INTERNATIONAL ISO/IEC
STANDARD 30134-2

First edition
2016-04-15

Information technology — Data
centres — Key performance
indicators —

Part 2:
Power usage effectiveness (PUE)

Technologies de l'information — Centres de données — Ifpdicateurs de
performance clés <

Partie 2: Efficacité dans l'utilisation de la puissance (PUFE)

Reference number

ISO/IEC 30134-2:2016(E)
e ° ©ISO/IEC 2016



https://iecnorm.com/api/?name=21cd450668f5620c40d74f1f80ffeaf4

ISO/IEC 30134-2:2016(E)

COPYRIGHT PROTECTED DOCUMENT

© ISO/IEC 2016, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

www.iso.org

ii © ISO/IEC 2016 - All rights reserved


https://iecnorm.com/api/?name=21cd450668f5620c40d74f1f80ffeaf4

ISO/IEC 30134-2:2016(E)

Contents Page
FFOT@WOTM ........ooccccceeeesse e85 5588585555555 iv
IIMETOUICEIONL. ..ot 8885 v
1 S0P ... 1
2 NOTINATIVE FEEETE@IICES ............ooooiooeee st 1
3 Terms, definitions, abbreviated terms and SYMbOIS................ i, 1

3.1 Terms and definitions ...

2 Abbraviatad farmc

33 Symbols...............

Applicable areas of the data centre

Determination of power usage effectiveness (PUE) ............gesn Mo

Measurement of power usage effectiveness ... Bt

6.1 Measuring energy consumption .................
6.1.1  General....
6.1.2  Measurement period and frequency......

6.2.1 General. ...

6.2.4  Category 3 (PUE3) — Advancedresolution...

6.2.5 Measurement placement ... 3.

7 Reporting of power usage effectiveness. ...
7.1 ReqQUIrements ... S i

7.1.2  Example of reportinng PUE values
7.1.3  Data for publicreporting of PUE.......
7.2 Recommendations..... 5 s
7.2.1  Use of PUEcategory ...
7.2.2  Trend(tracking data

Anndx A (normative) En€rgy measurements...............on,

6.1.3  Meter and measurement requirements........ .
6.2 Categories of power usage effectiveness............. G

6.2.2  Category 1 (PUE1) — Basic resolutiof.)..........
6.2.3  Category 2 (PUE,) — IntermediateTesolution.....

7.1.1  Standard construct for communicating PUE data..........cccocincee

Anndx B (normative)-€alculation of PUE using various energy supplies ...

Anngx C (normativie) PUE derivatives................cs

Anndx D (inferthative) Interpretation of PUE and its derivatives

L33 10] UT 0 a5 ) £

© ISO/IEC 2016 - All rights reserved

iii


https://iecnorm.com/api/?name=21cd450668f5620c40d74f1f80ffeaf4

ISO/IEC 30

134-2:2016(E)

Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,
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Introduction

-2:2016(E)

The global economy is now reliant on information and communication technologies and the associated
generation, transmission, dissemination, computation and storage of digital data. All markets have
experienced exponential growth in that data, for social, educational and business sectors and, while the
internet backbone carries the traffic there are a wide variety of data centres at nodes and hubs within
both private enterprise and shared/collocation facilities.

The historical data generation growth rate exceeds the capacity growth rate of the information and
communications technology hardware and, with less than half (in 2014) of the world’s population
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this background, it is clear that data centre growth, and power consumption in par
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bent energy efficiency strategies. This makes the need for key performance indic
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INTERNATIONAL STANDARD ISO/IEC 30134-2:2016(E)

Information technology — Data centres — Key
performance indicators —

Part 2:
Power usage effectiveness (PUE)

1 Scope

This |part of ISO/IEC 30134 specifies the power usage effectiveness (PUE) as)a“key performance
indicgtor (KPI) to quantify the efficient use of energy in the form of electricity.

This part of ISO/IEC 30134
a) defines the power usage effectiveness (PUE) of a data centre,
b) introduces PUE measurement categories,

c) describes the relationship of this KPI to a data centres inifrastructure, information technology
dquipment and information technology operations,

d) defines the measurement, the calculation and thereporting of the parameter,
e) provides information on the correct interpretation of the PUE.

PUE dlerivatives are described in Annex D.

2 l]loormative references

The following documents, in whale or in part, are normatively referenced in this documient and are
indispensable for its application! For dated references, only the edition cited applies. For undated
refergnces, the latest edition‘of the referenced document (including any amendments) appliies.

ISO/IEC 30134-1:2016,-Information technology — Data centres — Key performance indicatqrs — Part 1:
Overview and general requirements

3 Terms, définitions, abbreviated terms and symbols

3.1 | Térms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 30134-1 and the
following apply.

3.1.1

information technology (IT) equipment energy consumption

energy consumed, measured in kilowatt-hour (kWh), by equipment that is used to store, process, and
transport data within the computer room, telecommunication room and control room spaces

Note 1 to entry: Examples are servers, storage equipment, and telecommunications equipment.

3.1.2

power distribution unit

PDU

equipment that allocates or partitions power for other energy consuming equipment

© ISO/IEC 2016 - All rights reserved 1
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3.1.3
power usag
PUE

134-2:2016(E)

e effectiveness

ratio of the data centre total energy consumption to information technology equipment energy

consumption, calculated, measured or assessed across the same period

Note 1 to entry: Sometimes the inverse value of PUE, referred to as Data Centre Infrastructure Efficiency (DCiE),

is used.

3.14

partial power usage effectiveness

pPUE
derivative of
information

3.1.5
designed pg
dPUE

derivative of

3.1.6
interim pov
iPUE
derivative of

3.1.7
total data c
total energy

Note 1 to enti

technology equipment energy consumption

wer usage effectiveness

per usage effectiveness

bntre energy consumption

generation within the boundary.

Note 2 to enf

condenser wgter.

3.2 Abbr¢

For the puj
following ap

tviated terms

ply:

PUE, which is a projected PUE determined by the design targets of the’data centre

PUE, which is measured over a specified time other than‘ayear

PUE, which is the ratio of the total energy consumption within a defined boundary~to the

consumption for all energy types serving the data centre, measured in kWh at its boundary

y: Energy measured with energy metering devices at the boundary of the data centre or points of

ry: This includes electricity, natural gas and district utilities such as supplied chilled water or

poses of this document, the abbreviated terms given in ISO/IEC 30134-1 angl the

CRAC computer room.air conditioner units

CRAH computers00m air handler units

dPUE designéd power usage effectiveness

DX directexpansion

iPUE interim power usage effectiveness

PDU power distribution unit

pPUE partial power usage effectiveness

r.m.s. root mean square

ROI return on investment

UPS uninterruptible power supply

3.3 Symbols

For the purposes of this document, the following symbols apply:
Epc total data centre energy consumption (annual) in kWh
ErT IT equipment energy consumption (annual) in kWh

2 © ISO/IEC 2016 - All rights reserved
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4 Applicable areas of the data centre
Power usage effectiveness (PUE) as specified in this part of ISO/IEC 30134
— s associated with the data centre infrastructure within its boundaries only,

— describes the infrastructure’s energy efficiency relative to facilities with given environmental
conditions, IT load characteristics, availability requirements, maintenance, and security
requirement, and

— illustrates the energy allocation of a data centre.

Wheff viewed in the proper context, PUE provides effective guidance and useful insight into the design
of efficient power and cooling architectures, the deployment of equipment within those'drchitectures,
and the operation of that equipment.

PUE provides a means to determine
— dpportunities for the improvement of the operational efficiency of a data‘centre,
— the improvement of the designs and processes of a data centre over time, and

— adesign target or goal for new data centres across the anticipated IT load range.

PUE dloes not take into account the

— ergy efficiency of the IT load, its utilization or productivity,

— dfficiency of on-site electricity generation,

— dfficiency of other resources such as human resource, space or water, and
— Uyse of renewable energy resources or accounts for re-use of waste by-products (such ajs heat).
PUE is nota

— data centre productivity metric¢,;and

— standalone, comprehensjveresource efficiency metric.

Deriyatives of PUE whichtare useful in certain circumstances as described in Annex C. PUE should not
be used to compare different data centres.

5 IPetermination of power usage effectiveness (PUE)

PUE is defined using Formula (1):

185 ni EDC 1
POE—— (1)
IT
where

Epc is the total data centre energy consumption (annual), in kWh;
Err  is the IT equipment energy consumption (annual), in kWh.
By definition, the calculated PUE is always greater than 1.

Where the only energy source is from the electrical utility, then Epc is determined by the location of the
utility meter. PUE may be applied in mixed use buildings that allow of the differentiation between the
energy used for the data centre and that for other functions. Alternatively, the derivative partial PUE
(pPUE) may be applied (see Annex C).

© ISO/IEC 2016 - All rights reserved 3
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ErT includes,

IT equip

— supplemental

worksta

Epc includes
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but is not limited to,
ment (e.g. storage, processing and transport equipment), and

equipment (e.g. keyboard/video/mouse (KVM) switches, monitors,

tions/laptops used to monitor, manage, and/or control the data centre).

ErT plus all the energy that is consumed to support the following infrastructures:

distribution losses external to the IT equipment, etc.];

and

power delivery [e.g. UPS systems, switchgear, generators, power distribution units (PDUs), batteries,

— cooling
computg
— others (¢
6 Measu
6.1 Measi
6.1.1 Gen

In order to ¢
within exist

NOTE Al
supporting in
improvement

6.1.2 Measurement period and frequency

The calculat
of 12 month

E1T, since PUE is calculated on an annual timeframe. However, the frequency of measurement emp

will define tl

6.1.3 Met
Measuremer

watt me

kilowatt

SyStenT fe-g-chitters, Tooting towers, purmps, COMpUter TOONT air rarmdhing umits{ER
r room air conditioning units (CRACs), direct expansion air handler (DX) units, etc];

.g. data centre lighting, elevator, security system and fire detection/suppression syst

rement of power usage effectiveness
iring energy consumption

pral
alculate PUE, it is necessary to measure Epc and Ej1.(This is not a trivial task, espe

ng data centres which may require the installationlef instrumentation to collect the ¢

frastructure, more monitoring data of logicalsuibsets is necessary to assess areas for pot
5 and to evaluate the resulting improvements to PUE across the data centre.

on of PUE requires the recording'and documenting of Epc and Et over a coincident p
5. This part of ISO/IEC 30134 does not specify the frequency of measurements of Ep

he timing of subsequentyPUE calculations on a rolling annual basis.

er and measuremeént requirements
t of Epc and Ej7-shall be undertaken using either
ters with-the capability to report energy usage, or

-hout (kWh) meters that report the actual energy usage (true r.m.s), througl

simultallleous measurement of the voltage, current, and power factor over time.

AHs),

em).

cially
lata.

hough measurement of Epc and E|t are adequatesto‘calculate PUE for the defined equipment and

ential

eriod
c and
loyed

h the

NOTE

Kilovolt-ampere (kVA), the product of voltage and current, is not an acceptable measurement. Though

the product of volts and amperes mathematically results in watts, the actual energy consumption is determined
by integrating a power factor-corrected value of volts and amperes. The frequency, phase variance, and load
reaction causes energy calculation difference between apparent energy and actual energy consumption. The
error is inherently significant when power delivery includes alternating current (AC). Kilovolt-ampere (kVA)
measurements may be used for other functions in the data centre; however, kVA is insufficient for efficiency
measurements.
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6.2.1

ISO/IEC 30134-2:2016(E)

Categories of power usage effectiveness

General

Three categories of PUE are defined as:

— C

ategory 1 (PUE1) — provides a basic level of resolution of energy performance data;

— Category 2 (PUE,) — provides an intermediate level of resolution of energy performance data;

— Category 3 (PUE3) — provides an advanced level of resolution of energy performance data.

The h

— 1
t

— 8
Table

igher categories provide progressively

hat consume the energy), and

reater scope for energy efficiency improvements.

assod
theu
and d

To pr

to thf environmental conditions, reliability, security and“availability requirements ind

whic

iated with each category. In all cases, the total data centre energy consumption is me

ondition the data centre.

pperly assess PUE, it is critical to account for all systenis that support the data centrg

PUE measurement category is chosen (see ISO/IEG,30134-1:2016, Annex A).

Table 1 —PUE categories

hore accurate measurements of energy usage (as the measurements are made closer tp the devices

1 provides a summary of the locations for the measurement of IT equipment energy ¢onsumption

asured from

ility service entrance that feeds all of the electrical and mechatieal equipment used tp power cool

e, in addition
ependent of

PUE1 PUE2 PUE3
Locatlc_)n of IT equipment energy con- UPS outputa PDU outputb IT egu1pr9ent
sumption measurement inputf

a  Includes impact of fluctuating IT-and cooling loads.
b Excludes impact of losses asspciated with PDU transformers and static switches.

¢ Excludes impact of losses'associated with electrical distribution components and non-IT related

evices.

6.2.2
The I
—  f

— t

Category 1 (PUEy) — Basic resolution

Fom the URSfront panel,

hrough.a meter on the UPS output, and

[ load is measured at the output of the UPS (or equivalent) equipment and may be redd

— i

h cases of multiple UPS modules through a single meter on the common UPS output bus.

The incoming energy is measured from the utility service entrance that feeds all of the electrical and
mechanical equipment used to power, cool, and condition the data centre.

If UPS or an equivalent power failure ride through or conditioning unit is not available, other categories
may apply.

6.2.3

Category 2 (PUE2) — Intermediate resolution

The IT load is measured at the output of the PDUs within the data centre and is typically read from the
PDU front panel or through a meter on the PDU output (with or without transformer, the measurement
point is then after the transformer). Individual branch circuit measurement is also acceptable for
Category 2.

© ISO/IEC 2016 - All rights reserved
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6.2.4 Category 3 (PUE3) — Advanced resolution

The IT load is measured at the IT equipment within the data centre. This can be achieved either by
metered rack (e.g. plug strips) that monitors aggregate set of IT systems or at the receptacle level or by
the IT device itself. Note that non-IT loads shall be excluded from these measurements.

6.2.5 Measurement placement

Each category enables progressively improved accuracy of measurement of IT equipment energy
consumption, as the measurements are taken closer to the IT devices that consume energy.

7 Reporting of power usage effectiveness
7.1 Requirements

7.1.1 Standard construct for communicating PUE data

In order for[a reported PUE to be meaningful, the reporting organization shall provide the follqwing
information

— data cer];cre (including the boundaries of the structure) under inspection;
— PUE val{ie;

— category.

The PUE category shall be provided as a subscript to thexname of the metric, e.g. PUE; for a Catggory
2 value.

7.1.2 Example of reporting PUE values

Using the cpnstruct of 7.1.1, Table 2 provides examples of specific PUE designations and |their
interpretatign.

Table 2°'— Examples of PUE reporting

Example PUE designations Interpretation

Data centre ¥, PUE; (2012-12-31)' = 2,25 In the year 2012, the PUE value of data centre X was 2,25. It vas
a Category 1 PUE.

Data centre Y, PUE; (20¥3=06-30) = 1,75 In the period 2012-07-01 to 2013-06-30, the PUE value of data
centre Y was 1,75. It was a Category 1 PUE.

Data centre 4, PUE2(2013-12-31) = 1,50 In the year 2013, the PUE value of data centre Z was 1,50. [t vas a
Category 2 PUE.

7.1.3 Data for public reporting of PUE

7.1.3.1 Required information

The following data shall be provided, when publicly reporting PUE data:

— contact information;

Only the organization’s name or contact should be displayed in public inquiries.

— data centre location information (address, county or region);

6 © ISO/IEC 2016 - All rights reserved
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Only state or local region information are required to be displayed in public inquiries.

-2:2016(E)

— measurement results: PUE with appropriate nomenclature including category designation.

7.1.3.2 Supporting evidence (where required by authorities having jurisdiction)

Information on the data centre which shall be available upon request as a minimum includes

organization’s name, contact information and regional environmental description,

measurement results: PUE with appropriate nomenclature,

Hpc and ET,

start and measurement(s) dates the assessments were completed,

—

he accuracy level (IEC 62052 series and IEC 62053 series provide a referencefor mes:
lectrical energy),

(0]

—

eport on the size of computer room, telecom room and control rooni’spaces, and

D

xternal environmental conditions consisting of minimum, maximum and average t
umidity and altitude.

=

Recommendations

7.2.1] Use of PUE category

The HUE category should be appropriate to the expected value of PUE.

HUE > 1,50: Category 1 to Category 3
1,50 = PUE > 1,20: Category 2 or Category 3
HUE < 1,20: Category 3

7.2.2| Trend tracking data

The fpllowing information.may be useful in tracking the PUE trends within a data centre:

data centre size(faeility square metres);
tptal data centre design load for the facility (e.g. 10,2 MW);
rlame of'the possible auditor and method used for auditing;

data’céntre contact information;

isurement of

emperature,

data centre environmental conditions;

data centre’s mission;

data centre archetype percentages (e.g. 20 % web hosting, 80 % email);
data centre commissioned date;

numbers of servers, routers, and storage devices;

average and peak server CPU utilization;

percentage of servers using virtualization;

average age of IT equipment by type;

© ISO/IEC 2016 - All rights reserved
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— average age of facility equipment by type (cooling and power distribution equipment);
— data centre availability objectives (see ISO/IEC 30134-1:2016, Annex A);
— cooling and air-handling details.

NOTE Other KPIs within the ISO/IEC 30134 series can assist in the recording of the above information.

8 © ISO/IEC 2016 - All rights reserved
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(normative)
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Energy measurements

A.1 Measuring energy and calculating power usage effectiveness

-2:2016(E)

In Figure A.1, total data centre energy consumption is measured at or near the data ce

metef(s) to accurately reflect the energy entering the data centre (see Annex B for othenene
in ordler that the measurement represents the total energy consumed in the data eentre.

Totgl data
enengy
congumpti

centre

ntre’s utility
rgy sources)

Building load - demand from grid

v

ckEDc

Only
be m
data

build
bein

Figure A.1= Schematic of PUE calculation from measurements

Power

* switchgear

* UPS

* battery backup
« other
Cooling

* chillers

* CRACs

* other

IT equipment
energy
consumption

v

Eyy

IT load

* servers
* storage
* network telecoms eg
* other

uipment

the data centrepertion of a facility’s utility consumption meter relevant to the data
pasured, since.including in the calculation any energy that is not intended to be cons
centre would result in a non-compliant PUE calculation. For example, if a data cent
an office building, the total energy drawn from the utility will be the sum of the total fa
consyumptidnfor the data centre and the total energy consumed by the non-data centre

ng, In' this case, the data centre administrator shall measure and subtract the amoy
conisumed by the non-data centre offices in order to calculate an accurate PUE.

centre shall
umed in the
re resides in
cility energy
ffices in the
nt of energy

A.2 Measurement locations

Figure A.2 shows measurement points to support the determination of Epc. Epc is measured after
the utility feed at the utility metering point (i.e. point A). This measurement is consistent across all
categories. The additional measurement points shown in Figure A.2 relate to the three PUE categories.
The measurement points to allow determination of Category 1 PUE (PUE4), Category 2 PUE (PUE2) and
Category 3 PUE (PUE3), are indicated by B, C and D, respectively.
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Figure A.2 — Monitoring and measurement points
Monitoring pnergy consumption involves many aspects that can prevent it from being easy and

straightforw
atevery poir
complex.

There is alsg
can affectre

For a practig
most benefid

A.3 Asses

Increasing t
set to analys

To fully und
real-time mg
determine w
variations th

In cases whe
of repeatabl
of PUE as of

ard for the data centre operator. Costs can be quite high to-iristall measuring instrur
tin the critical power path. Collecting, processing, and interpreting all the data also ¢

some degree of error inherent in each of the metérs’'measuring energy consumption, ¥
sults.

al and achievable approach to monitoringgdata centre operators should identify wher
ial to measure, taking into account asseciated improvements in PUE accuracy.

sment frequencies

he minimum frequency of the-assessment cycle provides a larger and more accurate
€.

nitoring should beyused so that historical trending and statistical analysis can be da
here efficiencies)can be gained. This approach also enables early detection of unexp
at could indicate system issues.

re continuous real-time monitoring is not practical or economically justifiable, some
b, defineéd process should be in place to capture measurements enabling the calcu
feras’possible for internal comparison purposes. If automated systems are employe

nents
an be

vhich

e itis

data

erstand and successfully manage the energy performance of a data centre, contiuous

ne to
ected

form
ation
d the

minimum a

sessment frpqnpnr‘y should be dni]y

In all cases, the measurement methodology shall be consistent with the categories and locations
defined in 6.2.

10
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B.1

Epc

electricity but also on-site generated electricity and non-electricity forms of energy-such 3
district chilled water. Energy measurements for PUE shall be captured in the form '6f kW

PUE

is mepsured by kWh meter should be accounted for.

ISO/IEC 30134-2:2016(E)

Annex B
(normative)

Calculation of PUE using various energy supplies

Usage of different energy sources

falculations for a data centre utilizing on-site electric generation, the generated elect

ncludes all energy consumed for data centre operation. The energy includes‘npt only grid

s purchased
h. To enable
ricity which

For 4 data centre utilizing non-electric energy, such as district chilled ‘water, an energy conversion

factof enables the data centre owner/operator to include the energy of.the chilled water.

Energy conversion factors are region-dependent because the amgtnt of fuel needed to produce one unit
of chilled water will depend on the predominant method of chilled water generation in a given region.

Som

aver

grou

Formjula (B.1) shows an‘¢xample of how the PUE of a data centre that purchases electricity

ge values of factors from different regions of theiworld. Naturally occurring cold w3
d and air of direct free cooling is not accounted-for.

Table B.1 — Standard eénergy conversion factors

Energy type Standal:d energy
conversion factor

District chilled water 0,4

District hot water 0,4

District'steam 0,4

Fuel (for absorption type chiller) 0,35

d countries have published values for these conversion factors. If regional energy convejrsion factors
are %\navailable, the standard energy conversion factors,of"Table B.1 shall be used. Thefe represent

ter from the

and district

(B.1)

chillgd water can belexpressed:
PUE — EDC — Eelectrical X 170 + Echilled water X 074
E IT E IT
wherp
Eelectrical is the electrical energy consumed;

B.2

Echilled water 1S the district chilled water energy consumed.

Examples of PUE calculation with various energy supplies

Figures B.1 to B.4 show examples of PUE calculation with various energy supplies.

© ISO/IEC 2016 - All rights reserved

11


https://iecnorm.com/api/?name=21cd450668f5620c40d74f1f80ffeaf4

ISO/IEC 30134-2:2016(E)

IT Energy
UPS — PDU b
1 100 000 kWh
100 000 KWh 1 000 000 kWh
Electrical

Electricity purchase

1633 333 kWh

distribution losses

Chiller plant ¥ Chilled water

533 333 kWh

PUE = Ep | Epp
= (1633 333)/ (1 000 000)
=163

Figure B.1 — Example for a data centre purchasing all eleetricity

Electricity purchase IT Energy
> UPS — PDU->
1100 000 kWh 1 000 000 kWh
100 000 kWh
Electrical

distribution losses

Chilled water
burchase Chilled water
1 600 000 kWh 1 600 000 kWh

PUE = Ep ./ Eyyp
= (1100 000 x 1 +4.600 000 x 0,4) / (1 000 000)

=1,74

Figure B.2 — Example for a data centre purchasing electricity and chilled water
IT Energy
3000 000 kWh

Electricity /

Natural gas » Generator
5000 000 kWh
Non-IT Energy
PUE=Epc/ Eyy 2 000 000 kWh
= (5000 000)/ (3 000 000)
=1,67

Figure B.3 — Example for a data centre purchasing natural gas

12 © ISO/IEC 2016 - All rights reserved
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IT Energy
3 000 000 kWh
Electricity purchase _| Electricity at site
2 500 000 kWh "1 5000 000 kWh
A
2 500 000 kWh
produced Non-IT Energy
2 000 000 kWh
Natural gas » Generator

PUE=Epc/ Eyy
= (2 500 000 + 2 500 000) / (3 000 000)
= 1,67

Figure B.4 — Example for a data centre purchasing electricity and natural gas

B.3 |Examples of PUE calculation with cogeneration using electricity and
natyral gas

Figures B.5 and B.6 show examples of PUE calculation with cogeneration using electricity and natural gas.

1500 000 kWh

Electricit P Electricity . I
Y A facility A " equipment
1450 000 kWh
450,000 kWh
Natural gas |------ > Cogenétation AT
A 4

o

1 Cooling, Air handling, Lighting an
400 000 KWh controllers
measured by AT and flow

PUE=Epc /! Epp
= (1450 0G0 ¥'450 000 + 400 000 x 0,4) / (1 500 000)

=1,37
Key
—»  elegtricity
--t», ( heat or chilled water
A measurement point

Figure B.5 — Method 1: Measured by chilled water flow

If the energy consumption of the chiller cannot be measured, the heat energy of chilled water may be
multiplied by 0,4. Note that in this case, the efficiency of the chiller is not taken into account for PUE
calculation. Since the performance of the chiller is regarded to be the same as district chilled water, the
actual PUE value can increase or decrease.

© ISO/IEC 2016 - All rights reserved 13
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1500 000 kWh

Electricit R Electricity R IT
ectricity A > facility A equipment
1450 000 kWh 450 000 kWh
measured by kWh meter

Natural gas

Cogeneration

\4

PUE=

el
he
m

Figu

Cooling, Air handling, Lighting and
controllers

1000 000 kWh

EDC /EIT
(1450 000 + 450 000 + 0,35 x 1 000 000 x 0,47)/ (1 500 000)
1,38

pctricity
at or chilled water
pasurement point

re B.6 — Method 2: Calculated from energy required to-produce chilled water

In the example of method 2, the input energy ratio for chilled water and electricity should be mea

for this co-g
ratio is assu

B.4 Exam

Figures B.7 3

bneration system, based on the benchmark method defined in ISO 26382. The input e
med to be 47 % for chilled water and 53 % forelectricity.
ples of PUE calculation with absorption type chiller

nd B.8 show examples of PUE calculation with absorption type refrigerator.

1000 000 kWh

sured
hergy

— Electricty IT
Electficity A facility A equipment
1200 000 kWh
| N A Absorpton |
Naturgl gas chiller A i v
:_ _______ N Cooling, Air handling, Lighting and
controllers
350 000 kWh

= (1200 000 + 350 000 x 0,4) / (1 000 000)

=134
Key
—>  electricity
---» heator chilled water
A measurement point
Figure B.7 — Method 1: Measured by chilled water flow
14 © ISO/IEC 2016 - All rights reserved
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If the energy consumption of the chiller or the refrigerator cannot be measured, the heat energy of
chilled water may be multiplied by 0,4. Note that in this case, the efficiency of the chiller is not taken
into account for PUE calculation. Since the performance of the chiller is regarded to be the same as
district chilled water, the actual PUE value can increase or decrease.

1000 000 kWh

Electricit _ Electricity -~ IT
oy A facility A equipment
1200 000 kWh
1 000 000 kWh
______ Absorptiomn AR
Natural gas > chiller A |
L | Cooling, Air handling, kighting jand
controllers

PUE=Ep./Ey

= (1200 000 + 0,35 x 1 000 000) / (1 000 000)

=1,55

—»  electricity
--t» heator chilled water
A measurement point

Figure B.8 — Method 2: Measured by input gas

© ISO/IEC 2016 - All rights reserved 15
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Annex C
(normative)

PUE derivatives

C.1 General

C.1.1 Purpose of PUE derivatives

PUE derivatives are useful to support an effective energy management process. Each derivative sh|

accompanie

C.1.2 Usir

The PUE der
and dPUE.

a) Partial
pPUE sh

— the

— ane
— asseé
— allg

b) Interim
include,

— the

— timg
— allo
iPUE m4d

c) Designe
specifie

with specific information that describes the specific situation.

g PUE derivatives

ivatives shall be designated and shall be documented as one of the following: pPUE,

all include, but should not be limited to, the following supporting data:
boundaries of the data centre including resiliencydevel;

xplicit list of shared resources;

ssment method used to determine amountof shared resources included;
ther PUE supporting evidence.

PUE (iPUE) describes a PUE measured for a period less than a year (see C.2). iPUE
but should not be limited to, the-following supporting data:

boundaries of the data centre including resiliency level;

 interval(s) under assessment;

ther PUE supperting evidence which exists during the defined intervals.
y be used tovalidate dPUE parameters.

d PUE_(dPUE) describes a predicted PUE for a data centre prior to its operation o
1 change in operation (see C.4). dPUE shall include, but should not be limited t

following SUpporting data:

all be

iPUE

UE (pPUE) describes the power usage effectiveness of a data centre infrastructure sybset.

shall

" to a
, the

— the boundaries of the data centre including resiliency level;

— aschedule of interim PUE and PUE based on target IT loads and environmental conditions;

— all other PUE supporting evidence available prior to operation including target commissioning
date.

Combined use of the terms is permitted to describe specific situations and values. An example use of
these derivatives are:

— i/d/pPUE (20XX-08-01:20XX-08-31) = 3,1 [ref. jjj];

— [jij]: [boundaries of the data centre, shared cooling, space, physical security];

16

© ISO/IEC 2016 - All rights re

served


https://iecnorm.com/api/?name=21cd450668f5620c40d74f1f80ffeaf4

ISO/IEC 30134-2:2016(E)

40 % IT load; environmental conditions; etc.

C.2 Interim PUE (iPUE)

The definition of PUE clearly indicates that it is an annual figure and requires continuous measurement
of IT energy and total data centre energy for at least one year. Reporting requires accompanying every
PUE value with its category and the period of measurement.

For energy management purposes, periods smaller than a full year can be measured and reported. These
values shall be designated as “interim PUE” (iPUE). They shall also be accompanied by its category, the

perio

d of measurement, and the other context and reporting information required for ann

alized PUE.

By dd

C3

C.3.1

Whil
and s

creasing the measurement interval to a minimum, a real-time iPUE can be establishe

Partial PUE (pPUE)

General

e PUE is defined using total data centre energy, pPUE is determinied-on the energy use
pecified sub-systems of the data centre’s infrastructure. The boiindaries of these sub

within the data centre and pPUE may be applied for all kinds of-data centres.

Parti

wher

H
H

Asw
meas
of th

hl PUE (pPUE) is calculated using Formula (C.1):

PUEsub — EsubE+ EIT

IT

sub  is the energy consumption (ansital) of the sub-system, in kWh;

it istheIT equipment energy consumption (annual) in kWh.

th the PUE, pPUE is related;to IT energy use and is an annual figure that requires
urement. Reporting pPUEvequires the same disclosures as PUE, in addition to a clea
b sub-system or zone ‘under investigation. A zone comprises a meaningful set of i

.

of particular
Lsystems are

c.1)

h full year of
r delineation

rgrastructure

complonents that are using'energy and the energy efficiency of which needs to be examinedl.
To beJuseful in an energy management process, the zones for the sub-systems should be defined in every
individual data centre. Electrical distribution (including UPS), air handling and cooling arqg typical sub-
systems that apply to most of the data centres nowadays. They are defined by Formulae (C{2) to (C.4):

pPUE ) er = Eelectrical * EIT (C.2)

P Epy

where

Eelectrical 1S the energy consumption (annual) of the electrical systems, in kWh.

E +E
PPUE ¢ = VAL 1 (C.3)
Ey

where

Exyvac  energy consumption (annual) of the heating, ventilation and air conditioning systems,

in kWh.

© ISO/IEC 2016 - All rights reserved
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+F

E_ .
1 IT
pPUEcooling =% (C.4)
E IT

where

Ecooling  is the energy consumption (annual) of the cooling systems, in kWh.

This part of ISO/IEC 30134 allows other zones to be defined as required, with the purpose of gaining
useful pPUE to analyse and understand the contribution of a data centre sub-system to the total energy
use and to improve the energy efficiency of the sub-system under inspection.

The pPUE co|ncept (and any reported value) is only applicable to the zones of a data centre undeg-study.
It is meaningless to apply a pPUE to a part of the building that is not a zone of the data centre;

Specifically, [there is no meaning in pPUE for zones that do not contain IT load (other"KPIs mpy be
applicable).

pPUE may a]so be employed to evaluate specific regions in the data centre or facilities where the IT
equipment resides but share resources with other regions. The other regions_hot under investigation
may or may hot contain IT equipment, but, those regions are not considered part of the evaluation. The
boundaries ¢f the region under evaluation are described in ISO/IEC 30134*1.

C.3.2 Zonjng

The normal fise of pPUEs is within the boundaries of a data centre. As a step of the energy managgment
process, the|zones of infrastructure sub-systems inside the‘data centre shall be defined. This zpning
depends on the technical design of the data centre.

For most of the data centres in post-commissioning.aftd’in operation, the zoning in Figure C.1 applies.

N
Da’l% centre
xO

4

Power distribution and UPS
RN

Air handling and HVAC systems

NOXN

\Q/C Cold generation and distribution systems

Other (Light, elevators, security and safety)

Figure C.1 — Zoning for a data centre

Whether or not the zone “other” shall be included depends on the significance of the energy use of that
zone. It may be ignored in the beginning and included at a later stage of the energy management process,
when the efficiency of the main zones has reached a level that the zone “other” becomes relevant.

18 © ISO/IEC 2016 - All rights reserved
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In case the cooling is provided by DX systems, air handling and cooling cannot be separated. Therefore,
the zoning of Figure C.2 is a better approach.

Data centre

Power distribution and UPS

Air handling and HVAC systems

Other (Light, elevators, security and safety)
GO

Figure C.2 — Zoning for a data centre using DX cooling

In cage water is used for an additional cooling system and water transportation and treafment uses a
significant amount of energy, the zoning of Figure C.3 i§ a good approach.

S
Da%a\%entre

aN

Powerdistribution and UPS
o)

Air'handling and HVAC systems

“ .

Cold generation and distribution systems

Water-based cooling

Other (Light, elevators, security and safety)

Figure C.3 — Zoning for a data centre using water

This part of ISO/IEC 30134 does not specify a method for defining a zone, but any zone shall be
— suitable for the task of the desired energy management process, and

— where appropriate, adjusted according to the progress of maturity of the energy management
process.

© ISO/IEC 2016 - All rights reserved 19
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