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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 internationgl
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take partdn‘thg¢
work. In the field of information technology, ISO and IEC have established a joint technical commiitteg,
ISO/IEC JTC 1.

The procedures used to develop this document and those intended for its further maintenance ar
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed fo
the different types of document should be noted. This document was drafted in-accordance with th
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Attention is drawn to the possibility that some of the elements of this do¢ument may be the subjedt
of patent rights. ISO and IEC shall not be held responsible for identifying any or all such patenft
rights. Details of any patent rights identified during the development\of the document will be in th
Introduction and/or on the ISO list of patent declarations received (see-www.iso.org/patents).

9%

Any trade name used in this document is information given for\th€é convenience of users and does not
constitute an endorsement.

For an explanation on the voluntary nature of standatds, the meaning of ISO specific terms an
expressions related to conformity assessment, as well as information about ISO's adherence to th
World Trade Organization (WTO) principles in the-Technical Barriers to Trade (TBT) see the followin
URL: www.iso.org/iso/foreword.html.
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This document was prepared by ISO/IEC JTC 1, Information technology, SC 39, Sustainability for and b
Information Technology.
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Information technology — Data centres — Key
performance indicators —

Part 2:
Power usage effectiveness (PUE)

AMENDMENT 1

Page 3

In Clause 5, insert a new subclause “5.1 General”, which contains the whole of existing Clause 5.

Page 4
Insert two new subclauses 5.2 and 5.3 as follows:
5.2 Total data centre energy consumption

The data centre under consideration shall be viewéd at as a system defined by interfaces through whic
energy flows.

=

The following forms of energy shall be metered at the interfaces:

a) electricity;

b) gaseous fuel;

c) fluid fuel;

d) fluids for cooling (comprising water usage when returned fluid and not evaporated).
The following formsefienergy are not required be metered at these interfaces:

1) air for cooling;

2) water from natural sources (i.e. requiring no energy consumption in its provision).

All forms/of electrical energy at interfaces shall be metered to kWh. If any of the required forms of
energyrare not accounted for at the interfaces then Epc is not determined and PUE cannot be calculated.

—

Gaseous or liquid fuels shall be metered in kWh or converted into kWh using the heat of combustio
values for the fuel used. Where information on combustion values is not available and no local regulatio
applies, the following values shall be applied:

=

—  diesel: 9,9 kWh/I;

— gas: 10,5 kWh/m3;
—  hydrogen: 38,9 kWh/kg;
—  bioethanol: 6 kWh/1.
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The energy contribution of fluids for cooling shall be measured using heat meters (providing
information on flow rate and differential temperature) and multiplied by the relevant conversion factor
X of the system used to provide the fluid used.

For the conversion of thermal energy to its electrical equivalent, the conversion factor X shall be obtained
from the supplier; in case there is no equivalent available, a conversion factor X = 0,4 shall be used.

Technical subsystems, e.g. on-site co-generation of heat and electricity, shall have meters at their output
dnd are considered external to the system.

5.3 Total data centre energy consumption in mixed-use buildings

The total data centre energy consumption for data centres in mixed-used buildings shall be caleulated
dn the energy use of the data centre as system only if metering of all shared technical subsystems
dllows separation of energy usage.

If energy use of shared technical subsystems cannot be separated, total data centre.energy usage
ghall comprise the building in total. The impact on PUE should be counteracted by implementing the
jecessary meters for separation.

Rage 5, 6.2.3
Amend textin 6.2.3 to read:

The IT load is measured at the output of the PDUs within the data centre and is typically read from
a meter on the PDU output (with or without transformetythe measurement point is then after the
transformer).

Rage 11
Make Annex B informative, delete subclause B:1"and replace subclauses B.2 to B.4 with the following:
B.1 Examples of PUE calculation with various energy supplies

Higures B.1 to B.4 show examples of PUE calculation with various energy supplies.

i —
1100 000 kWh IT Energy
1000 000 KWh — Electricity

ISystem boundary

|
|
100 000 kWh 1 - - - Other energy
|
|
|

I
l
| Electricity I 1633 333 kWh I A Flecltrical Measurement point
A distribution losses
I
I

1
4,| Cooling, air handling, lighting and
controllers I

PUE =E, /E,,

= (1633333)/(1 000 000)
=1,63

Figure B.1 — Example for a data centre purchasing all electricity
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ettt et |

| KEY
I 1100000 kWh s H oo IT Energy 1
ectricity > »> -
A A 1000000 kwh |1 — Electricity
1 ---» Other energy
| I Measurement point
1
| I |_ -—— - -
| System boundary
1 —_———— —
' ,| Cooling, air handling, lightingand | |
i | controllers I
Chilled fluid |
purchase 1 Chilled fluid !
------------------ ‘—--—-—--—-—--—-—--—-—--—-—--—-—-P Example:X=0,4 |l
1200 000 kWh multiplied 480 000 kWh 1
by conversion factor X S
(see clause 5.2) Example: X=0,4
PUE=E, /E,
PUE = (1 100 000 + 480 000)/(1 000 000)
PUE=1,58

Figure B.2 — Example for a data centre purchasing electricity and chilled water

r 1
1 IT Energy, 1 KEY
UPS PDU .
Electricity 1 A 3000000 kWh 1 —> Electricity
5000000 kWh | | - > Otherenergy
1 1 Measurement point
Natural gas |- | Generator A > I —_— e o
| I System boundary
1 R | Cooling, ait handling, lighting and | 1 ===
controllers 1
PUE =E, /E,,
= (5000 000)/(3 000 000)
=1,67
Figure B.3 — Example for a data centre purchasing natural gas
| IT Ener | KEY
2500000 kWh Electrigity at site &y
Electricity 1> UPS PDU 1 ;i
— Electricit
5000 000 kWh A 3 000 000 kWh y
I - - Other energy
| 1 Measurement point
I | —_—— = —
1 1 1 System boundary
e o o - - -
1 - - ——— 1
Natural gas |- | Generator A ;I Cooling, alrclli'i‘:illfl‘eglishghtmg and | |
2500000 kWh
PUE=E /E
produced oo/ Ern
= (5 000 000)/(3 000 000)
=1,67

Figure B.4 — Example for a data centre purchasing electricity and natural gas

B.2 Example of PUE calculation with cogeneration using electricity and natural gas

Figure B.5 shows an example of PUE calculation with cogeneration using electricity and natural gas.
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KEY

1450000 kWh | Electrical UPS H DU IT Energy 1 =
- s 1500 000 kWh —» Electricity
A

1
| 1 ---» Other energy
| 1 Measurement point
A 450000 kWh 1 F————
I I | System boundary I
1 900 000 kWh 1
Teasured by A7 and [Tow i i The liehti
Natural gas -PlCogeneration _______________________ 3] CosTmg A handiing Fghtingand |1
multiplied by conversion cantrollins |
ufadorX(seeclause2) | _ L o m e m— = =
Example: X=0,4
PUE=E, /E,
= (1450 000 + 450 000 + 360 000) /(1 500 000)
=1,51

Figure B.5 — PUE calculation with cogeneration using electricity and natural gas

B.3 Examples of PUE calculation with absorption type chiller

Higures B.6 and B.7 show examples of PUE calculation with absorption type refrigerator.

o e e e e e e e e e e e e o e o e e

— 1 KEY
Electricity |——ro 200 KWh : Electrical ups H ppu > e !
" ili d —» Electricit;
A facility A 1000 0ok |1 Y
1 | - - Other energy
1 I Measurement point
| I System boundary
I | I
__| Absorption _| _____________________ _>| Cooling, aif handling, lighting and ||
Natural gas chiller ‘ controllers
350 000 kWh multiplied — — — = = = = _l_. __ —— N = - -
by conversion factor X Example: X'= 0,4
(see clause 5.2) PUE=E /E,
PUE = (1 200000 + 140 000)/(1 000 000)
PUE= 1,34
Figure B.6 — Method 1: Measured by chilled water flow
I N = oo ! KEY
1200000 kWh | . Electricit
- 1, y
| Electricity I y R UPS H PDU IT' : Electricity
1000000 kWh - - Other energy
I 1 Measurement point
I ! —_—————
| 1 | System boundary I
I I ————— —
! Ab i Cooling, air handl;n lighting and !
------------ P T S |
chiller controllers
1000000 kWh e mm o= o= o= o o o o o o o o - = = )
muiltiplied by conversion factor X
(see clause 5.2) Example: X=0,4
PUE = E, /E,,
PUE = (1 200 000 + 400 000)/(1 000 000)
PUE=1,60

Figure B.7 — Method 2: Measured by input gas
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