 or Letter equivalent numbershould be
shown in parenthesis. (Output area x imposition rate)/(A4 or Letter) area = an approximate equivplent
of A4 or Letter pages.

EXAMPLE Output area 15 m2 with an imposition rate 80 %, the equivalent A4 page_number woulld be
192, (15 m2 x 0,80 = 12 m2/0,062 37 [A4 area] = 192,4). The equivalent Letter page-number would bg 199,
(15m2 x 0,80 = 12 m2/0,060 32 [Letter area] = 198,94).
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Annex A
(normative)

Measurement data sheet

General

Base
secti
figun
desc
mod
to en|
then

A.2

A.2.

The

cons
print
calcy
The1

The {

d on the requirements defined in the main body, a report shall comprise three sectio
pn is intended to provide a summary of the measured power consumption angd, ‘energ
es that can be provided in a data sheet, or to compare different pressesc-THe sed
ribes basic information about the device configuration, machine combinations for each
e, and test equipment that was used. The third section provides additiodal details that
sure a better understanding of how the test results were obtained and should be suffic
to be repeated by someone else.

Reporting power consumption and energy efficiency figures (first s¢

| General

energy efficiency for the used production modes shall be reported in a table. The av{
imption values shall be added in the same table for the production modes and thg
ing modes. The highest possible precision .0f measured values and the result of i
lation shall be maintained, but for practical-purposes, may be documented with low
eported energy efficiency and power consumption data shall be rounded to two signifi

able shall contain the following main‘data:

[(
q

q

A.2.]

|

average pow€r-consumption;

anufacturer;
inter model name;
est form name used and tonal coverage;

olour (number of process colorants);

bnergy efficiency.

A

Reporting (first section) examples

ns. The first
ry efficiency
ond section
production
are needed
jent to allow

rction)

brage power
tested non
htermediate
br precision.
rant figures.

The following report examples in Tables A.1 to A.3 are provided as an informative template for use in
creating reports of this document.

Table A.1 — Example of power consumption and energy efficiency reporting

on a toner based light production printer

Manufacturer Printer Test form (tonal coverage) | Colour
Gutenprint Runnerl Fogra A3 (119 %) 4C
Average power consumption Energy efficiency (A4/kWh)
Print
Ready Sleep Off BQ BP SUP BQ BP SUP
780 W N.A. 45W 2000w | 1500W N.A. 1500 2500 N.A.
© ISO 2018 - All rights reserved 13
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Table A.2 — Example of power consumption and energy efficiency reporting
on a high speed continuous feed inkjet printer

Manufacturer Printer Test form (tonal coverage) | Colour
Heideltal Speed?2 Fogra A3 (TBD %) Mono
Average power consumption Energy efficiency (A4/kWh)
Print
Ready Sleep Ooff BQ/BP SUP BQ/BP SUP
2200w 200w 50W 18 kW N.A. 3000 N.A.

Table A.3 — Example of power consumption and energy efficiency reporting
on a wide-format signage printer

Manufacturer Printer Test form (tonal coveragé;)." Colour
XXXXL SignRunner1 Fogra A3 (119 %) 4C
Average power consumption Energy efficié]l\,e} (m2/kWh)
Print b
Ready Sleep Off BQ/BP SUP BQ/BP SuU
200w 25W 1,0 W 1200W N.A. 9,0 N.A.

A.3 Main part of report (second section)

A.3.1 General

The main section shall comprise the following information:

— total opgrational hours as provided by the manufa¢turer;

— climatiq conditions (relative humidity and téemperature) during testing;
— year of manufacture;

— attached pre and post processing units.

Regarding the required machine combinations, the main section shall identify one of the three optjions.
— Best Quplity and Best Productivity (2 combinations),

— Best Quplity/Best Productivity (1 single representative combination), and
— Supplemental combination (may accompany the upper options).

For each combination, a description shall be added that allows for an easy understanding of the jused
combination.Here, the device configuration, the used substrate, and the software settings should be
briefly sumnrarized—Foreach combimation, it stratt-be oted—if one—(simptexjor two-sided(duplex)
printing was used.

Regarding the non-printing operational modes (Off, Print Ready and Sleep), the main section shall list
the mode(s), for which a clear operating instruction is available. When this instruction is available, the
operational mode shall be evaluated and reported by means of the average power consumption. The
instruction shall be added to the report.

With respect to the used test form, the report shall list the name, the total area coverage, and the format
of the used test form. For large format printing, as defined in this document, the imposition rate shall
be listed.

The colour accuracy shall be reported for the OK-print by listing the ISO 12647-8[4] criteria namely,
maximum and average CIELAB colour difference of all patches of the control wedge, maximum hue
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distribution AH for CMYRGB and average ACh for composed grey patches. For monochrome printing
conditions, the AH should be omitted.

The style of the main section is not further defined to allow flexible interpretation.

Table A.4 provides an example table of how to structure and present the required information.

A.3.2 Main section reporting example

Table A.4 — Main section

Operating power consumpton of digital printing devices per ISO 20690: Main Section
\4
O
manufpcturer Gutenprint Maximum paper format A3
printerf model name Senefelder year of manufacture 201d
print njethod (EP/IJ) Inkjet operational hours 2000p
Procegs colours 4 (CMYK) Digital front end (RIP) Rainbow V/1.41
power bource: phase (1/3), Hz, voltage 3 Phase, 50 Hz, 380 - 400 V Attached pre and post processing units Feeder XX, foller YY
Connection points (together covering all units required@printing)
main printing ) paper delivery digital front Viewing Furtheg@yits ] ] External units
unit paper feeder unit unit end station (coprpressor | not directly attributed to the | directly atfributed to the printing
(RIP) ete) printing system system, but depending on
Preseft X X X X
Conngction
Machine combination/configuration (device + s rate + print mode) + test form
Device configuration ‘\Péger Print mode Test form
\ External Units bstrat - test f tonal /
simplex/ Additional that can't be v §rae " . |mag|r.\g Further es <.Jrn(o.n.a coverage
B process colorants ) (size, Quality setting resolution . . inpposition rate)
duplex equipment attributed ) ) information
. weight) [dpi]
directly.
) won Pap (A3, S
Best Quality 150g/m?) High 1200
Simplex None 4 (CMYK), No Fogra A3 (119 % / 100%)
" - Fast paper N .
Best Productivity’ (A3, 80 g/m?) Speed 600
"BQ/BP" N. A.
Fiberplus (A4,
Suppldmental ("BQ/BP") Duplex | BifiderX [Monochrome|  No ' f;”g‘l’;f) "Speed" 600 Fogra 4 (98% / 100%)
C\U Supported non printing modes
Off Print Ready Sleep
Yes Yes Yes
()\) Measurement device(s) used
Model Type Manufacturer Age tept/calibration
Device 1 Modell: C.A 8332 Power quality analyser Chauvin Arnoux 3 2017
Device 2 N.A.
y: V‘\ Colour accuracy (no compliance necessary - for information only)
Paper AE Mean AE Max AE | AH Primaries ACh composed grey Comments
'Best/Quality" 2,5 1,9 8,5 2,4 1,5
"Best Productivity" 57 3,5 12,5 3,2 2,4
"BQ/BP" N.A.
Supplemental 1,3 0,9 6,5 omitted 2,9
Ambient conditions
Temperature 22°C | Relative Humidity 35%
External units used
wherein External At actual outside temperature ( XX °C) Estimated value at 10 °C Estimated value at 20°C
Average W
units that are required for printing but can't be attributed directly to the estimated power consumption method used for estimation
e.g. centralized pressure unit

© ISO 2018 - All rights reserved
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A.4 Additional reporting information (third section)

The third section is for documenting additional detailed information about the test, or test configuration
felt to be relevant for a better understanding of the test itself. As this is quite dependent on the
tester/testing company or the device being tested, no attempts are made to suggest a structure for this
section.

The list below provides an idea about what types of information might be contained in this section.
Basically, it could contain just about anything that might be beneficial for the customer to understand
the results of the test, providing information that will aid in repeating the test at a later date or
suggestions on how to improve the document in a future revision.

16

Explang

Atestfl
by a tab

Details
Additio
Actual t

Time in

tion/diagrams/photos of the configuration.

bw representing the used measurement cycle (see Figures 1 and 2). It should be accompdnied

le that lists start and stop times for all operational modes used.

hbout the mounting of the measuring equipment.

hal details about device configurations or the combinations tested;

est data results

fervals (actual measurement time) used for energy efficiency calculations.

Problenmis encountered that could indicate that the results of the test are to be taken with caytion,
ber stability problems or the number of times thatthe 5 % consistency check was inade

e.g. pov
before ¢

Suggest

onsistency could be confirmed.

ions for future tests or improvement of the document in future reviews.
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Annex B
(informative)

Operating power consumption measurement procedures for

digital printing devices

B.1

The
Print
deviq

The 1
recoj
befol
repo

For
reley

Pows

The {

and be reported.

In ca
to be
shou

General procedures

following procedures are based on such typical modes of digital printing devices a
Ready, and the print production modes Best Quality and Best Productivity-Some dig
es may not implement all designated modes. In such a case, only existing-nmedes shoul

hinit under test (UUT) should be acclimated to room temperature aceording to the ma

e the commencement of power measurement test. The durationtof'acclimation time (h
Fted.

bower measurement, test duration time, as well as¢power sampling, time is s
ant modes.

br measurements of Best Quality and Best Productivity should be repeated twice respq

est file used should be suitable for printing on\the output paper size, without scaling

se of large-format printing devices, A4Letter or A3 test images should be imposed on
printed out. The ratio of image area-against large-format output area, namely imp
Ild be reported aside production measures (power consumption, productivity, energy ¢

Int
inte

lowef precision. The reportédjenergy efficiency and power consumption data shall be rou
significant figures.

NOTH
inhen

B.2

e following measurements, the highest possible precision of measured values and t
ediate calculation shall"be maintained, but for practical purposes, may be docurn

Imposition fate is a part of testing condition, which is determined by layout of test imagg
ent parameter.attributable to the UUT.

Powermeasurement of print production mode

s Off, Sleep,
ital printing
1 be tested.

nufacturers’

nmendations. In case no information is available, UUT should be_dé¢limated for one hjour or more

r) should be

becified for

ctively.

pr cropping,

arge format
psition rate,
fficiencies).

he result of
hented with
nded to two

s and not the

B.2.

| CJob definition for print production

For small and large format printing, unless it can be reliably demonstrated that the consistency

criteria can be met in a shorter time, the continuous printing measurement time should be at least
5 min. In any event, the measurement time should not be less than 1 min.

print setting BQ/BP may be used.

Print setting should be selected according to Best Quality (BQ) mode and Best Productivity (BP) mode.

In case of digital printing devices whose BQ or BP distinction is difficult, a single representative

As a single representative print setting BQ/BP, default setting (i.e. as shipped) is recommended.

In case any other setting should be used different from default setting, the difference should be
reported.

© ISO

2018 - All rights reserved
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— Supplemental combinations are allowed (in particular for print service providers that are interested
in specific process variations, such as drying). The Supplemental combinations are handled
(measurement, evaluation and reporting) in the same manner as described for BQ and BP.

— In case image adjustment procedures take place during the measurement cycle, they should be part
of the evaluation and reported.

B.2.2 Power measurement for print production mode

1) Conduct minimum-job dummy print to let UUT enter Ready mode.

arint ioh +0 TTTIT 390 Daadyy yandn and ctart vwacnrding ivan (W) A d anarayg ALY it
2) Send a printjeb-teHBUT-inReadymodeand startrecordingtime thr)and-ener ey (Whuntl the

final trgiling edge of the total output has reached the goal, namely the last page print time (EBPT).

3) Calculate the average power (W1) using energy (Wh) and corresponding time At (hr) betweeh the
first page print time (FPPT) and the last page print time (LPPT).

4) Calculate continuous print productivity (P1) using number of output pages (Ny).¢orrespondipg to
At of 3).

5) Calculate energy efficiency (E1: unit is A4 pages/kWh) from the energy (Wh) and number of ofitput
pages (IN1) corresponding to At of 3).

6) IfUUT ip still in Print Ready mode, then repeat 2) to 5) one moretime.
7) Comparje the two results of energy efficiency.
8) Ifthe two energy efficiency values satisfy < 5 % consistency, then proceed to 12).

9) Ifthey fpil to satisfy 5 % consistency and UUT is stillinl Print Ready mode, then repeat 2) to 5|) one
more time.

10) If the re¢sults of the second and the third tests*satisfy 5 % consistency, adopt the second and the
third tept results for the calculation of 12).The first test results should not be used in the following
calculatjions.

11) If the rejsults of the second and the third tests fail to satisfy 5 % consistency and UUT is still in Print
Ready mode, repeat 2) to 5) and-7)to 9) one more time to get the third and the fourth test results.
It is recommended to continue'to repeat this procedure for a maximum of five times or unt|l the
last twg test results satisfy.5/% consistency, which should be adopted for the calculation of 12).
Howevdr, the tester should-decide the maximum repetitions that the consistency check can fail,
before stopping the procedure and recording that the energy values are not stable enough to optain
accuratg results.

12) Averaging twaq results, production power (W), continuous printing productivity (P) and ernergy
efficiency (E);should be determined.

13) Repeat [LJt0 12) corresponding to Best Quality and Best Productivity combinations. In case|both
combinations exist, two test suites 1) to 7) are required for each combination.

14) In case only a single mode (default setting) exists, one test run 1) to 12) is required.

If you are not sure that UUT is in Print Ready mode, then start the sequences described in 6), 9) and 11)
from 1) with a dummy print job.

B.3 Power measurement for print waiting modes

B.3.1 Power measurement of Off mode

a) Start power measurement in Off mode and record E (Wh) and t (hr) for 5 min.
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