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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.
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Introduction

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

both private enterprise and shared/collocation facilities.

The historical data generation growth rate exceeds the capacity growth rate of the infor
communications technology hardware and w1th less than half (in 2014) of the worlds

rnments having digital agendas to prov1de both citizens and businesses w1th ever-fastey
accefss, the very increase in network speed and capacity will, by itself, generate ever more us
Parddox). Data generation and the consequential increase in data manipulation and-sterage
linké¢d to increasing power consumption.

govd

With this background, it is clear that data centre growth, and power consumption in part
inevjitable consequence and that growth will demand increasing power censumption desp
stringent energy efficiency strategies. This makes the need for key performance indic3
that|cover the effective use of resources (including but not limited £o‘energy) and the redu
emigsions essential.

Within the ISO/IEC 30134 series, the term resource usage effectiveness is more generally u
in preference to resource usage efficiency, which is restricted to situations where the input
pardmeters used to define the KPI have the same units.

document describes the treatment of data.centre metrics in circumstances whern
gy is stored and exported from within the data centres boundaries of other standards
80134 series.

This
ener|
IEC

Add
the ¥

tionally, this document will provide Excess Electrical Energy Factor (XEEF) as a metric
veight of this mechanism within the>data centre energy balance.

Thid document deals with the storage and export of electrical energy, whatever form of stor
it could eventually serve as a medel to handle a similar process of storage and export of ng
enetjgy, such as chilled water thetmal energy.

Ino
reqy

Fder to determine the .overall resource efficiency of a data centre, a holistic suite o
ired. This document’complements the series of KPIs conforming to ISO/IEC 30134-1, w
common requirements-for a holistic suite of KPIs for data centre resource efficiency. This dog
not $pecify limitstortargets for the KPI and does not describe or imply, unless specifically|
form of aggregation of this KPI into a combination with other KPIs for data centre resource
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with many
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Information technology — Data centres — Impact on
data centre resource metrics of electrical energy storage

and export

1 Scope

Thig document describes the treatment of data centre metrics in circumstances where electrical
enetjgy is stored and exported from within the data centre boundaries of other standards|in the ISO/
IEC B0134 series.

Thid document specifies the Excess Electrical Energy Factor (XEEF) as a Key Rerformange Indicator
(KP1) to quantify the electrical energy provided back from data centre to theutility.

Thid document has the structure common to the standards of the ISO/IEC 30134 series.

2 Normative references

The|following documents are referred to in the text in suchva way that some or all of their content
congtitutes requirements of this document. For dated references, only the edition cited ppplies. For
undated references, the latest edition of the referenced-document (including any amendments) applies.
ISOAIEC 30134-1, Information technology — Data. centres — Key Performance Indicatory — Part 1:
Ovenview and general requirements for KPIs

ISOAIEC 30134-2, Information technology —:Data centres — Key Performance Indicators — Part 2: Power
Usage Effectiveness (PUE)

ISOAIEC 30134-3, Information technology — Data centres — Key Performance Indicatory — Part 3:
Rengwable Energy Factor (REF)

ISOJIEC 30134-6%), Informatign-technology — Data centres — Key Performance Indicator§ — Part 6:
Enetlgy Reuse Factor (ERF)

3 [lerms, definitions, abbreviated terms and symbols

For the purposesof this document, the terms and definitions given in ISO/IEC 30134-1, ISO/IEC 30134-
2, ISP/IEC 30134-3, ISO/IEC 30134-6 and the following apply.

ISO gnd [EC maintain terminological databases for use in standardization at the following afdresses:
— IS0 Omtime browsing platformmavaitable at https// www.iso-org/obp

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

3.1 Terms and definitions

3.1.1

storage energy

energy stored by any means in order to be recovered later

1) To be published. Current stage:40.60.
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3.1.2

data centre excess energy
energy stored in the data centre, from whatever source(s) it comes, and exported from the data centre

in the form

3.1.3

of electrical energy

data centre gross energy input
energy provided to the data centre from all types of sources, consumed by the data centre as Epc, or

exported fr

om the data centre in the form of electrical energy

3.2 Abbreviated terms

For the pur
ISO/IEC 30

XEEF B

poses of this document, the abbreviated terms given in ISO/IEC 30134-1, ISO/IEC-301:
|34-3, ISO/IEC 30134-6 and the following apply.

xcess Electrical Energy Factor

3.3 Symbols

For the pu
IEC 30134-

d

EExcess

EIN d

4 Objec

4.1 Ener

Data centre
when itise
data centre
or more ex

'poses of this document, the symbols given in ISO/IEC 3013%4-1, ISO/IEC 30134-2,
B, ISO/IEC 30134-6 and the following apply.

ata centre excess energy (annual) in kWh

ata centre gross energy input (annual) in kWh

Lives

gy storage types and dispositioning

practitioners can find it valuable.to'Store electrical energy within their premises, espeg
hsily available from their local generation, from utilities or other electrical grids outsid
The stored energy can either be used within the data centre when energy is less avai
pensive to obtain or exported to an electrical grid outside the data centre, public or

when the e

ergy stored exceeds theieeds of the data centre.

4-2,

1S0/

ially
e the
able
not,

Alarge variety of technologies.are used to store electrical energy in data centres: thermal energy, in the
form of heaf or cold, mechanjeal energy, electrical energy. The recovered energy could be provided

different fo

When recoy
within the

When recov

'm, very oftefinthermal or electrical.

rered energy is used within the data centre, whatever form it takes, it is taken into acc
alculation of PUE (specified in ISO/IEC 30134-2).

ina

punt

rical

eréd energy is exported from the data centre in the form of electrical energy to an elect

grid, beitp

NOTE

UDIIC Or Nnot, This excess electrical energy Is represented by AEEF.

When using energy, data centres create energy losses that could be captured and reused; when this

captured energy is reused within the data centre, it is taken into account within the PUE calculation; when this
captured energy is reused outside the data centre, it is represented through ERF.

Many data centre KPIs in the ISO/IEC 31034 series (including PUE, REF and ERF) are calculated using
the energy consumed by the data centre (Epc).

© ISO/IEC 2019 - All rights reserved
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When a data centre provides energy back to an electrical grid (Egxcess), Epc differs from the data centre
gross energy input (Ein). As a result calculating PUE or other KPIs using Ely, instead of Epc, would
introduce an error since.

Epc = EIN - EExcess

Using Epc, PUE and other KPIs specified in the ISO/IEC 30134 series properly represent the energy used
within the boundaries of the data centre, i.e. all data centre energy usage or losses within its boundary,

excluding the energy passing through the data centre to be provided back outside its boundary.

Local generation is to be considered outside the data centre boundary Energy provid

d by local

gendration to an electrical grid is not to be included within Egxcess.

EEgxckss represents the electrical energy that is taken from the energy provided to the
boundary as the data centre gross energy input Ejy and exported across that bouridary.

4.2 | Energy flow in data centres

Energy flow in a data centre can be represented by the schematic shown'in' Annex A.

Ener
cool

gy provided to the data centre, penetrating its boundaries, is uséd to power IT loads an
ng and energy storage systems, if any.

Inef
loss

insiq
ener
reus

iciencies in IT, cooling, electrical power distribution and‘energy storage systems resu
bs which mostly appear in the form of heat. This heat‘can be partially collected and re
le or outside the data centre; ERF (as specified An“ISO/IEC 31034-6) is the KPI whigq
gy reused outside the data centre; PUE (as specified in ISO/IEC 30134-2) is improy

Enei
use

gy storage systems enable part of the enérgy provided to the data centre to be stored
t at another time when relevant.

The
whe
The
Epc.
coul

stored energy increases the energy@onsumption of the data centre during the storage
h the stored energy is used within the data centre, it is not considered an additional ca

As aresult Epc, and any KPIs that rely on Epc, is correctly accounted with the stored e
ited only once.

Whe
and

n exported to an electrical grid outside data centre, the stored energy is considered ex
is not accounted for within Epc and should be displayed using the XEEF KPI.

In s
and
parg

immary, XEEF is a measure which indicates potential improvement of general gri
reductionof associated losses. It can result in an increase of Epc and any KPIs that
meter.

This
cent

excess energy exchange should not impact availability of energy for the critical loads

ascuch ~c IT Thavrafara tha aveace anaray concidarad 10 thic dociimant danc ot d
e—5u a5 1—hHerero e 5y €06 St S—a e EtH e H G050+t

data centre

d power the

[t in energy
used either
h indicates
red by heat

ed inside the data centre; the rest of these losseés is wasted and rejected by the data cenltre.

in order to

process but
nsumption.

energy used, and associated, losses, execute the energy storage and recovery are inclyded within

hergy being

cess energy

l balancing
Fely on that

of the data
al with the

TC—tIrc— X O CTIICT TToTOCT CIITo— o T oIt

A= 3=

energy stored in the data centre UPS to provide energy insurance in the event of power failure.

The excess electrical energy exchange with an electrical grid outside the data centre is implemented
by a grid connector taking the form of a specific power electronic converter, or an adapted reversible

UPS that is
— compliant with local grid requirements,
— capable of orienting the electrical energy towards storage, data centre needs or an exte

— capable of measuring the energy flow and to provide the value of Egxcess-

rnal grid,

The converter orientates the energy according to environmental conditions and policies defined by the
manager of the excess energy. This management can be done either by the data centre practitioner or

© ISO/IEC 2019 - All rights reserved 3
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any partnership set up for this target. The partner able to receive the excess energy can be a utility, but
also other partners such as joint tenant to a building.

5 Determination of Excess Electrical Energy Factor (XEEF)

XEEF is defined using Formula (1):

XEEF =

E Excess

Ep

where

EExcess

Err

Boundaries|
calculation
buildings v
boundary.

XEEF is calg
provide IT s

6 Measuyrement of Excess Electrical Energy Factor (XEEF)

Measuremse
wattm

kilowat
simult3

NOTE K
the product

by integrating a power factor-cerrected value of volts and amperes. The frequency, phase variance, and

reaction cau
error is inhd
measuremer
measuremer

A metering

one me

is the total electrical energy provided by the data centre to an electrical grid outside of
premises (annual), in KWh;

is the energy consumption of the IT equipment (annual), in kWh, as described in ISO/
IEC 30134-2.

as specified in ISO/IEC 30134-2 define the data centre constituents and permit a consig
of energy KPI such as PUE, REF, ERF and XEEF. XEEF calculatioh-should not be applie
fhere energy storage exists, enabling excess energy provision, outside the data ce

ulated with reference to EyT in order to scale it to the purpose of the data centre (which
ervices).

nt of E1T and Egxcess Should be undertaken-using either
bters with the capability to report esergy usage, or

t-hour (kWh) meters that report the actual energy usage (true r.m.s), through
neous measurement of the yoltage, current, and power factor over time.

ilovolt-ampere (kVA), the product of voltage and current, is not an acceptable measurement. Th
bf volts and amperes mathematically results in watts, the actual energy consumption is detern

ses energy calculation difference between apparent energy and actual energy consumption
rently significant/when power delivery includes alternating current (AC). Kilovolt-ampere (|
ts can be used\for other functions in the data centre; however, kVA is insufficient for effic
ts.

systehitan be done with a unique “4 quadrants” meter or by two meters with

M

ts

—

tent
d to
ntre

is to

the

pugh
ined
load

The
kVA)
ency

psuring data centre gross energy input (En),

— the oth

er measuring excess energy provided back to an electrical grid (Egxcess)-

In the case of excess energy provided to an electrical grid outside the data centre within a commercial
transaction, the measurements should be done by meters compliant to energy transaction standards
and located at the connection of the data centre boundaries to the outside electrical grid.
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Reporting of Excess Electrical Energy Factor (XEEF)

Construct for communicating XEEF data

In order for a reported XEEF to be meaningful, the reporting organization should provide the following
information:

7.2
The

7.3

Info

7.4
The

data centre (including the boundaries of the structure) under inspection;

XEEF value.

Additional information for public reporting of XEEF

following data should be provided, when publicly reporting XEEF data:

contact information;

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

data centre location information (address, county or region,

Only state or local region information are required to be displayed in public inquiries.

Imeasurement results: XEEF.

Supporting information for public reporting of XEEF

prganization’s name, contact information and regional environmental description,
measurement results: XEEF,

F'Excess and ETT,

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

the accuracy level (IEC 62052 series and [EC 62053 series provide a reference for mea
electrical energy),

report on the siz€ of computer room, telecom room and control room spaces, and

external enyironmental conditions consisting of minimum, maximum and average te
humidity and altitude.

Trend tracking data

‘mation on the data centre which should be available upon request as a minimum inclugles

burement of

mperature,

UHuvvius information nay beusefutinmtr cu,}\ius the XEEFtrends-withinadatacentre:
data centre size (facility square metres);

total data centre design load for the facility (e.g. 10,2 MW);

name of the possible auditor and method used for auditing;

data centre contact information;

data centre environmental conditions;

data centre’s mission;

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

© ISO/IEC 2019 - All rights reserved
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NOTE

data centre commissioned date;

numbers of servers, routers, and storage devices;
average and peak server CPU utilization;
percentage of servers using virtualization;

average age of IT equipment by type;

average age of facility equipment by type (cooling and power distribution equipment);

data ce

cooling

tre avallability objectives;

and air-handling details.

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