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Foreword

[SO (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.
[SO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

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

For an explanation on the meaning of ISO specific terms and expressions related to conformity
assessment, as well as information about ISO’s adherence to the WTO principles in the Technical Barriers

to Trade (TBT) see the following URL: Foreword - Supplementary information

The committee responsible for this document is ISO/TC 59, Buildings and civil engineering works,
Subcommittee SC 17, Sustainability in buildings and civil engineering works.
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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 for
enabling significant and cost-effective GHG mitigation. Currently, there has not been a globally agreed
method established to measure, report, and verify potential reductions of GHG emissions from existing
buildings in a consistentand comparable way. If such a method existed, it could be used as auniversal tool
for measurement and reporting of GHG emissions, providing the foundation for accurate performance
baselines of buildings to be drawn, national targets to be set, and carbon trading to occur on a level
playing field.

In principle, accurate and precise reporting can only be achieved if GHG emissions (and removals) from
all life cycle stages of buildings are measured and/or quantified. However, not all countries in the world
have sufficient capacity or resources to use and apply life cycle assessment (LCA) methodologies.

Respecting the need for collaboration on a global scale, the need exists for ametric thatis usable not only
in countries with sufficient number of experts and a precise database, but also in those countries where
experts’ services are limited and databases have considerable gaps. For instance, with the potential for
global scale carbon trading within building-related sectors, a method that is consistently usable in both
the well-developed and developing world is needed.

Operational energy use in buildings typically accounts for 70 %-80 % of energy use over the building
life cycle. Therefore, the operating stage of the building’s life cycle is the focus of measurement and
reporting of direct and indirect GHG emissions.

This International Standard aims to set out a globally applicable common method of measuring and
reporting of associated GHG emissions (and removals) attributable to existing buildings, by providing
requirements for the determining and reporting of a carbon metric(s) of a building.

The carbon metric is a measure (a partial carbon footprint) that is based on energy use data and
related building information for an existing building in operation. It provides information related to
the calculation of GHG emissions and can be used as an environmental indicator. Using this approach,
the metric and its protocol can be applied by all stakeholders in both developing and well-developed
countries, where building energy consumption and other relevant data can be retrieved or collected,
making it useful and globally transferable.

This International Standard aims to be practical for many stakeholders (i.e. not only for the building
profession), who are expected to use the carbon metric of a building as reference for decision making in
their business activities, governmental policies, and as a baseline for benchmarking.

The simplicity of approach provides applicability at all scales, ranging from cities and building portfolios
to individual buildings.

© ISO 2015 - All rights reserved
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Environmental performance of buildings — Carbon metric
of a building — Use stage

1 Scope

This International Standard provides requirements for determining and reporting a carbon metric of an
existing building, associated with the operation of the building. It sets out methods for the calculation,
reporting, communication, and verification of a set of carbon metrics for GHG emissions arising from the
measured energy use during the operation of an existing building, the measured user-related energy
use, and other relevant GHG emissions and removals. These carbon metrics are separated into three
measures designated CM1, CM2, and CM3 (see 5.1.1).

This International Standard follows the principles set out in ISO 15392 and those described in Clause 4.
Where deviations from the principles in ISO 15392 occur, or where more specific principles are stated,
this International Standard takes precedence.

The carbon metrics CM1 and CM2 are not quantified based on life cycle assessment (LCA) methodology.
Carbon metric CM3 may include partial quantification based on the results of LCA.

This International Standard does not include any method of modelling of the operational energy use of the
building but follows the conventions provided by other International Standards, as given in relevant clauses.

This International Standard is not an assessment method for evaluating the overall environmental
performance of a building or a building-rating tool and does not include value-based interpretation of
the carbon metric(s) through weightings or benchmarking.

This International Standard deals with the application of the carbon metric(s) for an existing building,
either residential or commercial, or a building complex. It does not include provisions for regional and/or
national building stock.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

[SO 6707-1:2014, Buildings and civil engineering works — Vocabulary — Part 1: General terms
[SO 12655, Energy performance of buildings — Presentation of measured energy use of buildings
[SO 14050, Environmental management — Vocabulary

[SO 15392, Sustainability in building construction — General principles

[SO/TR 16344:2012, Energy performance of buildings — Common terms, definitions and symbols for the
overall energy performance rating and certification _

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 6707-1, ISO 12655, 1SO 14050,

[SO 15392, ISO/TR 16344, and the following apply. Where differences or conflicts occur, the definitions
given below shall take precedence.

NOTE Anumber ofterms and definitions from these other sources have beenrepeated below, for ease of reference.
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3.1

building services

services provided by technical building systems (3.19) and by appliances (ISO 6707-1:2014, 5.4.7) to
provide indoor climate conditions, domestic hot water, illumination levels, and other services related to
the use of the building (1SO 6707-1:2014, 3.1.3)

[SOURCE: ISO/TR 16344:2012, 2.1.10]

3.2
carbon intensity

carbon metric (3.3) expressed in relation to a specific reference unit related to the function
(ISO 15686-10:2010, 3.10) of the building (1SO 6707-1:2014, 3.1.3)

Note 1 to entry: Examples of reference units may include per unit area, per person, per Kilobyte, per unit
output, and per GDP.

3.3
carbon metric

sum of annual greenhouse gas emissions (ISO 14064-1:2006, 2.5) and removals (ISO 14064-1:2006,
2.6), expressed as COy equivalents (1SO 14064-1:2006, 2.19), associated with the use stage of a building
(ISO 6707-1:2014, 3.1.3)

3.4
cooling
removal of latent and/or sensible heat

|ISOURCE: 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 (ISO 6707-1:2014, 5.4.7), etc.], or to produce electricity

Note 1 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 by deleting the Note 1 related to active solar and wind
energy systems.]

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|

%

energy carrier

substance or phenomenon that can be used to produce mechanical work or heat (ISO 16818:2008, 3.117)
or to operate chemical or physical processes

Note 1 to entry: The energy content (1SO 13602-2:2006, 3.1) of fuels (3.10) is given by their gross calorific value
(ISO/TR 16344:2012, 2.1.78).

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

3.8

energy source

source from which useful energy (3.6) can be extracted or recovered either directly or by means of a
conversion or transformation process

Note 1 to entry: Examples include oil or gas fields, coal mines, sun, forests, etc.
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|ISOURCE: ISO/TR 16344:2012, 2.1.62]

3.9

exported energy

energy (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), photovoltaic (PV]]
in order to apply different weighting factors.

|ISOURCE: ISO/TR 16344:2012, 2.1.72]

3.10
fuel
material that can be used to produce heat (1SO 16818:2008, 3.117) or generate power by combustion

[SOURCE: ISO/TR 16344:2012, 2.1.74]

3.11

functional equivalent

quantified functional requirements and/or technical requirements for a building (1SO 6707-1:2014,
3.1.3) or part thereof for use as a reference basis for comparison

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

3.12

greenhouse gas emission coefficient

coefficient that describes the amount of a specific greenhouse gas (1SO 14064-1:2006, 2.1) that is released
from doing a certain activity, such as burning one tonne of fuel (3.10) in a furnace

Note 1 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).

Note 2 to entry: Greenhouse gas emission coefficients can differ by year.

3.13

greenhouse gas reservoir

physical unit or component of the biosphere, geosphere, or hydrosphere with the capability to store or
accumulate a GHG (1SO 14064-1:2006, 2.1) removed from the atmosphere by a greenhouse gas sink (3.14)
or a GHG captured from a greenhouse gas source (3.15)

Note 1 to entry: The total mass of carbon contained in a GHG reservoir at a specified point in time could be
referred to as the carbon stock of the reservoir.

Note 2 to entry: A GHG reservoir can transfer greenhouse gases to another GHG reservoir.

Note 3 to entry: The collection of a GHG from a GHG source before it enters the atmosphere and storage of the
collected GHG 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 (1SO 14064-1:2006, 2.1) from the atmosphere

|ISOURCE: ISO 14064-1:2006, 2.3]

3.15

greenhouse gas source
physical unit or process that releases a GHG (1SO 14064-1:2006, 2.1) into the atmosphere

[SOURCE: ISO 14064-1:2006, 2.2]
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3.16

gross floor area

sum of the floor areas of the conditioned spaces (ISO 16818:2008, 3.38) within the building
(ISO 6707-1:2014, 3.1.3), 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: 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]

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 added and the
examples and explanatory note were removed.]

3.18

system boundary

boundary that includes within it all areas associated with a building (1SO 6707-1:2014, 3.1.3) (both inside
and outside the building) where energy (3.6) is consumed or produced

Note 1 to entry: Inside the system boundary, the system losses are taken into account explicitly, while outside the
system boundary, they are taken into account in the conversion factor.

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

3.19

technical building system

technical equipment for heating, cooling (3.4), ventilation (3.20), domestic hot water, lighting, and
electricity production

Note 1 to entry: A technical building system can refer to one or to several building services (3.1) [e.g. heating
system, heating, and domestic hot water system (1SO 6707-1:2014, 5.4.48)].

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

Note 3 to entry: Electricity production can include cogeneration (ISO/TR 16344:2012, 2.1.20) and photovoltaic
(PV) systems.

|[SOURCE: ISO/TR 16344:2012, 2.1.146]

3.20

ventilation

process of supplying or removing 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 space

[SOURCE: ISO 16818:2008, 3.242]

3.21

verifier

party who makes sure or demonstrates that the process of measurement of a carbon metric (3.3) is true,
accurate, and justified

© ISO 2015 - All rights reserved
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4 Principles

4.1 General

The application of the following principles is fundamental to ensuring that GHG-related information
presented through the carbon metric represents a true and fair measure. These principles provide
the basis for the application of the requirements in this International Standard 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).

4.4 Relevance

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 Accuracy

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

4.7 Transparency

Address and document all relevant issues in an open, comprehensive, and understandable presentation
of information.

Disclose any relevant assumptions and make appropriate references to the methodologies and data
sources used. Clearly explain any estimates and avoid bias so that the carbon metric faithfully represents
what it purports to represent.

Ensure that the carbon metric communication is available to the intended audience and its intended
meaning is presented in a way that is clear, meaningful, and understandable. Include information on
the functional equivalent, data assumptions, calculation methods, and other characteristics to make
the limitations in the comparisons of carbon metrics transparent and clear to the target group (see 6).

4.8 Avoidance of Double Counting

Avoid counting of greenhouse gas emissions and removals that have already been allocated within other
carbon metrics (see 5.3).

NOTE This list of principles has been adapted based on the principles described in ISO/TS 14067, 5.
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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

A carbon metric shall be measured by quantifying the direct and indirect GHG emissions and removals
associated with a building in-use.

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

a) Carbon metric 1 (CM1) is the sum of annual GHG emissions, expressed as CO;z equivalents, from
building-related energy use (see 5.3.4.1);

b) Carbon metric 2 (CM2) is the sum of annual GHG emissions, expressed as CO2 equivalents, from
building- and user-related energy use (see 5.3.4.2);

c¢) Carbon metric 3 (CM3) is the sum of annual GHG emissions and removals, expressed as CO>
equivalents, from building- and user-related energy use, plus other building-related sources of GHG
emissions and removals.

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);

NOTE Delivered energy includes energy provided by the local or national utility supplier and any
remotely generated energy [e.g. from photovoltaic (PV), wind power, or combined heat and power (CHP) etc.]
that is directly connected to the building.

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

NOTE Examples of sources of on-site energy generation can be solar power [photovoltaic (PV) panel], wind
turbine power, biomass fuel, combined heat and power (CHP), fuel cell, and others.

The system boundary shall include all the energy consuming and generating systems that are within the
building’s site (curtilage) and that support operation of the building.

All building-related energy end use (as indicated in the pale grey boxes in Figure 1) shall be taken
into account for the carbon metric (CM1), even when energy for these services is separately measured
through sub-metering.

Lighting (including plug-in lighting necessary for the basic function of the building) and controls
(including systems for daylight control) shall be included in the CM1. (see 5.3.4.1).

User-related energy use (asindicated in the dotted box in Figure 1) shall be included in the CM2, including
energy for supplementary lighting installed by building users (see 5.3.4.2).
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Figure 1 — Boundary and energy flows —
Main energy flows within and crossing the boundaries for energy use of a building

5_lt is NOT necessary to separately measure the amount of energy generated, converted, or consumed
‘within the system boundary by each individual system, piece of equipment, or machine.

:eExpnrted 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.

EXAMPLE1  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)

EXAMPLE 2  Onlytheenergy carriers for the delivered energy are required to be measured when a cogeneration
system is installed and used within the system boundary for CM1.

Required to be

measured S -

ystems part v Energy end use

Cogene - | Electricity: 120 (kWh/})
ration “Heat: 40 (M]/y)
Electricity: 30 (kWh |
eat: 40 (M]/ |
Edel,c:] : }
100 (kWh/y) —
> [ .
! |.NOT required to be
|energy carriers] Eexpct 0 | e ot measured for CM1

cl: electricity Y. S S i
c2: gas 10 (kWh/y) i

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

EXAMPLE 3  The energy carrier for the delivered energy and biomass fuel (wood, waste, etc.) harvested within
the system boundary are measured when biomass cogeneration system is installed and used within the system
boundary for CM1.
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EL‘[El.Cl M(Z"n — > nghtlng

“INOT required to be
-|measured for CM1

lenergy carriers]
cl: electricity
c3: biomass

E exp,cl
0 (kWh

------------------

--------------

Figure 4 — Examples of energy flow measuring by energy carriers (Ex.3)

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 treatmentand disposal, and emissions
of refrigerant from building air cooling systems.

5.2 Carbon metric and carbon intensity

The carbon metric is a measure of total GHG emissions attributed to the use of a building in operation,
over a one year period. For more detailed analysis or comparison, the carbon metric may be denoted
relative to a specific measure of carbon intensity, e.g. per unit area, per person, per Kilobyte, per unit
output, and/or per GDP.

5.3 Calculation of GHG emissions

5.3.1 GHG emissions associated with energy use of a building

The emitted mass of GHG, expressed as kg CO; equivalent per kg emission, shall be calculated from the
delivered energy for each energy carrier plus the on-site energy, if any, produced without using delivered
energy and used in the building and/or for other energy use within the building’s site, multiplied by the
respective GHG emission coefficient.

M-CO20qy = Z((Edel,{:i XK gel,ci ) T (Esite,ﬂl X K site,ci ))

where

Edel ci 1s the delivered energy for energy carrier del,ci;
Esite,ciis the energy produced onsite for the energy carrier site,ci;
Kdel ci is the GHG emission coefficient for delivered energy carrier del,ci (see 5.3.5);

Kiite cils the GHG emission coefficient for on-site energy carrier site,ci.
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Where the sum of energy produced on-site is estimated to be is less than 2 % of the total energy, Esite ci
should be ignored.

NOTE Energy produced on site does not include cogeneration by delivered energy sources.

5.3.2 Measurement of energy carrier

Where the energy carrier(s) provides energy to support the operation of the building and /or other on-
site facilities, measurement of the energy carrier shall take account of all the sources delivered to and
generated within the system boundary including

— electricity,

— 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 provider reports and contracts;

b) Electricity bills;

c) Invoices for fuel deliveries;

d) Gas bills;

e) Meter readings (estimated from invoices, if meter readings are not available);
f) Pipeline measurements;

g) Energy management software.

The sum of these data shall include all of the energy usage described in 5.3.4.
Data for the on-site generated energy shall be based on the following:

a) Meter readings;

b) Measured amount of biomass consumed (kg).

NOTE Further information for the method of measuring and calculation of energy in the use stage of a
building is available from ISO 12655, I1SO 16343, and ISO 16346.

5.3.3 Exported Energy

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

Where exported energy is reported as additional information, the GHG emissions from the exported
energy shall be calculated from the amount of energy generated, multiplied by the respective GHG
emission coefficient.

m-COzeqy = 2 (Eexp,ci X Hexp,ci )

where
Eexp,ciis the exported energy for energy carrier ci;

Kexp,ciis the GHG emission coefficient for delivered energy carrier ci.

NOTE Annex D presents examples of allocation rules that can be used for combined heat power.
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5.3.4 Energy usage

5.3.4.1 Building-related energy use
For CM1, building-related energy use shall be determined as follows (see Annex B for the classification):
a) Energy for HVAC and domestic hot water:
1) energy for space heating;
2) energy for space cooling;
3) energy for air movement;
4) energy for domestic hot water.
b) Energy for fixed lighting
c) Energy for plug-in equipment for basic building services:
1) plug-in lighting;
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 services not typically sub-metered or separately measured.

5.3.4.2 User-related energy use

For CM2, user-related energy use is determined as follows (see Annex B for the classification):
a) Energy for lighting and plug-in equipment:

1) energy for supplementary lighting installed by building users;

2) energy for household/office appliances.
b) Energy for other special usages:

1) energy for cooking;

2) energy for refrigeration (cooling and storage);

3) energy for devices in data centres;

4) energy for other specific functional devices.
5.3.5 GHG emission coefficients

5.3.5.1 General

The greenhouse gas emissions from energy consumption are quantified by using GHG emission
coefficients. GHG emission coefficients characterize the amount of a specific GHG that is released from
doing a certain activity, such as burning one tonne of fuel in a furnace.
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The GHG emission coefficient(s) used is based on the type of delivered energy carrier.

For the purpose of this International Standard, the following information shall be stated regarding the
type of GHG emission coefficient used to determine carbon metric:

— sources of information (e.g. national, international);

— greenhouse gasses included in CO; 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
appropriate for the intended use of the carbon metric.

GHG emission coefficients shall be obtained from, in the following order of priority:
— nationally agreed data;

— independently provided information;

— internationally agreed data.

NOTE1 There are some usable databases as officially agreed (approved) GHG emission coefficients (see
References [14], [15], [16]).

NOTEZ  GHG emission coefficients for each fuel type may be the same as those used under national reporting
for flexible mechanisms for the Kyoto Protocol for the six major greenhouse gases.

NOTE3  Becausesome officially agreed (approved) GHG emission coefficients are based on default emissions, they
may not necessarily reflect the specific types of fuel combustion and emissions control technologies at each building.

NOTE4  Additional geographically- ortechnologically-specific GHG emission factors may resultin more accurate
calculations and can be used as long as they are credible and as long as the sources are documented and reported.

NOTES5  Forcertainsources, GHG emissions may be calculated in different ways to accommodate differences in
the type of GHG activity data available to individual reporting offices or to help ensure that the calculations are
as accurate as possible.

NOTE6 For international carbon trading mechanisms (such as the Clean Development Mechanism), it is
recommended thatthe source of the GHG emission coefficient(s) be the internationally agreed sources appropriate
to the fuel that is being consumed and the technology used for the energy carrier.

NOTE 7  This International Standard includes the principle of avoidance of double-counting. This is considered
especially in some situations where supplier/generator-specific emission factors for electricity are used. For
example, where:

— the process which used the electricity (or used an equivalent amount of electricity of the same type to that
generated) and another process did not claim the generator-specific emission factors for that electricity; and

— the generator-specific electricity production does not influence the emission factors of any other process or
organization.

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

5.3.5.2 Treatment of delivered energy

The GHG emission coefficients associated with the use of delivered energy shall take into account, where
relevant, GHG emissions arising from the energy supply system.
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When a supplier of energy delivers a specific energy product with a specific GHG emission coetficient
and guarantees that the energy sale and the associated GHG emissions are not double counted, 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.

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 carbon metric may be used for a variety of purposes, which can include internal or external
benchmarking, public information, property evaluation, policy information asset evaluation, etc. (see
Annex A for further information).

Inorder to use and apply the carbon metric appropriately, the reporting of the carbon metric shall include
information necessary to describe the building and give sufficient information 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 treatment of energy shall be documented in the carbon metric study report.

NOTE This International Standard does not set benchmarks, however, it is recognized that the carbon metric
may be used for this purpose and further information in this respectis given in Annex A.

6.2 Reporting of the carbon metric

6.2.1 Mandatory 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, or CM3);

c) value of the carbon metric(s);

d) wvalue(s) of the carbon intensity(ies) determined,;

e) purpose of the reporting;

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

g) whether the carbon metric has been normalized to average annualized conditions such as local
climate (if yes, include the method used to normalize the carbon metric for average conditions);

h) date of the evaluation;
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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;

[) 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 coetficient measured);

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

q) vyearoflatestmajorrenovationaffecting energy use (e.g.change of HVAC, change of building envelope);
r) year of any (latest) change in use;

s) total site area;

t) location (country and climate).

The following building information, asa minimum, shall be provided to describe the functional equivalent:
a) building type and use, including multi-use building;

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

c) number of floors (above ground, underground);

d) occupancy [number of persons {on a Full Time Equivalent (FTE) basis for commercial buildings},
operation schedule].

Both the type and the quantity of the energy carrier (e.g. oil, coal, natural gas, electricity, biomass fuels)
shall be presented according to the actual delivered energy and exported energy, such as 1 m3 (natural
gas), 1 kWh (electricity).

NOTE Units of energy carriers for reporting may be chosen nationally, depending on the purpose of the
carbon metric.
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Table 1 — List of energy end use included in the carbon metric for CM1

. : M r Ener
Energy consumption related Presentin | Included | Separately easu .Ed crey
service the buildinga |in the CMP| metereds e el 2
5 matedd knowne
1 Build- Space heating
ing-re- .
2 lated Space cooling
3 energy Air movement
4 use Domestic hot water
5 Lighting for basic build-
ing function
(fixed lighting etc.)
6 Auxiliary energy
(e.g. for heat pumps)
Indoor transportation
Building auxiliary
devices
a  Use "P" to indicate if services are present in the building.
b Use “I" to indicate if the energy end use for the service is included in the carbon metric.
¢ Use"X" toindicate if energy end use for the 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.
Table 2 — List of energy end use included in the carbon metric for CM2
: s Energy
Energy consumption related Presentin | Included | Separately |[Measured or carrier if
e the buildinga |in the CMP| meteredc | Estimatedd Knowne

1 Build-

9 ing-re-
lated

3 energy

4 use

5

6

Space heating

Space cooling

Air movement

Domestic hot water

Lighting for basic build-
ing function

(fixed lighting etc.)

Auxiliary energy
(e. g. for heat pumps)

Indoor transportation

Building auxiliary
devices

a  Use "P" to indicate if services are present in the building.

¢ Use "X" to indicate if energy end use for the service is separately metered.

e Report may indicate the energy carrier for each energy end use, if known.

b Use “I” to indicate if the energy end use for the service is included in the carbon metric.

d  Use “M"” or “E” to indicate if delivered energy end use is based on either measurement or estimation.
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Table 2 (continued)

Energy consumption related Presentin Included | Separately | Measured or CE::iI;ﬂ.-gryif
service the building? | in the CMP | metered¢ | Estimatedd k
nowne
9 Plug-in supplementary
lighting
10 |User-re- Household /office appli-
lated ances
11 | Eenergy Refrigerator
use

12 (Exam- Devices in Data Centre

ples) | Other specific functional

13 devices

4 | |

a  Use “P” to indicate if services are present in the building.
b Use “I” to indicate if the energy end use for the service is included in the carbon metric.
¢ Use “X" to indicate if energy end use for the 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.

Table 3 — List of energy end use included in the carbon metric for CM3

Energy consumption related Present in Included | Separately | Measured or CE::iI:egr}; f
service the building2 |in the CMP| meteredc | Estimatedd K
nowne
1 Build- Space heating
ing-re- .
B latod Space cooling
3 energy Air movement
4 use Domestic hot water
5 Lighting for basic build-
ing function
(fixed lighting etc.)
6 Auxiliary energy
(e. g. for heat pumps)
Indoor transportation
Building auxiliary
devices

a  Use “P” to indicate if services are present in the building.
b Use “I" to indicate if the energy end use for the service is included in the carbon metric.
¢ Use"X" to indicate if energy end use for the 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.
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Energy consumption related Presentin Included | Separately |Measured or CE::;EF}; f
service the building2 | in the CMP| meteredc | Estimatedd k
nowne
9 Plug-in supplementary
lighting
10 |User-re- Household/office appli-
lated ances
11 | Energy Refrigerator
use
12 (Exam- Devices in Data Centre
13 ples) | Other specific functional
devices
4 |
15 Other Other < speci-
build- | fied > sources of GHG
ing-re-

16 lated | e

1/ |sources| ...
a  Use "“P” to indicate if services are present in the building.
b Use “I" to indicate if the energy end use for the service is included in the carbon metric.
¢ Use"X" toindicate if energy end use for the 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.
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Table 4 — Inventory of energy carriers and calculation of the carbon metric for CM1 and CM2

Energy Carrier

Energy Carrier C1 C2

1 Energy delivered Edel.c1 Edel,c2

GHG emission coef-
2 ficient for delivered Kdel c1 Kdel 2
energy

Mass of GHG emis-
sions (as kg CO>
equivalent) for deliv-
ered energy

Mdel,c1 Mdel,c2 NMdel,ci

Energy generated

. E.; E.;
and used on-site site,cl site,c2

GHG emission coef-

- ficient for energy

produced and used
on-site

Hﬂitu,c] K:-;ite,cz

Mass of GHG emis-
sion (as kg COz equiv-
6 alent) for energy Msite,c1 Msite,c2 NMsite,ci
produced and used

on-site

Total

g (Carbon Metric 1 / 2)

mCO2e;

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

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

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

Energy Carrier | Energy Carrier Refrigerant C
C1 C2 R1
Mass of GHG
1 emissions (as kg m m I
CO, equivalent) for del,cl del,c2 NMdel,ci
delivered energy
Mass of GHG
emission (as kg

2 COz equivalent) for Msite,cl Msite,c2 NMsite,ci

energy produced

and used on-site
3 Energy exported Eexp,c1 Eexp,c2

GHG emission coef-
4 ficient for exported K ttexp,c1 K Qexp,c2
energy

Weighted Mass of
5 GHG emission for M0exp,cl MQexp,c2 NMWexp,ci

exported energy
6 Refrigerant Fri

Global Warming
i Potential of GHG Wi

NOTE Information described in Table 4 is also included in CM3.
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Table 5 (continued)
Energy Carrier | Energy Carrier Refrigerant C
C1 C2 R1
Weighted Mass of
8 GHG emission from Myr1 nmy
Refrigerant
Total
E (Carbon Metric 3) MCOzec;
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;

d) point of time of last change of tenant;

e) technical information depending on the purpose of measurement;

f) exported energy including the related greenhouse gas emissions.
6.3 Communication of the carbon metric

6.3.1 Type of communication

There are two types of communication that may be used to make the carbon metric publicly available

(see Figure 5).
— a Carbon Metric declaration

— a Carbon Metric claim

NOTE In relation to a carbon metric communication, the term “publicly available” means a communication
that is deliberately placed in the public domain or intended to be available to consumers, for instance, through
an intentional publication or through an open Internet site. Communications which are, for instance, exchanged
between businesses or posted on a restricted access internet site are not classified as publicly available even if
they subsequently enter the public domain through the unforeseen actions of a third party.

6.3.1.1 Carbon metric declaration

A carbon metric declaration is the communication of a carbon metric that has been verified by an
independent third party.

Assumptions made to create the declaration shall be included in the documentation of the organization
or individual determining the carbon metric, which shall be referenced in the declaration and made
available upon request.
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CM quantification
(Clause 5 )

v

CM study report
(6.2)

No
Communication? No further
requirement
No
Publicly available? > No further
requirement
Yes
v
N .
Independent Third L CM claim
Party verification? » (6.3.1.2]
(Clause 7 )
Yes
Y v
CM declaration CM disclosure report
(6.3.1.1) (6.3.4)

Figure 5 — Communication flow of carbon metric

6.3.1.2 Carbon metric claim

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

When an organization decides to make a carbon metric claim publicly available, the communication of
the evaluation of the carbon metric shall be supported by a carbon metric disclosure report (see 6.3.4).

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

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

b) wvalue(s) of the carbon intensity(ies) determined,;

c) purpose of the communication;

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

e) measurement period and date of the evaluation;

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

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

h) whether the allocations are measured or estimated (see Table 1);

i) source of GHG emission coefficient (publication, organization, year of the coefficient measured);
j) building type and use including multi-use building.

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

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

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

c) occupancy (number of persons, operation schedule);

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

e) yearoflatestmajorrenovationaffectingenergy use (e.g.change of HVAC, change of building envelope);

f) year of change in use.

6.3.3 Availability of information

When carbon metric declarations are made, they shall be available to any party with business or
consumer interest who requests the information.

6.3.4 Carbon metric disclosure report

6.3.4.1 General

Carbon metric claim that is disclosed to the public and supported by a carbon metric disclosure report
shall not imply that the communication is verified by a third party.

The results, data, methods, assumptions, and limitations shall be published in a transparent manner
and presented in sufficient detail to allow the reader to comprehend the complexities inherent in the
carbon metric. The carbon metric disclosure report shall also allow the results and interpretation to be
used in a manner consistent with the goals of the carbon metric determination.

6.3.4.2 Requirements for the carbon metric disclosure report

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

a) adisclaimer stating the relevant limitations of various potential uses;

b) 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 in the declaration.
This may be a telephone number, address, or electronic access (e.g. email, URL).

7 Verification

7.1 General

In developing a carbon metric declaration, verification is required and shall be conducted in accordance
with this clause.

The organization or individual determining the carbon metric shall establish the appropriate verification
procedure to ensure that the declaration complies with the requirement of this International Standard. This
procedure shall include the verification format and documentation, as well as adequate access to verification
rules and results. Where used, verification shall always be carried out by an independent third party.

7.2 Procedure for review and independent verification

7.2.1 Independent verification of data

Independent verification of data information shall, as a minimum, confirm, examine, and evaluate
the following:

a) adherence to the principles given in 4.2 to 4.8;

b) the data coverage, representativeness, reproducibility, sources;
c) the plausibility, quality, and accuracy of the carbon metric data;
d) the quality and accuracy of the supporting information.

The organization or individual determining the carbon metric may define additional tasks for the
independent verifier.

7.2.2 Verification of the carbon metric declaration

The independent verification procedure shall, as a minimum, be appropriate to determine whether the
carbon declaration is in conformance with the relevant requirements of this International Standard.

The verification procedure shall be transparent. The independent verifier shall generate a report
documentingthe verification process, whileadheringto obligations coveringrules for data confidentiality
(see 7.2.4). This report shall be available to any person upon request.

The verification procedure shall assess whether the information given in the carbon metric declaration
accurately reflects the information in the documents on which the declaration is based. The verification
procedure shall also determine if this information is valid.

7.2.3 Independence and competence of verifiers

7.2.3.1 Independence of verifiers

Independent verifiers shall not have been involved in the determination of a carbon metric and shall
not have any conflict of interest resulting from their position in the organization or in relationship with
other stakeholders.
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7.2.3.2 Competence of verifiers

Independent verifiers shall be able to demonstrate minimum requirements for the competence of
verifiers, including knowledge of

a) relevant sector (e.g. energy sector),
b) the building type,
c) relevant standards in the fields of carbon metric declarations, and

d) the regulatory framework within which requirements for carbon metric declarations have been
prepared.

7.2.4 Rules for data confidentiality

Proprietary information covered by intellectual property rights or similar legal restrictions or other
such confidential data are not required to be made public. Business data identified as confidential that
is provided for the independent verification process shall be kept confidential.

[f the organization or individual determining the carbon metric determines, based on the verification
report, that the data supporting the carbon metric declaration are inadequate, the declaration shall not
be published.
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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
greenhouse gas emissions associated with activities related to the use of buildings.

A carbon metric is calculated by a common protocol and ensures that data are collected through the
same 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 both industry and government
that work in a local and international context;

— baselining, by supporting consistent reporting of operational carbon footprints from buildings
to enable comparisons of buildings across cities and countries and provide a basis for funding
allocations and international agreements;

— monetising, by provision of a consistent measurement basis for monetisation 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 Classification of building energy use by usage

According to the energy usage in buildings, as shown in Figure 1, the total building energy use is
classified as 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.

— Energyforlightingand plug-in, including energy for lightingand energy for household/office appliances.

— Energy for other ultimate usage, including energy for indoor transportation and energy for building
auxiliary devices.

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

See Figure B.1.

Space heating

Space cooling

HVAC and
domestic hot water

Domestic hot water

Air movement

Lighting

Lighting and plug-in

Total building Household folfice appliances

energy use

Indoor transportation

Other nltimate usage }7

Building auxiliary devices

Cooking

Cooling storage

Other special usage

Devices in data center

Other specific functional devices

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.

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.
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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 Energy for domestic hot water

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

B.6 Energy for lighting

The energy used by the lamp(s), control gear, and control circuit in or associated with luminaries is
energy for lighting. It includes the indoor lighting and exterior lighting. The indoor lighting is usually
composed of lighting for public space and private space.

B.7 Energy for household/office appliances

The energy used by the household and office appliances, such as personal computers, printers, drinking
fountains, and TVs, is energy for household/office appliances.

B.8 Energy for indoor transportation

The energy used by the indoor transportation devices in buildings, such as lifts, escalators, and passenger
conveyors, is energy for indoor transportation.

B.9 Energy for building auxiliary devices

The energy used by all kinds of the building auxiliary devices that serve the building, such as pumps for
water supply and drainage and automatic door, is energy for building auxiliary devices.

B.10 Energy for cooking

The energy 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 exhaustfansin the kitchen does not belong to the item of energy for air moevement.

B.11 Energy for cooling storage

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

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 D
(informative)

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

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

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

For combined generation of heat and power (or even more cogeneration products) in the same plant,
there is always the problem of how to allocate the produced emissions to the cogeneration products.

a) Heatand/or power supplied from cogeneration system outside the boundary.

—> supplied to outside the boundary

: power output — -
Tr,f](]ﬁ}};]t e P (M]) [\ emission coefficient g, (t-CO »/M]
outside the 7 : building boundary
boundary heat output K—{ emission coefficient g, (t-CO /M| |

Q (M]) )

— supplied to outside the boundary

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

consumed inside the boundary <€
~ In consideration

building boundary power output _ _ I cons
cogeneration p l:M]) ,-J emission coefficient g, (t-CO /M] of partially
)

I g ——sfnsid e
boundary | heat output emission coefficient g, (t-CO 2/M] | the outside of the
Q (M]) < boundary,
deduction of CO ;
is required.

consumed inside 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:
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D.2.1 Balance

The following balance equation 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'Ep"‘Q'Eq

where
P (M]) isthe target power output(l MJ =1/3.6 kWh),
Q (M]) isthe target heat output;

W (M]) is the input fuel for CHP;
E (t-CO2) is the emission flow rate;

£p (t-CO2/is the emission coefficient of the exhaust component for target power output (P);

M])

£q (t-CO2/is the emission coefficient of the exhaust component for the target heat output (Q).

MJ)

The emission coefficients can be determined using the methods described below. The methods of
allocation described in D.2.2 to D.2.4 can be applied regardless of the conversion technology used and
of the considered comparison of separate generation as against cogeneration of the same flow rates of
useful energy. The methods of allocation described in D.2.5 to D.2.7, on the other hand, require varying
degrees of detailed knowledge of the separate generation technology used for comparison. Different
primary fuels used for CHP and for separate generation of heat and power therefore affect the results.

D.2.2 Method 1: Energy (calorific value) method

In the energy method, the specific emissions are allocated to the cogeneration products according to the
energy of the different types of target energy, i.e.

ep=gq=E/(P+Q)

D.2.3 Method 2: Electricity reduction (power loss) method

The electricity reduction method takes into account the electric output and the electric power reduction
AP due to heat extraction. The latter represents the electric output that could be obtained if the extraction
steam expands completely in a corresponding condensing turbine.

For the emission coefficients, the following then applies:

e, =E /(P + AP)

gq=E/Q- (AP /(P +AP)=¢p- (AP /Q)

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

D.2.4 Method 3: Exergy (carnot) method

The exergy method takes into account the electric output and the exergy of heat.
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The exergy tlow rate (Exp) of the electric output is

Exp =P
The following equation applies with respect to the exergy flow rate transferred to the heat-utilization
system (heating medium):

Exq=nc-Q
nc=1- (Tamb/Tm), Carnot factor at ambient temperature Tamp

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:

Tm= [Tsupply — Treturn) / l“(TsupplyfTreturnJ

For small AT, arithmetic mean temperature may also be used:

Tm = [Tsupply + Treturn) / 2

Thus the following applies for the emissions factors:

ep=E/P*Exp/ (Exp+Exq)=E/(P+n¢-Q)
eq=E/Q*Exq/ (Exp+Exg)=nc"E/(P+nc-Q)=nc-&p

NOTE In Europe, the “exergy method” is sometimes referred to as the “Carnot method".

D.2.5 Method 4: Exergy loss method

In the exergy loss method, the primary energy saved by employing CHP generation is calculated from
the different exergy losses between separate generation and cogeneration.

As aresult, the primary energy saved via CHP can be assigned to the two cogeneration products, and the
specific emissions can be allocated accordingly.

Thisanalysisrequires detailed information concerning the parametersofthe CHP plantand the parameters
of the processes for comparison, e.g. the thermodynamic mean temperatures of the heat supplied for the
generation of live steam, of the extracted heat, and of the waste heat removed to the heat sink.

D.2.6 Method 5: Exergy remainder value (residual) method

Similar to the allocation of costs to the products of cogeneration, the remainder value method allocates
a certain specific emission to one of the two types of target energy, and the remainder is attributed to
the other target energy. In CHP plants, it appears opportune to attribute those specific emission gp to
the net eclectic energy produced which are calculated from the national power plant mix. Alternatively,
specificemissions £q can be attributed to the cogenerated heat, which are calculated from heat generated
separately using the same fuel in a district heating plant or boiler, for example. There are, therefore,
different possible ways to allocate the emissions:

a) given gy
it follows from balance equation (E =P - g, + Q - £q) that:

NOTE1 In Europe,itis known as the “residual heat method” or “power bonus method”.
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b) given ggq
it follows from balance equation (E =P - g, + Q - g4) that:
ep=(E-Q-gq) /P

NOTE 2 In Europe,itis known as the “residual power method” or “heat bonus method”.

D.2.7 Method 6 Substitution method

This method, which is used frequently in energy economy, is based on the additional fuel demand which
is calculated as the difference between the fuel requirement of the CHP plant W and the additional fuel
required to generate one of the cogeneration products separately. The remainder is assigned to the
other cogeneration product. This can be expressed in two ways, depending on the approach used.

The additional fuel requirement respectively is considered to be the fuel required to generate the other
cogeneration product in each case, either power or heat, with the substitution efficiencies expressed
using substitution boiler efficiency nth. The emissions are allocated as follows:

a) Additional fuel required to generate electric output with the substitution efficiencies expressed
using nth as the efficiency of generating the target useful heat Q separately, the share allocation
ratio and the emission coefficients are as follows:

W w- R
\ Nen allocation ratio
Q determined i
- g, = E/W - P
QN ) basedonthe [:> J 7 W (W-Q/mu) /
(m } share ) £, = E/W /g,
p \/6\
(fuel input  (output) }input for substitution system
for CHP) for generating the target heat

output separately)

b) Additional fuel required to generate the useful heat output with the substitution efficiencies
expressed using 1e) as the efficiency of generating power P separately, the allocated emissions and
the emission coefficients are as follows:

W P ]
W= Na [ allocation ratio
Q J determined &= E/W /My
1 based on the L>
share Eq= E!W‘ M-FKHEL—];Q
P

(fuel input (output)

(input for substitution system
for CHP)

for generating the target
power output separately )

D.3 Additional allocation method
This is not one of the alternatives in the VDI 4660.

NOTE In Europe, this method is sometimes known as the “Alternative production method” or
"Alternative generation method".
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W /Q_ > allocation ratio
Q Nt | determined
p 3\ based on the
share
—_— -
P Nel
(fuel input (output)
for CHP) P/m.
[ L]
C &= E/W/P P Q.
E> i Q/
Ntk
- &= E/W/Q: o Y Qe

VDI 4660 Part 2 (2003) shows the three practical applications as given below.

If one compares cogeneration of electricity and heat with separate generation using different fuels, it is
possible — depending on the selected method of allocation — to obtain negative values for emissions
attributed to a specific cogeneration product, i.e. an emission credit for one cogeneration product at
the expense of the other, as shown in Figure D.3 and D.4. Therefore, it is recommended to indicate the

method used for allocation explicitly.

18 -
Eve, co, = 0.333 t/MWh
g w = 0,755
s 187 O = 0,696 = 383 MW/550 MW
S g =031
uf 1.4 1 = 0445
P = 383 MW
1.2 Q=550 MW
W, = 1235,6 MW
1,074 |-4--------
1 -
0.864 |- ———————
Y B
0.811 |jsi== !
0.793 *"Ir—"——[.‘,ﬁ--
0690 Jma-s T s 6
IC R N 2
0,512 |----! b1 4 :
: S
| [ R T L
441 ----- Pl P
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il 7
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‘.-"" : i i : :
0 : |': E :| : T T T T T T
o i02 !'04 06 08 10 12 14 16 18
T e E B
¥ Y T B 7 Y Y
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Key

1  electric energy reduction allocation vg = 0,17

2  exergy allocation

3  substitution method b) (ne = 0,42)

4  remainder value (German power plant fleet, 1998)
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5 remainder value allocation with district heater plantn = 0,85
6  energy (calorific value) allocation

Figure D.3 — Graphical representation of allocation methods, based on the example of an
anthracite-fired, controlled-extraction cogeneration district heating plant for the indicated
parameters
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1 remainder value allocation (German power plant fleet, 1998)
2  exergy allocation

3  substitution method b) (¢ = 0,575)

4 substitution method a) (n = 0,95)

5 energy (calorific value) allocation

6

remainder value allocation with district heater plant n = 0,85

Figure D.4 — Graphical representation of allocation methods based on the example of natural-
gas-fired modular heat and power station

Copyright British S1andad@sl1§1@nzn 15 - A]I rights I"ESE[‘FE’CI 33

Provided by IHS under license with B3| - Uncontrolled Copy
Mo reproduction or networking permitted without license from IHS



BS ISO 16745:2015
ISO 16745:2015(E)

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

The description and assessment of the environmental performance of buildings is an aspect of
sustainability assessment of constructed assets in accordance with 1SO 15392:2008.

In the description and assessment of the environmental performance, the calculation and assessment
of greenhouse gas emissions in the form of the Global Warming Potential (GWP) is included (see also
[SO 21929-1:2011 and 1SO 21931-1:2010).

The greenhouse gas emissions and/or removals that are caused during the life cycle of a building due to its
production, construction, use, and maintenance, as well as its deconstruction and disposal, are taken into
account, Both the assessment of the sustainability of construction works in general, as well as the assessment
of their environmental performance in particular, usually follows a consideration of the full life cycle.

The real estate industry contributes through the production, construction, and use of constructed
assets to the release of a significant proportion of greenhouse gas emissions. Therefore, irrespective of a
complete sustainability assessment, there is a growing interest in determining and managing the impact
of individual buildings and existing buildings on the greenhouse effect and climate change. Several
initiatives have already led to basic principles and approaches to describe and evaluate greenhouse gas
emissions caused by a building. These focus partially on individual phases of the life cycle of buildings.
Examples are the following:

— for the construction and maintenance phase:

— IEA Annex 57: Evaluation of embodied energy and carbon dioxide emissions for building
construction, [EA

— for the use phase:

— Common Carbon Metric for measuring energy use and reporting greenhouse gas emissions
from building operations; UNEP SBCI - Sustainable Buildings and Climate Initiative

Furthermore, the real estate industry is currently engaging intensively in issues of determination
and evaluation of greenhouse gas emissions over the life cycle of all kinds of products. These data are
aggregated into a “carbon footprint”. For this purpose, standards and other guidance documents have
been developed or still are under development. Examples are the following:

— Inrelation to the full life cycle:

— [ISO/TS 14067 Greenhouse gases — Carbon footprint of products - Requirements and guidelines
for quantification and communication;

— Greenhouse Gas Protocol - Product life cycle accounting and reporting standard; World
Resources Institute:

— PAS 2050:2011 Specification for the assessment of the life cycle greenhouse gas emissions of
goods and services; BSI;

— PAS 2060:2010 Specification for the demonstration of carbon neutrality; BSI.
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The principles for the determination and assessment of a carbon footprint for goods and services can
in principle be applied also to buildings. Similarly, the determination and assessment of GWP as an
aspect of the environmental performance in the context of a sustainability assessment through the
carbon footprint is achieved by following a life-cycle-based approach. Thus, the object of assessment is
the complete life cycle of a product. It is possible to establish a partial carbon footprint by considering
individual phases of the life cycle.

The above approaches differ in terms of the following:
— the object of assessment: generally for goods and services of any kind or specifically for buildings;

— the reference study period: full life cycle, individual sections of the life cycle or calendar year or
other time periods;

— the included processes.

Figure E.1 specifies a systematization of all included processes and life stages that are derived from the
summary of the information contained in the individual standards and guidance documents. They are
already adapted to the object of assessment, the single building. The greenhouse gas emissions resulting
from the conversion of energy, the use of refrigerants, as well as the change of land use, are also captured.
There is the possibility to give credits for recycling.
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A - Production B - Construction C - Use C — End of Life D - Benefits
Production Eonﬁtguctinn Production of building products Deconstruction Benefits

1 > of building . * installation for maintenance + disposal™”

= Products *° and modernization™

g
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Provision of energy
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3 a) without elevator
b) with elevator
User related
4
5 Emissions from refrigerants
Transport
6
Land use Land use change

7 change

Key
a  Incl. transport.

b Incl. provision of energy.

Figure E.1 — Elements of a carbon footprint based on different standards

[SO 16745 focuses on the determination of greenhouse gas emissions generated during the use phase of
buildings. Therefore, only a part of the life cycle is taken into account. This deals with a partial carbon
footprint whose system boundaries are adapted to the specifics of the use phase of buildings. In relation
to the system boundaries, CM1, CM2, and CM3 recognize and consider elements that contribute to
greenhouse gas emissions to varying degrees. In contrast to the complete carbon footprint or to life
cycle related GWP, the amount of greenhouse gas emissions on the basis of the present standard is

estimated per year.

Figure E.2 displays the system boundaries that are applicable for CM 1-CM 3, according to ISO 16745.
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A - Production B - Construction C-Use C — End of Life D - Benefits
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a  Incl. transport.

b Incl. provision of energy.

Figure E.2 — Indication of system boundaries CM1-CM3 within the overall system of carbon
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