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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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-6:2021(E)

The global economy is today 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 information and
communications technology hardware and, with less than half of the world’s population having
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INTERNATIONAL STANDARD ISO/IEC 30134-6:2021(E)

Information technology — Data centres Key performance
indicators —

Part 6:
Energy Reuse Factor (ERF)

1 Scope

This document specifies the energy reuse factor (ERF) as a KPI to quantify the-reuse of the energy
consymed in a data centre. ERF is defined as the ratio of energy being reused divided by the sum of all
energy consumed in a data centre. The ERF does reflect the efficiency of the Deuse procefs; the reuse
procgss is not part of a data centre.

2 ormative references

The following documents are referred to in the text in suchnaway that some or all of fheir content
consfitutes requirements of this document. For dated references, only the edition cited|applies. For
undafed references, the latest edition of the referenced document (including any amendments) applies.

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

ISO 8601-1:2019, Date and time — Representatigs for information interchange — Part 1: Bafic rules

3 Terms, definitions, abbreviated terms and symbols

3.1 |Terms and definitions

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

ISO apd IEC maintain terminology databases for use in standardization at the following adfiresses:

— IFO Online brewsing platform: available at https://www.iso.org/obp

]

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

3.1.1
reusecd-ermer BY

reuse of energy
utilization of energy used in the data centre for an alternate purpose outside the data centre boundary

Note 1 to entry: Energy ejected to the environment does not constitute reused energy.

3.1.2
handoff point
point at the boundary of the data centre where energy is measured and is handed off to another party

Note 1 to entry: An example is an energy company which utilizes the energy outside the data centre boundary.
3.2 Abbreviated terms
For the purposes of this document the abbreviated terms of ISO/IEC 30134-1 and the following apply.

© ISO/IEC 2021 - All rights reserved 1
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AC alternating current

Ccop coefficient of performance

CRAC computer room air conditioner units
CRAH computer room air handler units
DX direct expansion

ERE energy reuse efficiency

ERF energy reuse factor

PUE [power usage sffectiveness

IT information system

UPS uninterruptible power system
PDU [power distribution unit

r.m.s root mean square

3.3 Symbpls

For the purposes of this document the following symbols apply:

EcooLing  pnergy used by the entire cooling system attributable to the data centre including support
Epaces (annual)

Epc fotal data centre energy consumptionifannual)
EtxcEss lata centre excess energy (annual)
Eyp T equipment energy consumption (annual)

E\cutine  pnergy used to light the data centre and support spaces (annual)

EpowER energy lost in thé power distribution system through line-loss and other infrastrufture
[e.g. UPS or PDU)inefficiencies (annual)

EReuse energy fronrthe data centre (annual) that is used outside of the data centre and which sub-
Stitutes partly or totally energy needed outside the data centre boundary (annual)

4 Applicable area of the data centre

For the determination of ERF, the data centre under consideration shall be viewed as a system bounded
by interfaces through which energy flows (see Figure 1). The calculation of ERF accounts for energy
crossing this boundary. The bounded areas are the same as those used in calculations for PUE (as
specified in ISO/IEC 30134-2) and other KPIs from the ISO/IEC 30134 series.

As shown in Figure 1, the data centre boundary is “drawn” around the data centre at the point of
handoff from the utility provider. This is a critical distinction when alternate energy types and mixed-
use buildings are analysed. It is equally important to ensure all energy types are included in ERF. All
energy carriers (such as fuel oil, natural gas, etc.) and energy generated elsewhere (such as electricity,
chilled water, etc.) that feed the data centre shall be included in the calculation.

Assuming there is no energy storage, conservation of energy requires that the energy into the data
centre must equals the energy out. In the simple schematic of Figure 1, that means A + B = F. This is

2 © ISO/IEC 2021 - All rights reserved
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oversimplified, as there are losses and heat generated at the cooling (A minus E), UPS, and Power
Distribution Unit (PDU) (B minus D) points as well, but this waste heat also has to leave the boundary.
Once a boundary is defined for a data centre, it can be used to properly understand the ERF concept.

Data Center Boundary for 30134-x

Epc = Ein - Egxcess

‘& Cooling

|
|
|
|
|
|
|
Renewable |
Utility/local |
|
Other Resource |
conyerted to |
elgctricity :
Non-renewable |
Utility /local |
\ |
\ |
(. N — |
Other Resource ' Internal |
(thermal, water, ...) i Energy E |
+ Reuse |
[ I
|
|
|
|
. |
‘*\ |
|
Egxce: j
CESS Energy Reuse [-----======------- > Rejected
Energy
|
v
Key

—»  electrical energy

B »  thermal energy

—+»  otherenergy

-4--—-5  re-usable energy
Figure 1 = Simplistic data centre components and boundary

It is ¢ritical to include-all' energy carriers at the point of utility handoff. It is also criticpl to include
all of] the data centr€’s“energy consumption in the calculations, which includes but is npt limited to
genetators, inside ‘and outside lighting, fire detection and suppression, associated office/¢ubicle space
stricfly intended-for data centre personnel, receiving areas, storage areas, etc. For clarity, fhe diagrams
only show thé large components to demonstrate the ERF concept.

ERF ¢nly'considers energy being reused outside the boundary of a data centre. Energy reused inside
the dpta*centre boundary shall not be counted towards ERF as it already is accounted for inja lower PUE
and including it in ERF is double counting. Examples of this are shown in Annex A.

NOTE Conversion of internal “reuse” (double/multi-use) into electrical energy for use in PUE calculation
leads to double counting and shall not be included in PUE.

In Figure 1, any portion of (F) that is reused outside the data centre boundary (such as in a mixed-use
building or a different building and not rejected to the atmosphere) is considered reused energy for
determining ERF.

To determine ERF, the practitioner will need to identify and account for all energy streams crossing the
data centre boundary coming in and any energy streams that will have beneficial use going out of the
data centre boundary.

The energy coming in would typically be electricity but can also be natural gas, diesel fuel, chilled
water, or conditioned air from another space.

© ISO/IEC 2021 - All rights reserved 3
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The energy leaving the data centre boundary will most often take the form of heated water or heated
airflow; these are what this document considers to be potentially reused energy. However, any form of
energy that is reused outside of the data centre boundary shall be accounted for.

Processes that take advantage of the reused energy for other uses are outside the data centre boundary
and the benefits of that reused energy and the efficiency of the reuse process are not considered in the
ERF.

While reuse technologies are important to a data centre’s overall energy use, they are too complex to

try to define

NOTE

or measure by ERF.

The simplest example would be some form of chiller being driven by data centre waste heat. The

reused energ
delivered by 1

A simple tes
be considere
If the techng
warm air fr
lower PUE; t
heat from th
and is there
battery roon
an adjacent

Examples of

5 Detern

ERF provide]
some of the
boundary arf

y to be considered for ERF is the waste heat going into the chiller and not the cooling ¢
he chiller to another space outside the data centre space.

of a specific technology employed in a data centre to determine if the energyretse s
d in ERF is if the PUE of the data centre would be different with or withoutthat techn
logy causes a lower PUE, then it should not be considered as part of ERF. For exam
m the data centre is used to heat the UPS battery room in the wintér,this will resu
herefore, that double-/multi-use of energy shall not be included wher' calculating ERI
e data centre, when transferred to the battery room, stays within the data centre bo

1. [t has no effect on ERF. If it had been used to heat an adjacent, non-data centre spac
fafeteria), then the heat crossed the data centre boundary-and counts in ERF but not
ERF usage are described in Annex A.

nination of ERF

5 a way to determine the factor of energy seuse. Heat is the most common example, V
neat produced by the data centre is utiliZed for beneficial purposes outside the data ¢
d is not regarded as waste heat.

nergy

hould
blogy.
ple, if
tina
F. The
dary

u
fore accounted for in lowering the PUE by reducing electricity demand for heatinlllg the

e (e.g.
PUE.

vhere
entre

ERF ranges from 0 to 1,0. An ERF of 0,0 means no energy is reused, while a value of 1,0 meang that,
theoretically, all the energy brought into the’data centre is reused. Any equipment outside of thg data
centre bounglary for increasing the temperature delivered, like heat pumps, shall not be included |n the
calculation.
ERF is defingd as:

ERF — EReuse

Epc

Where the only energy source is from an electrical utility, E,¢ is determined by the energy measured

at the utility
between the

meters ERF may be applied in mixed-use buildings when measurement of the diffe
energy used for the data centre and that for other functions is possible.

rence

Epc includes

a)

E|7 plus all the energy that is consumed to support the following infrastructures:

losses external to the IT equipment;

power delivery — including UPS systems, switchgear, generators, PDUs, batteries, and distribution

b) cooling system — including chillers, cooling towers, pumps, CRAHs, CRACs, and DX units;

c) others — including data centre lighting, elevator, security system, and fire suppression system;

d) all the infrastructure needed to transfer or to enhance the reused heat flow to the handoff point at
the data centre boundary.

4 © ISO/IEC 2021 - All rights reserved
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E|ris the energy consumed by IT equipment (annual) that is used to capture, manage, process, store, or

trans

1y
2)

mit data within the compute space, which includes but is not limited to:

IT equipment (e.g. compute, storage, and network equipment);

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

6

Measurement of Ep, .. and Ep -

supplemental equipment (e.g. Keyboard-Video-Monitor switches, monitors, and workstations/

The measurement of the E shall be carried out at the boundary of the data centre at the handoff point,

wherp the data centre operator measures the power acquired from the energy supplier.
is prqduced inside the physical boundaries of the data centre, the point of measurement,sl
logical boundary.

The

hand
the e
with
to th
the h

Meas
a)
b)

V

K
1

In ca
energ
thee

NOTE
the pi
a pow
energ
when
data d

ERF ¥

7 A
ERF

easurement of the Ep, .. shall be carried out at the logical boundary of the data
bff point, where the energy provided is handed off to be used by the pther party. In
hergy transferred is in the form of thermal energy, measured by incréase in temperat
reference to incoming provision (see Annex A for reference). The measurements shall
e equivalent units used for Ep, i.e. kWh. The measurement and,cenversion shall be
hnd off point of the data centre boundary.

urement of Ep shall be undertaken using either:
Fatt meters with the capability to report energy use;or

ilowatt-hour (kWh) meters that report the “€¥ué” energy (true r.m.s.), via the s
neasurement of the voltage, current, and powerfactor over time.

se of Ep.,ser Where the measurement is.@ften made from the fluid or gaseous floy
y is transferred as heat, the measurement shall be undertaken with meters capable
hergy added to the flow from the data:centre boundary.

Kilovolt-ampere (kVA), the preduct of voltage and current, is not an acceptable measure
er factor corrected value of volts and amperes. The frequency, phase variance, and load re
y calculation difference b€tween apparent energy and “true” energy. The error is inheren
power delivery includes AC. Kilovolt-ampere (kVA) measurements can be used for other fu

entre, but kVA is insufficient for these measurements.

vithout any subseripts shall be determined as an annualized value.

\pplication of ERF

consymption in the data centre.

fan be' used by data centre managers to monitor and report reused energy in relati

f the energy
nall be at the

rentre at the

most cases,
ure and flow
be converted
measured at

imultaneous

v, where the
f measuring

ment. Though

oduct of volts and amperes mathematically results in watts, “true” energy is determined by integrating

action causes
ly significant
hctions in the

bn to energy

This KPI can be used independently, but to get a more holistic picture of the resource efficiency of the
data centre, other KPIs from the ISO/IEC 30134 series should be considered.

8 Reporting of ERF

8.1

8.1.1

Requirements

Standard construct for communicating ERF data

For areported ERF to be meaningful, the reporting organization shall provide the following information:

a)

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

© ISO/IEC 2021 - All rights reserved
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b) the ERF value,

c) the termination date of the period of measurement using the format of ISO 8601-1
(e.g. yyyy-mm-dd),

d) the kind of energy reused (thermal, electrical, chemical, mechanical).

As seasonal changes can affect the amount of the energy reused, the reported value shall be annualized.

8.1.2 Data for public reporting of ERF

8.1.2.1 quuil edrimformmation

The followinlg data shall be provided when publicly reporting ERF data:
a) contact Information,
NOTE 1 | Only the organization’s name or contact should be displayed in public inquikies.

b) data centre location information (address, county or region),

NOTE 2

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

c¢) measurg¢ment results: ERF with appropriate nomenclature,

d) the kind of energy reused (thermal, electrical, chemical, mechanical).

8.1.2.2 Supporting evidence (where required by authorities having jurisdiction)

Information

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

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

b) measurg¢ment results: ERF with appropriate-nomenclature,

c¢) Epcand

EReuse'

d) measurg¢ment(s) start dates and-assessment completion dates,

e) the accuracy level (IEC 62052 series and IEC 62053 series provide a reference for measurem
electricdl energy),

f) report on the size of cemputer room, telecom room and control room spaces,

g) externa

humidit

h) general

environmental conditions consisting of minimum, maximum and average tempery
y and altitude,

bnt of

iture,

deseription of the use of the energy outside the data centre boundary and name ¢f the

receiving entity.

8.2 Recommendations

8.2.1 Trend tracking data

The following information can be useful in tracking the ERF trends within a data centre:

a) data centre size (facility in m2),

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

c) name of the possible auditor and method used for auditing,

© ISO/IEC 2021 - All rights re
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d) data centre contact information,

e) data centre environmental conditions,

f) data centre’s mission,

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

h) data centre commissioned date,

i) numbers of servers, routers, and storage devices,

j) averageandpeakserver CPU utilization,

k) percentage of servers using virtualization,

1) average age of IT equipment by type,

m) average age of facility equipment by type (cooling and power distribution €quipment),
n) data centre availability objectives (see ISO/IEC 30134-1:2016, Annex A),

0) dooling and air-handling details,

p) the kind of energy reused (thermal, electrical, chemical, méchanical).

NOTE Other KPIs described in the ISO/IEC 30134 series can assist in the recording of the abov
8.3 |ERF derivatives, interim ERF

The d
ERF (¢
perio
shou
varia
The t|

efinition of ERF clearly indicates that it is aiv'annual figure. In cases where a need f{
n other periods of time exists (e.g. energy billing reasons), ERF can also be reported ¢
ds with a prefix “i” (interim) and the time period in the subscript, e.g. iIERFyq mm yyyy |
d be noted, however, that the non-arinual period of ERF reporting can be strongly aff

les such as outdoor temperatures,and can not be comparable with other periodical v
ime periods shall also be consistent with the reporting of iPUE or other interim KPIs.

b information.

o report the
n other time
VIt
dd.mm.yyyy
ected by the
hlues of ERF.
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Annex A
(informative)

Examples of use

A.1 Examples of ERF usage

A.1.1 Gen

The following examples are provided to assist in the rapid adoption of ERF through widesj
understandi
outside the ¢

use. Otherw

NOTE THe PUE in this annex is specified in ISO/IEC 30134-2.
A.1.2 Correct use of ERF
A.1.2.1 W3rm air/water reuse outside the data centre boundary

An example

non-data centre spaces outside the boundary. The energy-in the heated water or heated air that |

the data cen

A.1.2.2 He

Figure A.1s

line. In this gxample, waste heat is used to dfive the absorption chiller (F). The cooling energy fron
chiller is us¢d to cool an ancillary non-data centre space (G). Another example is to use a heat
to increase the temperature of the waste heat, in order to utilize the energy outside the data c¢

For the calc
boundary to
at (F).

In this case |

eral

hg. The recurrent theme in all of these examples is that if the beneficial enexgy reuse o
ata centre and its support infrastructure (the boundary), then ERF is the_correct met
se, if reuse occurs within the boundary, PUE is the correct metric.

of straightforward energy reuse is heat from the ‘data centre being used to heat adj:

re is the reused energy, and its measuremeng-constitutes Eg, .. for the calculation of

at to run an absorption chiller or using heat pump to increase temperature

ows a schematic for a high-level reuse scenario. The boundary is delineated by the d:

lation of ERF, the definition of ERF requires the measurement of the energy crossir
be considered as thé\E;,<.- Again, the value of energy crossing the boundary is the e

ERF is F/(A + B) and PUE is (A + B)/D.

bread
ccurs
ric to

hcent,

gaves

ERF.

hshed
h that
bump
bntre.

g the

hergy
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Figure A.1 — Reuse of data centre waste heat

.3 Heat to generate electricity used elsewhere

e are technologies in development forreverse heat engines that can create electricitly from heat.
Schematically, this would be equivalentto’that equipment being in the same location as the absorption
r. In either case, the reuse energy is measured where it crosses the data centre boundpry. Only the
of (F) should be considered in‘calculating ERF.

Incorrect use of ERF

1 Heat to run an'absorption chiller or generate electricity for use in the data centre

b case of energy reused to drive a process inside the boundary, the reuse increases the efficiency
space, butthis benefit is captured in PUE. In this case, that capital investment is madle to improve

fully ex

of the absorptlon chlller is taken into account in the PUE of Flgure A.2. The PUE should be less because
the added beneficial cooling from (G) would reduce the amount of cooling energy needed at (E) and,
therefore, at (A). After the reuse process, the reused energy that leaves the non-data centre spaces will
also be rejected (]).
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Figure A.2 — Schematic showing reuse of‘heat within the data centre
A.1.3.2 Hefting a data centre support space or\pre-heating of data centre generators

As discussed
or electrical
the amount

part of any H
centre elect
centre energ

A.14 Spli

earlier in this document, reuse ofidata centre heat to heat the data centre’s battery
room does not make that facility a candidate for ERF. That reuse, which simply re
bf energy needed to be procured for the data centre operation, also reduces PUE but
RF calculation. Similarly,;the case where waste heat is used to preheat generators for
icity production is not an application for ERF. Rather, it is an investment to improve
y efficiency gain andyit simply reduces PUE.

[-system complications

With referemce to Figtire A.2, if the cooling energy (G) turns out to be used both in the data d

(within the |
is reused sh
of chilled w4

oundary)/and in a non-related space (outside the boundary), the amount of energy (F
11l be appropriated for each space. A first-order approximation can be as simple as a

space
Huces
s not
data
data

entre
that
ratio

tewflow. If 75 % of the cooling from the absorption chiller is used outside the data ¢
(N7 M ol

bntre,

then 75 % o

F 1 2| 14 1 L.dod 2 ] 142 ERE C 1 | |
CIICCIICTE Yy TCUSCTU (0,770 ) STToura ot rautu T Carcuratirg LI outIr CUTITPTCOA™O

signs

are beyond the scope of this document, but the guidelines presented can be applied to all scenarios.

A.1.5 Heat pumps and liquid cooling

A.1.5.1 General

For small data centres (e.g. Edge Cloud data centres with low latency) or in countries with low electricity
prices, it can be reasonable to use heat pumps for cooling or to reuse waste heat for heating purposes.
In other cases, liquid cooling can be an option to increase IT-density (e.g. HPC, GPU-Cloud or renovation
of existing data centres). These technologies enable the reuse of waste heat and coincidently savings on
cooling expenses.
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Figure A.3 shows different arrangement possibilities for these technologies and KPI calculation rules,
which meet the system boundary model of ERF and PUE as in previously explained examples.
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Figutre)A.3 — Reuse of waste heat with heat pumps or liquid cooling

Heat pumps are ' machines, which bring, with the help of mechanical work, thermal energy from a lower
tempgrature-evel, together with the engine power, to a higher temperature level. The effigiency factor
of a heat pump is the COP, calculated as benefit divided by expenses, usually referring to their hot side,
as oppos€d to cooling machines, where performance refers to the cooling

A.1.5.2 Heat pumps for cooling purpose only

Generally, a heat pump is similar to a cooling machine. However, in most cases the emitted heat is used
as well. If a heat pump is only used for cooling (100 %), the hot side is discharged. for example, via an
external air cooler using outside air. This option can operate all year-round, because of the high liquid
temperatures in comparison to the outside temperatures. Only if there is no heat recovery can it be
counted as a cooling system as shown on the left side in Boundary DC case 2 in Figure A.3.

PUE is (A+B+M)/D and ERF is 0. COP (Cooling) is O/M whereas the manufacturer can declare COP
(Heating) with N/M, where N=M+O.
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