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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,
ISOAECHTCA

Th¢ procedures used to develop this document and those intended for its further mdintgnance are
deqcribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria peeded for
thel different types of document should be noted. This document was drafted in dccordande with the
ediforial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

of patent rights. ISO and IEC shall not be held responsible for identifying any or all siich patent
rights. Details of any patent rights identified during the development\of the document will be in the
Introduction and/or on the ISO list of patent declarations received (see www.iso.org/patents).

Attention is drawn to the possibility that some of the elements of this do¢ument may be %he subject

Any trade name used in this document is information given forthe convenience of users and does not
corjstitute an endorsement.

Foil an explanation on the voluntary nature of standafds, the meaning of ISO specific ferms and
expressions related to conformity assessment, as well as information about ISO's adherepnce to the
Wolrld Trade Organization (WTO) principles in the{Teehnical Barriers to Trade (TBT) see th¢ following
URL: www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/IEC JTC 1, Information technology,
Suljcommittee SC 39, Sustainability for andby Information Technology.

Alist of all parts in the ISO/IEC TS 22237 series can be found on the ISO website.
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Introduction

The unrestricted access to internet-based information demanded by the information society has led to
an exponential growth of both internet traffic and the volume of stored/retrieved data. Data centres
are housing and supporting the information technology and network telecommunications equipment
for data processing, data storage and data transport. They are required both by network operators
(delivering those services to customer premises) and by enterprises within those customer premises.

Data centres need to provide modular, scalable and flexible facilities and infrastructures to easily

accommodate the rapidly changing requirements of the market. In addition, ener
centres has become critical both from an environmental point of view (reduction of carbon footpr
and with

The implementation of data centres varies in terms of:

a) purp
b) securi
c) physidg
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The needs
the object
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documents
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Generql concepts;

consumption of d

spect to economical considerations (cost of energy) for the data centre operator.

e (enterprise, co-location, co-hosting, or network operator facilities);
y level;

al size;

modation (mobile, temporary and permanent constructions).

of data centres also vary in terms of availability of ser¥ic€, the provision of security

ves for energy efficiency. These needs and objectives‘influence the design of data cent
f building construction, power distribution, enviconmental control and physical secur
hanagement and operational information is requifed to monitor achievement of the defi
objectives.

EC TS 22237 series specifies requirements.and recommendations to support the vari
volved in the design, planning, procurément, integration, installation, operation
ce of facilities and infrastructures within data centres. These parties include:

s, facility managers, ICT managers,project managers, main contractors;

tants, architects, building desighers and builders, system and installation designers;
I and infrastructure integrators, suppliers of equipment;

ers, maintainers.

e of publication ef'this document, the ISO/IEC TS 22237 series will comprise the follow

b,

C TS 22237-1, Information technology — Data centre facilities and infrastructures — Par
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nt)
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hed
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ing

t 1:

G.T8 22237-2, Information technology — Data centre facilities and infrastructures — Par

t 2:

Building construction;

ISO/IEC TS 22237-3, Information technology — Data centre facilities and infrastructures — Part 3:

distribution;

ISO/IEC TS 22237-4, Information technology — Data centre facilities and infrastructures — Part 4:
Environmental control;

ISO/IEC TS 22237-5, Information technology — Data centre facilities and infrastructures — Part 5:
Telecommunications cabling infrastructure;

ISO/IEC TS 22237-6, Information technology — Data centre facilities and infrastructures — Part 6:

ty systems;
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— ISO/IEC TS 22237-7, Information technology — Data centre facilities and infrastructures
Management and operational information.

:2018(E)

— Part 7:

The inter-relationship of the specifications within the ISO/IEC TS 22237 series is shown in Figure 1.

—

Figure 1 — Schematic relationship between the ISO/IEC TS 22237 series of docun

ISQ/IEC TS 22237-2 to ISO/IEC TS 22237-6 specify requirements and recommendations for

» o«

Part 2
> Building construction >
—
Part 3
”|  Power distribution >
\/I Part 4
> Environmental control d
Part1
General concepts part5s
» Telecommunications >
. cabling infrastructure
Part 6 N
”|  Security systems
Paijt 7
Managenjent and
operational [nformation|

ents

particular

facllities and infrastructures to support the relevant classification for “availability”, “physicall security”

and “energy efficiency enablement” selected from ISO/IEC TS 22237-1.

This document, addresses facilities and infrastructures for power supplies to, and power d
within, data centres together with the’interfaces for monitoring the performance of thos
and infrastructures in line with [SO/IEC TS 22237-7 (in accordance with the requiremer
IE(Q TS 22237-1). The line diagrams-used in certain figures are not intended to replace the mo
eleftrical circuit diagrams associated with power supply and distribution systems which ay
where relevant.

ISQ/IEC TS 22237-7 addresses the operational and management information (in accordang
requirements of ISO/IEC TS 22237-1).

This document.is-intended for use by and collaboration between architects, building des
buillders, system and installation designers.

stribution
e facilities
ts of 1SO/
re familiar
e included

e with the

gners and

The¢ ISO/TEC TS 22237 series does not address the selection of information technology and network

tel¢gcammunications equipment, software and associated configuration issues.
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TECHNICAL SPECIFICATION ISO/IECTS 22237-3:2018(E)

Information technology — Data centre facilities and
infrastructures —

Part 3:
Power distribution

1 [Scope

This document addresses power supplies to, and power distribution within, data centres based upon

» o«

thelcriteria and classifications for “availability”, “physical security” and “energy efficiency erfablement”
within ISO/IEC TS 22237-1.

This document specifies requirements and recommendations for the following:
a) | power supplies to data centres;

b) | power distribution systems within data centres;

c) | facilities for both normal and emergency lighting;

d) | equipotential bonding and earthing;

e) | lightning protection;

f) | devices for the measurement of the power consumption characteristics at points along|the power
distribution system and their integratién within management tools.

Safety and electromagnetic compatibility (EMC) requirements are outside the scope of this|document
and are covered by other standards and regulations. However, information given in this docyment may
be pf assistance in meeting these’standards and regulations.

Conformance of data centres.to’the present document is covered in Clause 4.

2 | Normative references

Th¢ following dectiments are referred to in the text in such a way that some or all of the¢ir content
corstitutes reguirements of this document. For dated references, only the edition cited applies. For
undlated refeyences, the latest edition of the referenced document (including any amendments) applies.

[SQ/IEC.TS 22237-1, Information technology — Data centre facilities and infrastructures — Parg 1: General
corlcepts

ISO/IEC TS 22237-2, Information technology — Data centre facilities and infrastructures — Part 2:
Building construction

ISO/IEC TS 22237-4, Information technology — Data centre facilities and infrastructures — Part 4:
Environmental control

ISO/IEC TS 22237-5, Information technology — Data centre facilities and infrastructures — Part 5:
Telecommunications cabling infrastructure

ISO/IEC TS 22237-6, Information technology — Data centre facilities and infrastructures — Part 6:
Security systems

© ISO/IEC 2018 - All rights reserved 1
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ISO/IEC 30129, Information technology — Telecommunications bonding networks for buildings and other

structures
IEC 60044
IEC 60947

-1:1996, Instrument transformers — Part 1: Current transformers

(all parts), Low-voltage switchgear and controlgear

[EC 61000-2-4:2002, Electromagnetic compatibility (EMC) — Part 2-4: Environment — Compatibility
levels in industrial plants for low-frequency conducted disturbances

IEC 61439

(all parts), Low-voltage switchgear and controlgear assemblies

IEC 62040
IEC 62305
IEC 62305

IEC 88524
Part 11: R4

EN 50160,

3 Term

3.1 Terl

For the py
following

ISO and IE
IEC El

3.11

(all parts), Uninterruptible power systems (UPS)
(all parts), Protection against lightning
L4, Protection against lightning — Part 4: Electrical and electronic systems within Structures

-11, Reciprocating internal combustion engine driven alternating current génerating set
tary uninterruptible power systems — Performance requirements and test methods

Voltage characteristics of electricity supplied by public electricity networks

s, definitions and abbreviated terms

ms and definitions

Irposes of this document, the terms and definitiohs given in ISO/IEC TS 22237-1 and
Apply.

bctropedia: available at http://www.electropedia.org/

ISO Onpline browsing platform: available-at https://www.iso.org/obp

active power

real powel
product of

r.m.s. voltage, r.m.s.\eufrent and power factor

Note 1 to emtry: Expressed ds W.

3.1.2

additionall supply

backup su

pply

C maintain terminological databases for uSe in standardization at the following addresseg:

the

power suplply that provides power in the event of failure of primary and/or secondary supply

3.1.3

apparent power
product of r.m.s. voltage and r.m.s current

Note 1 to entry: Expressed as VA.

3.14

capacitive load
load that is capacitive, so that the alternating current is out of phase with and leads the voltage

3.1.5
catenary
wire hung

at a specific tension between supporting structures of power cabling

© ISO/IEC 2018 - All rights reserved
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3.1.6

diverse route

alternative, separate, pathway intended to provide adequate segregation from another pathway, in
order to provide resilient service provision in the event of physical damage to one of the pathways

3.1.7

emergency power off

designated device to provide emergency switching which disconnects power from one or more data
centre facilities, infrastructures or spaces

Note 1 to entry: The configuration and function of emergency power off devices can be subject to national or
locql regulations.

3.18
fir¢ compartment
disfrete zone designed to contain a fire within that zone

3.19
high voltage
volfage whose nominal r.m.s. value is 36 kV < U, < 150 kV

Nole 1 to entry: Because of existing network structures, in some countrie$.the boundary between MV[and HV can
be dlifferent.

[SQURCE: EN 50160:2010, 3.7]

3.1{10
inductive load
loaf that is inductive, so that the alternating curreft is out of phase with and lags behind the|voltage

3.111

infprmation technology equipment
equipment providing data storage, pracessing and transport services together with pquipment
dedicated to providing direct connectigir*to core and/or access networks

3.112

IT Joad
elegtrical consumption of all.\the information technology equipment measured at its input| terminals
including all on-board integrated power supplies and cooling fans

3.113
load factor
ratjo of the averageload to the peak load over a period of time

3.1{14

locplly protécted supply provision
sodkets.which continue to deliver power to connected equipment for a defined period followjing failure
of poweér supply and distribution equipment by means of a battery supply or UPS adjacent to, or co-
located with, those sockets (e.g. emergency [ighting)

3.1.15
low voltage
voltage whose nominal r.m.s. value is U, < 1 kV

[SOURCE: EN 50160:2010, 3.9]

3.1.16

mechanical cooling load

electrical consumption of all the plant and components used to provide environmental control within
the data centre, generally comprising compressors, controls, fans, pumps and humidifiers

© ISO/IEC 2018 - All rights reserved 3
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3.1.17
medium voltage
voltage whose nominal r.m.s. value is 1 kV < U, < 36 kV

Note 1 to entry: Because of existing network structures, in some countries the boundary between MV and HV can
be different.

[SOURCE: EN 50160:2010, 3.11]

3.1.18
pathway
defined rojite Tor cables between termination points

[SOURCE: |SO/IEC 14763-2:2012, 3.1.43]

3.1.19
power fagtor
under perfodic conditions, ratio of the absolute value of the active power P to the|apparent poyer
S:A=[Pl/§

Note 1 to entry: The ratio of the active (real) power flowing to the load to the apparent power (as a result of|the
capacitive ¢r inductive nature of the load) and is a dimensionless number between.0/and 1.

[SOURCE: |EC 60050-131:2002, 131-11-46, modified]

3.1.20
protected supply provision

no break protected supply provision
sockets which continue to deliver power to connected equipment for a defined period following failure
of power supply and distribution equipment

3.1.21
primary distribution equipment
equipment which is required to manage, control and convert incoming power supplies (primary,
secondary| and, where appropriate, additiomal) in a form suitable for distribution by secondpry
distributign equipment

3.1.22
primary jupply
principal power supply that provides power to the data centre under normal operating conditions

3.1.23
resistive load
load in whiich the alternating current is in phase with the voltage

Note 1 to emtry: The'tetal reactance is zero.

3.1.24

secondarydistribution equipment
equipment which is required to manage, control and distribute the power provided by the primary
distribution equipment to the short-break and unprotected sockets within the data centre and to the
tertiary distribution equipment

Note 1 to entry: The power supply may be single-phase AC, three-phase AC or DC. If there is a change from 3-phase
to 1-phase supply, this is generally achieved at the secondary distribution equipment that is served directly from
the primary distribution equipment.

3.1.25

secondary supply

power supply that provides power to the data centre in conjunction with the primary supply under
normal operating conditions

4 © ISO/IEC 2018 - All rights reserved
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3.1.26
short-break supply provision
back-up supported supply provision

:2018(E)

sockets which, upon failure of power supply and distribution equipment, will be provided with power

from an additional power supply after a defined period

3.1.27
socket
connection enabling supply of power to attached equipment

Note 1 to entry: This may be a de-mateable or a hardwired connection.

power supply equipment, typically accommodated within the cabinets, frames and,racks ¢f the data

cerftre spaces, which directly feeds the protected sockets therein

3.1429

totpl harmonic current distortion

mepsurement of the harmonic distortion present on a current level, défined as the ratio of
thel powers of all harmonic components to the power of the fundamefital frequency

3.1{30

totpl harmonic voltage distortion

mepsurement of the harmonic distortion present on a voltage level, defined as the ratio of
thel powers of all harmonic components to the power of thHe)/fundamental frequency

3.131

unprotected supply provision

sogkets which fail to deliver power to connected equipment following failure in power 3
distribution equipment

Abbreviated terms

Foil the purposes of this document, the abbreviated terms given in ISO/IEC TS 222371

'he sum of

the sum of

upply and

1 and the

following apply.

AC Alternating Current

DC}dc Direct Currént

EPQ Emergency Power Off

HV] High Voltage

ITH Information technology equipment
LV Low Voltage

MV Medium Voltage

r.m.s. root mean square

SPD Surge Protective Device

THCD Total Harmonic Current Distortion

© ISO/IEC 2018 - All rights reserved
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THVD
TVSS
UPS

Total Harmonic Voltage Distortion
Transient Voltage Surge Suppression

Uninterruptible Power Supply

4 Conformance

For a data

centre to conform to this document:

a) itshal| feature a power supply and distribution design solution that meets the required Availability
Class ¢f Clause 6 (and is predicted to meet the relevant availability requirements of that clause)

b) the epvironmental controls applied to the spaces accommodating the power rsupply

distri
ISO/IH

c) it shaj}

soluti

d) it sha

CTS 22237-4;

n that meets the requirements of Clause 7;

| feature an energy efficiency enablement solution that meéts-the requirements of

relevaint Granularity Level of Clause 8;

e) thee
earthi

f) whersg
with 1

g) local

5 Powe

ipotential bonding system within the data centre shall b&in accordance with the local m|
g requirements of ISO/IEC 30129;

lightning protection is required, it shall be in aceodance with IEC 62305 (all parts) app
eference to ISO/IEC 30129;

egulations, including safety, shall be met.

r supply and distribution within data centres

5.1 Genleral

The distril
Disturban
safety of t}

The funct
Table 1. T
accommod

The primajry and:secondary supplies are typically provided from a transformer which may either b:

e data centre infrastructure and its availability.

ating thefunctional elements are described in Clause 7.

a) withiy

hind

ution system within the premises and serving the data centre shall be in accordance with

feature an approach to physical security in relation to the power supply and distributlion

the

psh

ied

—

pution of electrical poweiis-one of the most important aspects of data centre infrastructire.
Ces of power supply voltage, current and frequency have a direct effect on the operatignal

onal elements(of power supply to and distribution within data centres are described in
he requirements and recommendations for the provision of physical security to the spaces

thie’premises containing the data centre (and may be owned by either the utility or the data

centre premises owner), or

b) external and owned by the utility (and not considered to be a functional element).

The prima

ry and secondary distribution equipment may also contain transformers.

The supply area is shown schematically in Figure 2 and indicates two implementations. The upper diagram
shows the minimum implementation comprising a primary power supply only. The lower diagram
includes a secondary supply and also an additional supply that provides power to relevant equipment in
the data centre, if required, following a failure of the primary and/or secondary power supply.

© ISO/IEC 2018 - All rights reserved
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Table 1 — Functional elements of power distribution

Area Functional element Typical accommodation
(using spaces of ISO/IEC TS 22237-1)
Primary supply Transformer space
Secondary supply
Supply Supply transfer equipment (where Electrical space
multiple supplies exists)
Additional supply (e.g. generator, Generator space or electrical space
uninterruptible power supplies)
Primary distribution equipment Electrical distribution space
Transformer space (if required)
Uninterruptible power supplies (UPS) |Electrical space (or comptter roon
space)
Distribution Secondary distribution equipment Electrical space (hut-also present in
many other areas)
Transformér space (if required)
Tertiary distribution equipment Computeryroom spaces or spaces
requiring provision of protected
supplies
\ SR
Primary Q - 4"’ L
suppl Q \ Ji
Printahy Seco;lziary
distribution distribution
equipment equipment
Primary L g
suppl; ¥ :"
Secondary ' Primary Seco;;lary
suppl; . distribution distribution
equipment equiEInent
. Supply transfer . _‘.’ “.
| Addl@r}‘l‘gupply Seitidiyear ] 4

Figure 2 — Power supply functional elements

The primary distribution equipment provides the interface between the supply and distribution areas.
The input to the primary distribution equipment may be LV and/or MV.

The output from the primary distribution equipment may be LV and/or MV depending upon the size
of the premises and the input requirements of any UPS or DC supply equipment installed between the
primary and secondary distribution equipment.

The input to the secondary distribution equipment may be LV and/or MV.

The distribution area is shown in Figure 3. The power is distributed via one or more instances of
secondary distribution equipment. These and subsequent figures adopt a system level approach to

© ISO/IEC 2018 - All rights reserved
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the implementation. Examples of specific implementations are shown in Annex A using symbols more
familiar to those of the electrical design and installation field.

Within Figure 3 the power is provided to sockets in the distribution area that are categorised as:

1) wunprotected sockets — suitable for equipment that is not critical to the function of the data centre
(e.g. normal lighting and powering of tools and equipment required for the maintenance of the
facility);

2) protected sockets — intended for equipment (e.g. data processing, storage and transport
equipment) that is critical to the function of the data centre and which cannot tolerate failure of
supply, served by solutions including uninterruptible power supplies (UPS) installed as part eflthe
distrilpution system;

3) locally protected sockets — intended for equipment (e.g. emergency lighting) servedddy.solutipns
including uninterruptible power supplies (UPS) or local battery supplies installed\at™or clos¢ to
the socket;

4) short-preak sockets (available where the primary and/or secondary power supply is augmenjted
with gn additional supply) — intended for equipment (e.g. environmentakcontrol equipment) that
is critjcal to the function of the data centre but which can tolerate a failure of supply for a sHort
period before the additional supply (e.g. generator) is brought into ser’vice.

Unprotectgd, locally protected and short-break sockets are fed directly by the secondary distributfion
equipment. The output from the secondary distribution equipmentis assumed to be LV. Additignal
secondary] distribution equipment is typically installed where there is a need to change the current
capacity of the power supply cabling.

The prote¢ted sockets are fed by tertiary distribution equipment which feeds stand-alone and cabipet,
frame or rjack mounted equipment. The tertiary distribution equipment enables the monitoring of the
IT load as fescribed in 8.4.

Secondary Additional secondary
distribution distribution equipment
equipment (if required)
Unprotected
O socket
Tertiary distribution
Primapy distribution equipment
equiprjient UPS | \ \ Protected
JUEEEN R o O socket
/ @w N\
)

Local battery

supply/UPS Locally protected

socket

Short-break

O socket

©00O0

Availabla if

primary distribution
equipment is fed by
additional supply

Figure 3 — Secondary and tertiary power distribution systems

5.2 Dimensioning of power distribution systems

In small data centres, the data centre may only contain the functional elements within the distribution
area (the primary distribution equipment being elsewhere in the premises and serving the power
distribution in the remainder of the premises). In large data centres, primary distribution equipment
may be dedicated to the demands of the data centre itself.

8 © ISO/IEC 2018 - All rights reserved
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The smallest data centres may comprise a single cabinet containing in-cabinet distribution equipment
providing protected power supplies to data processing, storage and transport equipment. In such
cases the functionality of the secondary distribution equipment may be provided by the in-cabinet
distribution equipment. It may not be necessary to provide any unprotected or short-break power
supplies within the cabinet.

In the small data centres comprising a limited number of cabinets, frames or racks, the UPS equipment
may be installed immediately prior to, or within, the tertiary distribution area.

As data centres grow elther phy51cally and/orin terms of their 1mportance to the busmess they support,
gure 2 - in
ied period
within the

Th¢ use of secondary and additional power supplies and primary distribution €quipment in order to
enhance levels of availability are addressed in 6.2.6.

6 | Availability

6.1 General requirements

Th¢ power supply and distribution systems for a data.céntre comprise a complex sgquence of
components in a hierarchical structure via a series of serial.and parallel subsystems which donvert the
power from the primary, secondary or additional supplies, maintain and/or improve its quality and
avdilability, and deliver that power to a mix of unprotected and protected end-equipment within the
datfa centre.

Th¢ measurement of power supply parameters atthe locations described in Clause 8 and the pssociated
mohitoring of those parameters and their trends is also able to indicate conditions where demand may
be threatened by the available capacity.

Thé¢ power supply and distribution systems within the data centre shall be designed and/or felected in
order to provide the required availability of power supply to the end-equipment.

Th¢ Availability Class of the power supply and distribution systems shall be at least eqyal to that
required by the Availability Class of the overall set of facilities and infrastructures chosen in gccordance
with ISO/IEC TS 22237-1.

Subclause 6.2 defines’/general requirements and recommendations for the design and selecfion of the
power supply system and in terms of Availability Class.

Subiclause 6.3, defines general requirements and recommendations for the design of the power
disfribution-system and in terms of Availability Class.

6.2 “Power supply

6.2.1 Capacity planning
6.2.1.1 Sizing

6.2.1.1.1 Requirements
The maximum capacity of the power supply system to the data centre shall be sized to accommodate:

a) themaximum planned ITload and allowance for future growth to allow for technology developments
(typically, but not necessarily, based upon the published ‘start up’ power requirements supplied by
the equipment manufacturers);

© ISO/IEC 2018 - All rights reserved 9
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b)

external to the data centre);

<)

d) losses

the small power, security, lighting and building/energy controls;

in the power distribution system.

the maximum mechanical cooling load (typically based on the highest predicted temperature

During the planning and dimensioning of the power supply, its associated spaces and the selection of
components of the power supply system of the data centre, the following shall also be considered:

nall
the

Drrt-

be
ing

[1ce

tor

e) during construction:

1) temporary/construction power requirements;
f) during operation:

1) giowth of real power load over time;

2) pyedicted variations and periodicity of active power load and power factor;

3) pyedicted variations and periodicity of load factor;
g) exceptional conditions (i.e. special and/or unusual loads):

1) n3ature of load;

2) odcurrence (i.e. continuous, intermittent, cyclical).
The selectjon of components of the power distribution system‘(e.g. transformers and generators) s}
allow a scalable solution which takes into account the variability between ‘normal’ demand (when
mechanicdl cooling system is working at lower ambient témperatures) and the ‘maximum’ demand.
The capacjty of any additional supply system shall at least match the capacity planning for the sh
break, protected or locally protected sockets as shown in Figure 4.
Where sefondary and/or additional supplies’ are implemented, the balance of the loads shall
considered in the event of failure, i.e. is theJoad to be distributed (evenly or unevenly) on the remain
supplies of is it to be applied, in full, to a single remaining supply.
6.2.1.1.2 | Recommendations
The speciffication of transformiers, alternators and controls should take into consideration the prese
of capacitiye loads and, where legacy loads are anticipated, high harmonic current distortion.
Most modé¢rn IT loads,are dual-corded. All distribution paths shall be designed to sustain the maximum
load shoulf the redundant path fail.
Static transfer{syitches should only be considered following an extensive design review due to their
“single-pojnt<of-failure” nature and the risk of excessive short circuit currents to semiconduc
devices. Such areview shoutd also consider IT based SOIUtions. SEe 6.3-

Consideration should be given to the status of sockets that provide power to any equipment, such as
fuel pumps, necessary to maintain the additional supply.

10
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6.2.1.2 Expansion

6.2.1.2.1 Requirements

The selection of components of the power supply system (e.g. transformers and generators) within the
premises shall:

a) allow a modular solution which takes into account the initial load and the maximum planned load
while maintaining optimum efficiency;

b) takeinto account any need to maintain data centre operation during the introduction of additional
capacity.

6.2.1.2.2 Recommendations

Mofdularity should be balanced with reliability by ensuring that the componenticount is notf increased
to the detriment of reliability or availability.

6.2.1.3 Diversity

6.2.1.3.1 Requirements

Th¢ higher Availability Classes of 6.2.6 require the incoming power supply to be duplicated and
deljvered via diverse routes.

6.2.1.3.2 Recommendations

WHere the data centre is provided with multiple power supplies (primary, secondary or addifional), the
cabling for each power supply between its point'of entry to the building accommodating the data centre
and its source (e.g. premises entrance or generator space) should be installed in a separat¢ pathway.
Th¢ location of the pathways and protection applied to them should minimise the risk of ¢oncurrent
physical damage.

Anl|analysis should be employed.tfo assess the balance of risk between the use of overheadl catenary
pathways (due to climatic effects such as high wind, snow or icing) and the use of unferground
pahways which may be at risk-of accidental excavation.

Thé¢ entrance of each pawer supply to the building containing the data centres should be:
a) | physically segregated to provide a barrier in accordance with national or local regulatiofs;

b) | sufficientljreontained to survive a explosion in one transformer housing.

6.22 Availability of the utility supply

6.2.24 annirnmnnfn

The primary and secondary (if present) power supply shall be in accordance with EN 50160.

The primary and secondary (if present) power supplies for a data centre are typically the utility. The
reliability of these supplies shall be assessed during the design process and the design of any additional
supplies shall reflect the predicted availability of the primary/secondary supplies.

Using historical availability records where available, the additional supply providing the emergency
generation system shall be designed following consideration of:

a) capacity;

b) period of use (intermittent or continuous);

© ISO/IEC 2018 - All rights reserved 11
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<)

Depending on the outcome of this assessment it may be desirable to reverse the roles of primary and
additional supplies i.e. a generator may provide the primary supply backed up by the network operator’s
power supply.

load profile (continuous or variable).

Additional power supplies shall be matched to the power distribution system and their function,
including replenishment of any fuel, shall be covered by a service level agreement which takes into
account the capacity of any on-site storage facilities.

The timescales for maintenance and repair within the service level agreements relating to any

additional
capacities

The contr

power supplies are disrupted.

6.2.2.2 |

A local pr
supply if:

a)
b) thepo

the av|

If a local {

considered and secondary and additional supplies should be continuously rated for long term full-1

operation.

Where the
term full-1

6.2.3 Pq

6.2.3.1 |

The powel

6.2.3.2 |

Power supjplies at AC 400,V are typically shared by several consumers who act in combination to def
lly reduce;the lower power quality. Where concerns exist, consideration should be given to

and typicd
the monitg

power supply(s) shall be shorter than the operating period supported by their fuel stor

bl systems for additional power supplies shall remain functional if primary ox:s€cond

Recommendations

mary power supply (e.g. power station or hydro-plant) should be/onsidered as a prim

pilability of the grid connection is considered inadequate;
wer quality of the grid supply is considered inadequate,

ower supply is used as a primary supply, the impact of any periodic shut-downs should

bad operation, the primary supply should be the utility.
wer quality

Requirements

quality shall be in accordance with EN 50160.

Recommendations

ring of power quality parameters.

hge

ary

ary

be
bad

additional supply providing the emergency generation system is continuously rated for long-

ne,

In order td achieve the higher levels of power quality, a data centre should:

a) be connected to the network operator s supply at the highest possible voltage level,

b) share a sub-station with as few other consumers as is possible;

c) not be located near to large consumers of electrical power, such as metals manufacturing and

processing, or large electrical machines and electronic drives, such as gas compression facilities.

6.2.4 Load presented to the utility supply

6.2.4.1 Requirements

The loads, power factors and harmonics presented to the supply(s) shall remain within the boundaries
of any contract of supply and/or be compatible with any local generated and additional supplies.

12
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6.2.4.2 Recommendations

The following aspects should be taken into account when planning the capacity of the supply with
respect to the load;

a) Critical loads:

1) the input power factor and harmonic current spectrum of the chosen UPS (as indicated in
Figure 2 and Figure 3, UPS or DC supplies are required in order to ensure adequate power
quality to protected sockets feeding the IT, and other critical loads - as a result the load
presented to the utility is dominated by the power input stage of the chosen UPS);

2) the input power factor and harmonic current spectrum of the critical load when thig UPS is in
bypass or other off-line mode.

b) | Non-critical loads: the input power factor and harmonic current spectrum .of the loads fed by
unprotected, short-break and locally protected sockets such as cooling systém'‘compressgrs, pumps
and fans - especially if variable speed drives are used.

6.2l.5 Equipment
6.2.5.1 Transformers

6.2,5.1.1 Requirements

WHere the primary and/or secondary power supply to‘the premises accommodating the data centre is
HV|or MV, any transformers shall be selected to:

a) | provide peak load while running at peak desigh ambient temperature for the location wjth any de-
rating for harmonic load currents from URS'or variable speed drives within the facility;

b) | stay within their design operating temperature range at peak load.

6.2.5.1.2 Recommendations

Dry type transformers in accordance with IEC 60076-11 should be used.
6.2,5.2 Supply transfer switchgear

6.2.5.2.1 General

Supply transfer switchgear for data-centre facilities is normally automated with madins-failure
mopitoring.

6.2.52.2° Requirements

If no supply synchronisation is present, transitions shall be open transition with a delay to prevent a
risk of damage to equipment and/or allow for any inductive load decay.

6.2.5.2.3 Recommendations

None.
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6.2.5.3 Uninterruptible power supplies (UPS)

6.2.5.3.1 Requirements

The following scenarios shall be considered when designing the power supply system associated with

UPS equipment:
a) normal operation on UPS fed by utility or by additional supply;

b) load on UPS bypass fed by utility or by additional supply.

The power quality supplied by static UPS equipment shall be in accordance with the appropriate-(l
of IEC 62040 (all parts). The power quality supplied by dynamic UPS equipment shall be in accorda
with the appropriate Class of [IEC 88528-11.

In the abgence of alternative requirements being specified by the suppliers of eqtipment to
connected|to protected sockets, the power quality between the UPS and the protected sockets shal

in accorda

6.2.5.3.2

UPS equip
supply and

UPS input
Transient
load conne

6.2.6 Ay

6.2.6.1

All infrast
redundang
of capital
increased

Four desig
distributid
a) Class
accept
whersg
b) Class
resilig

ce with IEC 61000-2-4:2002, Class 1.

Recommendations

ment should be selected to operate in normal mode from the anticipated power quality of
yet supply the protected sockets with conditioned power.

, outputs and bypass(es) should be fitted with surge priotection devices (SPDs), e.g. all-m
Voltage Surge Suppression (TVSS). For rotary UPS, such devices should also be fitted at
ction side.

ailability Class design options

reneral

ructures in the data centre utilise the concept of ‘N’ when planning the load and

y,e.g.N,N+1,2 N or 2(N + 1), etc: where N is seldom equal to 1. To maximise the utilisat
plant, and thus minimise energy standing losses, the designer shall take into account
Fedundancy for running at partial load when choosing how to specify the configuration of

n options, of increasing”Availability Class are specified for the power supply and poy
n systems.

|: Single path (no resilience) - a single path system without resilience is suitable where
able that a single fault in an element in the path will result in loss of functional capability
maintenduace (routine preventative or unplanned repair) requires the load to be shut-dov

ASsS
[nce

be
be

the

bde
the

the
ion
the
‘N’

ver

of sup

nee is’suitable where it is required that a single fault in the in the path will not result in

p: Singlé path (resilience provided by redundancy of components) - a single path system wi

routine planned maintenance does not require the load to be shut-down. Major faults may result
in unplanned load shutdown and some maintenance routines (for example annual or bi-annual

integr

ity checks for safety) may require planned load shutdown.

Class 3: Multi-path resilience and concurrent repair/operate solution - an active/passive multi-path

system with resilience is suitable where it is required that a single fault in the path will not result
in loss of supply because sufficient redundant components in each sub-assembly are included and
where routine planned maintenance does not require the load to be shut-down. Major faults may
result in unplanned load shutdown but all maintenance routines (for example annual or biannual
integrity checks for safety) will not require planned load shutdown by use of the passive path.
The passive path serves to act as the concurrent maintenance enabler as well as reducing to the
minimum the recovery of service time after a major fault. The designer should aim to have the

14
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least number of common-point-of-failure possible between the active and passive paths, including
segregated routing and physical compartmentalisation.

Class 4: Multi-path resilience, concurrent repair/operate, and fault tolerant solution - An active/
active multi-path system is suitable where it is required that no single fault in either path will
result in loss of supply and where planned maintenance does not require the load to be shut-
down. A major fault in one path will not result in unplanned load shutdown and all maintenance
routines (for example annual or biannual integrity checks for safety) will not require planned load
shutdown by use of the other active path. Each path serves to act as the concurrent maintenance
enabler as well as avoiding any recovery of service time after a major fault. The designer should aim

o-have nocommon-point-of-failure between the two pathsincduding segregated routing, physical
compartmentalisation and fire-rated enclosures. Each path does not require N+1%r¢dundancy
unless the client specifies that during maintenance or repair (planned or unplanfied) where one
path is removed from service the remaining path has to retain a higher degree-ofresilience than
N. This is most valid when a scalable solution in each path results in N where-N is muflti-module
and higher than 3 (for example). It is assumed in this standard that during@ystem mainfenance or
repair, unless specified by the client, a degraded level of resilience is permitted.

6.2 Class 1: Single path (no resilience) solutions

ure 4 shows an example of a basic single path design solution{inn-which a single radial i§ provided
m a MV/LV transformer (e.g. AC 400 V). The transformer may be either external to th¢ premises
taining the data centre and owned by the utility or within-the premises, i.e. a functionpl element
he power supply system of the data centre in which case\it may be owned by either the |utility, the

mises owner or a third party.
. Primary T

Network operators supply ’ 3
L N S — { :
. Secondary
_Pm,nar}./ distribution
distribution equipment

equipment

Figure 4 — Example of single path solution for power supply

b pathway within the premises carrying the power supply should be underground unlefs the risk
m accidental excavation”is considered higher than the threat from atmospheric distyrbance or
berate or accidental\physical damage.

6.3 Class 2: Single path (resilience provided by redundancy of components) solutions

ure 5 shows the implementation of Figure 4 (see 6.2.6.2) augmented by an appropriate|additional
ply, dedicated to the needs of the data centre, which provides resilience by means of redfindancy of
nponents.

Th
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utility or within the premises, i.e. a functional element of the power supply system of the data centre in

wh

ich case it may be owned by either the utility, the premises owner or a third party.

ransfer
1
]
1
1
1
h
1
1
|

. Primary &
Network operators supply &
supply I ‘
_‘>‘ _i: ‘\ II
— Secondar
Additional supply < Primary distributi?)]n
distribution equipment
equipment

Figure 5 — Example of “single path resilient” solution for power supply
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The pathways within the premises carrying the primary, secondary and additional supplies should be:

a) located underground unless the risk from accidental excavation is considered higher than the
threat from atmospheric disturbance or deliberate or accidental physical damage;

b) physically separated, between the boundary of the premises and the point of entry into buildings
containing the relevant data centre spaces, by at least 20 m to ensure that a single incident will not
cause damage to both entrance pathways;

c¢) accommodated within separate fire compartments within any buildings containing the spaces
served.

6.2.6.4 (lass 3: Multi-path resilience and concurrent repair/operate solutions

Figure 6 shows an example of a design solution providing multi-path resilience with concufrent repgir/
operate features. An N + 1 array of MV/LV transformers (either external or internal to,the premiseq) is
fed by a MV ring to provide diverse routing of supply. Any transformer should be housed in separate
fire compgrtments.

™~

Primary
supply
5 -
S5 e
Network operators ) ; b
\
supply 55— - ' ;
> £ \ K
Secondary 2 s .
Q »n PR
supply 3 ' Secondary
_Prlmary distribution
dlStl.’lbutlon equipment
equipment

-~

Figure|6 — Example of “multi-path resilience with concurrent repair/operate” solution for
power-supply

The implgmentation of an appropriate additional supply produces an enhanced design solution
(see 6.2.6.B).
The pathways within the premises carrying the primary, secondary and additional supplies should be:

a) located underground unless the risk from accidental excavation is considered higher than [the
threaf from atmospheric.disturbance or deliberate or accidental physical damage;

b) physidally separatedf{between the boundary of the premises and the point of entry into buildipgs
containing the relevant data centre spaces, by at least 20 m to ensure that a single incident will not
cause [damage toboth entrance pathways;

c) accommodated within separate fire compartments within any buildings containing the spaces
servedl.

6.2.6.5 Class 4: Fault tolerant solutions

Figure 7 shows an example of a fault tolerant design solution in which two separate and diversely routed
MYV supplies from two physically diverse transformers (external or internal to the premises), each one
of which is fed via a ring, not a radial. Each transformer shall be housed in separate fire compartments.

In such a configuration, each feed shall:
a) berated for the maximum load of the entire facility;
b) belive;

c¢) normally share the connected load equally.

16 © ISO/IEC 2018 - All rights reserved


https://iecnorm.com/api/?name=cfc76a45047a7e281c22639dfd1bc2dc

The
d)

f)

The
sep
equ
6.3
6.3
6.3

6.3

The
shg

a)

b)

ISO/IEC TS 22237-3:2018(E)

Primary Supply transfer

B supply switchgear

Network operator 1
supply

—

—

Network operator 2 X Secondary
supply/ _P“‘f“ar,y distribution

Secondary dlStI:lbuthn equipment
/ supply equipment

Figure 7— Example of fault tolerant design solution for power supply

e pathways within the premises carrying the primary, secondary and additional supplies

located underground unless the risk from accidental excavation is considered highe
threat from atmospheric disturbance or deliberate or accidental physical damage;

cause damage to both entrance pathways;

accommodated within separate fire compartments withjn,\any buildings containing
served.

b dual supply from the supply transfer switchgear shall be diverse routed, accommoda
arate fire compartments and shall feed separate{ switchgear within the primary d
ipment.

Power distribution
.1 Capacity planning
1.1 Sizing

.1.1.1 Requirements

e maximum capacity.of‘the power distribution system and the associated spaces of the d
1l be sized to accommodate:

the maximum planned IT load and allowance for future growth to allow for technology dev
(typically;but not necessarily, based upon the published “start up” power requirements §
the equipment manufacturers);

the. maximum mechanical cooling load (typically based on the highest predicted te

extérnal to the data centre);

hall be:

- than the

physically separated, between the boundary of the premises and the point of entry intg buildings
containing the relevant data centre spaces, by at least 20 m to ensdre-that a single incidgnt will not

he spaces

fed within
stribution

ata centre

elopments
upplied by

mperature

d)

©IS

the small power, security, lightning and building/energy controls;

losses in the power distribution system.
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During the planning and dimensioning of the power distribution system and the selection of components
of the power distribution system of the data centre, the following shall also be considered:

e) during construction:

1) temporary/construction power requirements;
f) during operation:

1) growth of real power load over time;

2) predicted-rariationsand-periedicityofloadfactor;
g) exceptfional conditions (i.e. special and/or unusual loads):

1) n3ature of load;

2) odcurrence (i.e. continuous, intermittent, cyclical).
The selectlion of components of the power distribution system shall allow a scalable solution wh
takes intofaccount the variability between “normal” demand (when the mechanical cooling systen
working at lower ambient temperatures) and the “maximum” demand.

UPS equipment shall be selected to operate at the anticipated load taking into account the expec

power fact

NOTE
UPS are typ

6.3.1.1.2

None.

6.3.1.2 |

6.3.1.2.1

The select
the data c4

a)

allow
maint

b)
capac

6.3.1.2.2

take ipto account;any need to maintain data centre operation during the introduction of additig

ors of the load.

['ypically, IT equipment exhibits capacitive loads with powerfactors close to 1,0 whereas the outpy
ically inductive with power factors of low as 0,8.

Recommendations

EXpansion

Requirements

on of components of the power distribution system (e.g. UPS) on the premises accommodat
ntre (e.g. transformers‘and generators) shall:

@ modular whichtakes into account the initial IT load and the maximum planned load
hins optimised efficiency;

ty.

Recommendations

ich
h is

ted

tof

ing

hnd

nal

UPS systems should be loaded to optimise their efficiency in accordance with manufacturer’s
instructions. Modularity should be balanced with reliability by ensuring that the component count is
not increased to the detriment of reliability or availability.

It should be possible to implement the desired stages of expansion without shutting down the critical

load down
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6.3.2 Power quality

6.3.2.1 Requirements

In all cases, the design of the power distribution systems and the selection of its components shall take

into account the expected power quality of the relevant supply by considering:
a) the active power load;

b) the apparent power load;

c) | the requirements for power quality within the data centre;

d) | short term inrush current components.

The¢ following scenarios shall be considered when designing the power distribution-system

witlh UPS equipment:
1) | normal operation on UPS fed by utility or by additional supply;
2) | load on UPS bypass fed by utility or by additional supply.

Considerations of power quality in relation to UPS shall be in accordance with 6.2.5.3.

Thé¢ components of the power distribution system shall be sele¢ted to meet the demands for

and short-circuit performance in all relevant operational modes.

6.3.12.2 Recommendations

None.
6.3.3 Equipment
6.3(3.1 UPS

6.3.3.1.1 Requirements
Seq 6.2.5.3.1.

6.3.3.1.2 Recommendations

Sed 6.2.5.3.2.

6.3.3.2 _Switchgear

6.3.3.221 Requirements

hssociated

selectivity

Low voltage switchgear and control gear shall be in accordance with IEC 60947 (all parts).

Low voltage switchgear and control gear assemblies shall be in accordance with IEC 61439 (all parts).

6.3.3.2.2 Recommendations

None.

© ISO/IEC 2018 - All rights reserved
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6.3.4 Availability Class design options

6.3.4.1

6.3.4.1.1

Implementation

General

6.3.4.2 to 6.3.4.5 specifically address the implementations which affect the availability of the protected

socket infrastructure.

The term ‘UPS or DC supply’ shown in Figure 8, Figure 9, Figure 10 and Figure 11 is used to include both

non-redundant and redundant systems to meet the reliability requirements oI the design.

6.3.4.1.2

The suppl
switching

The choics
planning.
during the

Where poxv
not negati

6.3.4.1.3

None.

6.3.4.2

Requirements

y at protected sockets shall not be negatively affected by any load steps feSulting fj
operations or faults.

of components and systems as well as their quality shall be taken into censideration by
Recommendations or installation rules of the suppliers or manufactdrer's shall be conside
planning process.

ver distribution systems incorporate multiple paths, a failure.ofcomponents in one path sl
Vely affect the provision of power in any other path.

Recommendations

Class 1: Single path (no resilience) solutions

Figure 8 shows an example of a single path design'solution.

The UPS o
that data 4

6.3.4.3

mary distribution Secondary’ Additional secondary . e
: A, P . Tertiary distribution
ipment distributien distribution equipment equipment
dependent of feeds) equiprfient (if required) quip
UPS m Protected
: or O O socket
/! DC supply U

Figure 8=Example of single path solution for power distribution

I dc supplyishall be designed and installed to provide power for a period adequate to ens
re not lost following supply failure.

Class 2: Single path (resilience provided by redundancy of components) solutions

the
red

nall

Lire

Figure 9 shows examples of single path design solutions providing resilience by means of redundancy

of compon
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Primary distribution Secondary Additional secondary . o
equipment distribution distribution equipment Tertlary'dlstrllzutlon
(independent of feeds) equipment (if required) equipmen
Protected
UPS
_____ or O O socket —p|  PSUA
’,” \\/ DC supply
-: :' Equipment
. /\ UPS Protected
or socket —p  PSUB
DC supply U O
Figure 9 — Example of "single path resilient” solution for power distribution
The UPS or dc supply shall be designed and installed to provide power for a period fellowjing supply
failure adequate to allow controlled shut-down of equipment connected to the,protected sockets or
estpblishment of alternate supply.
6.314.4 Class 3: Multi-path resilience and concurrent repair/operate solutions
igure shows an example of a design solution providing multi-path resilience with ¢oncurren
E 10 sh le of ad lut d It th 1 th t
repair/operate features.
Primary distribution Secondary Additional secondary Tertiary distributi
equipment distribution distribution equipment FRstr tu ton
(independent of feeds) equipment (if required) Squipmen
UPS Protected
. or m O QO socket —f |PSUA
,/' T DC supply U
: Hquipment
\\\ ) . Protected
a—- @ O O socket —p! |pPSUB

power distribution

Figure 10 — Example of “multi-path resilience with concurrent repair/operate” solution for

Thé¢ UPS or dc supply shall be designed and installed to provide power for a period followfing supply

failure adequate to allow ‘establishment of alternate supply.

6.3[4.5 Class 4:(Fault tolerant solutions
Figure 11 sheWs an example of a fault tolerant design solution. Each path shall be equipped with UPS
equipmentthat is separated physically and housed in separate fire compartments.
Primary distribution Secondary Additional secondary . .
equipnient distribution distribution equipment Tertl:rzidlslt;t;utlon
(independent of feeds) equipment (if required) qauip
UPS Protected
or m () QO socket —pf  pSyA
----- O/
.~ N DC supply \\_/
': : Equipment
' Sso e ! UPS Protected
or m () Q) socket —f  psUB
O/
DC supply \\_/

Figure 11 — Example of fault tolerant design solution for power distribution

The UPS or dc supply shall be designed and installed to provide power for a period following supply

failure adequate to allow establishment of alternate supply.
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6.4 Incorporation of LVDC distribution

The feasibility of LVDC distribution (in the range DC 380 V to DC 600 V) is under consideration. This

document

will reflect any developments in due course.

6.5 Additional considerations

6.5.1 Lightning and surge protection

The measures applied shall be in accordance with IEC 62305 (all parts) applied with reference to ISO/

[EC 30129

The powe
devices ac

6.5.2 Se

The requi
informatid
informatid

6.6 Emg

6.6.1 Rq

Data centr
switch ifr

Where an
discouragg
EPO switc

6.6.2 Rq

The use of]

7 Phys

and ISO/IEC 14763-2.

" distribution system and the connected equipment shall be protected by surge protect
cording to IEC 62305-4.

gregation of power distribution cabling and information technology cabling

Fements and recommendations for the segregation of LV power djstribution cabling
n technology cabling are provided in ISO/IEC 14763-2 for the plafiner and installer of
n technology cabling.

rrgency power off

quirements

es, including those employing UPS systems, shallyincorporate an emergency power off (E
bquired by national or local regulations.

EPO switch is required, it shall be protected to prevent unintentional operation and
e non-emergency use. The minimum pretection shall be a cover that shall be lifted before
h can be operated.

commendations

EPO switches should be avoided.

ical security

7.1 Ge

eral

The hierar|chical nature of a power distribution system provides increasing security risks as one mo
from the epd-equipment via the power distribution area towards the primary (or additional) suppli

ive

hnd
the

)O)

to
the

ves
LS.

Availabilitj~of the power distribution system is therefore dependent on the access controls

hind

protection against internal environmental events applied to the functional elements and the
interconnecting pathways (see ISO/IEC TS 22237-6).

Protection against external events is addressed in ISO/IEC TS 22237-2.

7.2 Access

7.2.1 Power supply

Access to the power supply systems shall be limited.

All equipment comprising the power supply system shall be in areas of Protection Class 3 or above as
specified in ISO/IEC TS 22237-6.
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