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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 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. In addition, with many governments having “digital agendas” to
provi iti i i = i in network
and capacity will, by itself, generate ever more usage (Jevons Paradox). Data_gejperation and
the cpnsequential increase in data processing and storage are directly linked to (inerepsing power
consumption.

With|this background, data centre growth, and power consumption in particular, is gn inevitable
consgquence; this growth will demand increasing power consumption _despite the mqst stringent
energy efficiency strategies. This makes the need for key performancerindicators (KPI$) that cover
the effective use of resources (including but not limited to energy and water) and the redyction of CO,
emisgions essential.

Within the ISO/IEC 30134 series, the term “resource usage effectiveness” is generally used for KPIs in
preference to “resource usage efficiency”, which is restricted to situations where the input and output
paraineters used to define the KPI have the same units.

Carb¢n usage effectiveness (CUE) is intended to enable/data centre practitioners to quickly calculate
the sfistainability of their data centres, compare the\results and determine if any energy efficiency and/
or suptainability improvements need to be madé:The impact of operational carbon usageg is emerging
as be|ng extremely important in the design, location and operation of current and future dpta centres.

In order to determine the overall resource efficiency of a data centre, a holistic suitp of metrics
is required. This document is one of a-Series of International Standards for such KPIs and has been
prodiiced in accordance with ISO/IEC.30134-1, which defines common requirements for a holistic suite
of KPIs for data centre resource efficiency. This document does not specify limits or targefs for the KPI
and does not describe or imply(unless specifically stated, any form of aggregation of thjs KPI into a
combination with other KPIs(for data centre resource efficiency. This document presents dpecific rules
on CUE’s use, along with its theoretical and mathematical development. This document copcludes with
severjal examples of siteleoncepts that could employ the CUE metric.
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Carbon usage effectiveness (CUE)
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cope

document specifies carbon usage effectiveness (CUE) as a key performance, idica
ifying the CO, emissions of a data centre during the use phase of the datalegntre life

s a simple method for reporting the CO, intensity of the data centre operating. }
missions, it is possible to present the data centre's contribution toé climate chang
house effect).

Hocument:
efines the CUE of a data centre;

htroduces CUE measurement categories;

quipment and information technology operations;
efines the measurement, the calculation‘and the reporting of the parameter; and

rovides information on the correctdnterpretation of the CUE.

cons
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1SO/I
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[SO 8
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3.1

ormative references

llowing documents are referred to in the text in such a way that some or all of
itutes requirements.of this document. For dated references, only the edition cited
ed references, thelatest edition of the referenced document (including any amendmse

C 30134-1, Unformation technology — Data centres — Key performance indicatoH
iew and general requirements

01-15:Pate and time — Representations for information interchange — Part 1: Basic ru

or (KPI) for
Cycle.

By reporting
e (enhanced

escribes the relationship of this KPI to a data ‘centre’s infrastructure, information technology

heir content
applies. For
nts) applies.

s — Part 1:

es

) )

Terms and definitions

For the purposes of this document, the following terms and definitions apply.

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

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

— IEC Electropedia: available at https://www.electropedia.org/
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carbon usage effectiveness

CUE

ratio of the data centre annual CO, emissions and IT equipment energy demand

3.1.2

total data centre energy consumption

total annual

energy consumption for all energy types serving the data centre at its boundary

Note 1 to entry: The total data centre energy is measured in kWh; the energy is measured with energy metering

devices at the

boundary of the data centre or at points of generation within the boundary.

Note 2 to entr
utilities (e.g.

Note 3 to entr
[SOURCE: IS

3.1.3
IT equipme
energy cons;
space

Note 1 to enj
servers, stor

[SOURCE: IS

3.1.4
global warn
radiative im

3.1.5
greenhouse
GHG
gaseous con
the spectrur

Note 1 to enty
(CHy), nitrous

y: This includes energy derived from sources such as natural gas, hydrogen, bioethanol andd
hilled water, condenser water).

y: Total annual energy includes supporting infrastructure.

D/IEC 30134-2:2016, 3.1.7, modified.]

ht energy consumption
hmed by equipment that is used to manage, process, store or rofite data within the con

ry: The IT equipment energy consumption is measured intkWh; examples for IT equipme
ge equipment, and telecommunications equipment.

D/IEC 30134-2:2016, 3.1.1, modified.]

ning potential
pbact of a given greenhouse gas relative t6,that of carbon dioxide

gases

stituent of the atmosphere that absorbs and emits radiation at specific wavelengths w
h of infrared radiation emitted by the earth's surface, the atmosphere and clouds

y: Within the context of this document, seven GHGs are considered: carbon dioxide (CO,), me
oxide (N,0), hydrofitiorocarbons (HFCs), perfluorocarbons (PFCs), sulphur hexafluoride (SF

nitrogen triflfioride (NF5).

Note 2 to en
ISO 14067.

3.1.6

ry: A list of greenhouse gases with their recognized global warming potentials is provig

strict

pute

nt are

rithin

thane
L) and

led in

carbon diox'ide equivalent

global warming potential of a greenhouse gas expressed In terms of the global warming potential of
one unit of carbon dioxide

3.1.7

emission factor for carbon dioxide
specific carbon dioxide emission stemming from the data centre’s energy use and facility operations

Note 1 to entry: The term “facility operations” covers CO, emissions caused, for example, by refrigerants or diesel

generators.

3.2 Abbreviated terms

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

© ISO/IEC 2022 - All rights reserved
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Co, carbon dioxide

CO,e carbon dioxide equivalent
CUE carbon usage effectiveness
DC data centre

DCCO, Data-centre-related carbon dioxide emissions

dCUE design carbon usage effectiveness
EFC emission factor for carbon dioxide
ex external

GHG greenhouse gases

GWP global warming potential

iCUE interim carbon usage effectiveness
iPUE interim power usage effectiveness
int internal

pCUH partial carbon usage effectiveness
PUE power usage effectiveness

3.3 |Symbols

For the purposes of this document, the falowing symbols apply.

Cpc CO, emissions of the datacentre in kg
Cpeed CO, emissions of thedata centre for testing emergency power supply engines
Cpceger  data centre COjemissions for electricity from the grid

Cpcirer  data centteCO, emissions for on-site generation (e.g. testing diesel engines)

Cpe rf datadcentre CO, emissions for refrigerant (leakage)

Cs €0 emissions of a subsystem in kg

Cre filling capacity of refrigerant

Epc total data centre energy consumption (annual) in kWh

Ep IT equipment energy consumption (annual) in kWh

Eex el acquired electrical energy from outside the data centre boundaries

Eexelaa  acquired electrical energy and all additional energy supply from outside the data centre
boundaries

Eintel electrical energy produced inside the data centre boundaries

Eintelaqa  €lectrical energy and all additional energy supply produced inside the data centre boundaries

© ISO/IEC 2022 - All rights reserved 3
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fe
Jesex
Jeexel
Jeint
Jeintel

fe,int,rf

Muc,p
Nu,p

Nupi

4 Applic

EFCin kg CO,e/kWh

EFC of external energy demand in kg CO,e/kWh

EFC of external electrical energy demand

EFC of internal energy demand in kg CO,e/kWh

EFC of internal electrical energy demand

EFC of refrigerant

a
m
ry
ry
(or:

P4

ainual average data centre power in kW

nual leakage rate

onthly leakage rate
ntime for diesel engines
ntime for gas engines
rbon usage effectiveness

irtial carbon usage effectiveness

i

plwer usage effectiveness

erim power usage effectiveness

hble area of the data centre

CUE as specified in this document:

— isassoci

— describe
availabi

— measurg
consum

CUE does no
— account

— provide

ated with the data centre infrastructure and IT equipment within its boundaries only

s the CUE relative to facilities with given environmental conditions, IT load character
ity requirements, maintenance and security requirements;

s the relationship between the total data centre CO, emissions and the IT equipment e
bd.

:

for the-efficiency of other resources such as human resources, space or water;

e
)

stics,

hergy

rdata centre productivity metric;

— provide a standalone, comprehensive efficiency metric.

5 Determination of CUE

CUE provides a way to determine the carbon emissions associated with data centres. CUE has an ideal
value of 0,0, indicating that no carbon use is associated with the data centre’s operations. CUE has no
theoretical upper boundary.

CUE is defined using Formula (1):

Nuc

_Cnc
Eyr

M

© ISO/IEC 2022 - All rights reserved
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NOTE1 The values for Cp differ regarding to the CUE category (see 6.2.2).

NOTE 2

The accuracy of measuring IT energy for CUE is not necessarily the same as the accuracy of measuring

IT energy for PUE (e.g. CUE category 1 can be reported with an accuracy of measuring IT energy referring to PUE
category 2).

CUE may be applied in mixed-use buildings when measurement of the CO, emisions caused by the data

centr

e and that for other functions is possible.

6 Measurement of CUE

6.1
All K

6.2

6.2.1

General

PIs of the ISO/IEC 30134 series are defined within the same boundaries.
Calculation and measurement method of CO,

Calculation, measurement period and frequency

The minimum calculation and measurement period requires twelyé months of cumulg

valué
colleq
meas|
value
deter

NOTH
partia

NOTE
are al

6.2.2

6.2.2

CUE q
of the

s. Annualized data used to calculate CUE shall be documented. The annual DQ
ted or calculated shall cover the same time period. It is'net necessary to define the
urement and calculation or assessments for the annual€UE determination, as the an
is a continuous integration of DC CO, emitted in that timeframe. The required EFC v
mined in accordance with Annex C.

1 The measurement or assessment frequency*¢can be necessary for subsystem improvenj
1 PUE), but is not required for CUE disclosures.

2 Direct measurements for CO, can sometimes be taken (e.g. for diesel engines). Howeve
50 sometimes made by measurements pfenergy, refrigerant losses, etc. and their EFC.

Categories of CUE

1 Introduction

ategories 1 to 3 are.defined, as shown in Table 1, to provide a defined route that refin
carbon emission sources considered.

Table 1 — CUE categories

tive DC CO,

CO, values
frequency of
nual DC CO,
lues shall be

ents (refer to

- calculations

es the extent

Seurce Category 1 (CUE,) Category 2 (CUE,) Category|(3 (CUE3)
basic intermediate advapced

Constdered-emission External-and-internal- D— External-andinternal DE—Reservedforfuture use.
source electricity. electricity, all additional

DC energy supply and all

additional DC emission

sources.
Considered GHG CO, CO, equivalents. Reserved for future use.

Annex A provides examples for the calculation of the CUE categories.

6.2.2

.2 CUE category 1: CO, emissions from electricity only

For category 1, the CO, emissions of all internal and external power supplies are considered, taking into
account electricity only. In the event that different energy sources are used, Annex B provides examples

© ISO/IEC 2022 - All rights reserved
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for energy conversion factors. For instance, internal power supply can come from diesel engines

whereas ext

ernal power supply can come from acquired electricity from the grid.

The CUE of category 1 only covers CO, as one of the GHGs.

For category 1, CUE can be calculated using Formula (2):

Cpc

(Eex,el X fe,ex,el ) + (Eint,el ><fe,int,el )

Nuct =

Eyr

Eyr

6.2.2.3 CUE category 2: CO, emissions from all energy

The CUE of

For example
from intern
transfer swi

For category

(2)

CO,e are considered for external electricity from the grid, additional data-eentre e
il combined heat and power stations based on natural gas, refrigerantlosses or
Fches isolation gases.

2 CUE can be calculated by Formula (3).

L

(Eex,el,ad X fe,ex ) + (Eint,el,ad X fe,int )

FDC
NMucz= =
1T Err
6.2.2.4 CUE category 3: reserved for future use

Category 31i

7 Applic

CUE can be
energy cons
holistic pict
should be ca
correspondi

reserved for future use.

ation of CUE

used by data centre managers tdZmonitor and report CO, emissions in relation
umption in the data centre. This“KPI can be used independently but to achieve a
ire of the resource efficiency“of the data centre, other KPIs of the ISO/IEC 30134
nsidered. Using CUE particularity PUE should be considered. Where CUE is reporte
hg PUE value should also be reported.

ing of CUE
rements

dard construct for communicating CUE data

category 2 covers both CO, and CO,e for all external and internal power supplies, Aor all
additional efergy supplies and for all additional CO,e-related emission sources.

hergy
Static

(3)

to IT
more
eries
1, the

d'€UE to be meaningful, the reporting organization shall provide the following inform

tion:

the DC under inspection,

value,

category,

the termination date of the period of measurement using the format of ISO 8601-1 (i.e. yyyy-mm-

The CUE category shall be provided as a subscript to the name of the metric, e.g. CUE, for a category 2

8 Report
8.1 Requi
8.1.1 Stan
Forareport
a)

b) the CUE
c) the CUE
d)

dd).

value.

6
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https://iecnorm.com/api/?name=d2b1b0e3bff91bc0fed77d5f6b99c169

ISO/IEC 30134-8:2022(E)

8.1.2 Data for public reporting of CUE

8.1.2.1 Required information

The following data shall be provided, when publicly reporting CUE data:

a)

b)

‘)
d)

8.1.2{2 Required supporting evidence

Information on the DC which shall be available upon request as a minimumnrincludes:

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

h)
)

contact information (only the organization’s name or contact should be displayed in public
inquiries);

data centre location information (address, county or region; only state or local region information
are required to be displayed in public inquiries);

measurement results: CUE with appropriate nomenclature;

factors, values and year for calculating CO, emissions.

drganization’s name, contact information and regional environmental description;

measurement results: CUE with appropriate nomenclature;

wul

i and DC CO,;

=

neasurement(s) start dates and assessment complétion dates;

—

he accuracy level;

—

eport on the size of the computer room, telecom room and control room spaces;

D

xternal environmental conditions consisting of minimum, maximum and average femperature,
umidity and altitude;

=

dorresponding PUE value and category;

factors reference accordingto Annex C.

NOTH1 The PUE category provides information on the accuracy of measuring IT energy consunjption.

NOTH2  TheIEC 620@52-series and IEC 62053 series provide a reference for measurement of elecfrical energy.

8.2

8.2.1] Trend tracking data

Th f 11 i fasraa ot o oo 33 £.1 3
€ [611OW g T oT HTa o CatT OC O SCTUT TIT

a)
b)
‘)
d)
e)
f)
g)

Recommendations

DC size (facility m2);

total DC design load for the facility (e.g. 10 MW);

name of the possible auditor and method used for auditing;
DC contact information;

DC environmental conditions;

DC location and region;

DC's mission;

© ISO/IEC 2022 - All rights reserved 7
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DC archetype percentages (e.g. 20 % web hosting, 80 % email);
DC commissioned date;

numbers of servers, routers, and storage devices;

and peak server CPU utilization;

percentage of servers using virtualization;

age of IT equipment by type;

aago0 of facilitv eauinmaent hutuno (canling and nawor dictribution eauinment):
g Hachiey-egtHpieRe By pe— peweraissHpdHeR-eqtHpiet;

h)
i)
j)
k) average
)
m) average
n) average
o) DC avail
p) cooling
NOTE Ot
8.3 Exam

Using the cq
their interpr

EXAMPLE
Sample CUE
DC X: CUE, (|

Interpretati¢n:

In the year 2
EXAMPLE

Sample CUE
DCY: CUE, (

TG ot

ability objectives (see ISO/IEC 30134-1:2015, Annex A);

ind air-handling details.

ples of reporting CUE values

nstruct of 8.1.1, this subclause provides two examples of specific CUE designation
etation:

1
designations:

P018-12-31) = 0,90 kg CO, per kWh

018 the CUE value of DC X was 0,90. Itijwas a category 1 CUE.
2

designations:

018-06-30) = 1,1 kg CO€ per kWh

Interpretati

In the period 2017-07-01 = 2018-06-30 the CUE value of data centre Y was 1,1. It was a category 2
8.4 CUE derivatives

8.4.1 Purposeée of CUE derivatives

n:

her KPIs within the ISO/IEC 30134 series can assist in the recording of the abgveinformation|.

5 and

CUE.

Often, CUE v

alues are needed:

a) toindicate CUE for periods less than 12 months; and/or

b) to provide the CUE for separated, non-standalone data centres (i.e. mixed building); and/or

c)

to predict a desired CUE value during the design stage of the data centre.

For this purpose, CUE derivatives are introduced in 8.4.3 to 8.4.5, which address these specific needs.
Each derivative shall be accompanied with specific information that describes the specific situation.

© ISO/IEC 2022 - All rights reserved
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CUE reporting shall be consistent with PUE reporting. The boundary conditions of the PUE report shall
be the same for CUE reporting. For reporting CUE, if there is a derivative PUE, a derivative CUE with the

same

boundary conditions shall be provided.

Combined use of the terms is permitted to describe specific situations and values. An example use of

these

desig

derivatives is:

ned, interim pCUE (20xx-08-01:20xx-08-31) = 3,1 [ref. jjj]

[iji]: [boundaries of the data centre, shared cooling, space, physical security]

40 %

8.4.3
The d

IT load, environmental conditions, etc.

Interim CUE

efinition of CUE clearly indicates that it is an annual figure. In cases where a need f{

CUE for other periods of time exists, CUE may be also reported for otherfime periods wit

and t

It shd
such
perio

iCUE

he time period in the subscript e.g. iCUE, vy m-dd - yyyy-mm-dd-

uld be noted, however, that the non-annual period of CUE reperting can be affected
as outdoor temperatures and is not comparable with other)periodical values of CU
ds shall be consistent with the reporting of iPUE or otherinterim KPIs.

shall describe a CUE measured for a period of less thana year.

o report the

h a prefix “i

by variables
IE. The time

In addition to 8.1.1, the reporting of iCUE shall includ€ the start date of the period of nmieasurement

using

8.4.4

Parti
(buil
CUE

be de

appr

The |
and i
canb

Whil
centr

Whil

the format of ISO 8601-1.

Partial CUE

hl CUE is used to describe the CUE®f a data centre that is a subset of an entity unde
ling or system) sharing resources-with other areas not considered in the CUE assessi

values shall be reported with<a’prefix “p” as pCUE. For separate metered facilities
termined and reported in all-cases where a pPUE value has been determined and r

ppriate designation and reporting of pCUE shall be consistent with pPUE application.

urpose of partial CUES is the analysis of saving potential through detection of inef]
hfrastructure subsystems. This is the aim of the energy management process. In ad
e used to verify effectiveness of improvement measures.

e CUE, is defined using Ep¢, pCUE; is determined on the electricity use of sub-system
e's infrastructure.

e GUEJ is defined using Ep and all additional DC CO,e emission sources, pCUE, is d

thee

hergy use and the specific additional CO, emissions of subsystems of the DC infrastru

r evaluation
ment. Partial
, pCUE shall
bported. The

ficient zones
dition, pCUE

s of the data

etermind on
cture.

The boundaries of these subsystems are within the data centre. Therefore, pCUE applies to all kinds of
data centres.

In addition to 8.1.1, the reporting of pCUE should include a list of shared resources.

Partial CUE can be calculated using Formula (4):

NMucp =

Cs
Eyr

4

To be useful in an energy management process and carbon footprint calculation, the zones for
the subsystems shall be defined in every individual data centre. Electrical distribution (including
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uninterruptible power supply), air handling and cooling are typical subsystems that apply to most data
centres nowadays.

8.4.5 Design CUE

Design CUE is used to describe a predicted CUE for a data centre prior to its operation. Design CUE
shall be determined as part of the planning process and should be independent of the real or expected
load. Design CUE values shall be reported with a prefix “d” as dCUE. They represent a target that the
designer is giving based on optimal operation of the DC. They are derived from the infrastructure
element specifications and take into account the external influences such as climatic conditions at the
planned DC site, etc.

In addition tp 8.1.1 the reporting of dCUE should include a schedule of dCUE and dPUE basedn/garget
IT loads.
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Annex A
(informative)

Examples of use

Correct use of CUE

AnnelxiA provides examples for the correct use and calculation of the CUE to assist in the ralpid adoption
E through widespread understanding. These examples are all based on the same'DC’specifications.

of CUI

The IDC availability is class 3, according to ISO/IEC 22237-1. The annual IT electri¢ity cons

is 70

12-31) of the DCis 1,3.

Ther
The ¢
500 K

The ¢lata centre runs 4 uninterupable power supplies (URS)»with 250 kVA each. The

elect
freec
of 10

NOTE

A2

The d
there

purchased electricity are calculated as follows (using hypothetical example values):

C|

For this example:

C|

wher

Cl

000 kWh. The annual data centre electricity consumption, Ep, is 900 000 kWh. The

VA. There are no other plants that provide data centre electricity on-site.

ricity for IT euquipment and for 50 % of the computér’room airconditioners. A chil

% of the refrigerant. The power of the data centeé tomes from the German power gri

The PUE in this annex is specified in ISO/IE€30134-2.
CUE category 1

ata centre is supplied with electricity from the power grid all year round (12 month
are indirect CO, emissions for the electricity from the grid. The annual CO, e

be = Cpcexel * Cncintel

hCexel = MgpXElr X fo exe1 = 1,3 x 700 000 kWh x 0,47 kg CO,e/kWh = approx. 420 00(

E fe & a'iS 0,47 kg CO,/kWh for the German power grid; and:

Limption, Ejp
PUE, (2016-

e is electricity of diesel generator only in the case of missing elecfricity from the grid and testing.
fenerator is tested 4 times a year for 8 hours per test run. Thé . nominal power of the engine is

UPS provide
er including

boling is used. The chiller is filled with 500 kg of refrigerant (R134a) and has an annjual leak rate

.

5). Therefore
missions for

kg CO,

=fo x Pooxf . =32hx 100 kW x 0,3 kg CO,/kWh = 960 kg CO,,

So, fo

3 N .
DCmter EASI Iy

r this example the DC CUE for category 1 is calculated as follows:

CUE, = (420 000 kg CO, + 960 kg CO,) / 700 000 kWh = approx. 0,60 kg CO, / kWh

A3

CUE category 2

The data centre is supplied with electricity from the power grid all year round (12 months). Therefore,

there

are indirect CO, emissions for the electricity from the grid.
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The emergency power supply engine is tested four times per year for 8 h per day. It is a gas-driven
engine. DC CO, emissions for on-site generation (testing emergency power supply engines) are
calculated as follows (using hypothetical example values):

Cocintel = tp * Ppc X feintel = 32 h x 100 KW x 0,2 kg CO,e/kWh = 640 kg CO,e

For category 2 the emissions from R134a as refrigerant are also considered. In this case the leakage

rate is 10 %

DC CO, emis

of the filling capacity (500 kg).

sions for refrigerant leackage are calculated as follows:

Cpere=c¢

So, for this e

CUE, = (
kWh

A.4 CUE ¢

Catergory 3

A.5 inter

The data cer
there are in
electricity af

CDC,ex,el i
CO,/kW

where iPUE,

The emergef
emergency
01.07.2016 -

DC CO, emis
follows:

CDC,int,el

- PPN
£~ "La "™ Jeintrf — 500 kg=6;10=1360 €05e —65000kg €07e

kample the DC CUE for category 2 is calculated as follows:

120 000 kg CO,e + 640 kg CO,e + 65 000 kg CO,e) / 700 000 kWh = approx. 0,70 kg

ategory 3

s reserved for future use.

jm CUE category 2
itre is supplied with electricity from the power grid all year round (12 month). Ther
e calculated as follows (using hypothetical’example values):

F 11U,P,i(01.07.2016 - 31,07.2016) % E1T(01.0%2016 - 31.07.2016) X feexel = 1,7 x 60 000 kWh x 0,
h = approx. 48 000 kg CO,

Mu,p,i(01.07.2016 - 31.07.2016). 15157 because free cooling is not available in summer.

lcy power supply engines-are tested four times per year for 8 hours per day. In this cas
ower supply is provided by gas engines. There was one emergency power supply bet]
31.07.2016.

sions for on-site generation (testing emergency power supply engines) are calcula]

F te XPpt X fointel = 8 h x 137 kW x 0,2 kg CO,e/kWh = 219 kg CO,e

LO,e/

efore

direct CO, emissions for the electricity fromr'the grid. The CO, emissions for purchased

17 kg

e, the
ween

ed as

where

Ppc=nyp; x E;p=1,7 x 60 000 kWh / 744 h = approx. 137 kW

DC CO, emissions for refrigerant leakage are calculated as follows:

CDC,rf =Cr

£ L m % fe,intre = (500 kg x 0,10 x 1 300 CO,e) / 12 =5 400 kg COze

So, for this example the iCUE for category 2 is calculated as follows:

10,¢,1,2(01.07.2016 - 31.07.2016) = (Cpcexel ¥ Cpcree + Cocre) / Eir
CUE, = (48 000 + 219 + 5400) kg CO,e / 60 000 kWh = 0,89 kg CO,e / kWh

12
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For the conversion of the values of non-electrical energy to electrical energy, the conversion factors
and heating values declared by the supplier are utilized. If no declaration of supplier for conversion

facto
sever
and n
and t

FS and heating values 1s available, conversion factors from Iable B.I should be use
al energy types and methods for measuring them (see Table B.1). A range of conve
heasurement techniques can be found at the U.S. Energy Information Administration (
he ASHRAE/TGG book on energy measurement.

Table B.1 — Energy conversion examples

d. There are
rsion factors
EIA) website

the w
everyl

b A

m3 waterused.

30°C

hter is leaving at 40 °C and returning at 25 °C, there is a 15 °C temperature difference, which would med

s a’first estimate, use a difference in temperature between the warm air and the air it is replacing.
hirgs being fed to a 20 °C room, then use 10 °C as the temperature difference, which would mean 3,25

Energy type Typical units Conversion examples
Electficity Kilowatt hour An annualized energy consump#tion is the basis
(kWh)
Diesdl Fuel Litres (1) How many litres of fuel peryear?
There are roughly 9,9 kWh in a litre of diesel fuel.
Natufal Gas Cubic metre (m3) How many cubic metres of gas per year?
There are roughly 10,5 kWh in 1 m3 of natural gas.
Hydrpgen Kilogram (kg) How manykilograms of hydrogen per year?
There.arétroughly 33,3 kWh in 1 kilogram of hydrogen (jin liquid
state below minus 253 °C).
Bioethanol Kilogram (kg) How many kilograms of bioethanol per year?
There are roughly 6,0 kWh in 1 kilogram of bioethanol.
Heat¢d/cooled Cubic metre (m3) How much heated or cooled water was used per year?
water There are roughly 1,16 kWh in 1 m3 of water that changgs its tem-
perature by 1 °Ca.
Airflow Cubiemetre (m3) How much heated or cooled air was used per year?
There are roughly 3,25 x 104 kWh in 1 m3 of air that changes its
temperature by 1 °Cb,
a Ak afirst estifpate, use a difference in temperature between the water supply and return temperatures. For example, if

n 17,4 kWh for

For example, if

i 10-3 kWh for

every

m3 of air used.

The values of Table B.1 are calculated from published thermal physical properties of the individual
fluids. Table B.1 is provided as a guide for informational purposes only.
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