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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Buildings contribute approximately one-third of global greenhouse gas (GHG) emissions. With its
high share of emissions, the building and construction sector has the responsibility to take the global
lead in implementing strategies to reduce GHG emissions. The building and construction sector has
more potential and opportunity to deliver quick, deep, and cost-effective GHG mitigation than any
other sectors. Carbon dioxide (CO2) emissions contribute to global warming, which is one of the most
recognized environmental impacts attributable to buildings.

In this context, measurement and reporting of GHG emissions from existing buildings are critical
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enabling significant and cost-effective GHG mitigation. Currently, there has not been
bed method established to measure, report, and verify potential reductions of GHG.€mif
ting buildings in a consistent and comparable way. If such a method existed, it could b
bersal tool for measurement and reporting of GHG emissions, providing the foundation fi
formance baselines of buildings to be drawn, national targets to be set, and carbon tradi
level playing field.

ife cycle stages of buildings are measured and/or quantified. However/not all countries i
e sufficient capacity or resources to use and apply life cycle assessnient (LCA) methodold

pecting the need for collaboration on a global scale, the neéd exists for a metric that is
 in countries with sufficient number of experts and a precise database, but also in thos
bre experts’ services are limited and databases have considerable gaps. For instance
bntial for global scale carbon trading within building-pelated sectors, a method that is ¢
ble in both the well-developed and developing world is needed.

rational energy use in buildings typically accounts for 70 % to 80 % of energy use over t
cycle. Therefore, the operating stage of thé’building’s life cycle is the focus of measuy
brting of direct and indirect GHG emissions.

5 document aims to set out a globally applicable common method of measuring and r

the determining and reporting.of-a carbon metric(s) of a building.

carbon metric is a measure (a partial carbon footprint) that is based on energy us
ted building informatién)for an existing building in operation. It provides information
calculation of GHG eimissions and can be used as an environmental indicator. Using thij
metric and its pretocol can be applied by all stakeholders in both developing and well
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xing it usefuland globally transferable.
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Sustainability in buildings and civil engineering works —
Carbon metric of an existing building during use stage —

Part 1:
Calculation, reporting and communication
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5 document provides requirements for determining and reporting a carbon metric of

ding, associated with the operation of the building. It sets out methods for the ealculation]
communication of a set of carbon metrics for GHG emissions arising from.the measured
ing the operation of an existing building, the measured user-related energy use, and oth|
i emissions and removals. These carbon metrics are separated into,three measures desig
p, and CM3 (see 5.1.1).

5 document follows the principles set out in ISO 15392 and those described in Claus
iations from the principles in ISO 15392 occur, or wheremore specific principles are
ument takes precedence.

carbon metrics CM1 and CM2 are not quantified based on life cycle assessment (LCA) m¢
bon metric CM3 may include partial quantification‘based on the results of LCA.

5 document does not include any method of ;nodelling of the operational energy use of t
follows the conventions provided by other\International Standards, as given in relevant

5 document is not an assessment method for evaluating the overall environmental pe
building or a building-rating tool.@and does not include value-based interpretation of
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Normative references

following ‘decuments are referred to in the text in such a way that some or all of th
Stitutessrequirements of this document. For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

Pir content
pplies. For
[s) applies.

6707-1:2004, Buildings and civil engineering works — Vocabulary — Part 1: General terms

[SO 12655, Energy performance of buildings — Presentation of measured energy use of buildings

ISO
ISO

14050, Environmental management — Vocabulary

15392, Sustainability in building construction — General principles

ISO/TR 16344:2012, Energy performance of buildings — Common terms, definitions and symbols for the
overall energy performance rating and certification
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 6707-1, SO 12655, ISO 14050,
ISO 15392, ISO/TR 16344 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

31
building sprvice
service provided by technical building systems (3.19) and by appliances to provide acceptable, indoor
environment conditions, domestic hot water, illumination levels, and other services related to the ude of
the buildi

Note 1 to efjtry: For the purposes of this document, the following terms are used as per théir definitions irf the
following rdference documents: appliances (1SO 6707-1:2004, 5.4.7) and building (ISO 6707-1:2004, 3.1.3).

[SOURCE: IISO 52000-1:2017, 3.3.3, modified - Note 1 to entry has been added(]

3.2
carbon infensity
carbon metric (3.3) expressed in relation to a specific reference it related to the function of|the
building

Note 1 to enptry: For the purposes of this document, the following terms are used as per their definitions ir] the
following rdference documents: function (1SO 15686-10:2010, 3.140)*and building (1SO 6707-1:2004, 3.1.3).

Note 2 to erftry: Examples of reference units may include pefunit area, per person, per kilobyte, per unit oufput,
and per GDR.

3.3
carbon metric
sum of anrjual greenhouse gas emissions and removals, expressed as CO; equivalents, associated With
the use stTe of a building

Note 1 to enptry: For the purposes of this“document, the following terms are used as per their definitions irf the
following rgference documents: greenhouse gas emissions (ISO 14064-1:2006, 2.5), removals (1SO 14064-1:2p06,
2.6), CO; eqtiivalents (1SO 14064:1:2006, 2.19) and building (1SO 6707-1:2004, 3.1.3).

34
cooling
removal offlatent and /or sensible heat

[SOURCE: ISO 16818:2008, 3.47]

3.5
delivered energy

energy (3.6), expressed per energy carrier (3.7), supplied to the technical building systems (3.19) through
the system boundary (3.18), to satisfy the uses taken into account [heating, cooling (3.4), ventilation
(3.20), domestic hot water, lighting, appliances, etc.], or to produce electricity

Note 1 to entry: For the purposes of this document, the term appliances is used as per its definition in
ISO 6707-1:2004, 5.4.7.

Note 2 to entry: Delivered energy can be calculated for defined energy uses or it can be measured.

[SOURCE: ISO/TR 16344:2012, 2.1.33, modified - Note 1 related to active solar and wind energy systems
has been deleted.]
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3.6

energy

capacity for doing work; having several forms that may be transformed from one to another, such as
thermal (heat), mechanical (work), electrical, or chemical

[SOURCE: ISO 16818:2008, 3.74]

3.7

energy carrier

substance or phenomenon that can be used to produce mechanical work or heat or to operate chemical
or physical processes

Notg 1 to entry: For the purposes of this document, the term heat is used as per its_dpfinition in
[SO[16818:2008, 3.117.

Notg¢ 2 to entry: The energy content of fuels (3.10) is given by their gross calorific value,(ISO/TR 16344:2012,
2.1.78).

[SOPURCE: ISO/TR 16344:2012, 2.1.46]

3.8
endrgy source
soufce from which useful energy (3.6) can be extracted or recovered either directly or by lneans of a
conpersion or transformation process

EXAMPLE 0il or gas fields, coal mines, sun, wind, the ground (geothermal energy), the ocean (Wave energy,
ocegn thermal energy), forests, etc.

[SOPRCE: 1SO 52000-1:2017, 3.4.15]

3.9
exported energy
enefgy (3.6), expressed per energy carrier)(3.7), delivered by the technical building systems (3.19)
through the system boundary (3.18) and-used outside the system boundary

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

[SOPRCE: ISO/TR 16344:2012,2.1.72, modified - Note 2 has been deleted.]

3.10
fue
material that can be,used to produce heat or generate power by combustion

Notg 1 to entky: For the purposes of this document, the term heat is used as per its dpfinition in
[SO[16818:2008, 3.117.

[SOPREEXISO/TR 16344:2012, 2.1.74]

3.11
functional equivalent

quantified functional requirements and/or technical requirements for a building or part thereof for use
as a reference basis for comparison

Note 1 to entry: For the purposes of this document, the term building is used as per its definition in
1SO 6707-1:2004, 3.1.3.

[SOURCE: ISO 21931-1:2010, 3.7, modified - a reference to part of a building has been added.]

© IS0 2017 - All rights reserved 3


https://standardsiso.com/api/?name=82f93d854cc6ce6b8afdb080081b0dac

ISO 16745-1:2017(E)

3.12

greenhouse gas emission coefficient

coefficient that describes the amount of a specific greenhouse gas that is released from doing a certain
activity, such as burning one tonne of fuel (3.10) in a furnace

Note 1 to entry: For the purposes of this document, the term greenhouse gas is used as per its definition in
[SO 14064-1:2006, 2.1.

Note 2 to entry: In general, GHG emission coefficients from specific energy consumption (1SO 50001:2011, 3.7) are
quantified based on GHG emission factors (1SO 14064-1:2006, 2.7) for use of the energy (3.6).

) 1a e £L: et qacco o1
Note 3 to entr Yy oreemotse gas e misstonrcoerricrents canairreroy-yeat:

3.13
greenhouse gas reservoir
physical unit or component of the biosphere, geosphere, or hydrosphere with the capability to store
or accumulate a GHG removed from the atmosphere by a greenhouse gas sink (3.14) ond-GHG captyred
from a greg¢nhouse gas source (3.15)

Note 1 to |entry: For the purposes of this document, the term GHG is used(as per its definition in
ISO 14064-1:2006, 2.1.

Note 2 to eptry: The total mass of carbon contained in a GHG reservoir at a specified point in time couldl be
referred to as the carbon stock of the reservoir.

Note 3 to enftry: A GHG reservoir can transfer greenhouse gases to anothef\GHG reservoir.

Note 4 to entry: The collection of a GHG from a GHG source before it-enters the atmosphere and storage of the
collected GHIG in a GHG reservoir could be referred to as GHG capture and storage.

[SOURCE: ISO 14064-1:2006, 2.4]

3.14
greenhouse gas sink
physical unit or process that removes a GHG from the atmosphere

Note 1 to |entry: For the purposes of this document, the term GHG is used as per its definitionp in
ISO 14064-1:2006, 2.1.

[SOURCE: ISO 14064-1:2006, 2.3]

3.15
greenhouse gas source
physical unit or processthat releases a GHG into the atmosphere

Note 1 to |entry: Eory‘the purposes of this document, the term GHG is used as per its definitionp in
ISO 14064-1:2006,2:1:

[SOURCE: [S0.-14064-1:2006, 2.2]

3.16

gross floor area

sum of the floor areas of the conditioned spaces within the building, including basements, mezzanine
and intermediate floor tiers, and penthouses, of headroom height 2,2 m or as specified in national or
regional codes and standards

Note 1 to entry: For the purposes of this document, the following terms are used as per their definitions in the
following documents: conditioned spaces (1SO 16818:2008, 3.38) and building (1SO 6707-1:2004, 3.1.3).

Note 2 to entry: It is measured from the exterior faces of exterior walls or from the centreline of walls separating

buildings, but excluding covered walkways, open roofed-over areas, porches and similar spaces, pipe trenches,
exterior terraces or steps, chimneys, roof overhangs, and similar features.

[SOURCE: ISO/TR 16344:2012, 2.1.79]
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3.17
renewable energy
energy (3.6) from an energy source (3.8) that is not depleted by extraction

[SOURCE: ISO/TR 16344:2012, 2.1.123, modified - specific reference to energy source has been added
and the examples and explanatory note have been removed.]

3.18

system boundary

boundary that includes within it all areas associated with a building (both inside and outside the
building) where energy (3.6) is consumed or produced

Notg 1 to entry: For the purposes of this document, the term building is used as per its ‘definition in
[SOp707-1:2004, 3.1.3.

Not¢ 2 to entry: Inside the system boundary, the system losses are taken into account explicitly, whilg outside the
systlem boundary, they are taken into account in the conversion factor.

[SOPURCE: ISO/TR 16344:2012, 2.1.142]

31

technical building system
technical equipment for heating, cooling (3.4), ventilation (3.20),) humidification, dehumlidification,
domestic hot water, lighting, building automation and control and electricity production

Note 1 to entry: A technical building system can refer to one-or to several building services (3.1) [p.g. heating,
heating and domestic hot water, and indoor transportation (é:;g.€escalator, elevator)].

Notg 2 to entry: A technical building system is composed‘of different sub-systems.

Note¢ 3 to entry: Electricity production can include;cogeneration (ISO 52000-1:2017, 3.3.5), wind| power and
photovoltaic (PV) systems.

[SOPRCE: IS0 52000-1:2017, 3.3.13, modified - indoor transportation has been added to Note|l to entry.]

3.2p
ventilation
profess of supplying or remoyving air by natural means or mechanical means to or from a space for the
purpose of controlling air contaminant levels, humidity, odours, or temperature within the gpace

[SOPURCE: ISO 16818:2008/ 3.242]

4 |Principles

4.1] General

The application of the following principles is fundamental to ensuring that GHG-related ipformation
pre efrted—tht Uush the—earbonmetrie rept esents—a—truae—andfairmeastre—These 528 ;u\,;y es prOVide
the basis for the application of the requirements in this document by the organization or individual
determining the carbon metric.

4.2 Completeness

Include all relevant GHG emissions and removals (see 5.1) that provide a significant contribution to the
carbon metric.

4.3 Consistency

Apply assumptions, methods, and data in the same way throughout the carbon metric determination to
arrive at conclusions in accordance with the needs of the intended user and intended use (see 5.1).

© IS0 2017 - All rights reserved 5
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4.4 Rele

vance

Select the GHG sources, GHG sinks, GHG reservoirs, data, and methodologies appropriate to the needs of
the intended user and the intended use (see 5.3.4).

4.5 Coherence

Select methodologies, standards, and guidance documents already recognized and adopted for energy
measurement and consumption to enhance comparability between common carbon metrics (see 5.3.2)

4.6 Accyracy

Ensure that the carbon metric quantification and communication are accurate, verifiable, relevant,
not misleagling and that bias is avoided and uncertainties are minimised (see 5.3.4).

4.7 Transparency

Address an
of informa

Disclose a
data sourc
represents|

Ensure th3
meaning is
functional
limitations

4.8 Avoidance of double counting

Avoid couf
other carb

NOTE
Clause 5.

’

5 Protg

5.1 Syst

51.1 Ty

ion.

hy relevant assumptions and make appropriate references to the methodologies
es used. Clearly explain any estimates and avoid bias so that the carbon metric faithf]
what it purports to represent.

t the carbon metric communication is available to «le intended audience and its inten
presented in a way that is clear, meaningful, and undeérstandable. Include information on|
equivalent, data assumptions, calculation methods, and other characteristics to make
in the comparisons of carbon metrics transparent and clear to the target group (see Claus

iting of greenhouse gas emissions(and removals that have already been allocated wi
bn metrics (see 5.3).

'his list of principles has been\adapted based on the principles described in ISO/TS 14067:2

col of measuring the carbon metric of a building in the use stage

m boundary

pes of €éarbon metrics of a building

A carbon

d document all relevant issues in an open, comprehensive, and understandable presentaf

and

i

on

and
ully

ded
the
the
 6).

hin

P13,

rals

étnic shall be measured by quantifying the direct and indirect GHG emissions and remo

associated

with a bullding 1n use.

The three types of carbon metrics of a building are defined as follows:

a)

building-related energy use (see 5.3.4.1);

b)

building- and user-related energy use (see 5.3.4.2);

Carbon metric 1 (CM1) is the sum of annual GHG emissions, expressed as CO; equivalents, from

Carbon metric 2 (CM2) is the sum of annual GHG emissions, expressed as CO; equivalents, from

Carbon metric 3 (CM3) is the sum of annual GHG emissions and removals, expressed as COy

equivalents, from building- and user-related energy use, plus other building-related sources of GHG
emissions and removals.
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5.1.2 System boundary for the carbon metrics of a building

5.1.2.1 System boundary for the carbon metrics CM1 and CM2

The system boundary for the CM1 and CM2 of a building is shown in Figure 1. It consists of the
equipment to operate the building fulfilling the demand as energy end use and the technical building

system(s) to deliver, convert, and generate energy for the energy end use.

CM1 and CM2 of a building are determined based on the following:

a) delivered energy for the building and for other energy use within the building’s site (curtilage);

NOTE1 Delivered energy includes energy provided by the local or national utility suppl
remotely generated energy [e.g. from photovoltaic (PV), wind power, or combined heatyand p
etc.] that is directly connected to the building.

b) [total on-site energy generated and used in the building and for other lenergy use
building’s site (curtilage).

NOTE 2  Examples of sources of on-site energy generation can be solar’ ppwer [photovoltaic
wind turbine power, biomass fuel, combined heat and power (CHP), fuel‘eell, and others.

The system boundary shall include all the energy-consuming and‘-generating systems that
thebuilding’s site (curtilage) and that support the operation ofthe building.

All puilding-related energy end use (as indicated in the«pale grey boxes in Figure 1) sha
intq account for the carbon metric (CM1), even when é€nergy for these building services is
megsured through sub-metering.

Lighting (including plug-in lighting necessary for the basic function of the building) an
(indluding systems for daylight control) shall bedncluded in the CM1 (see 5.3.4.1).

User-related energy use (as indicated in*the dotted box in Figure 1) shall be included i
including energy for supplementary lighting installed by building users (see 5.3.4.2).

er and any
pwer (CHP),

within the

[PV) panel],

are within

1 be taken
separately

d controls

h the CM2,
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®O

=Conversion factors,
needed to aggregate

energy
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equivalent

Delivered to or exported from
I technical building system I

Energy usage
(5.3.4)

@00

Systems part |

to one numerical

Delive

red energy

/

I—l->

Input dh/dc
(district heating
and cooling)

/

District heating or
cooling

>

Heating/cooling

| Gas,

Distribution

|_

il, coal, wood, ... systems

(incl. BCHP*)

—| Electrr

|_

icity

Exported energy (outside

the syT
i— _Tie?n; _(heat and coolth)

*Biomass C.

**Photovolthic panel

Figu

It is NOT 1

re 1 —

e@ssar to_separately measure the amount of ener

em boundary)

Building/CURTILAGE I

HVAC and domestic
hot water

Space heating |

Space cooling |

Air movement |

Domestic hot

r—)—————
ementary |
&ﬁn lighting _!

water

Lighting and plug-in
Fixed lighting J

¥

AN
Plug-in lighti{@)’ |
A X

Plug-in\
heating&ling

Other ultimate usage

Indoor
transportation

Building auxiliary
devices

Other special usages

Devices in data |
centre

Other specific |
| functional devices

I
4

P (combined heat and powe%\

boundaries for energy use of a building

N

within the system boundary by each individual system, piece of equipment, or machine.

SYSTEM BOUNDARY

dary and energy flows — Main energy flows within and crossing the

enerated, converted, or consu

ed

Exported energy is outside the system boundary but may be reported as additional information where
appropriate (see 6.2.2).

Figures 2, 3, and 4 show examples of the system boundary for CM1.

EXAMPLE 1

Only the energy carrier for the delivered energy and energy generated by the PV panels and used
within the system boundary are required to be measured for CM1.
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Figure 2 — Examples of energy flow measuring by energy carriers (Ex:1)

Only the energy carriers for the delivered energy are required to, be measured
bration system is installed and used within the system boundary for CM1.

when a co-

———Q\
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Figure 3 — Examples-of energy flow measuring by energy carriers (Ex.2)

The energy carrier for the delivered energy and biomass fuel (wood, waste, etc.) harvg
Eystem boundary are measured when biomass cogeneration system is installed and used within

\:<:,

g

\
L\

= NOT require
measured fo

1 to be
r CM1

sted within
the system

Biomass QFE. 3—S
Requiredtc:jbe 130 (kg/yyl mTTTeN
meastire : Systems part ll/f Energy end use [[J\
\ ""(Togene- \\\ \|[Electricity: 120 (kWh y)\
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e
I —_— = ighting
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. \ 10 (kWh/Y)
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Figure 4 — Examples of energy flow measuring by energy carriers (Ex.3)
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5.1.2.2 System boundary for the carbon metric CM3

The system boundary for the carbon metric CM3 shall include all the elements within the system
boundary for CM2 plus other processes and activities (including upstream and downstream processes),
causing GHG emissions and removals associated with the use stage of the building and other systems
within the building’s site (curtilage). These shall include, where significant, maintenance, including
cleaning, repair, replacement and refurbishment, water use, waste treatment and disposal, and

emissions

of refrigerant from building air cooling systems.

5.2 Carbon metric and carbon intensity

The carbml metric is a measure of total GHG emissions attributed to the use of a building in operat
year period. For more detailed analysis or comparison, the carbon metric may be denc

over a one
relative to

a specific measure of carbon intensity, e.g. per unit area, per person, per Kilobytesper

output, and/or per GDP.

5.3 Calc

5.3.1 GH

The emittq
the delivern

delivered
multiplied

m-co,
where

Edel,ci
Esite,ci
Kdel,ci

Ksite,ci

Where the
should be i

NOTE

5.3.2 Mg

Where the

)

ulation of GHG emissions

G emissions associated with energy use of a building

d mass of GHG, expressed as kg CO; equivalent per kg emission, shall be calculated f
ed energy for each energy carrier plus the on-site energy; if any, produced without u
energy and used in the building and/or for other energy use within the building’s
by the respective GHG emission coefficient, as given in\Formula (1):

bqv Z [(Edel,ci X Kdel,ci) + (Esite,ci X Ksite,ci )]

s the delivered energy for energy carkier del,ci;

s the energy produced onsite for.the energy carrier site,ci;

s the GHG emission coeffieient for delivered energy carrier del,ci (see 5.3.5);
s the GHG emission ceefficient for on-site energy carrier site,ci.

sum of energy produced on-site is estimated to be less than 2 % of the total energy, E
gnored.

nergy produced on site does not include co-generation by delivered energy sources.

asurenient of energy carrier

ion,
ted
Init

"om
bing
bite,

M

te,ci

on-

eneragy Farrlnr(c\ nrnvlr‘nc energv to Cnnnnr'f the nnnrahnn of the hnl]dlhﬂ and /nr other
5Y 5Y

site facilities, measurement of the energy carrier shall take account of all the sources dehvered to and
generated within the system boundary including

electri

city,

— fuels (e.g. gas, oil, wood, and other biomass waste), and

— imported coolth/steam/heat.

Data for nominal delivered energy is available from the following sources:

a) utility
b) electri
10

provider reports and contracts;

city bills;
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invoices for fuel deliveries;

gas bills;

meter readings (estimated from invoices, if meter readings are not available);
pipeline measurements;

energy management software.

The sum of these data shall include all of the energy usage described in 5.3.4.

Dat
a)
b)

NO1
buil

5.3

Exp
not

Wh
ene
emi

whg

NOT
5.3

5.3

For

h for the on-site generated energy shall be based on the following:
meter readings;
measured amount of biomass consumed (kg).

E Further information for the method of measuring and calculation of energy in the us
ding is available from ISO 12655, ISO 16343, and ISO 16346.

3 Exported energy

orted energy, i.e. energy produced on-site, but not used for the building or other on-site
included in the carbon metric but can be reported as additional information.

gy shall be calculated from the amount of energy“generated, multiplied by the resp
ssion coefficient, as shown in Formula (2):

M- CO%eqv = Z (Eexp,ci X Kexp,ci)

re

Eexp,ci Is the exported energy for energy carrier exp,ci;
Kexp,ci is the GHG emissjomcoefficient for exported energy carrier exp,ci.

E Annex D presents,examples of allocation rules that can be used for combined heat power.
4 Energy usage

4.1 Building-related energy use
CM1,:building-related energy use shall be determined as follows (see Annex B for the clag

Entergy for HVAC and domestic hot water:

b stage of a

Facilities, is

bre exported energy is reported as additional information, the GHG emissions from the exported

pctive GHG

(2)

sification):

b)
‘)

1) energy for space heating;

2) energy for space cooling;

3) energy for air movement;

4) energy for domestic hot water.

Energy for fixed lighting;

Energy for plug-in equipment for basic building services:

1) plug-in lighting;

© IS0 2017 - All rights reserved
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2) plug-in heating;

3) plug-in cooling.

d) Energy for other usage:

1) energy for indoor transportation;

2) energy for building auxiliary devices.

For purposes of determining the carbon metric, all building-related energy use shall be included, even

for building services not 'rvpi(‘:allv sub-metered or Qppar;\fplv measured

5.3.4.2

For CM2, uper-related energy use is determined as follows (see Annex B for the classification):

a) energ
1) e
2) e
b) energ
1) e
2) e
3) e
4) e
535 G
5.3.5.1

The greenhouse gas emissions fromy*energy consumption are quantified by using GHG emis

coefficient
doing a cer

The GHG e
energy car

For the pui
emission c

— Ssourcqg

ser-related energy use

for lighting and plug-in equipment:

rgy for supplementary lighting installed by building users;
rgy for household/office appliances.

for other special usages:

rgy for cooking;

rgy for refrigeration (cooling and storage);

rgy for devices in data centres;

rgy for other specific functional devices.
G emission coefficients

eneral

5. GHG emission coefficients characterize the amount of a specific GHG that is released f
tain activity, such as(burning one tonne of fuel in a furnace.

mission coefficient(s) used is based on the type of delivered energy carrier or expoj
rier.

'pose of this document, the following information shall be stated regarding the type of
pefficientised to determine carbon metric:

bion
fom

ted

LHG

sof information (e.g. national, international);

— greenhouse gases included in CO7 equivalent (e.g. following Kyoto protocol, Montreal protocol, or
other protocols);

— included elements in supply chain (e.g. on-site or on-site plus upstream processes);

— time frame of impacts on environment (100 years);

— year of reference of emission coefficient data.

The choice of the source of the GHG emission coefficient used for calculating a carbon metric shall be

appropriat

12

e for the intended use of the carbon metric.
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GHG emission coefficients shall be obtained from, in the following order of priority:

NOTE 1

nationally agreed data;
independently provided information;

internationally agreed data.

References [20], [21] and [22]).

There are some usable databases as officially agreed (approved) GHG emission coefficients (see

NOTE 2 ___GHG emission coefficients for each fuel type could be the same as those used under national reporting
for flexible mechanisms for the Kyoto Protocol for the six major greenhouse gases.

NOTE 3  Because some officially agreed (approved) GHG emission coefficients are based omdefault emissions,
they may not necessarily reflect the specific types of fuel combustion and emissions control technolqdgies at each
building.

NOTE4  Additional geographically or technologically specific GHG emission factors could resplt in more
accyrate calculations and can be used as long as they are credible and as long as the sources are documented and
reported.

NOTES5  For certain sources, GHG emissions could be calculated in diffeérent ways to accommodatd differences

in the type of GHG activity data available to individual reporting offices.or to help ensure that the

are

For
rec

appropriate to the fuel that is being consumed and theitechnology used for the energy carrieg

NOTI
som

5.3

Thd
whg

Wh

hs accurate as possible.

mmended that the source of the GHG emission coefficient(s) be the internationally agre

E6  This document includes the principle of aveidance of double-counting. This is considered ¢

the process which used the electricity (ox used an equivalent amount of electricity of the same
generated) and another process did not¢laim the generator-specific emission factors for that ele

the generator-specific electricity production does not influence the emission factors of any othe
organization.

some electricity attributes such as green certificates are sold without direct coupling to the elec
In some countries, parts ef the electricity from renewable energy sources might already be sold
renewable electricity without being excluded from the supplied mix.

5.2 Treatmentof delivered energy

GHG emission coefficients associated with the use of delivered energy shall take in
re relevant, GHG emissions arising from the energy supply system.

bn Asupplier of energy delivers a specific energy product with a specific GHG emission

ralculations

international carbon trading mechanisms (such as:the Clean Development Mechanism), it is

ed sources
I.

especially in

e situations where supplier/generator-specific €mission factors for electricity are used. For exanpple, where

type to that
Ctricity; and

" process or

ricity itself.
exported as

0 account,

coefficient

and|

guarantees that the energy sale and the associated GHG emissions are not double countg

d, the GHG

emission coefficient for that specific energy product shall be used. When the supplier of energy does not
provide a specific GHG emission coefficient for the specific energy product delivered, the GHG emission
coefficient associated with the utility (e.g. the national grid for electricity) shall be used.

Where a country does not have a national supply system but has several unconnected supply systems
or several countries share a supply system, the GHG emission coefficient(s) associated with the relevant
system from which the energy is obtained shall be used.

Where the GHG emission coefficient(s) for the energy supply system are difficult to access, GHG emission
coefficients for similar energy supply systems, from recognized databases, may be used.
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5.3.5.3 Treatment of on-site energy

When energy is internally produced (e.g. on-site generated electricity) and consumed by the building

under study, the GHG emission coefficient for that energy shall be used for that building.

6 Reporting and communication of the carbon metric

6.1 General

The carbo
benchmarking, public information, property evaluation, policy information asset evaluation, etg,
Annex A fof further information).

In order tg use and apply the carbon metric appropriately, the reporting of the carbon’metric s

rnal
see

hall

include information necessary to describe the building and give sufficient informiation to allow

traceability and transparency of the measurement.
This information shall include, but not be limited to, the items in 6.2 and 6.3.
The treatnjent of energy shall be documented in the carbon metric study repaort.

NOTE This document does not set benchmarks. However, it is recognizéd that the carbon metric coul
used for thig purpose and further information in this respect is given in Anfiex'A.

6.2 Reporting of the carbon metric

6.2.1 Mdndatory requirements

The carbon metric study report shall include the following:

a) building identification (name of building(s), physical address);

b) type of the carbon metric (e.g. CM1, CM2,0r CM3);

c) value ¢f the carbon metric(s);

d) value($) of the carbon intensit§(ies) determined;

e) purpose of the reporting;

f) reporting period, 12€onSecutive months, mm/yyyy-mm/yyyy (e.g. 07/2013-06/2014)

g) whethpr the carben metric has been normalized to average annualized conditions such as 1
climate (if yespinclude the method used to normalize the carbon metric for average conditions)

h) date of theevaluation;

 be

pcal

i) name of the organization or individual doing evaluation (self-measurement or third party);
j) client of the evaluation;
k) description/illustration of the system boundary;

1) list of energy end use included in the carbon metric in relation to the type of CM;

m) whether delivered energy end uses (e.g. heating, lighting, cooling, etc.) are measured or estimated

(see Tables 1 to 3);

n) inventory of energy carriers (see Table 4 and 5);

0) source of GHG emission coefficient (publication, organization, year of the coefficient measured)

)
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p) year of construction of building (for each building of a complex);

q)

ISO 16745-1:2017(E)

year of latest major renovation affecting energy use (e.g. change of HVAC, change of building

envelope);

r) year of any (latest) change in use;

s)
t)

Th
eq

Both the type and the quantity of the energy carrier (e.g. oil, coal, ,natural gas, electricity, bio
1 be presented according to the actual delivered energy andjexported energy, such as 1 1
], 1 kWh (electricity).

sha
gas,

Units of energy carriers for reporting may be chosen‘hationally, depending on the pury

ivalent:

total site area;

location (country and climate).

building type and use, including multi-use building;

floor area (gross, net lettable, conditioned, occupied) for each use;

number of floors (above ground, underground);

occupancy [number of persons {on a Full Time Equivalent (FTE) basis for commercial

operation schedule].

carbon metric.

Table 1 — List of energy end usé¢’included in the carbon metric for CM1

functional

buildings},

mass fuels)
n3 (natural

ose of the

Energy consumption-related Presentin |Includedin| Separately |Measured or| Energy
building service the building2| the CMb meteredc | estimatedd | carrier if
knowne
1 Building- Space heating
2 related Space cooling
energy use .
3 Air movement
4 Domestic hot water
5 Lighting for basic
buildihg function (fixed

lighting, etc.)

6 Auxiliary energy
(e.g. for heat pumps)
7 Indoor transportation
8 Building auxiliary
devices

a  Use “P” to indicate if building services are present in the building.
b Use “I” to indicate if the energy end use for the building service is included in the carbon metric.
¢ Use “X”to indicate if energy end use for the building service is separately metered.
d  Use “M” or “E” to indicate if delivered energy end use is based on either measurement or estimation.
e  Report may indicate the energy carrier for each energy end use, if known.
© IS0 2017 - All rights reserved 15
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Table 2 — List of energy end use included in the carbon metric for CM2

Energy consumption-related | Presentin |Includedin| Separately | Measured or Energy
building service the buildinga| the CMb metered¢ estimatedd | carrier if
knowne
1 Building- Space heating
2 related Space cooling
energy use -
3 Air movement
4 Domestic hot water
5 I ighﬁng for basic
building function
(fixed lighting, etc.)
6 Auxiliary energy
(e.g. for heat
pumps)
7 Indoor transpor-
tation
8 Building auxiliary
devices
9 Plug-in supple-
mentary lighting
10 Household/office
appliances
User- PP
11 reldted Refrigerator
12 energy use | Devices in data
(Examples) centre
13 Other specific
functional devices
4 | |
a  Use “P” to indicate if building services are presentin the building.
b Use “I” tp indicate if the energy end use for the building service is included in the carbon metric.
¢ Use “X”toindicate if energy end use foptheébuilding service is separately metered.
d  Use “M”lor “E” to indicate if delivered energy end use is based on either measurement or estimation.
e  Reportinay indicate the energy-carrier for each energy end use, if known.
16 © IS0 2017 - All rights reserved
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Table 3 — List of energy end use included in the carbon metric for CM3

TTble 4 — Inventory of energy carriers and calculation of the carbon metric for CM1

Energy consumption-related | Presentin |Includedin| Separately | Measured or| Energy
building service the buildinga| the CMb metered¢ estimatedd | carrier if
knowne
1 Building- Space heating
2 related Space cooling
energy use -
3 Air movement
4 Domestic hot water
5 I ighfing for basic
building function
(fixed lighting, etc.)
6 Auxiliary energy
(e.g. for heat pumps)
7 Indoor transporta-
tion
8 Building auxiliary
devices
9 Plug-in supplemen-
tary lighting
Household/office
10 .
User- appliances
11 related Refrigerator
energy use —
12 (Exam- Devices in data
ples) centre
13 Other specific
functional devices
. N
Other < speci-
15 Other fied > sources of
building- GHG
1¢[ | refated
sources
S/ [
a |Use “P” to indicate if building services are present in the building.
b [Use “I” to indicate if the.énergy end use for the building service is included in the carbon metric.
¢ |Use “X” to indicate‘ifenergy end use for the building service is separately metered.
d |Use “M” or “E”to indicate if delivered energy end use is based on either measurement or estimation.
e |Report mayindicate the energy carrier for each energy end use, if known.
and CM2

Energy carrier C1|Energy carrier C2 C
1 Energy delivered Edel,c1 Edel,c2
GHG emission coef-
2 ficient for delivered Kdel,c1 Kdel,c2
energy
Mass of GHG emis-
3 sions (as kg COz m m Ml o
equivalent) for deliv- del,cl del.c2 N1Mdelci
ered energy

NOTE 2 The energy carrier type is identified based on the GHG coefficient.

NOTE 1 The quantity of energy carrier can be described “N/A” in case where its GHG emission coefficient is zero.

© IS0 2017 - All rights reserved
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Table 4 (continued)
Energy carrier C1|Energy carrier C2| .. C
Energy generated _ _
4 and used on-site Esite,c1 Esite,c2
GHG emission co-
efficient for energy
5 produced and used Ksite,c1 Ksite,c2
on-site
Mass of GHG emission
(as ke-EO0sequivalent)
6 fof energy produced Msite,cl Msite,c2 NMsite,ci
4nd used on-site
Total
7 (Cqrbon metric 1/2) mCOzeci
NOTE 1 Th¢ quantity of energy carrier can be described “N/A” in case where its GHG emission coefficientis zero.
NOTE 2 Th¢ energy carrier type is identified based on the GHG coefficient.

Table 5 — Inventory of energy carriers and calculation of the carboh metric for CM3

Energy carrier | Energy carrier Refrigerant C
c1 c2 K1
Mass of GHG
1 emissions (as kg m m Mael o
COL equivalent) for del,cl del,c2 NiMdelci
delivered energy
Mass of GHG emis-
gion (as kg CO2
2 equivalent) for en- Msite,c1 Msiterc2 NMsite,ci
ergy produced and
used on-site
3 Ehergy exported Eexp,c1 Eexp,c2
GHG emission coef-
4 ficlent for exported K dexycy K dexp,c2

energy

Weighted mass of
5 GHG emission for Mlexp,cl MOlexp c2 NMexp,ci

ekported energy
6 Refrigerant F1

(lobal Warming
7 Potential of GHG Warg

Weighted mass of
8 GHGemission from Mer1 nmy

I Clcl isc1 aut

9 Total MCOsen

(Carbon metric 3)

NOTE Information described in Table 4 is also included in CM3.

6.2.2 Additional information

The report should indicate the following information, where relevant:

a) owner’s name and contact information;

b) category of industry the building serves (in case of non-residential use);

c) detailed inventory of appliances;

18 © IS0 2017 - All rights reserved
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d)
e)
f)

6.3

ISO 16745-1:2017(E)

point of time of last change of tenant;
technical information depending on the purpose of measurement;

exported energy including the related greenhouse gas emissions.

Communication of the carbon metric

6.3.1 Type of communication

(sed

NOT
that
an i
bety
they

6.3
Ac
ind

Ass
or i
ava

Figure 5):
a carbon metric declaration;

a carbon metric claim.

is deliberately placed in the public domain or intended to be available to consumers, for instar

veen businesses or posted on a restricted access Internet site are not ¢lassified as publicly avai
subsequently enter the public domain through the unforeseen actions-of a third party.

1.1 Carbon metric declaration

hrbon metric declaration is the communication of«a ’‘carbon metric that has been ver
ppendent third party in accordance with ISO 1674522.

Lumptions made to create the declaration shallbe included in the documentation of the of
hdividual determining the carbon metric, which shall be referenced in the declaration
lable upon request.

© IS0 2017 - All rights reserved
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There-are

E In relation to a carbon metric communication, the term “publicly available” means a conjmunication

ce, through

htentional publication or through an open Internet site. Communications-which are, for instance, exchanged

able even if

fied by an

ganization
and made
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CM quantification
(Clause 5)

v

CM study report
(6.2)

No further
requirement

Communica-
tion ?

No further
requirement

Publicly
available ?

Independent
verification?

CM claim
(6.3.1.2)

Yes

CM declaration CM disclosure report
(6.3.1.1) (6.3.4)

Figure 5~ Communication flow of carbon metric

6.3.1.2 (arbon metric/claim

A carbon etric claini~is the communication of a carbon metric that has not been verified by an
independent third party.

n of
1.4).

Assumptions made to create the claim shall be included in the documentation of the organization or
individual determining the carbon metric, which shall be referenced in the claim and made available
upon request.

6.3.2 Provision of information

For the purpose of communication, information included in the carbon metric study report may be
condensed and presented in tabular, graphical, or other format.

For any form of communication, it shall include the following:

a) value(s) of the carbon metric(s);

20 © IS0 2017 - All rights reserved
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value(s) of the carbon intensity(ies) determined;

purpose of the communication;

type(s) of the carbon metric (e.g. CM1, CM2, or CM3);

measurement period and date of the evaluation;

name of the company or individual doing evaluation (self-measurement or third party);

list of energy end use included in the carbon metric in relation to the type of CM;

In addition, the following building-related information shall be included, where relevant:

a)
b)
‘)
d)
e)

f)
6.3

Wh
con

6.3

6.3

Car
sha

The
and
carl

whether the allocations are measured or estimated (see Table 1);
source of GHG emission coefficient (publication, organization, year of the coefficientme

building type and use including multi-use building.

building identification [name of building(s), physical address];
floor area (gross, net lettable, conditioned, occupied) for each use;
occupancy (number of persons, operation schedule);

year of construction of building (for each building of a:complex);

year of latest major renovation affecting energy, use (e.g. change of HVAC, change
envelope);

year of change in use.

3 Availability of information

bn carbon metric declarations are\inade, they shall be made available to any party with |
sumer interest who requests the'information.

4  Carbon metric disclosure report

4.1 General

bon metric claimthat is disclosed to the public and supported by a carbon metric disclof
I not imply. that the communication is verified by a third party.

results)data, methods, assumptions, and limitations shall be published in a transpare
presented in sufficient detail to allow the reader to comprehend the complexities inhe
bon. metric. The carbon metric disclosure report shall also allow the results and interpret

isured);

bf building

pusiness or

ure report

nt manner
rent in the
ation to be

IBaxaannar concictant aath o goale Af b n co sy b s d ot aeao i ol Ao

useé

6.3

Cr IIT o IO T T COTISTSTCTTC vy Itl T e s 0ot O ot CaT OO e e e O CeCT i ira croTr:

4.2 Requirements for the carbon metric disclosure report

The carbon metric disclosure report shall contain the carbon metric study report and the following
information:

a)
b)

a disclaimer stating the relevant limitations of various potential uses;

disclosure and justification of the methods used.
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6.3.5 Explanatory material

The organization making the declaration or the claim shall provide, upon request, available explanatory
material to facilitate understanding of the data in the declaration or the claim, e.g. a carbon metric
disclosure report. Means of obtaining the explanatory material shall be clearly stated. This may be a
telephone number, address, or electronic access (e.g. email, URL).
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Annex A
(informative)

Aim of carbon metric

A carbon metric aims to ensure comparability and consistency in global reporting of measurement of

re nhaoanca agnc amiccinnce accnciatad vith cctivitine ralatad o +tbha nea ~fFholdinac
PR OHSe-Ea5- e SSIoRSa55ocate e Witnaethvite S Ferate ato-+te-uSe-e+BtaREsS:

A carbon metric is calculated by a common protocol and ensures that data are collected through the
sanje method and parameters.

With detailed analysis, a carbon metric of a building can be used for the following:

— |benchmarking, by provision of a consistent reporting framework for botlrindustry and government
that work in a local and international context;

— |baselining, by supporting consistent reporting of operationa] sarbon footprints frorI)buildings
to enable comparisons of buildings across cities and countries and provide a basis for funding
allocations and international agreements;

— |monetizing, by provision of a consistent measurement<basis for monetization of carbon trading

measures for the building and construction sector, which will in turn stimulate market|activity by
incentivising energy efficiency.
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Annex B
(informative)

Building energy use defined by usage by ISO 12655

B.1 Cla sification of building enerovuse hvusage
. S e gy-usesy-usdage

ITCatIUr U o airarity TICTT

According [to the energy usage in buildings, as shown in Figure 1, the total building energy use is
classified gs follows:

— energy for HVAC and domestic hot water, including energy for space heating, energy for space
cooling, energy for air movement, and energy for domestic hot water;

— energy for lighting and plug-in, including energy for lighting and energy for household/offfice
appliances;

— energy for other ultimate usage, including energy for indoor transportation and energy for building
auxiliqry devices;

— energy for other special usage, including energy for cooking, energy for cooling storage, energy for
devicep in data centre, and energy for other specific functignal devices.

See Figure|B.1.

Space heating

HVAC and Space cooling

domestic hot water

Domestic hot water

Air movement

Lighting

IIII[

—I Lighting and plug-in

Total building Household/office appliances

energy use

Indoor transportation

\—I Other ultimate usage

Building auxiliary devices

Cooking

Cooling storage

—I Other special usage I—

Devices in data center

Other specific functional devices

i

Figure B.1 — Usage of energy in buildings

B.2 Energy for space heating

The energy used to provide heat (including humidification) for space heating of the building is energy
for space heating.
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B.3 Energy for space cooling

The energy used to provide cold (including dehumidification) for space cooling of the building is energy
for space cooling.

B.4 Energy for air movement

The energy used by the mechanical ventilation fans for building ventilation and air circulation is energy
for air movement. It includes electricity consumed by fans inside air handling devices (air handling unit,
outdoor air processor, fan coil unit, etc.), exhaust fans in toilet, ventilation fans in the garage, and other

ventilated spaces.

B.5
Thd

domestic hot water.

B.6

The
ene
con

B.7
The

fou

B.§

Thd
pas

B.9
The

water supply andldrainage and automatic door, is energy for building auxiliary devices.

B.10 Energy for cooking

Thd

Energy for domestic hot water

energy used to produce and transport hot water for building domestic water’service is

Energy for lighting
energy used by the lamp(s), control gear, and control circgit'in or associated with lu
gy for lighting. It includes the indoor lighting and exterigr)lighting. The indoor lighting
posed of lighting for public space and private space.
Energy for household/office appliances
energy used by the household and office appliances, such as personal computers, printer]
ntains, and TVs, is energy for household/office appliances.
Energy for indoor transportation
energy used by the indoor transportation devices in buildings, such as lifts, esca
senger conveyors, is energyfer indoor transportation.
Energy for building auxiliary devices

energy used by-all kinds of the building auxiliary devices that serve the building, such ag

energy for

ninaries is
b is usually

s, drinking

ators, and

pumps for

ériergy used for cooking inside a building is energy for cooking. It includes the fuel and

electricity

consumed by cooking utensils and exhaust fans in the kitchen.

NOTE The energy used by the exhaust fans in the kitchen does not belong to the item of en
movement.

B.11 Energy for cooling storage

The energy used by the refrigeration devices for storage is energy for cooling storage.

© IS0 2017 - All rights reserved
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B.12 Energy for devices in data centre

The energy used by the devices in data centres inside the building, including servers and ancillary air-
conditioning, is energy for devices in data centre.

B.13 Energy for other specific functional devices

The energy used by other specific functional devices, such as medical equipment, laundry equipment,
and auxiliary devices of swimming pool, is energy for other specific functional devices.
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Annex C
(informative)

Types of factors or coefficients by ISO 16346

General
=enera:

The
givd
defi

NOT

In 3
dep
in 4
the

C.2

The
(din
use

C3

Ife
ope]
oth

The
cha
reld
exp|

aggregation uses factors and coefficients determined at a national level according t
n below. Values for factors needed to calculate the primary energy and/or CO; emisSion

ned in a national annex.
E ISO 16346:2013, 6.4.2 provides factors that can be used if no national valuesare given.

multi-plant generation system (e.g. electricity, district heating), the.weighting factor :
ends on which generation plants operate continuously and which-plants are affected b

b the rules
5 should be

t any time
y a change

nergy demand. A distinction between average, marginal, and end-use factors or coefficients may

‘efore be appropriate for the aggregation.

Average factor or coefficient

average factor or coefficient reflects the annuabaverage impact of all plants deliver
ectly or indirectly) to the building. It is calculatéd by estimating the total impact (prim
CO3 production) during a year and divided by:the total energy delivered.

Marginal factor or coefficient

hergy use or production is redueéd-(or increased), not all power stations are affected ¢
ration of “base load” stations is‘unchanged. A decrease in demand is met by reduced o
er plants. Exported energy byra building reduces the need of a new plant.

marginal factor or coefficient takes into account only production units that are affect]

hges in energy demdng: or production. For example, the marginal new plant factor or
tes to a new plant-bhat should be built if the energy demand increases or that is sa
prted electricity-produced on the building sites.

C.

Different\building services produce demands at different times — lighting, heating, air-co
for pxample, each having very different demand patterns — and this might justify the use

End use factor or coefficient

ing energy
ary energy

qually: the
peration of

ed by such
coefficient
ved due to

Inditioning,
of specific

dentand-weigihted factors for different end-uses.

C.5

Use of environmental declaration

The environmental declaration, as defined in ISO 14025, is based on the life cycle assessment
methodology (LCA). Information about use of energy resource and CO; can be used as a basis to express

the

useful indicator related to primary energy or CO3.
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Annex D
(informative)

Allocation of emissions related to target energy in combined heat
and power generation by VDI 4660 Part 2

NOTE he content of this annex was primarily derived from VDI 4660 Part 2 (2003).

D.1 Allgcation of the produced emissions to the cogeneration products

For combimed generation of heat and power (or even more cogeneration products) jinthe same plant,
there is alyays the problem of how to allocate the produced emissions to the cogeneration productg.

a) Heatahd/or power supplied from cogeneration system outside the boundafty)(Figure D.1).
— Supplied to outside the boundary:

Fm————————————— -
Fu¢l input C " POW;{]\;BtPUt : [I Emission coeffici &t—COz/M]) I
wWMm)) ongeneration (5 R4 building
outside the . =
boundary Heat output = I boundary
QM) : \I Emission‘cefficient e, (t-CO2/MJ) | |

L Suppliedito outside the boundary

Figure D.1 — Cogeneration system outside the boundary

b) Heat and/or power produced by cogeneration system inside and part of them supplied to outfide

(Figurg D.2).
______________ -
Buildirg | Consumed inside the boundaty <€— |
boundary | | In consideration
I - POW;EI\ZBtput I [I Emission coefficient g, (t-CO2/M]) I of partially
Fuel input l Congeperatlon o> supplied powpr
W(M]% | outside@hyp m e—> and/or heat t
| boundary eat (])vllltput l KI Emission coefficient g, (t-CO2/M]) I the outside of
| QM) | the boundary
deduction of €O,
L Gubuhed inside theboundary «—_ | s roquied.

Figure’D.2 — Cogeneration system inside and part supplied to outside the boundary

D.2 Methods of allocation in VDI 4660 Part 2 (2003)

In the literature, various methods of allocating specific emissions are suggested, all of which must
satisfy the energy balance equation. VDI 4660 Part 2 introduces various methods:

D.2.1 Balance

Formula (D.1) applies for the allocation of the emissions E of exhaust components to the different types
of target outputs (P: power, Q: heat) from combined heat and power (CHP) generation:

E=P-gp+Q-gq (D.1)
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where
P (M]) is the target power output(1 M] = 1/3.6 kWh);
Q (M) is the target heat output;
W (M]) is the input fuel for CHP;
E (t-CO2) is the emission flow rate;

gp (t-CO2/M])

is the emission coefficient of the exhaust component for target power output (P);

The
allo
of t
use
deg

gq (t-CO2/M]J) is the emission coefficient of the exhaust component for the target heat

cation described in D.2.2 to D.2.4 can be applied regardless of the conversion technolog
he considered comparison of separate generation as against cogenerationofithe same fl
ful energy. The methods of allocation described in D.2.5 to D.2.7, on the gther hand, requ

primary fuels used for CHP and for separate generation of heat and power'therefore affect t

D.2

In ¢
the

D.2

The
red
the

For

NOT

D.2
The

.2 Method 1: Energy (calorific value) method

he energy method, the specific emissions are allocated to-the cogeneration products a
energy of the different types of target energy, as shown.in Formula (D.2):

ep=€q=E/(P+Q)

.3 Method 2: Electricity reduction (power loss) method

electricity reduction method takesxinto account the electric output and the elec
iction AP due to heat extraction. Thetlatter represents the electric output that could be
extraction steam expands completely in a corresponding condensing turbine.

the emission coefficients, Formulae (D.3) and (D.4) then apply:

ep=E /(P +AP)
eq=E/Q- (AP /(PPAP) =g, (AP / Q)

E In Europe, the “electricity reduction method” is sometimes referred to as the “power loss

.4 Method 3: Exergy (carnot) method

output (Q).

emission coefficients can be determined using the methods described below. The methods of

y used and
bw rates of
re varying

rees of detailed knowledge of the separate generation technology used for comparison. Different

e results.

cording to

(D.2)

fric power
obtained if

(D.3)

(D.4)

method”.

éxergy method takes into account the electric output and the exergy of heat.

The exergy flow rate (Exp) of the electric output is shown as Formula (D.5):

Exp=P

(D.5)

Formulae (D.6) and (D.7) apply with respect to the exergy flow rate transferred to the heat-utilization

system (heating medium):

Exq=nc-Q
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nc=1-

(Tamb/Tm), Carnot factor at ambient temperature Tamp

(D.7)

If the specific heat capacity of the heating medium remains constant and if pressure drops are
neglected, the thermodynamic mean temperature, Ty, [K], between the supply and return lines is given
in Formula (D.8):

Tm = (Tsupply - Treturn) / lrl(Tsupply/Treturn) (D-8)
For small AT, arithmetic mean temperature may also be used as shown in Formula (D.9):

Tm = (1 supply T Treturn) / 2 (P-9)
Thus, Formulae (D.10) and (D.11) apply for the emissions factors:

ep=E/P*Exp / (Exp +Exq) =E /(P +n¢-Q) (D110)

eq=E/R*Exq/ (Exp+Exq) =nc E /(P +1c Q) =nec- &p (D{11)
NOTE In Europe, the “exergy method” is sometimes referred to as the “Carnet'method”.
D.2.5 Magthod 4: Exergy loss method
In the exergy loss method, the primary energy saved by employing CHP generation is calculated from
the differept exergy losses between separate generation and go-generation.
As a result] the primary energy saved via CHP can be assighed to the two cogeneration products, pnd

the specifi

This analy
parameter
supplied fq
heat sink.

D.2.6 Meé

Similar to {
a certain s
the other 4
the net eclg
specific en
generated
therefore,

" emissions can be allocated accordingly.

sis requires detailed information conCérning the parameters of the CHP plant and

r the generation of live steam, of\the extracted heat, and of the waste heat removed to

thod 5: Exergy remainder value (residual) method

he allocation of costs tp-the products of cogeneration, the remainder value method alloc
becific emission to‘gne of the two types of target energy, and the remainder is attribute
arget energy. In‘€HP plants, it appears opportune to attribute those specific emission g
bctic energy produced which are calculated from the national power plant mix. Alternatiy

separatély)using the same fuel in a district heating plant or boiler, for example. There
lifferent possible ways to allocate the emissions:

the

5 of the processes for comparison, eJg. the thermodynamic mean temperatures of the lpeat

the

htes
d to
b to
rely,

nissions gqean be attributed to the co-generated heat, which are calculated from heat

are,

a) given ¢

p:

It follows from balance formula (E=P - gp + Q * gq) that

qu(E‘P'Sp)/QF
NOTE1 InEurope,itis known as the “residual heat method” or “power bonus method”.
b) given gq:

It follows from balance formula (E =P - g, + Q - £q) that

ep=(E

30

-Q-gq) /P

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=82f93d854cc6ce6b8afdb080081b0dac

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Principles
	4.1 General
	4.2 Completeness
	4.3 Consistency
	4.4 Relevance
	4.5 Coherence
	4.6 Accuracy
	4.7 Transparency
	4.8 Avoidance of double counting
	5 Protocol of measuring the carbon metric of a building in the use stage
	5.1 System boundary
	5.1.1 Types of carbon metrics of a building
	5.1.2 System boundary for the carbon metrics of a building
	5.2 Carbon metric and carbon intensity
	5.3 Calculation of GHG emissions
	5.3.1 GHG emissions associated with energy use of a building
	5.3.2 Measurement of energy carrier
	5.3.3 Exported energy
	5.3.4 Energy usage
	5.3.5 GHG emission coefficients
	6 Reporting and communication of the carbon metric
	6.1 General
	6.2 Reporting of the carbon metric
	6.2.1 Mandatory requirements
	6.2.2 Additional information
	6.3 Communication of the carbon metric
	6.3.1 Type of communication
	6.3.2 Provision of information
	6.3.3 Availability of information
	6.3.4 Carbon metric disclosure report
	6.3.5 Explanatory material
	Annex A (informative)  Aim of carbon metric
	Annex B (informative)  Building energy use defined by usage by ISO 12655
	Annex C (informative)  Types of factors or coefficients by ISO 16346
	Annex D (informative)  Allocation of emissions related to target energy in combined heat and power generation by VDI 4660 Part 2
	Annex E (informative)  Status of ISO 16745 and other documents and concepts related to the description and assessment of greenhouse gas emissions caused by buildings
	Bibliography

