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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 aceordande 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,
Subcommitte SC 39, Sustainability for and by-Information Technology.

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

© ISO/IEC 2018 - All rights reserved v
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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
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s become critical both from an environmental point of view (reduction of carbon footpr
spect to economical considerations (cost of energy) for the data centre operator.

entation of data centres varies in terms of:

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;
pcts, building designers 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
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22237-1,Information technology — Data centre facilities and infrastructures — Part 1: Gene
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ISO/IEC T

S\22237-2, Information technology — Data centre facilities and infrastructures — Par

F 2:

Building construction;

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

Vi
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ISO/IEC TS 22237-7, Information technology — Data centre facilities and infrastructures — Part 7:
Management and operational information.

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

Part 2

A 4

_—
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”|  Power distribution
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Part 3
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Part5
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> Environmental control
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Managenjent and

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

» o«
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Figure 1 — Schematic relationship between the ISO/IEC TS 22237 series of documents

IEC TS 22237-2 to ISO/IEC TS 22237-6 specify requirements and recommendations for[particular
lities and infrastructures to support the relevant classification for “availability

physicall security”

s document addresses the environmental control facilities and infrastructure within ddta centres

together with the interfaces for monitoring the performance of those facilities and infrastructures in

ling

ISO
req

Thi

builders, system and installation designers.

The
teld

with ISO/IEC TS 22237-7 (in accordance with the requirements of ISO/IEC TS 22237-1).

IEC TS 22237-7 addresses-the operational and management information (in accordance with the
uirements of ISO/IEC TS22237-1.

s document is intenided for use by and collaboration between architects, building desjgners and

e [SO/IEC TS'22237 series does not address the selection of information technology and network
communications equipment, software and associated configuration issues.
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Information technology — Data centre facilities and
infrastructures —

Part 4:
Environmental control

1

Thi
cla

Thi
a)
b)
c)
d)
e)
f)
g)
h)

Iss

2

The
con

undated referencesythe latest edition of the referenced document (including any amendment

1IN0
con

ISO

Scope

s document addresses environmental control within data centres based upen the cj

” o«

sifications for “availability”, “security” and “energy efficiency enablement” within ISO/IEC ]
s document specifies requirements and recommendations for the following:

temperature control;

fluid movement control;

relative humidity control;

particulate control;

vibration;

floor layout and equipment locations;

energy saving practices;

physical security of environmental;control systems.

es related to electromagnetic environment can be found in ISO/IEC TS 22237-6.

Normative references

b following documents are referred to in the text in such a way that some or all of thg
stitutes requirements of this document. For dated references, only the edition cited a

IEC TS 22237-1, Information technology — Data centre facilities and infrastructures — Par
cepts

IECTS 22237-6, Information technology — Data centre facilities and infrastructures

Sec

iteria and
'S 22237-1.

ir content
pplies. For
s) applies.

- 1: General

— Part 6:

ity cuctome
ey Oy O TEHY

3

Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions in ISO/IEC TS 22237-1 and the

foll

owing apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

[EC Electropedia: available at http://www.electropedia.org/

© ISO/IEC 2018 - All rights reserved


http://www.electropedia.org/
https://iecnorm.com/api/?name=713cf99548192bd16931f78fb6242ed7

ISO/IEC TS 22237-4:2018(E)

3.1.1
adiabatic
cooling sy

3.1.2

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

cooling
stem that uses the evaporative cooling principle to reduce the air temperature

absolute humidity

quantity o

f water vapour in a given volume of air

Note 1 to entry: Expressed by mass.

3.1.3
access flo
system co

adjustable]

services

or

Note 1 to emtry: Also known as “raised floor”.

[SOURCE:

3.14
comfort e

controls which produce an environment which is appropriate for the'effective performance of person

in a given

3.1.5

dew point
temperatu
conditions

[SOURCE:

3.1.6
exhaust a
temperat

3.1.7

fresh air ¢

cooling sy

3.1.8
heatload
thermal p

3.1.9

SO/IEC TS 22237-2:2018, 3.1.1]

nvironmental controls

bpace

re at which the water vapour in a gas begings todeposit as a liquid or ice, under standardi

EC 60050-212:2010, 212-18-11]

ir temperature
e of the air leaving the data.centre building or the temperature of the air leaving the heat

ooling
btem that uses thegxternal air to cool the data centre either directly or indirectly

wer thatis produced

psisting of completely removable and interchangeable floor panels that are supported
pedestals connected by stringers to allow the area beneath the floor to be used by build

on
ing

nel

bad

informatipnd{echnology equipment

equipmen
dedicated

3.1.10

I ) 1 : . ! . 1 i+ rent

to providing direct connection to core and/or access networks

outdoor air temperature
temperature of the air measured outside of the data centre building

3.1.11
relative h

umidity

ratio, expressed as a percentage, of the vapour pressure of water vapour in moist air to the saturation
vapour pressure with respect to water or ice at the same temperature

[SOURCE:

IEC 60050-705:1995, 705-05-09]
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3.1.12
return air temperature
temperature of the air re-entering the environmental control system, e.g. the air handling unit

3.1.13
supply air temperature
temperature of the air entering the IT equipment

3.1.14
ventilation
supply of air motion in a space by circulation or by moving air through the space

Note 1 to entry: Ventilation can be produced by any combination of natural or mechanical supply’and|exhaust.

Notle 2 to entry: Such systems can include partial treatment such as heating, relative humidity contyol, filtering
or purification, and, in some cases, evaporative cooling.

3.2 Abbreviated terms

For| the purposes of this document, the abbreviated terms given ifi ISO/IEC TS 2223741 and the
following apply.

UPp Uninterruptible Power Supply
CRAC Computer Room Air Conditioning (Unit)
IT Information Technology

ITH Information Technology Equipment

4 | Conformance
Forla data centre to conform to this deeument:
a) | it shall feature an environmental control solution that meets the requirements of Clause 4 and 5;

b) | it shall feature an approach to physical security in relation to the environmental contrpl solution
that meets the requirements of Clause 6;

c) | it shall feature an“energy efficiency enablement solution that meets the requirements of the
relevant Granularity Level of Clause 7;

d) [ local regulations, including safety, shall be met.

5 | Environmental control within data centres

5.1 General

5.1.1 Functional elements

The environmental control system is one of the most important parts of the data centre infrastructure.
Excessive variations of temperature or relative humidity can directly affect the functional capability of
the data centre and its infrastructures.

The functional elements of the environmental control system are divided into primary and secondary
elements.

© ISO/IEC 2018 - All rights reserved 3
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Primary elements relate to the mechanical generation of temperature controlled fluids. Secondary
elements relate to the distribution of fluids generated by the primary elements. See Table 1 for examples
of these elements.

Some environmental systems combine the function of primary and secondary elements.

Table 1 — Examples of primary and secondary functional elements

Area Fluid Functional element(s)

Water Water supply grid, chiller, pump(s)

Primary

Air Outside air intake, filter, heat exchanger

Water
Air

Pump(s), valve(s), pipe system, liquid cooled enclosures

Secondary

Duct system, computer room air conditioning unit

It should b
elements.

5.1.2 Rgq

The appro
technolog

The desig
elements s

The desigr
shall take
controlled
changes in

During thg
shall be es|

In all data

In all spac
the relativ
equipment

not specified, a minimum dew:point of 5,5 °C shall be maintained.

Where dij
methodold
considerat

For guida
[EC TS 222

quirements

hch taken for the design of the environmental control system shalltake into account availg
, physical security and data centre availability.

h of the environmental control system and the selection and installation of functiqg
hall take into consideration the effect of vibration on the.data centre spaces.

of the environmental control system and the selection and installation of functional eleme
into consideration the effect of friction and/or obstruction in the pathways for temperat
fluids. Operational controls shall be provided-\to ensure no degradation of fluid flow dug
the pathways.

design phase the requirement for the number of air changes per unit time and air press
tablished.

centre spaces the requirements for filtration shall be considered.

e humidity shall be mdintained in accordance with the instructions of the supplier of
to be accommodated." Where no information exists or where the equipment manufacturg

ect fresh air_ceoling solutions are chosen the requirements analysis and the result
gy of monitoring and control is of prime importance. In these circumstances particy
ion shallbe given to the control of contaminants.

hce (On“the ventilation requirements of activated gaseous suppression systems see [
3746.

e noted that a Class 1 environmental control system does not necessarily contain any of thlese

ble

nal

nts
Lire
e to

Lire

bs where there is a risk of damage to static-sensitive equipment from electro-static discharge

the
ris

ing
lar

50/

5.1.3 Recommendations

Opportunities for reductions in energy consumption exist where wider tolerances of temperature and
relative humidity can be tolerated in defined data centre spaces. It is recommended to use cooling units
with integrated vibration decoupling for all rotating parts (e.g. fan, compressor) or low vibration parts.
If the cooling units or other external components with rotating parts are not equipped with integrated
vibration decoupling the whole unit should be decoupled.

© ISO/IEC 2018 - All rights reserved
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5.2 Environmental control of data centre spaces

5.2
No

5.2

.1 Building entrance facilities

specific requirements.

.2 Personnel entrance(s)

Comfort environmental controls shall be applied to this space.

5.2,

No

5.2

5.2

Ten
be
the

Adj
WH
Anf

Ten
Sed

He
pog

5.2

The
fue)

The

NO

3 Docking/loading bay(s)

specific requirements.
L4 Generator space(s) including fuel storage

4.1 Generator spaces

hperature shall be maintained in accordance with the instructions.of the supplier of the eq

temperature shall be maintained above 0 °C and should be aboveé 10 °C.
pquate ventilation shall be provided for combustion and fof-radiator cooling,.
ere the manufacturer is not known at the time of design the maximum temperature shall

i-condensation heating shall be provided for alternators and switchgear.

ISO/IEC TS 22237-6 for further information regarding monitoring of smoke.

iter elements in the generator engine'may provide sufficient heat for this space, where
sible thermostatically controlled hédters shall be applied.

4.2 Fuel storage systems

e fuel storage system shall be protected against continuous sub-zero ambient temperatur
| solidification.

 fuel storage systems shall be monitored for leakage.

[E The availability of generators can be adversely affected by cold (<10 °C) or poor quality fi

be improved.thfough the installation of crankcase heaters.

5.2

L5 , (Transformer space(s)

lipment to

hccommodated. Where no information exists or where the equipment manufacturer is nof specified

be 35 °C.

hperature and the presence of particulates‘(smoke, carbon monoxide and fuel) shall be monitored.

this is not

bs to avoid

el and can

Ter

Tperature stratt be mmaintaimed imaccordarnce with the imstructions of the supplierof the

equipment

to be accommodated unless the system has been de-rated for operation at higher ambient temperatures.
Where no information exists or where the equipment manufacturer is not specified the temperature
shall be maintained above 0 °C and should be above 10 °C.

The maximum ambient temperature shall not exceed the maximum temperature specified by the
equipment manufacturer unless the system has been de-rated for operation at higher ambient
temperatures. Where the manufacturer is not known at the time of design the maximum temperature
shall be 35 °C.

Filtration against dust shall be provided, if required, in accordance with the instructions of the supplier
of the equipment to be accommodated.
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Forced air cooling of the transformer should be considered at the design phase where this would
represent an improvement in transformer efficiency.

Anti-condensation heating shall be provided for switchgear.

Temperature and the presence of smoke particulates shall be monitored. See ISO/IEC TS 22237-6 for
further information regarding monitoring of smoke.

5.2.6 Electrical distribution space(s)

tto

Temperat
be accomn
the tempe

Natural ve

The maximum ambient temperature shall not exceed the maximum temperature~specified by

h

supplier o
higher am
temperatu

Anti-cond§

Temperaty
ventilation]
relative hu

5.2.7 Tdlecommunication spaces(s)

Temperaty
supplier o
be mainta

Temperaty

Where thd

(for examy

5.2.8 Main distributor spaces(s)

If external
computer

5.29 C(Cd

re shall be maintained in accordance with the instructions of the supplier of the equipme
hodated. Where no information exists or where the equipment manufacturer is not speoif
rature shall be maintained above 0 °C and should be above 10 °C.

ntilation shall be provided.

F the equipment to be accommodated unless the system has been de-rated"for operati
bient temperatures. Where the manufacturer is not known at the time of désign the maxi
re shall be 40 °C.

ensation heating shall be provided.

Ire controlled air extraction shall be provided, where the-facility’s redundancy so requi
shall be by redundant fans each rated to the maximum-load expected. Temperature
midity shall be monitored.

Ire and relative humidity shall be maintained in accordance with the instructions of
the equipment to be accommodated. Wheébpe this is not known in advance temperature s}
ned between 10 °C and 30 °C with relative humidity maintained between 20 % and 70 %

re and relative humidity shall be iméhitored.

les see 6.2.5.3).

to computer,roem space the requirements of 5.2.7 shall be applied; if contained within
Foom space,then the requirements of 5.2.9 shall be applied.

mpuferroom space(s) and associated testing space(s)

The compiferroom space is the most important space from an environmental control perspective.

ied

the
at
m

res
hind

the
nall

data centre is supported by a‘single telecommunications space, or by multiple, non-resilient
telecommyinications spaces, the space(s) shall have a single path resilient environmental control sysf

em

the

An analysis examining the balance between tight environmental controls versus high performance
energy saving controls with reference to the type of IT equipment to be accommodated shall be
performed by the owner of the data centre. The results of this analysis shall be compared with the
business model for the data centre.

Environmental controls shall be applied that maintain the following parameters within limits defined
by the requirements of the analysis described above:

a) operating temperature;
b) relative humidity;
6 © ISO/IEC 2018 - All rights reserved
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c) air quality:
1) particulate content;
2) Dbacterial content;
3) gaseous contaminants.

The designer of the environmental control system shall assess the impact of the failure of the system on
the data centre infrastructure.

5.2010 Electrical space(s)
Seq 5.2.15, if the electrical space contains UPS equipment.

Termperature shall be maintained in accordance with the instructions of the supplier6f the eqfiipment to
be pccommodated. Where no information exists or where the equipment manufacturer is nojt specified
theltemperature shall be maintained above 0 °C and should be above 10 °C.

Natural ventilation shall be provided.

Th¢ maximum ambient temperature shall not exceed the maximum temperature specifjed by the
supplier of the equipment to be accommodated unless the systenihas been de-rated for operation at
higher ambient temperatures. Where the manufacturer is not khown at the time of design thejmaximum
temperature shall be 40 °C.

Anti-condensation heating shall be provided.

Terpperature and relative humidity shall be monitoted.

5.2111 Mechanical space(s)
Temperature and relative humidity shall be‘monitored.

If the mechanical space accommodatés-électrical equipment then the requirements of 5.2.10 ppply.

5.2012 Control room space(s)

Comnfort environmental controls shall be applied to this space.

5.2113 Office spacé(s)

Comnfort envirenmental controls shall be applied to this space.

5.2l14 Storage and holding space(s)

Bagic'énvironmental controls shall be applied (temperature and relative humidity); tempefature and
relative-humidityshattbe-monitored:

5.2.15 Accommodation of UPS equipment

5.2.15.1 Static and rotary UPS

Temperature shall be maintained in accordance with the instructions of the supplier of the equipment
to be accommodated. Where no information exists or where the UPS equipment is not specified the
temperature shall be maintained between 15 °C and 35 °C (non-condensing); where storage batteries
are included in the UPS space the requirements of 5.2.15.3 shall be applied.

Air conditioning, rated for the maximum heat output of the UPS system, shall be provided if the external
ambient conditions preclude the use of filtered fresh air.

© ISO/IEC 2018 - All rights reserved 7
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Closed loop monitoring for temperature and relative humidity shall be provided.

Waste heat should be used to pre-heat standby generator plant of the UPS system where possible.

5.2.15.2 Diesel rotary UPS

The environmental controls required for the accommodation of diesel rotary UPS are as stated in 5.2.4.

5.2.15.3 Batteries

Where UP
shall be co
where the

Ventilatio
fans shall

Itis recom

See EN 50

ntrolled in accordance with the manufacturer’s instructions. Where no information exist
UPS equipment is not specified the temperature shall be maintained at (20 * 2) °C,

i shall be provided to avoid hydrogen accumulation. Where mechanical extraction®is used
be redundant and fed from separate secondary power supply points.

mended that Hydrogen monitoring is provided.

p72-2 for further information.

6 Availability

6.1 Genleral

The envirg
the risk {
IECTS 227

This stand
Class 3, Cl
6.2 Des

6.2.1 Ggqg

All system
N, N+1, 2N
S0 minimi
running at

Four desig

[t should H
and no spsq

nmental control system shall be designed to support the Availability Class chosen follow
issessment undertaken in accordance with_the availability classification defined I
37-1.

ard defines four Classes of Environmental®ontrol Systems of increasing availability (Clas
iss 4 and Enhanced Class 4).

ign options by space

neral

s in data centres utilize the concept of ‘N’ when planning the load and the redundancy,

or 2(N+1), etc. where'N is seldom equal to 1. To maximize the utilization of capital plant,

ve energy standing’/losses, the designer shall take into account the increased redundancy
partial load when choosing how to specify the configuration of ‘N’.

n options; 6f increasing availability are specified:

e noted that Class 1 as defined by ISO/IEC TS 22237-1 has no meaning within this stand
cificrequirements exist.

atjre

b OT’

the

ing
50/

e.g.
hnd
for

hrd

a)

Class 2: Single path (no resilience) - a single path system without resilience is suitable where it is

acceptable that a single fault in an element in the path will result in loss of functional capability and
where maintenance requires the load to be shut-down.

b)

Class 3: Single path (resilience provided by redundancy of components) - a single path system with

resilience is suitable where it is required that a single fault in the path will not result in loss of
functional capability 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 and some maintenance routines may require planned load
shutdown.

Class 4: 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
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d)

6.2

The
iny

a)
b)
c)
d)
e)
f)
g)
h)
i)

ISO/IEC TS 22237-4:2018(E)

in loss of functional capability 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 maintenance routines will not require
planned load shutdown. The passive path serves to act as the concurrent maintenance enabler as
well as reducing to the minimum the recovery of service time (minimising the mean downtime)
after a major fault. The designer should aim to have the least number of common-points-of-
failure possible between the active and passive paths, including segregated routing and physical
compartmentalisation.

Enhanced Class 4. Mu1t1 path re5111ence concurrent repalr/operate and fault tolerant solution -
in any path
w1ll result in loss of functlonal capablllty and Where planned malntenance does not require the
load to be shut-down. A major fault in one path will not result in unplanned load shutdown and no
maintenance routines will require planned load shutdown by use of the other activepath| Each path
serves to act as the concurrent maintenance enabler as well as avoiding any recovery of s¢rvice time
(mean downtime of zero) after a major fault. The designer should aim to hate ho commop-point-of-
failure between the two paths, including segregated routing, physical compartmentalifation and
fire-rated enclosures. Each path does not require N+1 redundancy unless the client spgcifies that
during maintenance or repair (planned or unplanned) where one ‘path is removed fr¢gm service
the remaining path has to retain a higher degree of resilience-than N. This is most yalid when
each path is modular and contains more than three elements It-is assumed in this stapdard that
during system maintenance or repair, unless specified by the\client, a degraded level of resilience is
permitted.

.2  Spaces excluded from the availability classification

 following spaces are not subject to a classification/for the design of environmental contrpl systems
elation to availability:

building entrances facilities;
personnel entrances;
docking/loading bays;
generator space(s);
transformer space;

electrical distribition space(s);
telecommunications space(s);
electricalspace(s);

mechanical space(s);

control room space(s);

j)

k)
D)

6.2.

office space(s);

storage and holding space(s).

3 Main distributor space(s)

If external to computer room space there are no scalable design options for this space. If contained
within the computer room space the requirements of 6.2.4 shall be applied.

© ISO/IEC 2018 - All rights reserved 9
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6.2.4 Computer room space(s) and associated testing space(s)

6.2.4.1 General

The computer room space is the most important space from an environmental control perspective.

6.2.4.2 Class 2: Single path (no resilience)

An example of a chilled water cooling system would comprise a single (or N) compressor based chiller,
single primary pump and single (or N) air-conditioning modules in the critical space - all being fed from
a single pdth electrical power system that need not Include redundancy.

An example of a fresh-air cooling system with adiabatic cooling would comprise a single (of }N) iplet
fan, single| (or N) supplementary cooling coil, single (or N) adiabatic cooling spray system.and, wk:tare
required, powered louvres - all being fed from a single path electrical power systemithat need not
include reglundancy. The supplementary cooling coils would feed N heat rejection systéms.

6.2.4.3 (lass 3: Single path (resilience provided by redundancy of components)

An example of a chilled water cooling system would comprise a redundant, (N+1) compressor baged
chiller system, redundant (N+1) primary pumps and redundant (N+1) aifzconditioning modules in [the
critical space - all being fed from a single path electrical power systemrthat includes N+1 redundancy in
key compdnents. Some passive and inherently reliable sub-systems (€-g-the chilled water piping) would
not have redundancy built-in and a failure in such an element wiould be considered major and wauld
usually regult in a loss of cooling.

An example of a fresh-air cooling system with adiabatic/oooling would comprise a redundant arjray
(N+1) of inlet fans, a redundant array (N+1) of supplementary cooling coils, single (or N) adiabatic
cooling spray system and, where required, powered l6uvres - all being fed from a single path electrjcal
power sysfem that includes N+1 redundancy in key.¢omponents.

Where water is used for humidification or adiabatic cooling then a redundant source, or on-site storpge
of sufficient volume to meet the clients’ resilience requirements, shall be included in the design.|All
pumps and water treatment plant (wheresequired) shall have N+1 redundancy in key components.

6.2.4.4 (lass 4: Multi-path resilience and concurrent repair/operate solution

An example of a chilled water cooling system would comprise a redundant (N+1) compressor baged
chiller system, dual (N+1) primrary pumps and redundant (N+1) air-conditioning modules in the critjcal
space - all|being fed from a-single path electrical power system that includes N+1 redundancy in key
components but also has-a passive delivery path (with automatic or manual changeover switchs).
All passivg sub-systems (e.g. the chilled water piping) shall also have in-built path redundancy whiere
a failure ipn such. an element would usually result in a loss of cooling albeit with a rapid (manygal)
substituti¢n ofthe"active path with the passive path.

An examp]e\of a fresh-air cooling system with adiabatic cooling would comprise a redundant arjray
(N+1) of inlet fans, a redundant array (N+1) of supplementary cooling coils, a redundant array (N+1) of
adiabatic cooling spray systems and, where required, powered louvres - all being fed from a single path
electrical power system that includes N+1 redundancy in key components but also has a passive delivery
path (with automatic or manual changeover switches). Heat transfer from the supplementary cooling
coils to the external heat rejection system shall have N+1 redundant topology. If the heat rejection path
is common then a passive path shall be provided.

Where water is used for humidification or adiabatic cooling then a redundant source, or on-site storage
of sufficient volume to meet the clients’ resilience requirements, shall be included in the design. All
pumps and water treatment plant (where required) shall have N+1 redundancy in key components and
a passive path for delivery of water with manual intervention.
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The environmental control system shall be designed such that loss of functional capability is limited to
10 min in any one operating year.

6.2.4.5 Enhanced Class 4: Multi-path resilience, concurrent repair/operate, and fault tolerant
solution

An example of an active/active (2N) chilled water cooling system would comprise two segregated and
entirely separate (N) compressor based chiller systems, each with (N) primary pumps, separate (N)
piping systems and non-redundant (N) air-conditioning modules in the critical space - each system fed
from its own single path electrical power system that may or may not include N+1 redundancy in key

co
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example of a fresh-air cooling system with adiabatic cooling would comprise two Coolif
h with a non-redundant array (N) of inlet fans, an array (N) of supplementary copling coil
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ual on-site storage of sufficient volume to meet the clients’ resilience requirements, shall b
e design. If there is only one primary source of water then dual storage systems shall b

h
ﬂih as much water capacity as needed to match the on-site-autonomy of diesel fuel provis

ergency electrical generators. All pumps, piping system and‘water treatment plant (wherg
1l have 2N redundancy, each system fed by separate pawer systems.

L5 UPS space

.5.1 General

e requirements of this clause apply where the UPS equipment is not accommodated in theg
m space.

rotary UPS the requirements,of\5.2.15 shall apply.

5.2 Class 2: Single path.(no resilience)

b UPS space shall betventilated/cooled by a single air-conditioning terminal or fresh-air
bd to supply the cooling capacity equal to the maximum possible power losses in the U
eed the peak temperature supported by the chosen UPS, usually in the order of 40 °C. A siy
he cooling plant exposes the UPS to over-temperature and shut-down/bypass with asso
he criticallead.

.5.3( yClass 3: Single path (resilience provided by redundancy of components)
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y or fresh-

air fans that are rated at N to supply the cooling capacity equal to the maximum possible power losses
in the UPS and not exceed the peak temperature supported by the chosen UPS. A single failure in the
cooling plant components shall not expose the UPS to over-temperature and shut-down/bypass with
associated risk to the critical load.

6.2.5.4 Class 4: Multi-path resilience and concurrent repair/operate solution

The UPS space shall be ventilated/cooled by two separate air-conditioning terminal array’s or fresh-
air fan arrays that are each rated to supply the cooling capacity equal to the maximum possible power
losses in the UPS and not exceed the peak temperature required by the chosen UPS. A complete failure
in the cooling plant of one path shall not expose the UPS to over-temperature and shut-down/bypass
with associated risk to the critical load. The two systems shall not share a common power system.
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6.2.5.5 Enhanced Class 4: Multi-path resilience, concurrent repair/operate, and fault tolerant
solution

Not applicable.

6.3 Environmental control system capacity planning with respect to expansion

During the design phase the use of modular solutions providing capacity for the expected load with
respect to time shall be considered.

6.4 Environmental control system capacity planning with respect to resilience

Where redilience is provided by multiple CRACs consideration shall be given to the number0f)CRACs
and the fan speed at which each CRAC is operated.

The design of the system shall accommodate a situation where all CRACs run at minimum fan spged.
Where capacity allows consideration shall be given to switching a proportion of CRACs to stanglby
mode, readly to start up upon failure of a running CRAC.

7 Physijcal security

7.1 Genleral

Based on the security classification defined following the risk assessment undertaken in accordahce
with ISO/|EC TS 22237-1, ISO/IEC TS 22237-4 provides requirements and recommendations (wWith
optional implementations as required) in relation to the{ollowing aspects with the design, planning
and installation of the environmental control facilities and infrastructures.

7.2 Access

All controls and equipment comprising the enyironmental control system shall be in areas of Protectjion
Class 3 or pbove as specified in ISO/IEC TS 22237-6.

Where pathways are routed in areas ofalower Protection Class they shall be monitored for unauthoriged
access. Se¢ ISO/IEC TS 22237-5.

8 Energy efficiency edablement

8.1 Genleral

Based on fthe enekgy efficiency enablement granularity level defined following the risk assessment
undertaken inaccordance with EN 50600-1, this clause provides requirements and recommendatipns
(with optional, implementations as required) in relation to the following aspects with the design,
planning and-installationof the environmer alcontrol facilitiesand-infrastructures— 8.2 and 18.3
define requirements and recommendations for measurement by parameter. 89 summarizes these
requirements by granularity level.

8.2 Measurement of temperature

8.2.1 External temperature

In all cases external temperature shall be measured and monitored. An external temperature sensor
should be used, located away from any building exhausts and from direct sunlight. The output from this
sensor shall be fed into the control system for the data centre. For data centres of Class 2 and above the
feedback from the external temperature sensor shall be automatic.
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A single sensor is required for Level 2 and 3.

For Level 2 and above an additional sensor should be employed to provide resilience.
8.2.2 Computer room temperature

8.2.2.1 Temperature measurement

Computer room temperature shall be monitored. In an air-cooled environment air temperature varies
by location. Where liquid-cooled enclosures are used the temperature of the liquid coolant shall be
mofitored. Temperature sensors should not be placed In areas of nigh turbulence and snpuld be so
plafed as to establish thermal gradient.

Th¢ requirements analysis shall determine which of the following air temperatures,shall be measured:
a) | supply air temperature;
b) | return air temperature;
c) | cold aisle temperature (where used);

d) | hot aisle temperature (where used).

8.2.2.2 Supply air temperature

The supply air temperature is the temperature at the intake to the IT equipment.
Leyel 1:

Supply air temperature shall be measured with.asingle sensor placed in proximity to the IT dquipment.
Where used, cold aisle temperature shall b&measured at a single location per aisle.
Levyel 2:

Supply air temperature shall be méasured at two points.

Cold aisle temperature shall.bé.measured at every five cabinets or racks in every aisle.
Leyel 3:

Supply air temperature shall be measured by one sensor per equipment cabinet or rack [located in
acdordance with the/cooling method chosen.

Twp sensors.per equipment cabinet or rack located at the front 1/3 of the way from the top gnd 1/3 up
from the base are recommended.

8.2.2.3/ Return air temperature

Level 1:

Return air temperature shall be measured with a single sensor placed in proximity to the intake of
the cooling equipment. Where there are multiple systems, e.g. CRAC units, the temperature shall be
measured at each unit.

Where used, hot aisle temperature shall be measured at a single location per aisle.
Level 2:

Return air temperature shall be measured with a single sensor placed in proximity to the intake of the
cooling equipment and a sensor at the rear of one cabinet or rack. Where there are multiple systems,
e.g. CRAC units, the temperature shall be measured at each unit.
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Where used, hot aisle temperature shall be measured at every five cabinets or racks in every aisle.

Level 3:

Return air temperature shall be measured with a single sensor placed in proximity to the intake of
the cooling equipment and at one sensor per equipment cabinet or rack located in accordance with the
cooling method chosen.

Two sensors per equipment cabinet or rack located at the rear 1/3 of the way from the top and 1/3 up

from the b

ase are recommended.

8.2.24

The cold a
be measur

8.2.2.5

The hot ai
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Level 1:
Where use
Level 2:
Where use
Level 3:

Hot aisle t
the cooling
topand 1

8.3 Med

Cold aisle temperature

sle temperature is the temperature of the supply air in the cold aisle. This temperature s}
ed in order to regulate the cold aisle.

Hot aisle temperature

s5le temperature is the exhaust temperature in the hot aisle. The tenaperature can either
directly at each hot aisle or centrally at the air conditioning components.

d, hot aisle temperature shall be measured at a single location per aisle.

d, hot aisle temperature shall be measured at everyfive racks in every aisle.

bmperature shall be measured at one sensor per equipment rack, located in accordance W
y method chosen. Two sensors per equipment rack, located at the rear 1/3 of the way from
3 up from the base are recommended:

surement of relative humidity

8.3.1 External relative humidity

In all case
sensor shd
humidity

sensor sha
feedback f]

A single se

b external relative-humidity shall be measured and monitored. An external relative humig
uld be used, logated away from any building exhausts and from direct sunlight. The relaf
ensor should.be co-located with the temperature sensor (see 8.2.1). The output from f{
1l be fed intothe control system for the data centre. For data centres of Class 2 and above
rom theexternal relative humidity sensor shall be automatic.

nsof.is required for Levels 2 and 3.

nall

be
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the
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For Level

2—ard—above am additional, tombined Tetative ramidity amd—temperature sensor—stout

employed to provide resilience.

8.3.2 Computer room relative humidity

Level 1:

be

Computer room relative humidity shall be measured at the same locations as for supply air temperature.

A combine

Level 2:

d sensor for temperature and relative humidity is recommended.

Computer room relative humidity shall be measured at the same locations as for supply air temperature.
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A combined sensor for temperature and relative humidity is recommended.

Level 3:

As per Level 2.

It is recommended to install a dew point sensor where relative humidity is measured, or to calculate a
dew point from temperature and relative humidity data.

8.4 Measurement of air pressure

Wh
req
air

If one part of the cooling concept is the securing of a constant pressure under thé dccess flo
speed control of the CRAC unit fans, the differential pressure between the roaim and the access floor

fan
sha
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Additionally the design shall. determine the requirement to quantify total energy use of the cool

=

8.7
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for

No
(se

ere an access floor is installed, the design of the environmental control system shallceg
uirements for the maintenance of static pressure under the access floor. The require
flow at all points across the access floor shall be determined.

1l be measured. The associated sensors shall be positioned in locations where reasonable
bbtained and shall ensure that all areas of the access floor are monitored:

Coolant flow rates

ere the design of the environmental control system relies 01 the movement of fluids, cd
fers shall be installed.

e location of these sensors shall be determined in accordance with the design requiry
system.

Heat removal

e design of the environmental econtrol system shall determine the requirement to
Culate the heat removed in orderto use the data for monitoring and optimization of the co

Outside air

ere outside air\is drawn into the data centre space(s) for environmental control purpos
temperature.arid relative humidity shall be placed at the air inlet.

e that.aiv quality would also be measured at this point in support of contamination
e 5.2:9).

L

nsider the
ments for

br through

values can

olant flow

recommended that coolant mass flow is measured.in erder to use the data for monitoring and thus
improve the operation of the system.

ements of

easure or
ling units.

g system.
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brotection

8.

Provisiomof atarms

Provision of alarms should consist of two upper and two lower set points against any environmental
parameter to provide warning and critical alarms.

8.9 Measurement requirements by Granularity Level

Table 2 summarizes the measurement requirements of Clause 8 by Granularity Level.
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Table 2 — Measurement requirements by Granularity Level

Granularity Level

One sensor per cold aisle

Requirement
Level 1 Level 2 Level 3
Supply air temperature | Single sensor in proximity | Two sensors in proximity | One sensor per cabinet or
to IT equipment to IT equipment rack

One sensor every 5 cabi-
nets or racks in a cold aisle

Return air temperature

Single sensor in proxim-
ity to intake of cooling

One sensor in proximity to
intake of cooling equip-

One sensor in proximity to
intake of cooling equip-

equipment
or

One sensor per hot aisle

ment and a single sensor at
rear of one cabinet or rack

or

One sensor every 5 cabi-
nets or racks in a hot aisle

ment and a single sensof at
rear of each cabinet'or rack

Relatiye humidity As supply air temperature | As supply air temperature | As supply air temperatyre
External relative humidity One sensor Two sensors Two sensors
and t¢mperature

Air[pressure

As required

As required

As required

Codlant flow

Asrequired

Asrequired

Asrequired

Heaf removal

Asrequired

As required

Asrequired

Ou|tside air

Asrequired

Asrequired

Asrequired
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