TECHNICAL ISO/IEC TR
REPORT 21897

First edition
2022-11

Information technology —’Data
centres — Impact of the)ISO 520
series on energy performance o
buildings

Technologies de l'information— Centres de données — Inf
série ISO 52000 sur la performance énergétique des batim

00

pact de la
ents

ISO/IECTR 21

©lI

Reference number

897:2022(E)

SO/IEC 2022


https://iecnorm.com/api/?name=4142a3c17ae8d151000cf477cb352199

ISO/IEC TR 21897:2022(E)

COPYRIGHT PROTECTED DOCUMENT

© ISO/IEC 2022

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

ISO copyright office

CP 401  Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

ii © ISO/IEC 2022 - All rights reserved


https://www.iso.org
https://iecnorm.com/api/?name=4142a3c17ae8d151000cf477cb352199

ISO/IEC TR 21897:2022(E)

Contents Page
0 ) SN0 o OO iv
LT 00X 0 Lot () 1000000000000 \'4
1 SCOPI@ ... 1
2 NOTIMNATIVE FEECITEINCES ..........ooooooooeooeeeeeeeeeeeeeeeeeeeeeeeeeeesee st 1
3 Terms, definitions and abbreviated teIrMIS ... 1
3.1 Terms and definitions
3.2 Abbreviated terms............
3.3 Symbols (variables)
34 SYMDBOLS (INAICES) oo sesesssssessessssssssssssessssesssseessesessene g oo
4 Background, motivation and eXcluSions ... G b e 6
4.1 Background and motivation
4.2 Dol 113 o) 4 VN 4 NS
5 Data centre assesSmMent DOUNAATY ... e

5.1 Data centre boundary in the ISO/IEC 30134 series
5.2 Assessment boundary of the system in the ISO 52000 series

6 General principles of the overarching EPB framework and procedures.................foc, 9
6.1 Output of the Method. ...y NG
6.2 General description of the procedures.....
6.3  General description of the routing............ <.
6.4 Types of aSSeSSMENt ...y N
6.4.1  General ... S
6.4.2 Calculated energy performance
6.4.3 Measured overall energyperformance and comparison with calculatigns......... 12
7 Assessment of primary or weighted energy performance
7.1 Weighted overall energy balance...........ccnn
7.2 Primary energy factors.h ...

7.3 Weighting factors for'exported energy

8 General approach for data centre energy flows ...
8.1 Data centre efiergy flows considered in the ISO/IEC 30134 series.......ccccoifiiss 15
8.2  General enetgy flows considered in the ISO 52000 series
B.2. 1  GBIETAL ..o s
8.2.2 ~ Electricity and other carriers with exportation ...
8.23 “Energy carriers without eXportation ...
824 Exported heat on-site produced and not included in thermal use of the
SV STRIML | 20
8,3 Data centre energy flows in an EPB approach ..., 21
9 Impacts of the EPB approach on data centre KPIs ..., 22
91 Illlpdbtb Ull LUIIVCI biUll detUl N (LdDC Uf lllCtCl Cd ClHITIgY LUllbulllptiUll) ............ 22
9.2 Impact on power usage effectiveness (PUE — ISO/IEC 30134-2) ..., 25
9.3 Impact on the renewable energy factor (REF — ISO/IEC 30134-3) .., 25
9.4 Impact on the energy reuse factor (ERF — ISO/IEC 30134-6).......cccscses, 26
9.5 Impact on the excess electrical energy factor (XEEF — ISO/IEC TR 23050)......ccccccivccrcs 26
9.6 Impact on IT equipment energy efficiency for servers (ITEEgy, — ISO/IEC 30134-4) ......26

Annex A (informative) Examples of primary energy assessment of a data centre as used for
PUE @SSE@SSIMEIIT ..........ooooiiiiiiiiiiiiiiieee e 27

Annex B (informative) Examples of primary energy assessment of data centre as used for
REF @SS@SSIMEINE ...t 35

Annex C (informative) Examples of primary energy assessment of data centre as used for
ERF @SS@SSIMIBIIT ..o 42

© ISO/IEC 2022 - All rights reserved iii


https://iecnorm.com/api/?name=4142a3c17ae8d151000cf477cb352199

ISO/IEC TR 21897:2022(E)

Forewo

rd

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
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Introduction

It is recognized that no “free” energy exists, even if certain processes or technical solutions are
implemented in data centres, whose names can potentially suggest that energy is free (e.g. renewable
energy, "free" cooling with air or water, geo-cooling, etc.).

In particular:

even if the cost of certain renewable energy sources is low compared to non-renewable sources,
there are still costs associated with the use or implementation of renewable energies such as

rancnort and /on ot g,

TOrSpoT c ot O otoTag’)

some energy-efficient solutions implemented in data centres can also have other
pperational energy costs;

the remaining energy going out of a subsystem of a data centre, if not evaluated insid

energy efficiency of the data centre.

capital and

b or outside

the data centre boundary, is lost; every effort in order to minimize theselosses results in improved

Regtuilatory frameworks exist (for example, in the European Union) which request prinjary energy
assefssment and that the energy consumption of computer rooms irfcluded in commercial oy residential

buil

typds of buildings.

The

The

routiing and energy balance, together with greenhouse gas emissions.

The;

lings can be assessed within primary energy as part of the-everall energy consumpti

[SO 52000 series defines methods and tools te assess the energy performance of builg

e methods and tools are to be used (wheén mandatory) for mixed use buildings that in

n for these

common objective of the key performance indicators (KPI) specified in the ISO/IEC 30134 series is
the ¢fficient or effective use or utilization of energy and.gther resources.

ings (EPB),

rlude a data

centfre or server room in their premises. They can also be used in the case of stand-alone dafa centres.
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Information technology — Data centres — Impact of the
ISO 52000 series on energy performance of buildings

1 Scope

This document proposes elements for the expression of energy production, storage, reuse and

cony
need
ener|

Thisg

2

The
cons
und

ISO
ISO

3

3.1

led for energy assessment and the concepts developed in the framework of the ISO_520(
gy performance of buildings (EPB).

document:

provides the main definitions and concepts from the ISO 52000 series needed to mak
energy assessment for data centres;

compares, where relevant, the terms used in both the ISO/IEC 30134 series and I1SO 5
hnd provides explanations on the use of factors for converting final or delivered energy
energy which take a different approach in each series (and how to move from one to the

illustrates the impact of using the EPB approachyoil data-centre-energy-related key p
indicators (KPIs), both in general and by the provision of examples;

provides known sources of weighting or con¥ersion factors to be used when there are no
pr agreed local factors applicable to the stiidied data centre energy performance assess

Normative references

following documents are reférred to in the text in such a way that some or all of tk
titutes requirements of thissdocument. For dated references, only the edition cited
nted references, the latest,edition of the referenced document (including any amendmer

[EC 30134 (all parts)nformation technology — Data centres key performance indicators

[EC 22237 (all parts), Information technology — Data centre facilities and infrastructures

Terms{ definitions and abbreviated terms

Terms and definitions

umption in reference to primary energy in data centres, taking into account both-the elements

0 series for

P a primary

provides approaches for discriminating true sources of energy used by a given data cenjtre;

2000 series
to primary
other);

erformance

recognized
ment.

leir content
hpplies. For
Its) applies.

For the purposes of this document, the terms and definitions given in the ISO/IEC 30134 series and the

1S0/

IEC 22237 series and the following apply.

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

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

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

3.1.1
assessment boundary
boundary where the delivered and exported energy are measured or calculated

[SOURCE: ISO 52000-1:2017, 3.4.2]
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3.1.2

bin

statistical temperature class (sometimes a class interval) for the outdoor air temperature, with the
class limits expressed in a temperature unitNote 1 to entry: The bin usually includes non-consecutive
interval of times with the same temperature condition.

[SOURCE: ISO 52000-1:2017, 3.6.2]

3.1.3
delivered energy

energy, expressed per energy carrier, supplied to the data centre through the assessment boundary, to
satisfy the {ISes taken INto account or to produce the exported energy . |

Note 1 to enfry: Delivered energy can be calculated for defined energy uses or it can be measured.

[SOURCE: I$0 52000-1:2017, 3.4.6, modified — Reference to "technical building systems"\replaced by
"data centrg".]

3.14
distant
<to the data centre premises>not on-site nor nearby

[SOURCE: 1$0 52000-1:2017, 3.4.7, modified — Domain changed from "<to the building site>" to "<t¢ the
data centre|premises>".]

3.1.5
electricity|grid
public electfricity network

[SOURCE: 1$0 52000-1:2017, 3.4.8]

3.1.6
energy carfier
substance qr phenomenon that can be used to.produce mechanical work or heat or to operate chemical
or physical processes

[SOURCE: 1$0 52000-1:2017, 3.4.9]

3.1.7
energy source
source fropn which useful energy can be extracted or recovered either directly or by means |of a
conversion pr transformation process

EXAMPLE 0il or gadfijelds, coal mines, sun, wind, the ground (geothermal energy), the ocean (wave engergy,
ocean thermfal energy),forests etc.

[SOURCE: 1$0 ,52000-1:2017, 3.4.15]

3.1.8
exported energy

energy, expressed per energy carrier, supplied by the technical data centre systems through the
assessment boundary

Note 1 to entry: It can be specified by generation types [e.g. combined heat and power (CHP) and photovoltaic
(PV)] in order to apply different conversion factors.

Note 2 to entry: Exported energy can be calculated or it can be measured.

[SOURCE: ISO 52000-1:2017, 3.4.20, modified — Reference to "building systems" replaced by "data
centre systems"; in Note 1 to entry, reference to "weighting factors" replaced by "conversion factors".]

2 © ISO/IEC 2022 - All rights reserved
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3.1.9
final energy
energy as delivered to an energy-using system

Note 1 to entry: This concept is sometimes referred to as "delivered energy".
[SOURCE: ISO/IEC 13273-1:2015, 3.1.11, modified — Note 2 to entry deleted.]

3.1.10

nearby
<energy source> usable only at local or district level, connected to the same branch of the distribution
netwerl{fer-eleetricity—distributionretworlcmeanins medivm-voltage-ertoweror-havinga dedicated
connjection, requiring specific equipment for the assessed data centre to be connected to'it fe.g. district
heatling or cooling)

Note|1 to entry: This definition is based on that given for the same term in ISO 52000-1:2017, 3.4.24.

Note| 2 to entry: The concept of "nearby” is expressed here in relation to the data eentre premises.[See Annex A
and Annex B for further explanation.

3.1.11
nonfrenewable energy
ener|gy taken from a source which is depleted by extraction (e.g,fossil fuels)

Note|1 to entry: Resource that exists in a finite amount that cannet'be’replenished on a human time scale.
[SOYRCE: ISO 52000-1:2017, 3.4.26]

3.1.12
on-gite
builgling, premises and the parcel of land on which the data centre is located

Notel1 to entry: On-site is defining a strong link between the energy source (localization and interacfion) and the
datalcentre

[SOYRCE: ISO 52000-1:2017, 3.4.27~modified — References to "the building" replaced by "the data
centfre” in both the definition and Note 1 to entry; "Building" added to the beginning of the dlefinition.]

3.1.13
perimeter
<boyindary classification>origin of delivered energy

Note|1 to entry: This'document distinguishes between "on-site", "nearby" and "distant" energy sourges.

[SOURCE: 1S0.52000-1:2017, 3.4.28]

3.1.14
primary-energy
enerigy that has not heen cnhjpr“rpd fo any conversion or transformation process

Note 1 to entry: Primary energy includes non-renewable energy and renewable energy. If both are taken into
account it can be called total primary energy.

[SOURCE: ISO 52000-1:2017, 3.4.29]

3.1.15

technical data centre system

technical equipment for heating, cooling, ventilation, humidification, dehumidification, domestic hot
water, lighting, building automation and control and electricity production (other than for IT services)

Note 1 to entry: A technical data centre system can refer to one or to several data centre services.

© ISO/IEC 2022 - All rights reserved 3
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Note 2 to entry: A technical data centre system is composed of different sub-systems. A technical data centre
sub-system is a part of a technical data centre that performs a special function (e.g. air handling, cold generation
and distribution, water-based cooling, etc.).

Note 3 to entry: Electricity production can include electrical power supply generation equipment (including fuel
storage), cogeneration, wind power and photovoltaic systems, transformers.

3.1.16

uninterruptible power system

UPS

combination of convertors, switches and energy storage devices (such as batteries), constituting a
power Syst m for mainfnining r‘nnh'nnify oflaoad power incase nFinpnf power failure

Note 1 to enfry: Continuity of load power occurs when voltage and frequency are within rated steady-statg

transient tol
Input power
bands, or wi

[SOURCE: II

erance bands, and with distortion and interruptions within the limits specified for thefoutput
failure occurs when voltage and frequency are outside rated steady-state and tranSient toley
h distortion or interruptions outside the limits specified for the UPS.

C 62040-1:2017, 3.1.01]

3.2 Abbryeviated terms

For the pu
ISO/IEC 221

CHP
Ccop
EPB
ERF
ITEEsv
14Y%
CHP
PDU
PUE
REF
RER
SLA

rposes of this document, the abbreviated terms given in/the ISO/IEC 30134 series
P37 series and the following apply.

combined heat and power

coefficient of performance

energy performance of buildings

energy reuse factor

IT equipment energy efficiency“for servers
photovoltaic

cogeneration, combined heat and power
power distributien unit

power usage effectiveness

renewable energy factor

renewable energy ratio

and
port.
ance

the

service level agreement

UPS

XEEF

uninterruptible power system

excess electrical energy factor

3.3 Symbols (variables)

For the purposes of this document, the following symbols apply. These symbols are used throughout
the document in combination with the indices defined in 3.4.

E

energy consumption or loss

© ISO/IEC 2022 - All rights reserved
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f weighting factor (e.g. primary energy factor)
Q quantity of heat

R ratio

t time

X conversion factor (ratio of weighting factors)

EXAMPLE1  E, ;o = total data centre primary energy

EXAMPLE 2 E 1,1 = total information technology equipment primary energy
EXAMPLE 3 Ejq).pc.nren = NON-renewable energy delivered to the data centre

EXAMPLE 4 E,} pc.ren = rénewable energy produced nearby the data centre

n

3.4 | Symbols (indices)

For the purposes of this document, the following indices apply:

A other appliances

AB assessment boundary

an annually

avl available

C temperature and humidity control systems

chp combined heat and powen

cooling delivered (energy) used by the entire cooling system

cr(1), cr(2)..,energy carriers

cr(n]

DC data centre

del delivered (energy)

dhc district heating/cooling
dst distant

el electricity

EnEPus;el total energy for non-EPB uses and DC and total energy for non-EPB non-DC uses
EPus energy performance use
excess excess (energy)

exp exported (energy)

gas gas

gen produced by the generator
grid from public electricity grid

© ISO/IEC 2022 - All rights reserved 5
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IT
meas
nb
nDC

nEPus

total delivered (electrical energy) provided to the data centre
information technology equipment

measured

nearby

non-data-centre

non-energy-performance use

nexp
nren
pe
pr
PSD

rdel
ren

reuse

tmp

tot

4 Backg

without energy export
non-renewable (energy)
primary (energy)

produced on-site

power supply and distribution
quantity of heat

redelivered (energy)
renewable (energy)

energy reuse

service

temporarily exported (to be reused later) either to the grid or to an energy storage
total

weighted (energy)

zone

round, motivation and exclusions

4.1 BacKground-and motivation

The commg
efficient or

n opjective of the key performance indicators (KPIs) of the ISO/IEC 30134 series is
effective use or utilization of resources including:

— minimi

zation of energy and other resource consumption;

the

— effectiveness of the IT load (processing, storage and transport) within the data centre, maximizing
the IT output with the minimum energy consumption;

— Treuseo

— utilizat

funconsumed resources (e.g. energy reuse in the form of waste heat);

ion of renewable energy, both generated on- and off-site.

The KPIs consider the different data centre services (IT, cooling, lighting, power supply, etc.) in relation
to the main form of final energy used in data centres, electricity. Final (or delivered) energy can come
from different sources of primary energy, and to do such assessments it is necessary to consider if
the energy is the result of investment of effort done by the data centre owner/manager or by energy

providers.

6

© ISO/IEC 2022 - All rights reserved


https://iecnorm.com/api/?name=4142a3c17ae8d151000cf477cb352199

ISO/IEC TR 2189

7:2022(E)

In general, the ISO/IEC 30134 series provides essential tools for the resource management of data
centres both in terms of operation of facilities and of decision-making. These documents can also be
used to support pre-regulatory or regulatory proceedings, or to benchmark facilities projects or
realizations.

In many countries approaches of incentives for energy efficiency such as energy saving certificates
or certificates of renewable energy production have been implemented. Whether at the level of data
centres management or at incentive or regulatory processes, the existing measures can require the
energy performance to be expressed in a primary energy reference system.

The ISO 52000 series aims at achieving international harmonization of the methodology for the

aSse€]
can

4.2

This
and
exp(

Alth
not |

NOT
(con
base
meet
term
pow!
appr

5

5.1
The

SSTENt of the energy performance ot bulldings (EPBJ. The documents from the 1505
be used for energy assessment of buildings containing a data centre.

Exclusions

document does not address design, material or organizational aspects of data centre p
energy management, but focuses instead on methods, tools and referencesto process de
rted energy data from various carriers to assess primary energy balances in data cent

pugh the following topics are important and can affect the datacentre energy efficien
pe covered in this document.

Monitoring or metering of energy consumption (developed-in the ISO/IEC 30134 series
fact that primary energy is calculated from final energyyand losses measurement or ass

Power quality relation to energy production, trafdsport and transformation; assessing {
energy balance of a data centre can lead to challenging energy carriers and it is the

efficiency also meets the power quality critéria such as those for electronic equipmen
issues are not treated in this document

F ISO/IEC 30134-1:2016, Clause ‘A2 insists on the relationship between absolute energy

ribution to KPIs) and availability of-service [level of service level agreement (SLA)]. It propo
d on uninterruptable power systéms (UPS), stressing that tolerance to faults and ensuring a
SLAs are important factors jn-the energy consumption of data centre equipment and infras
s of energy assessment, theshigher the power quality, the greater the potential losses in the
b1 supply to be consideredy,whether considering final energy (e.g. for KPIs) or primary energy (¢
pach).

Data centre assessment boundary

Data.centre boundary in the ISO/IEC 30134 series

000 series

wer supply
livered and
'es.

'y, they will
, due to the
essment.

he primary
role of data

centre managers to ensure that the choice of-an energy carrier resulting from high primary energy

t, but these

ronsumption
tes solutions
yailability to
tructures. In
data centre
.g.inan EPB

[SO/TEC 30134 series considers the boundary of a data centre being crossed by the rele

flow

and boundaries are illustrated in Figure 1.
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Data centre boundary in the ISO/IEC 30134 series

EDC = Ein - Ees
Renewable Q
E. —.l Cooling
Other /' Utility/local |
resource |
converted to E, |
electricity Non-renewable "
—Pl Electrical power distribution (UPS, PDU, etc.)
Utility/local e 7'y | |
\
" vy ¢¢/
Other resource I A 4 PN I” Internal
(thermal, water, etc.) | Energy storage | ——»( Iir:ergy ) ——» ! energy :
\\__I__,/ e _reuse_ !
| \\\ ~ 1
Erus \‘ )
E. > Reiégted
ehergy
v
Key
_— electrical energy
———p thermal energy
—— re-useable energy
— other energy
Figure [l — Schema representing the concept of a data centre boundary and energy flows
For the purpose of this document Ep¢, Ey o5 and E s aFe detailed in Clause 8.
5.2 Assepsment boundary of the system in the’ISO 52000 series
In the EPB |lapproach from the ISO 52000 serigs, the assessment boundary is related to the asse|
object (e.g. flata centre, data centre spaces, systéms or sub-systems).
Inside the pssessment boundary the system losses are explicitly taken into account in the en|
balance; oufside the assessment boundary they are taken into account in the conversion factor apj
to the energy carrier.
Energy can be imported or exported through the assessment boundary. The assessment boun
defines theloverall energy balance.
Some of these energy flows can be quantified based on the meters (e.g. gas, electricity, district heat
For active splar, wind,erwater energy systems the incident solar radiation on solar panels or the ki1
energy of wind or water is not part of the energy balance of the building. Only the energy delivere
the generatlion devices, the auxiliary energy needed to supply the energy from the source (e.g. {

collector) to the-building, and the thermal losses are taken into account in the energy balance.

ssed

ergy
blied

dary

ing).
netic

d by
olar

As shown schematically in Figure 2, the delivered energies are classified as:

— nearby,

on-site,

distant.
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E |
| | I
I ﬁ I
Jd g .4
! 1 . 2 ! 00 o0
A2
e\ 1 ! |D Doo M’j 2 !
77 52 & a [1 :
) WA ] / |
eSS LS [
| I - |
" | | I I
I Lollo1f | |
: | | I I 1
| [ | - e
| s | 1 —H N
| ——— e wnd EX i =1 £
: — | |
S2 : i |
| S _ all | |
I I
Key
a  pssessment boundary S1 thermally conditioned space 1  photovoltaic (PV)
(use energy balance) S2  space outside thermalenvelope 2 wind
b  pn-site 3 boiler room
hearby 4 heat pump
d [Mistant 5  district heating / copling
6  substation (low volthge and

possible storage)

thr
exported.

Figure 2 — Schema representing the concept of perimeters and assessment boundary

Priﬂ:jary energy factors;.or weighting factors, are defined for each energy flow delivered ¢r exported
gh the assessment boundary taking into account the origin for delivered and destination for

In cdse of energyproduced on-site or nearby and for distant energy, the weighting factors arg calculated
accoarding tethe related EPB standards and regional/local regulations when they exist. Default values

of weighfing factors are proposed in Clause 9.

Incl a Q USio of energy a¥a bution—a 2 a 2 he perimete
calculation objective: e.g. for defining the renewable energy factor (REF) of
determine the energy flows to be taken into account in the exported energy.

6 General principles of the overarching EPB framework and procedures

6.1 Output of the method

The main output of ISO 52000-1 is the overall energy performance of a building or part o
(e.g. building unit). Secondary outputs include breakdown in partial energy performance su

— per energy service (heating, lighting, etc.);
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— per building unit;

— per time interval (hour, month, etc.);

— breakdown in energy flows at different perimeters and delivered versus exported energy.

6.2 General description of the procedures

ISO 52000-1 provides the modular and over-arching framework for the assessment of the energy
performance of buildings.

ISO 52000-
energy per

The ISO 52
building as§essment process through a tuned approach for inspection and assessment of EPB.

Depending
that cover dther parts of the modular structure can be needed (i.e. local EPB documents).

ormance inspection, at whole building, building units or building element level.

00 series facilitates the inspection of technical building systems which can be used if

on the application, additional documents related to the energy performance of build

The method to assess the energy performance of buildings has to take into account many parame
including:

object

ypes: whole building, building unit, building part, or building element (building fabr

technidal building system);

buildin

applica

f (and/or space) category (e.g. residential, office, et¢d;

ion types: calculated or measured overall energy performance or inspection;

each of these applications can in turn have different goals: check compliance with nation
regiongl energy performance requirements, en€rgy performance certificate;

assessihent types: design, as-built, etc.;

energy
includi

services: heating, cooling, ventilation, (de-)humidification, domestic hot water, ligh
g building automation and control, PV and wind as energy sources, etc.

These parameters can be directly ot indirectly related to national or regional regulations. It is neces
to have gathered the values of these parameters in preparation of the energy performance assessnj

6.3 Gendral description of the routing

After this p

a)
b)

<)

d)

10

reparation/the energy assessment can be performed by completing the following steps

determiination-of the assessment boundary and perimeters;

calcula

ings

ters,

IC Or

h] or

ting;

sary
ent.

[ion/Or measurement of the energy flows at the assessment boundary;

weighting of the energy flows according to primary energy factors or other metrics (e.g. CO,
emission); this is performed with controlling factors to allow the inclusion or exclusion from the
energy performance of the effect of exported energy and of any compensation between energy

carrier

S}

aggregation to the energy performance and the renewable energy contribution:

— for
— for

— for

calculated overall energy performance,
calculated energy performance at building or system element level,

measured overall energy performance.
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6.4 Types of assessment

6.4.1 General

ISO/IEC TR 21897:2022(E)

To provide flexibility to different countries in the application of documents governing EPB, clearly
identified options are allowed.

The EPB assessment includes the building services and applies to assumed (standard) operating
conditions. If the measured EPB assessment is not corrected to cover the same building services and

assumed conditions, these two types of EPB assessment cannot be compared.

The [typical applications of the different EPB assessment types is summarized in Table 1.
Table 1 — EPB assessment types
Subt Input data Ty ¢ licati
u € e of application
yp Use Climate Building P mr
Design Standard Standard Desigh Building perm]:L,.c-ertlflcate
under conlditions
As-built Standard Standard Actual Ene-rgy perﬂorman.ce
Chlculated certificate, regulation
(asset) Actual Actual Actual Actual Validation
Optimization,[validation,
Tailored Depending on purpose retrofit plannjng, energy
audit
Actual Actual Actual Actual Monitofring
Climate- Cerrected to o .
corrected Actual standard Actual Monitoring, energy audit
Measured c 1
(oferational) Use- orrected tq Actual Actual Monitofring
corrected standard
Corrected to Corrected to Energy performance
Standard standard standard Actual certificate, regulation
6.4.2 Calculated energy performance
6.4.2.1 Output data
The putput data of this type of assessment are listed in Table 2.
Table 2 — Calculated energy performance output data
Description Symbol | Unit
Totalyearlyoutputdata
Weighted energy performance? E,. kWh/an
kg CO,/an
€/an
Renewable energy ratio® (RER) Rien —
Electricity available for use outside the building Eexpiel:avian kWh/an

Yearly output data per service or per building zone

a  Although the scope of this document focuses on energy balances, the same concepts apply
to carbon equivalent emission assessments (they are not developed in this document).

bc The renewable energy ratio (RER; R,.,) is the ratio of renewable primary energy of the

building (per service) to the total primary energy of the building (for that service).

© ISO/IEC 2022 - All rights reserved
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6.4.2.2 C

The possibl

hourly,

season

yearly,
bin.

The calcula

6.4.3 Me

6.4.3.1 G

This metho

The measus
using the njeasured deliveredand exported energy amounts Egy..r(i);meas and E
the corresp

6.4.3.2 Output of the-method

The output
calculated ¢

monthl]

R 21897:2022(E)

Table 2 (continued)

Description Symbol Unit
Weighted energy performance per service or per zone or Ees kWh/an
per service and zone E kg CO,/an
we;S;z (i) €/an
Renewable energy ratio (RER) per service® Riens —
Delivered energy per service or per zone or per service and Ejels kWh/an
zone Eqel;s;2(i)
a  Although the scope of this document focuses on energy balances, the same concepts apply
to-carbon-eauivalent-emission-assassiments{thev ara nat develonaedin thic documan £)
1 \Y J r J
b The renewable energy ratio (RER; R,,) is the ratio of renewable primary energy of the
building (per service) to the total primary energy of the building (for that service).

hlculation interval

p calculation intervals are:

hsured overall energy performance'and comparison with calculations

eneral
d is only applicable to existirig buildings in the use phase.

ed energy performance is calculated in the same way as the calculated energy perform
. exp;cr(j);meas Insteq
onding calculated-dmounts.

of thie€ measured energy performance is in principle the same as the output from
nergy performance given in Table 2, with the following restrictions:

Fion interval needs to be consistent throughoutthe whole calculation. Provisions to compbine
different callculation intervals are given in the relevant modules of local EPB standards.

hnce
id of

the

— the history of the energy delivery and export is seldom known (seasonal or yearly amounts only are
usually known), therefore the ratio between exported and redelivered energy has to be assumed as

null;

be mea

numbe

sured;

r and quality of installed metering devices.

6.4.3.3 Measurement intervals and measurement period

the renewable energy ratio cannot be determined if the contribution of renewable sources cannot

the availability of measured energy data for specific services and/or building zones depends on the

The calculation period (time span over which the energy performance is evaluated) is the same as for
the calculated energy performance.

12
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The measurement interval is the time span between readings of meters or use of known amounts
of energy. If there are several energy carriers and/or energy uses, measurement intervals can be
asynchronous.

The measurement period is the interval of time covered by measurement intervals. In order to average
out the effect of climate and/or user behaviour, the required measurement period can be a multiple of
the calculation period.

Validation criteria specify the required number of measurement intervals and the minimum required
duration of the measurement period.

7

7.1
The

whe

In o1
inte

7.2

The
chary

EF .=E

Assessment of primary or weighted energy performance

Weighted overall energy balance

weighted overall energy, E,,., is calculated with using Formula (1):

e’

E

Fwe we;del;an — “we;exp;an

e

' ve:del:an is the annual weighted delivered energy;

Fvesexpian is the annual weighted exported energy, including temporarily exported
culated according to Formula (4).

der to allow time-dependent weighting factors,the weighting can be performed in each
'val (see 6.4.2.2).

Aiel:an 1S given by Formula (2):

E

L =
we;del;an we;del;nexp;an +

E.

we;del;el;an
e

E veidelnexp;an 1S the anitual weighted delivered energy for all carriers without energy

cording to Formula (5);
' ve:delel;an is'the annual weighted delivered electricity, according to Formula (3).

Primary energy factors

basic idea of primary energy balance is that each energy flow crossing the assessment

1)

energy, cal-

calculation

(2)

export, ac-

boundary is

acterized by the following set of properties:

Egel,expy Which is the actual energy amount of energy crossing the assessment boundary;

—  Epenren Which is the associated non-renewable primary energy;
— E,¢;ren Which is the associated renewable primary energy;
Ej,e.tor Which is the total associated primary energy and is given by Ej,¢.;ren + Epe;ren-

The associated amount of primary energy is the energy that has been extracted from the sources
(before any transformation) to provide the actual energy amount where it is evaluated.

This

includes:

as a minimum, the actual energy;

© ISO/IEC 2022 - All rights reserved
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— as acommon option, the transport overheads (typical example is 1,1 for fossil fuels);

— asafurther possible option, the energy overhead for infrastructure construction (default value was
1,35 for fossil fuels in EN 15603).

The primary energy factors are the ratio of a given type of primary energy (renewable, non-renewable,
total) to the actual energy amount.

Different values for the primary energy factors are possible for energy exported, redelivered or
exported to functions at the data centre site that are not included in the energy performance.

The primary_energy factor from delivered and exported energy can he different It can also differ
depending ¢n the energy carrier.

For each dglivered or exported energy flow or energy carrier there are three primary enengy fadgtors
(see Figure|3):

— total pijimary energy factor (f,;io0),
— non-repewable primary energy factor (f¢;nren),

— renewdble primary energy factor (f,¢;ren)-

Al B C
i 46
s
1 0,\\8
=
5 7
1 2 3
fpe;tot:‘8+_9 fpe;nrenzﬁ fpe;ren:m
Key

A energy qource in nature total primary energy

B upstrea}ln chain-of energy supply non-renewable primary energy

C inside the assessment boundary renewable primary energy

non-renewable infrastructure related energy

renewable infrastructure related energy

non-renewable energy to extract, refine, convert and transport
renewable energy to extract, refine, convert and transport
delivered non-renewable energy

O© 0 N O Ul|d W N =

delivered renewable energy

Figure 3 — Primary energy factors
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7.3 Weighting factors for exported energy

There are two complementary types of weighting factor for exported energy. They are based on the
evaluation of:

— theresources used to produce the exported energy carrier, that are used for "Step A" evaluation (see
ISO 52000-1:2017, 9.6.6.2);

— the resources avoided by the external grid due to the export of the energy carrier, that are used for
"Step B" evaluation (see ISO 52000-1:2017, 9.6.6.3).

8 [General approach for data centre energy flows

8.1| Data centre energy flows considered in the ISO/IEC 30134 series
The data centre energy flows of the ISO/IEC 30134 series are shown in Figuren

Unlgss explicitly mentioned, all assessments in the ISO/IEC 30134 series are made with dellvered, non-
weighted (or final) energy flows since electricity from the grid is the most common engrgy carrier
used for data centre services. In order to take into account enepgy/carriers other than| electricity,
conyersion factors are given in the annexes of ISO/IEC 30134-6:20271 to integrate those cafriers in the
KPI pssessments, in relation to final energy flows. The relation.between conversion factors|used in the
ISO/IEC 30134 series and the weighting factors (or primary, énergy factors) used in ISO 52000 series is
devgloped in 9.1.

The main energy flows (by default on an annual basis}considered in ISO/IEC 30134 series dre:

— |Epc which is the total data centre enérgy consumption;
— |Eir which is IT equipment energy consumption;
— |Ecoolingpc ~ Which is the delivered@nergy used by the entire cooling system attributable to data
centre services;
— |Epsp which is the losses of energy in the power supply and distribution system;
— |Ep which is the’total delivered electrical energy provided to the data centrg, calculated
as folloWws:
Fin = Even + Enpefy
whefe
) is the total delivered electrical energy produced by renewable energy sources|either from

the grid or produced locally; and

is the total delivered electrical energy produced by non-renewable energy sources either
from the grid or produced locally.

8.2 General energy flows considered in the ISO 52000 series

8.2.1 General

The overarching approach for calculating the energy performance of a system (building) is provided in

Formula (1).
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The following subclauses outline the details needed for this calculation as follows:

— forelec

tricity and any other energy carriers with exportation: 8.2.2;

— for other carriers that are not exported: 8.2.3.

The case of exported heat produced on-site and not included in thermal use of the system is developed

in 8.2.4.

8.2.2 Electricity and other carriers with exportation

Energy uses

delivered d
redelivered
calculated

EEPus;el

Energy use
delivered d
redelivered

&V ¥ =4

€ 78 Lol = errornrance—o EPus;el' proviaea—oYy y =4
irectly, Eq.).e1.5pus @nd redelivered, part of E,4...1.5pus), DY €nergy storage (considere
remaining part of E,gep.e.ppys) OF produced on-site, E; . .ppys- Related energy flows

ising Formula (3):

i Edel;el;EPus + Erdel;el;EPus + Epr;el;EPus

5 not relevant to energy performance of buildings, E\ gps.., are provided by the grid (
rectly, Egep.e1.ngpus and redelivered, part of E\go1.e1.ngpys), DY energy storage (considerg

remaining part of E, geep;ngpus) OF produced on-site, E ... gpife- Related energy flows

calculated ysing Formula (4):

E

nEPus;e

= Edel;el;nEPus + Erdel;el;nEPus + Epr;el;nEPus

Energy pro

other uses inside the system not relevant to energy perforntance of buildings, E
(definitively to be transported and used by other grid subscribers, E

duced on-site, E, ., is used for energy performance of buildings matters, Ey.j.zpy,

pr;el;nEPus’ and expo

expselsgrir OF temporarily as

storage or injected to the grid to be used after a smal} period of time, E¢y..1.1mp)- Related energy f

are calcula

E

b )

rel =
Energy red
of buildings
of buildings

Egeliel;rd

Egelel;rd

Energy del
Edel;el;EPus'

ed using Formula (5):
E

pr;el;nEPus

+E

exp;el;grid +B

;pr;el;EPus + exp;el;tmp

plivered, Ege).e1.1qep €ither from the grid or from local storage, is used for energy perform
matters, Eqy.o..qe1 aNd forother uses inside the system not relevant to energy perform
s Erdel.el:nEpus- Related energy flows are calculated using Formula (6):

b = Erdel;el;EPus + Erdel;el;nEPus

bl — Eexp;el;tmp

veredifrom the grid, Egepejqrigr 1S used for energy performance of buildings mat
hnd. fer other uses inside the system not relevant to energy performance of build

(3)

both
d as
are

(4)

, for
rted
ocal
ows

6)

nnce
ance

(6)

ters,
ngs,

Edel;el;nEPus'

Related energy flows are calculated using Formula (7):

Edel;el;grid = Edel;el;EPus + Edel;el;nEPus

These energy flows for carriers with exportation are illustrated in Figure 4.

(7)

Energy uses for data centres are not considered as contributing to the energy performance of buildings
with which they are included for an assessment. The above formulae are to be used in a simple case
where the assessed system consists only of the data centre facility and buildings.

In the case of a system in which a data centre facility is accommodated in buildings using energy for

other purposes, energy uses considered as non-relevant to energy performance of buildings, E gp,s.el»
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have to be assessed separately for the data-centre, as Ep ., and the remaining installations E} .. (see
Figure 5), as in Formula (8):

EnEPus;el = EDC;el + EnDC;el

where

EDC;el = Edel;el:DC + Erdel;el;DC + Epr;el;DC and EnDC;el = Edel;el:nDC + Erdel;el;nDC + Epr;el;nDC

wit

Calc
can

(8)

jdel;el:nEPus = Edel;el;DC + Edel;el;nDC
jl"del;el;nEPus = rdel;el;DC + Erdel,el;nDC
ol =E .nct Eprel
pr;el;nEPus pr;el;DC pr;el;nDC

ulation or measurement rules for both E| jc..; and Egp,..) arenot developed in this do
be achieved under the principles of the ISO 52000 series.

rument and

© ISO/IEC 2022 - All rights reserved
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E delzeligrid l

-

Edel;el:rdel

E deliel;nEPus

rdel;el:nEPus

EnEl’us:eI

Edel;el;EPus

Erdel;el:EPus

E priel;EPus

bpr;cl;nlﬂl’us
E expselsgrid < ! Epr:el
Key
) EPB uses of electricity Egpuseal total energy for EPB usés
us;e
O non-EPB uses of electricity E,gpus-el total energy for non*EPB uses
nEPus;e
O delivered electricity from the grid Egelel-orid total energy detivered by the grid
el;el;gri
- flow of delivered electricity Eqel.olEP delivered energy for EPB uses
el;el;EPus
E delivered-energy for non-EPB uses
del;el;nEPus
O on-site produced electricity Ej o total.energy produced on-site
pr;e
- > flow of on-site produced electricity g LEP energy produced on-site for EPB uses
pr;el;EPus
E, ol nER energy produced on-site for non-EPB uses
pr;el;nEPUS
E Lorid energy produced on-site exported to the grid
expsel;gri
ES o energy produced on-site temporarily exportdd (to
expieitmP b reused later) either to the grid or to an erjergy
storage
redelivered electricity Eyol elordel total redelivered energy
el;el;rde
flow of redelivered electricity E redelivered energy for EPB uses
rdel;el;EPus
E redelivered energy for non-EPB uses
rdel;el;nEPus
Figure 4 [— Generalreference energy balance and energy flows for carriers with exportatipn
18
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The contribution to the annual weighted energy performance of delivered electricity, E,

give

ISO/IEC TR 21897:2022(E)

Ve
l E delzel;grid |

E

1 delsel;rdel

E

del;el;DC

del;el;nDC

E

rdel;el;DC

E rdeliel;nDC

E

priel:DC

Edel;el;EPus

Erdel;el:El’us

E pricl:EPus

12}

DC uses
non-DC uses
the grid

exported (to
to an energy

SEeS

DC uses

+ K
Epr;el:nDC T
\ Eexp;el;grid / Jl Epr;el
EPB uses of electricity Egpuseel total energy for"EPB uses
us;e
non-EPB uses of electricity Epc.el total energy for non-EPB DC uses
;e
total f -EPB -DC
Enpcel otal €nergy for non non-DC use
delivered electricity from the grid Egelel-orid totalenergy delivered by the grid
el;el;gri
flow of delivered electricity Egelol.Ep delivered energy for EPB uses
el;el;EPus
E delivered energy for non-EPB DC usd
del;elsDC
N flow of delivered electricity Ey5tmne delivered energy for EPB non-DC us¢g
elsel;n
on-site produced electricity ol total energy produced on-site
pr;e
flow of on-site produced electricity g LEP on-site produced energy for EPB use
pr;el;EPus
E on-site produced energy for non-EPH
pr;el;DC
Ly flow of on-site produced electricity g LnDC on-site produced energy for non-EPB
pr;el;n
E i on-site produced energy exported to
exp;el;grid
Eoyp el on-site produced energy temporarily
expiel;tmp be reused later) either to the grid or
storage
redelivered electricity Egel el -rdel total redelivered energy
el;el;rde
flow of redelivered electricity E.del.cl-EP redelivered energy for EPB uses
rdel;el;EPus
E redelivered energy for non-EPB DC u
rdel;el;DC
flow of redelivered electricity E .. ... redelivered energy for non-EPB nonj

Figure 5 — General energy flows applied to data centres for carriers with exportation

n by Formula (9):

Ewe;del;el;an = ZEdel;el;t X fwe;del;el;t
t

© ISO/IEC 2022 - All rights reserved
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where

Egelee  is the delivered electricity in each calculation interval, ¢;

fwedele,t 1S the time-dependent weighting factor of delivered electricity.

The contribution of exported electricity to the annual weighted energy performance, E ¢ exp;el;ans 1S
given by Formula (10):
Ewe;exp;el;an = Ewe;exp;el;an;A + kexp ><ZEwe;exp;el;cr(i);am;AB (10)
i
where

E\vesexpiplian;a is the weighted exported electricity calculated using factors that reflect the
resources used to generate the exported electricity;

E\weexpblcr(i;an;ap 1S the difference between the weighted exported energy calculated using fagtors
that reflect the avoided resources off-site the studied system and the weighted
exported energy using factors that reflect the resources used to generatg the
exported energy;

Kexp is a factor that is used to control which part of the exported energy is incljded

in the energy performance of the system.

8.2.3 Eng¢rgy carriers without exportation

The annual weighted delivered energy, E,,
export is calculated using Formula (11).

e;delnexp;ans [OL all energy carriers, cr(j), without engrgy

Ewe;del; hexp;an — Z ZEdel;cr(j);t ><fwe;del;cr(j);t (11)
t\J

where

Egeler(jfie  is the amount of the'delivered energy carrier, cr(j), during time-step, t

fwesdel,cf(j);e 1S the time-dependent weighting factor for the delivered energy carrier, cr(j).

8.2.4 Exported heat on-site produced and not included in thermal use of the system

In this subg¢lause thelproduction of heat by a generator is considered either by a dedicated generator
like a combjined heat-and power (CHP) system producing both electricity and thermal energy from an
energy cartfier (€.g. gas) or by any system recovering heat losses from the data centre (e.g. from racks
in a server
building wi
data centre system).

The effect of non-EPB thermal use or of thermal energy export is excluded from the energy performance
assessment (see Figure 6) with the following procedure.

For each energy carrier or input to the generator (or the set of generators) Eg...(;) in KWh, generating
heat:

— the generator(s) input, Ey,,.,, is calculated, taking into account all loads, Qgpy;gens @ and

nEPus;gen
exp’

20 © ISO/IEC 2022 - All rights reserved


https://iecnorm.com/api/?name=4142a3c17ae8d151000cf477cb352199

ISO/IEC TR 21897:2022(E)

where
QEpus;gen is the heat generated for the considered on-site EPB services;
QnEPus;gen is the heat generated for other on-site uses than the considered EPB services;
Qexp is the heat exported.

— the share of each energy carrier, Eyg c();gp is calculated in kWh and is to be taken into account in
the energy performance assessment with Formula (12):

YEPus;gen T ¥nEPus;gen

Edel;cr(i);EP = Edel;cr(i) X (12)

QEPus;gen + QnEPus;gen + Qexp

E delzeligrid

Building
(office,
residental....)

EPB uses

Data centre

Non-EPB uses — Outside the system uses of heat

Key
0O energy delivered to the on-site heat generator from a carrier, Eyq).
— flow of delivered energy to the on-site(ieat generator

on-site heat generator

flow of thermal energy (heat)
O on-site heat produced by, the generator for EPB uses,

QEPus;gen
(] on-site heat produced by the generator for non-EPB uses,

QnEPus;gen
O on-site heatproduced by the generator and exported for distant uses,

Qex

P

Figure 6 — Reference diagram for thermal energy export

8.3 | Data centre energy flows in an EPB approach

To illustrate the respective and equivalent energy flows of both approaches from the ISO/IEC 30134
series and the ISO 52000 series, the case of a data centre (non-EPB uses of energy), with some building
facility (EPB uses) attached to the data centre, will be considered hereafter, corresponding to Figure 1
and Figure 4 in the case of electricity delivered by the grid and produced locally with renewable and
non-renewable sources.

With reference to Figure 1 and Figure 4, Formula (13) shows:

EDC = EnEPus;el = Edel;el;nEPus + Erdel;el;nEPus + Epr;el;nEPus (13)

where the non-EPB uses of electrical energy of the data centre are:
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Egeletngpus 1S the total electrical energy delivered from the grid including electricity produced on
distant sites by renewable and non-renewable sources;

E del.elngpus 1S the electrical energy, produced locally or nearby either by renewable (e.g. PV, wind)
or by non-renewable (e.g. generators powered by diesel fuels for additional supply), and
temporarily stored (e.g. in batteries of a UPS) on a short period of time and redelivered;

Eyrcinppus 1S the total electrical energy produced locally or nearby either by renewable (e.g. PV,
wind) or by non-renewable (e.g. generators powered by diesel fuels for additional supply).

With reference to Figure 1 and Figure 4, Formula (14) shows:

Eexcess 3 Epr;el;EPus + Erdel;el;EPus * Eexp;el;grid (14)

where

E,peipdus s the total on-site or nearby produced electrical energy for EPB uses [j.e. in the attathed
building);

EideLel.gpus 1S the electrical energy, produced locally or nearby either by.renewable (e.g. PV, wind)
or by non-renewable (e.g. generators powered by dieselNfuels for additional supply),
temporarily stored (e.g. in batteries of a UPS) on a shorit period of time and redelivered
for EPB uses (i.e. in the attached building);

4 Is the total electrical energy produced locally{or nearby either by renewable (e.g. PV,
wind) or by non-renewable (e.g. generators.powered by diesel fuels for additional jsup-
ply), exported to the grid.

—_-

exp;el;gr

With reference to Figure 1 and Figure 4, two options are-possible for E !

1) in the dase of a stand-alone data centre (without any EPB uses of energy associated with the data
centre)

E

reuse 3 Qexp

2) inthe dase of a data centre in asmiixed-use building (with EPB uses of energy):

Ereuse 3 QEPus;gen;out + Qexp

More detailed cases are presented in Annexes A, B and C.

9 Impagts ofthe EPB approach on data centre KPIs

9.1 Impacis’on conversion factors (race of metered energy (‘nnqumptinn)

The EPB approach affects KPIs that consider energy consumption and estimate the relative share of
these consumptions provided by different sources of energy.

In general, the energy-related KPIs for data centres are calculated with reference to electricity, the
most common form of final energy. In the case of mixed uses of energy, the ISO/IEC 30134 series
provides default conversion factors to express those uses of energy from various carriers in reference
to electrical energy. As the EPB approach is based on primary energy, default conversion factors to a
common reference (weighting factors) are provided in ISO 52000-1 for different energy carriers.

The following formulae are used to compare the default values for final electrical energy and primary
energy in both series of standards. To compare primary energy needed from two different carriers of
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energy, cr(i) and cr(j), in reference to final energy respectively for each carrier, the following relations

are used:

Epe;cr(i) = foeser(i) * Edetier(n) A0 Epeser() = fpeser(j) * Edelier()
where

Epeser(i) = Epeser(j)

fpe;cr(i) x Edel;cr(i) =fpe;cr(j) x Edel;cr(j)

The

Weig
used

expression of final energy from carrier i in relation to carrier j is given by Formula (15)
foeser(j
pe;cr(J)
Edel;cr(i) = ><Edel;cr(j)
pe;er(i)

phting factors, f,,cr() are those used in the ISO 52000 series, while cotiyersion factoy
in the relevant parts of the ISO/IEC 30134 series. These conversionfactors are ratios d

factgrs, as shown in Formula (16):

1
o
=
—

and
Forr

For {

Asa
Ann
cony

The
awe

o _ Joeert)
fpe;cr(i)
hula (15) can be expressed now as follows [Formula (17]}:

Edel;cr(i) = {X'Edel;cr(j)

the relationship between weighting facters' from carriers i and j can be expressed 3

hula (18):
fpe;cr(j) = ;X'fpe;cr(i)

he ISO/IEC 30134 series it has been decided to refer only to electricity (el) as final ener

practical example for district cooling, the weighting factor proposed as default in ISO 52
bX B is f,
ersion fgctor for district cooling is calculated with Formula (19) as:

Spe:dnd 1
ﬂé?X: pe;dhgtot 1,3 ~0.52

fpe;el;tot 2,5

(15)

s are those
f weighting

(16)

(17)

s shown in

(18)

gy (1)
000-1:2017,

exdhe;tot = 1,8 with the default weighting factor for electricity, f,e.e1,tor = 2,5 The resulting

(19)

value obtained is different from the default one proposed in ISO/IEC 30134-2:2016 of 0,4

. But taking

ighting factor for electricity f,q.c|.tor = 3,34 as commonly used in North America (2,5 bei|ng common

f a1 nuareian fo ot g 1 nN29
or £t OpC) it oV eT STOT TattOT DCCOTHCS U5 77

Keeping the example of district cooling (or district chilled water), the conversion factor proposed as
default in ISO/IEC 30134-2:2016, Annex B, d};fX = 0,4. This value has been agreed upon by specialists
gathered in an international task force to harmonize global metrics for data centre energy efficiency
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with a weighting factor for electricity fe.j;or = 3,34. The weighting factor for district cooling is
calculated with Formula (20) as:

dh
fpe;dhc;tot = eTX'fpe;el;tot =0,4x3,34=1,34 (20)

The value obtained is very close to the default value of this weighting factor for this carrier in
ISO 52000-1:2017, Annex B, of 1,3. But taking the default weighting factor for electricity fe 110 = 2,5,
the resulting weighting factor for district cooling would be as shown in Formula (21):

fpe;dhc;tot =0,4%x2,5=1 (21)
Table 3 compares the default values of weighting factors proposed in ISO 52000-1 to the equivalent
ones calculated from conversion factors used in the ISO/IEC 30134 series.

Table 3 —|Default weighting factors proposed by EPB standards and their equiyalent from data
centre KPI standards
From EN ISO 52000- ISO/IEC 30134
1:2017 series equiva-
lent,
fpe'tot
fpe;nren fpe;ren fpe;tot fpe;el;tot fpe;el;tot
=25 =3,34
Delivered from distant source
1 Solid 1,1 0 1,1 0,88 1,17
2 ||Fossil fuels Liquid 1,1 0 1,1 0,88 1,17
3 Gaseous 1,1 0 1,1 0,88 1,17
4 Solid 0,2 1 1,2
5 ||Bio fuels Liquid 0,5 1 1,5
6 Gaseous 0,4 1 1,4
7 ||Electricity 2,3 0,2 2,5 2,5 3,34
Delivered from nearby, source
8 [|District heating 1,3 0 1,3 1 1,34
9 [|District cooling 1,3 0 1,3 1 1,34
Delivered from on-site
10 PV 0
11 Solar Thermal 0
12 |[|Wind 0
13 Environment E«i?_’ aero-, hydrother- 0 1 1
Exported electricity
14 |Never redelivered 2,3 0,2 2,5 2,5 3,34
15 |Temporary exported and redelivered later 2,3 0,2 2,5 2,5 3,34
16 |To non-EPB uses 2,3 0,2 2,5 2,5 3,34

Table 4 compares the default values of conversion factors used in the ISO/IEC 30134 series to the
equivalent ones calculated from weighting factors proposed in ISO 52000-1.
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Table 4 — Default conversion factors proposed in data centre KPI standards and their
equivalent from EPB standards

cr
elX
Energy carrier ISO/IEC IS0 52000-1 equiv-
30134 se- alent
ries fpe;el;tot fpe;el;tot
=2,5 = 3,34
District chilled water 0,4 0,52 0,39
Districtirotwater V2 0752 0739
District steam 0,4 0,52 0,39
Fuel (for absorption type 0,35 0,4 0,35
chiller)

9.2 | Impact on power usage effectiveness (PUE — ISO/IEC 30134-2)
Powgr usage effectiveness (PUE) is a ratio of energies.

The fmpact of expressing these energies in reference to primary or finat energies can not havg any impact
if the only form of energy used in the data centre is electricity (ihcluding that used for enyironmental
contirols) and if there is no energy exported from the data centre.

Whdre mixed energy sources are used in the data centre,"and conversion factors of other|energies to
electricity are chosen (see 8.1), the impact can be limited to the inclusion/exclusion of "frge" energies
(e.g.|direct free cooling with external air, water cooling from streams or lakes, geo-cooling). Excluding
those free energies from the PUE calculation results in lower PUE values than assessing their thermal
enerngy content, except if they are exported (reused) outside the data centre.

Exainples of primary energy assessments are given in Annex A. These examples are based on those
proposed in ISO/IEC 30134-2:2016, Annex B.

In the case of derivative PUE assessments, such as interim PUE (iPUE) or partial PUE (pPUE), data
collgcted for their calculation can also be retrieved for primary energy assessments.

As 1SO 52000-1 considers(hourly, monthly, seasonal and annual periods for energy performance
assessment, iPUE on the same reference period (hourly, monthly, or seasonal) in general would not be
impacted.

pPUE can address thé case of mixed uses buildings, which is the general framework of the ISO 52000
serigs.

9.3 | Impaet on the renewable energy factor (REF — ISO/IEC 30134-3)

The [main impact of considering primary energy assessment with renewable energies us¢d in a data
centre is in the characterization of the origin of renewable energies.

ISO/IEC 30134-3 considers the final renewable energies as the same whether they are produced on-site
or purchased from the utility with a certificate, but does not take into account the renewable character
if the energy is coming from an installation in the neighbourhood of the data centre (e.g. if there is no
official certificate involved).

ISO 52000-1 considers the on-site or nearby production of renewable energies to be equivalent in terms
of primary energy due to low or no losses of energy to transport it to the data centre. In the case of
renewable energy bought to a utility or via certificates, primary energy assessment of this form of
renewable energy takes into account losses of energy for transport in the grid.
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Due to different hypothesis in their respective definitions, even though they are both ratios of renewable
energy by total energy (final energies for REF and primary energies for RER), REF and RER can provide

different va

lues for a given configuration of a stand-alone data centre.

Examples of primary energy assessments are given in Annex B. These examples are based on those
proposed in ISO/IEC 30134-3:2016, Annex B.

9.4 Impacton the energy reuse factor (ERF — ISO/IEC 30134-6)

The energy reuse factor (ERF) is based on the assessment of data centre energy losses recovered as
thermal energy used outside the data centre. This type of assessment is considered in ISO 52000-1

with the pg
performanc
data centre
system con

When the e
directly to {
partly redu

Examples g
proposed if
and B.

9.5 Imp3d

Excess enel

the data Cﬂgre but used outside its boundary. But in practice, it contributes either to electrical en

uses for E

stand-alone
Only the la
energy pro
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This KPI co
unnecessar
to primary
would com
of IT equip
reflected in
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nergy is recovered outside the data centre and the building system, and-js\uiot contriby
he energy performance of the system under study, this impacts the energy performang
cing the energy delivered to the data centre or EPB system as explaingd in 8.2.4.

f primary energy assessments are given in Annex C. These eXapiples are based on t
ISO/IEC 30134-6:2021, Annex A. Energy reuse is also assessed for examples in Annex

ct on the excess electrical energy factor (XEEF — ISO/IEC TR 23050)

gy is in theory similar to energy reuse: it is the ‘electrical energy produced or store

in the case of data centres in mixed-use buildings, or to exported energy in the ca
data centres with energy production orstorage (other than UPS for IT equipment) on
ter is illustrated in Annexes A and B, jn particular in Annex B with cases of local renew
uced on-site and exported to the grid:

ct on IT equipment energy-efficiency for servers (ITEEg, — ISO/IEC 30134-

mpares services to finalenergy consumption of servers offering these services, so it se
y to envisage a version of IT equipment energy efficiency for servers (ITEEsv) with refer
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Examples of primary energy assessment of a data centre as used

for PUE assessment

A.1| General

In this annex, the main elements and hypothesis for energy consumption assessments are

the ¢xamples in ISO/IEC 30134-2:2016, Annex B.

NOTE

The figures in this annex are modified versions of those from ISO/IEC 30134-2.

A.2| Use cases for various energy carriers

A.211 Case of a data centre purchasing all electricity

Thig first example is the classic case where all the energy consumed in the data centre com

grid[(purchased from a utility) including energy for cooling1T equipment.

Key

[ s il o ]

IT Energy
1000 MW-h

100 MW-h

Electricity purchase Electrical distribution losses

Chilled water

|
|
|
|
1633,33 MW-h * \
|
|
|

electricity
other energy

measurement point

systemrboundary

Figure A.1 — Data centre purchasing all electricity

those from

es from the

Using the data from Figure A.1,

Eyy = Egeperir = 1 000 MWh

Epc = Eqerel:nc = Edelel:ngpus = 1 633 MWh
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Epesnc = foese X Edelsespe = 2,5 x 1633 = 4 083,33 MWh

with f,,..; taken from Table 3 (default value for electricity proposed in ISO 52000-1).
Epe;im = fpesel X Edelyel;ir = 2,5 x 1 000 = 2 500 MWh

AS Eygeler;epus = 05 Epriel;epus = 0) Eexpiel;gria = 0 and as there is no energy recovered, then:

E

excess

0

E

reuse —

A.2.2 Cage of a data centre purchasing electricity and chilled water

In this example, only the electrical energy ultimately needed for IT equipment cemes from the |grid
(purchased| from a utility); the energy for cooling (chilled water) IT equipment,contfes from a disftrict
cooling network (also purchased).

Electricity purchase [TEnergy
uPsS PDU

| .
1100 MW-h A " 1000 MW-h
|
|
|
|
|

|

|

|

100 MW-h |
Electrical distribution losses |
|

|

|

|

Chilled water
purchase

Chilled water

'______________‘ ________________________ —»
1600 MW-h 1600 MW-h

Key
— electricity
NN other energy

. measurement point
r=77 | systemboundary
L——4

Figure A.2 — Data centre purchasing electricity and chilled water

Using the data from Figure'A.2,
Eyp = Eghyelir = 1000 MWh

EDC = E( elieliDC + Edel;dhc;DC = Edel;el;nEPus + Edel;dhc;nEPus =1100+1600=2700 MWh

Epe;DC =fpe;el x Edel;el;DC +fpe;dhc x Edel;dgc;DC = 2'5 x1100+1,3x1600=4830 MWh

and with f,...; and fe.qn, taken from Table 3 (default value for electricity district heating and cooling
proposed in ISO 52000-1):

Epe;IT =fpe;el X Edel;el;lT = 2,5 x 1 000 =2 500 MWh

AS Eygeter;epus = 05 Epriel;epus = 05 Eexpielsgria = 0 and as there is no energy recovered, then:

E 0

excess
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E

reuse —

0

A.2.3 Case of a data centre purchasing natural gas

This use case is similar to the first one in terms of energy use in the data centre (only electrical energy),
but the electricity is produced by, for example, a nearby gas turbine fuelled by a natural gas network
(purchased from a gas utility or supplier).

IT Energy

3 000 MW-h
Electricity production

|
|
|
T
|
Natural gas »| Generator
9 5000 MW-h A
|
| Non-IT Energy
|
|

2 000 MW-h

Key
1 5 electricity
1-——» other energy

A measurement point

1~~7 system boundary

Figure A.3 — Data centre purchasing natural gas

Using the data from Figure A.3,
Eir = Egelerir = 3 000 MWh

EDC = Edel;gas;DC = Edel;gas;nEPus %5000 MWh

Eoe.nc =foegas X Edeligas;pc 71,1 X 5000 =5 500 MWh
With f,e.0a5 taken fromySO 52000-1:2017, Table 6 (default value for gaseous fossil fuels proposed in
ISO $2000-1):

Epesir = foegts™ Edelgasit = 1,1 x 3000 =3 300 MWh

AS Bl qer &iipus = 0 Epriel;epus = 0) Eexpiel;gria = 0 and as there is no energy recovered, then:

n — 0O
excess ~ Y

E

reuse

0

A.2.4 Case of a data centre purchasing electricity and natural gas
In this example too, all the energy consumed by the data centre is electricity. Half of it comes from

the electricity grid and the other half is produced (as in the previous case) by a nearby natural gas
generator.
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IT Energy
3000 MW-h

Electricity purchase . | Electricity at site

|
|
|
|
|
500 MW-h A |_5000Mw-h
|
|
|
L

Non-IT Energy
2 000 MW-h

Electricity production
2500 MW-h

Natural gas Generator

Key
— electricity
——_» other energy

A measurement point
r~77 | systemboundary
Figure A.4 — Data centre purchasing electricity and natural gas

Using the data from Figure A.4,

EIT = Ed bl;el;IT + Edel;gas;IT =3 000 MWh
EDC = E( el;el;DC + Edel;gas;DC = Edel;el;nEPus + Edel;gas;nEPus =2500+2500=5000MWh

with f,.oj ahd f..q,s taken from Table 3 (default value for electricity and gaseous fossil fuels proppsed
in ISO 52000-1):

Epe;DC =fpe;el x Edel;el;DC +fpe;gas x Edel;gas;DC = 2'5 x 2500 + 11x2 500=9000 MWh

In the case|of a proportional electkical energy use on average during the period of the assessmept of
both carriefs (electricity and natural gas), it is considered in this example that:

Edel;el;IT = Edel;gas;IT = EIT /2=1500 MWh

then

Epe;IT :fpe;el X Edel;el;lT +fpe;gas X Edel;gas;lT =2,5x1500+1,1x1500=5400MWh.

AS Egel.el:EPus = 0 Eprel;EPus = Us Eexpielgria = U and as there 1s no energy recovered, then:

E

excess

0

E

reuse

0

A.3 Cogeneration use case
In this use case, a cogeneration (or CHP) system fuelled by natural gas provides electrical energy to the

data centre, in conjunction with electricity provided by the grid and thermal energy for cooling the IT
equipment.
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For this use case, ISO/IEC 30134-2 considers two assessment methods for the PUE calculation:

— Method 1: the determination of thermal energy for cooling data centre equipment, produced by
the CHP system, based on the measurement of chilled water flow and difference of temperatures
(see Figure A.5). In this case, the CHP system is considered nearby (but not inside the boundary, as
there is only a meter for the electrical energy produced by the CHP system) the data centre for PUE

assessment.
1450MW-h | [Eeweny ] [ TFEeo K
- 5 B 1 Electricity IT Energy |
Electricity > L
facilit
f T . A 1500 MW-h :
] |
X somwn T
| |
| |
) I 400 MW-h Cooling, air handling, !
| Cogeneration | “““““ L‘ “measured by AT and flow *| lighting and controllers :
RTS8
Key
1 5 electricity
———» other energy
A measurement point
1~~7 systemboundary
y——4d
Figure A.5 — Method 1: Measurement of chilled water flow
— Method 2: the calculation of the part of the metered energy at the input of the CHP system, required
to produce chilled water for cooling data centre equipment (Figure A.6). In this case, the CHP system
is considered inside the boundaryof the data centre as all the energy (from natural gaq) necessary
to produce both electrical andthermal energy is metered.
=== e ey I
. | | Electricity | ITE
Electricit > i nergy I
@ 1.450 MW-h % [ faciity | A Tsoomwn |1
| |
' |
' |
_—— ~ |
___________ . e Cooling, air handling,
1000 MW-n A Cogeneration ’l lighting and controllers :
e e e e e e e e
Key
1. 57, electricity
e other energy
A measurement point
r—=7 system boundary
L4

Figure A.6 — Method 2: Calculation of energy required to produce chilled water

For both methods the primary energy balance is expressed as:

Epe;DC = Epe;el;DC + Epe;chp;DC = Epe;el;DC + Epe;gas;DC + Qpe;gas;DC
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where

E,

E,

e;el;DC

and

E,

is the total primary energy for electricity from the grid;

produce electrical energy E,.q,.pc and thermal energy Qe.oa5,nc-

e;DC :fpe;el x Edel;el;DC +fpe;gas;el - Edel:gas:el;DC +fpe:gas;Q X Qdel;gas;DC

Method 1

In Method
recommend
chilled wat

fpe;el =2

h

Epe;DC =

Method 2

In Method
for the coge

Assuming
for thermal

Edel;gas;e

Qdel ;gas;

which are iflentical to those measureddn Method 1.

Therefore, 1

Due to the
different w

E

pe;IT =

with a and
simplified 4

U

neration are known.

he following ratios of conversion from input delivered energy of 45 % for electricity, 4

Lpc =045 % Eger.enppe = 0,45 x 1000 =450 MWh

pighting factors, the primary energy of IT equipment is:

3 determined by the allocation of energy sources during the period of assessment, and

1, all delivered energies are measured by meters, fluid flows and temperatures.
ed in ISO/IEC 30134-2 to consider the district heating and cooling conversion facto
r production of the cogeneration. Then from Table 3 (with ISO 52000-1 default values):

5’fpe;gas;el = 1'1'fpe;gas;Q =1,3 and

2,5x1450+1,1x450+ 1,3 x400=4 640 MWh

, only delivered electrical energy from the grid and global energy delivered by natura

energy and 15 % of losses,

¢ = 0,40 x Egqycnppc = 0,40 x 1 000°= 400 MWh

he primary energy balamnce of the data centre by Method 2 is also 4 640 MWh.

act that electricity)is provided by two carriers, the grid and the cogeneration system,

a Xfpe;el * B ><fpe;gas;el) x Edel;el;IT

pproach with:

Egel;el;nc

= Edel;grid;el;DC + Edel;gas;el;DC =1450+450=1900 MWh

Egetsgridzel;nc = @ % Eqelel;ne

Edel;gas;e

then:

Edel;grid;el;DC
o=—"—""—

1:0¢ = Edet;ehpier;nc =B * Egelsel;ne

=1450/1900=0,763

E gelel:nC

32

exchp;pc 1S the total primary energy consumed by the combined heat and power (CHP) system to

It is
r for

gas

0%

with

ina
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_ Edel;chpel;nc

B = 450/1 900 = 0,237

E yeLel:nC

Epeir=(0,763 x2,5+0,237 x 1,1) x 1 500 = 3 252 MWh

NOTE

7:2022(E)

Allocation factors for electricity of each carrier can be determined on a more detailed basis

considering, if available, all the energy consumptions or productions related to their periods of consumption or
production for the entire assessment period chosen, as explained in ISO 52000-1 and ISO/TR 52000-2.

NOTE 2  SeelSO 52000-1:2017, Table C.7 for definitions of « and S.

AS Bl gerser;ipus = 00 Eprersepus = 0 Eexpiersgria = 0 and as there is no energy recovered, then:

A.4| Absorption type chiller use case

In this use case an absorption chiller, fuelled by natural gas, is dedicated to providing ther
for dooling the IT equipment, in conjunction with electricity provided by the grid.

For

Key

“excess = O
“reuse = 0

this use case, ISO/IEC 30134-2 considers two assessment methods for the PUE calculati

Method 1: the determination of thermal energy{ér’“cooling data centre equipment, pro
pbsorption chiller, based on the measurement:of chilled water flow and difference of te

as there is no measurement of natural gasi€onsumed by the absorption chiller) data cer
pssessment,
T — T T T T T T/ o
| Electricity I ] N| Elfzccti“tcsltv | A IT Energy |
1200 M * ooy | 1000 MW-h :
: |
|
' |
I
|
y
________ e 4 Cooling, air handling, |
chitlen 350 MW-h L lighting and controllers |
o — e

15 electricity

mal energy

pn:

Huced by an
mperatures

(see Figure A.7).In this case, the absorption chilleris considered nearby (but notinside thie boundary,

itre for PUE

| NN other energy

A measurement point

r—=7 system boundary
b —d

Figure A.7 — Method 1: Measurement of chilled water flow

Method 2: the calculation of the part of the metered energy at the input of the absorption chiller,

required to produce chilled water for cooling data centre equipment (see Figure A.8).

In this case

the absorption chiller is considered inside the boundary of the data centre as the energy (from

natural gas) necessary to produce thermal energy is metered.
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L Electricit:
Electricity eIV A N tacility Yy A IT Energy :
| 1 000 MW-h I
' |
' |
' |
| ‘ |
Natural gas ! Absorption Cooling, air handling, |
° o _160_IVTVV-H _{_ B chiler [~~~ 77 lighting and controllers :
Key
— > electricity
-———» | otherenergy
. measurement point
r~77 | systemboundary
| I —

For this usé
total natur
chiller (or ¢
for Method
thermal eng

Figure A.8 — Method 2: Measurement of input gas

The primarfy energy balance is expressed as:
Epe:nc =|Epe;e;ne + Epesgas;ne
where
Epe;el:nq is the total primary energy.for electricity from the grid;
Epe.gas;pc  is the total primary energy consumed by the absorption chiller;
and
Epe.nc =|fpesel = Edelel;ne * fpeigas = Edelsgas;de
From Table|3 (with ISG;52000-1 default values):
Jpezel = 45 and fzpas = 1,1
Epepc=228% 1200+ 1,1 x100=3 110 MWh

case, in order to assess primary energy consumptions, it is 1i€cessary either to know the
il gas energy delivered or to have the coefficient of performance (COP) of the absorption
pnversion factor as stated in ISO/IEC 30134-2:2016, AnnexB). Considering that both seftups
1 and Method 2 apply to the same data centre, 100 MWh.of natural gas produce 350 MWh of
brgy (chilled water), i.e. the absorption chiller COP ig’3,5:

Eyp = Egeerr = 1 000 MWh

Epe:IT =fpe;el x Edel;el;lT = 2'5 x 1000 =2500 MWh

As Erdel;el;EPus = 0' Epr;el;EPus = 0' E

E =0

excess

E

reuse ~

34

0

expsel;gria = 0 and as there is no energy recovered, then:
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Annex B
(informative)

Examples of primary energy assessment of data centre as used for

REF assessment
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is annex, the main elements and hypothesis for energy consumption assessments are
bxamples in [SO/IEC 30134-3:2016, Annex B.

Use cases

1 Case of a data centre purchasing electricity from the grid without renew:
gy certificates

first example is the classic case where all the energy consumed in the data centre
prid (purchased from a utility) without renewable energy certificates nor local renew
uction.
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Figure B.1 — Grid energy purchased without renewable energy certificates

© ISO/IEC 2022 - All rights reserved

35


https://iecnorm.com/api/?name=4142a3c17ae8d151000cf477cb352199

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms, definitions and abbreviated terms 
	3.1 Terms and definitions 
	3.2 Abbreviated terms 
	3.3 Symbols (variables) 
	3.4 Symbols (indices) 

	4 Background, motivation and exclusions 
	4.1 Background and motivation 
	4.2 Exclusions 

	5 Data centre assessment boundary 
	5.1 Data centre boundary in the ISO/IEC 30134 series 
	5.2 Assessment boundary of the system in the ISO 52000 series 

	6 General principles of the overarching EPB framework and procedures 
	6.1 Output of the method 
	6.2 General description of the procedures 
	6.3 General description of the routing 
	6.4 Types of assessment 
	6.4.1 General 
	6.4.2 Calculated energy performance 
	6.4.3 Measured overall energy performance and comparison with calculations 


	7 Assessment of primary or weighted energy performance 
	7.1 Weighted overall energy balance 
	7.2 Primary energy factors 
	7.3 Weighting factors for exported energy 

	8 General approach for data centre energy flows 
	8.1 Data centre energy flows considered in the ISO/IEC 30134 series 
	8.2 General energy flows considered in the ISO 52000 series 
	8.2.1 General 
	8.2.2 Electricity and other carriers with exportation 
	8.2.3 Energy carriers without exportation 
	8.2.4 Exported heat on-site produced and not included in thermal use of the system 

	8.3 Data centre energy flows in an EPB approach 

	9 Impacts of the EPB approach on data centre KPIs 
	9.1 Impacts on conversion factors (case of metered energy consumption) 
	9.2 Impact on power usage effectiveness (PUE — ISO/IEC 30134-2) 
	9.3 Impact on the renewable energy factor (REF — ISO/IEC 30134-3) 
	9.4 Impact on the energy reuse factor (ERF — ISO/IEC 30134-6) 
	9.5 Impact on the excess electrical energy factor (XEEF — ISO/IEC TR 23050) 
	9.6 Impact on IT equipment energy efficiency for servers (ITEESV — ISO/IEC 30134-4) 

	Annex A (informative) Examples of primary energy assessment of a data centre as used for PUE assessment 
	Annex B (informative) Examples of primary energy assessment of data centre as used for REF assessment 
	Annex C (informative) Examples of primary energy assessment of data centre as used for ERF assessment 
	Bibliography 

