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Executive Summary

Leading experts from around the world have, through extensive international cooperation, 
developed a universal method of measuring a building’s carbon footprint. 

Supported by the United Nations Environment Program, this new ‘Common Carbon Metric & Protocol’ 
will allow emissions from buildings around the world to be consistently assessed and compared, and 
improvements measured. 

Why buildings?

The purpose of a Common Carbon Metric & Protocol for buildings is to give the sector that represents 40% of the 
world’s energy consumption and related 1/3rd of global greenhouse gas (GHG) emissions  a tool that doesn’t 
exist today – a way to measure, report, and verify reductions in a consistent and comparable way.  With its high 
share of emissions the building sector has the responsibility and opportunity to take the global lead in reduction 
strategies. Awareness of these facts and widespread use of this tool for measuring and reporting is the key .

The building sector has more potential to deliver quick, deep and cost effective GHG mitigation than 
any other. Significantly increasing building energy efficiency can be achieved in the short-term. Energy 
consumption in both new and existing buildings could be cut by an estimated 30-50% by 2020  
through readily available technologies, design, equipment, 
management systems, and alternative generation solutions. 
This can be funded through investments that quickly payback 
and result in significant environmental, social, and economic 
benefits. A universal measuring stick for building emissions – a 
Common Carbon Metric & Protocol – provides the foundation 
for accurate performance baselines to be drawn, national 
targets set, and carbon traded on a level playing field.

What is measured?

While all stages of a building’s life-cycle (including construction and demolition) produce carbon emissions, 
the building’s operational phase accounts for 80-90% of emissions resulting from energy use mainly for 
heating, cooling, ventilation, lighting and appliances. Therefore, this is the stage of the building’s life-cycle that 
is the focus of the Common Carbon Metric & Protocol. 

Working in close cooperation, environmental building ratings organisations, local, regional, and 
national governments, research institutions, industry experts, and private sector stakeholders  
(See Acknowledgements)  have developed a common measurement for GHG emissions from building 
operations that takes two complementary approaches; one assesses performance at the building level 
(bottom-up), and the other at the regional or national level (top-down). 

The actual reporting is done in weight of carbon dioxide equivalent (kgCO
2
e) emitted per square meter per 

year = kgCO
2
e/m2/year  (by building type and by climate region).

Executive Summary

Success of national carbon 
reduction targets  relies on the 
low-hanging fruit offered by the 
mitigation potential of the building 
sector to avoid further global 
warming and severe climate impacts.
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The Building Sector is:
Collectively responsible for about 30% of total global energy-related •	
greenhouse gas (GHG) emissions;
Collectively has the greatest potential for delivering major reductions •	
in GHG emissions at zero cost or net savings using currently available 
technology & knowledge; and
Collectively the largest single industrial employer, with the potential for •	
creating demand for ‘green jobs’.

What has been missing is a collective voice from the sector on these issues. Fun-
damentally we lack a common language for describing the kind of innovation 
necessary for the building industry to tackle climate change. More specifically we 
lack a common approach to measuring GHG emissions and a common approach 
for reporting on the sector’s progress or contribution to achieving emissions 
reduction targets. Without a common voice, a common language, and a common 
approach to accounting for emissions, the sector is unable to participate cost ef-
fectively in the global carbon market. 

UNEP-SBCI is providing a neutral forum for the building sector to come together 
and develop the common metrics including particularly those stakeholders 
involved in developing tools and methods for assessing and rating the environ-
mental performance of buildings.

This year is a crucial year for the building sector and the success of the next global 
protocol on climate change. If we fail to act in a collective and coordinated manner 
this year, we may indeed fail to effectively address climate change. 

UNEP-SBCI will continue to crystallize and amplify the collective voice of 
the building sector on the need to both further empower the sector, and to 
promote the sector’s demonstrated commitment to lead by example in tackling 
climate change. UNEP-SBCI will also continue to develop the common ground 
for measuring emission reductions from buildings. Together we will be more 
effective in raising awareness and instilling confidence in our national delega-
tions in Copenhagen, that the best chance they have of achieving an effective and 
profitable global emissions protocol is to seize the opportunity that the building 
sector can collectively provide.
			 

Arab Hoballah

Chief Sustainable Consumption & Production
UNEP DTIE

Foreword

Foreword
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This paper is offered by the United Nations Environment Program’s Sustainable Buildings & Climate Initiative 

(UNEP-SBCI), a partnership between the UN and public and private stakeholders in the building sector, 

promoting sustainable building practices globally. The purpose of this proposal for a Common Carbon Metric 

& Protocol is to support greenhouse gas (GHG) emissions reductions through accurate measurement of 

energy efficiency improvements in building operations.

Goal :  To provide globally applicable common metrics for measuring and reporting the energy use in and 

GHG emissions from existing building operations to support international, regional, national, and local policy 

development and industry initiatives.

Objectives :  Develop common metrics for use in gathering consistent data and reporting the climate perfor-

mance of existing buildings in order to:

Support policy-making to reduce GHG emissions from buildings, especially in developing countries; •	

Provide a framework for how to measure emission reduction in buildings so as  to support formula-•	

tion of Nationally Approved Mitigation Action (NAMA) plans, flexible mechanisms, carbon crediting; 

and other emission reduction mechanisms and plans; and

Establish a system of measurable, reportable, and verifiable (MRV) indicators for the follow-up of policy •	

implementation, resulting emission reduction and reporting on building-related GHG emissions. 

Users :  National, regional, and local governments in developed and developing countries, owners of large 

building portfolios, and national building rating schemes.

The environmental footprint of the building sector includes; 40% of energy use, 30% raw materials use, 

25% of solid waste, 25% water use, and 12% of land use. While this paper focuses on the scope of emissions 

related to energy use of building operations (See Appendix 1), future metrics are required to address these 

other impacts in addition to social and financial impacts.  At this time the UN’s top priority is climate 

change and the building sector is responsible for more than one third of global energy-related GHG 

emissions and, in most countries, is the largest emissions source.  While 80-90% of the energy used by 

the building is consumed during the use (or operational) stage of a building’s life-cycle (for heating, cooling, 

ventilation, lighting, appliances, etc.), the other 10-20% (figure varies according to the life of the building), is 

consumed during extraction and processing of raw materials, manufacturing of products, construction and 

demolition. Furthermore, significant energy is used in transporting occupants, goods and services to and from 

the building. 

Introduction

Introduction & Background

Background
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The Intergovernmental Panel on Climate Change’s 4th Assessment Report (IPCC AR-4) estimated that build-

ing-related GHG emissions reached 8.6 billion metric tons (t) CO
2
equivalent (e) in 2004, and could nearly 

double by 2030, reaching 15.6 billion tCO
2
e under their high-growth scenario. The report further concluded 

that the building sector has the largest potential for reducing GHG emissions and is relatively inde-

pendent of the price of carbon reduction (cost per tCO
2
e) applied.  With proven and commercially 

available technologies, the energy consumption in both new and existing buildings can be cut by an 

estimated 30-50% without significantly increasing investment costs. Energy savings can be achieved 

through a range of measures including smart design, improved insulation, low-energy appliances, high 

efficiency ventilation and heating/cooling systems, and conservation behavior by building occupants.

The diagram from IPCC AR-4 below indicates that the significant potential for energy efficiency improve-

ments and GHG emissions reductions from buildings is common among developed and developing 

countries, as well as in economies in transition. Regardless of the price placed on carbon, be it US$20, 50, or 

100, buildings offer the greatest potential for emissions reductions over all other sectors.

Construction, renovation, and maintenance of buildings are significant economic activities contributing 10 - 

40% of countries’ Gross Domestic Product (GDP) and representing on a global average 10% of coun-

try-level employment, 74% of which are in developing countries and 90% of which are with firms of fewer 

than ten people. The UNEP-International Labor Organization (ILO) report Green Jobs: Towards decent work in 

a sustainable low-carbon world (2008), reports that measures improving energy efficiency in buildings lead to 

direct, indirect, and induced jobs created directly in the real-estate and construction sectors. 

IPCC AR-4 {WGIII Figure SPM.6}: Estimated economic mitigation potential by sector and region 
using technologies and practices expected to be available in 2030. The potentials do not include non-
technical options such as lifestyle changes. Note: Organization for Economic Cooperation and Develop-
ment (OECD) and Economies in Transition (EIT).

Background
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The Bali Action Plan, paragraph 1, calls for measurable, 

reportable and verifiable NAMAs. All emissions 

scenarios used by IPCC AR-4 in modeling how to 

stabilize the concentration of GHG in the atmosphere 

below 450ppm CO
2
e, assumed high levels of energy 

efficiency across the sectors. Energy efficiency in 

buildings offers an obvious opportunity for developed 

and developing countries to cooperate in achieving 

common but differentiated action to realize significant 

GHG emissions reductions. The enabling conditions 

already exist:

POTENTIAL for large GHG emissions •	

reductions in buildings exists  in all 

countries.

OPPORTUNITY for country-to-country technology sharing agreements and international •	

capacity building support exists  and is wide spread because the level of implementation of 

energy efficiency measures of  the building industry is at different stages in different countries.

COMMON METRICS now •	 exist to facilitate the technology sharing across different building 

cultures, climate zones and building types. These are needed for consistent, measurable, 

reportable and verifiable GHG emissions reductions from buildings. These metrics can be 

applied to measure energy use in individual buildings or groups of buildings and converted to CO
2
e 

through emission factors. They are also the basis for monitoring emissions mitigation on regional and 

global scales.

TECHNOLOGIES •	 exist , are proven and commercially available. Transfer of technologies is facilitat-

ed through greater understanding, accuracy, and consistency of building performance measurements.

	FINANCING for energy efficiency improvements in buildings •	 exists  and can, to a large part, 

be offset by reduced energy costs of building operations. Additionally, a concerted approach to 

investments in energy efficient buildings would support a broader shift towards a low carbon society.

	BENEFITS of energy efficient buildings •	 exist and not only reduce GHG emissions but also 

support other national sustainable development priorities. Benefits include: employment 

generation and upgrading of skills in the existing workforce; provision of more sustainable, affordable 

and healthy buildings; and improved energy security through reduced overall energy demand. In-

ternational technology transfer agreements and support to national capacity building would 

provide additional incentives for developing countries to undertake energy efficiency in the 

building sector.

Purpose A registry of NAMA by all developing 
countries should be established, supported 
and enabled by developed countries 
through the provision of the means of 
implementation (technology, financing and 
capacity-building) to developing countries 
in a MRV manner in order to develop 
policy packages that promote emissions 
reductions in buildings under NAMA. These 
policy packages require the develop -
ment of common indicators and metrics 
to report on emissions from buildings 
and to establish national baselines to 
enable reporting of achieved emission 
reductions. 	

UNFCCC Bali Action Plan

Purpose
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The challenge is therefore to design mechanisms that will redirect the economic savings associated 

with emissions reductions in buildings to offset the increased investment costs for energy emissions 

reductions measures. This may take the form of three basic models:

Establish an investment fund for energy efficiency in buildings1.	 . This fund would be used to 

support additional initial investment costs for energy efficiency in buildings and could be financed 

through levies of energy use above the national average or baseline  for that particular building 

type in the country. In this way, the fund would provide additional incentive for reductions among 

high energy users. This fund could also be financed by redirecting investments in increased energy 

production avoided by reduced energy demand in buildings. Such a fund could also be supported 

with seed financing provided under NAMA.

Establish national regulation2.	  that makes energy efficiency investments mandatory in new 

buildings and renovations of existing buildings. Additional investment costs would no longer be 

optional and would be carried forward from the investment phase to the use phase in the form of 

increased building costs. These initial costs would be offset by reduced operational costs.

Allow Cap-and-Trade3.	  of emission reductions from buildings. The funds generated by selling Certified 

Emission Reductions (CER) could be used to finance investments in emission reduction measures. CER 

are generated from building projects under the Clean Development Mechanism (CDM) but, due to 

the fragmentation of the sector and the technology specific focus of CDM, only a handful of building 

projects have generated CER. With common metrics for assessing GHG emissions from buildings, cap 

and trade schemes, based on the performance of buildings, could be established.

The above actions require active intervention of policy- and decision-makers, as well as defined 

standards and definitions for energy efficiency in buildings to underpin these actions. Policy instru-

ments/mechanisms and political understanding and will are needed to harness this opportunity, which must 

rely on measureable, reportable, and verifiable GHG emissions inventories. Therefore nations must include 

specific accounting of the building sector’s energy and carbon intensities. 

Purpose
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The UNEP-SBCI-WRI Metric & Protocol for measuring and reporting GHG emissions from the building sector 

is designed to explain the approaches and procedures present in the accompanying Calculation Tool & 

Reporting Template. All of these resources have been designed through a modular approach, with the 

intention to add further calculation functionalities relating to additional emission sources, different phases 

of a building’s existence, upstream/downstream emissions, etc. This Metric & Protocol does not include 

value-based interpretation of the measurements such as weightings or benchmarking. While it is not a 

building rating tool, it is consistent with the framework and recommended methods for measuring GHG 

emissions used globally such as the World Business Council for Sustainable Development (WBCSD), World 

Resources Institute (WRI) GHG Protocol, and International Standards Organization (ISO) 15392:2008 Sustain-

ability in Building Construction and general principles of ISO 14040/44:2006 on Life Cycle Assessment. 

This Metric section specifically defines the two major approaches to collecting data on buildings: the 

bottom-up approach and the top-down approach. Monitoring carbon mitigation measures on a regional 

or national scale would require a top-down approach while assessing individual building projects would 

require a bottom-up approach. It also articulates the most relevant metrics that facilitate the comparison 

of building performance overtime and against benchmarks, including an energy intensity metric and 

carbon intensity metric. For greater context on these performance metrics, a building(s)’ GHG inventory 

can be correlated with a climate region by the number of heating and cooling degree days of its location.  

(See Appendix 8 ).

Bottom-up approach

This approach is designed to accept information and data on individual buildings or groups of buildings, 

which can then be compared to (or benchmarked) to the performance of a defined group, here termed 

the “Whole.” Each country shall obtain MRV data on GHG emissions for statistically representative samples 

of building types. These data may be readily accessible through utility and/or fuel providers. A building 

inventory requires that buildings be cataloged by location (country, region, municipality) and identified 

by street address. Building stock is to be quantified by type: 1) residential (a) single-family and (b) multi-

family dwellings, and 2) non-residential (including mixed use and excluding industrial buildings). The 

stock shall additionally be characterized by age (year built), gross floor area, and occupancy (if available).

Top-down approach

Where GHG emissions reports are required the level of the Whole--i.e., a regional, city or national level-

-then data on gross energy use and information about the building stock profile are necessary. This 

information includes age, building type, gross floor area, and occupancy (if available). Where relevant, such 

aggregated performance data can be compared with a statistically representative sample set of building 

performance data (bottom-up) from the same area to compare the performance of individual buildings 

to the estimates made about the sector as a Whole (top-down). It is also critical that other established or 

newly forming national and international data collections efforts adopt the metrics so that data can be 

compared easily across the world.

The Metric

The Metric
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The Metric

From the above building performance data, the following METRICs should be used to compile 

consistent and comparable data:

Energy Intensity = kWh/m2/year (kilo Watt hours per square meter per year )

Scope:  Emissions associated with building energy 

end-use defined in Appendix 1 are included; purchased 

electricity, purchased coolth/steam/heat, and/or on-site 

generated power used to support the building operations. 

If available, emissions associated with fugitives and re-

frigerants used in building operations should be reported 

separately.

If available, occupancy data should be correlated with the 

building area to allow Energy Intensity per occupant (o) to 

be calculated = kWh/o/year.

GHG emissions are calculated by multiplying the above Energy Intensity times the 

official GHG emission coefficients, for the year of reporting, for each fuel source used (See 

Appendix 5 & 6 ).

Carbon Intensity = kgCO
2
e/m2/year  or  kgCO

2
e/o/year  (kilograms of carbon dioxide equivalent per 

square meter or per occupant per year )

Note:  GHG conversion factors for each fuel type shall be the same as those used under 

national reporting for flexible mechanisms for the Kyoto Protocol for the six GHG (See 

Appendix 5 & 6 ).

Energy Intensity  

= kWh/m2/year 

= kWh/o/year

Carbon Intensity 

= kgCO
2
e/m2/year

= kgCO
2
e/o/year
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The Protocol

The Protocol
For consistency in global reporting, a common protocol, calculation tool and reporting template is necessary 
to ensure that data is collected through the same method and parameters. This section provides a step-by-
step guide on how to measure and report the energy consumption data and related GHG emissions from 
buildings. For detailed information on selected emission units of measurement and default emission factors 
see Appendix 5 & 6.

Building Information
The Calculation Tool & Reporting Template has an introduction, where reporters are asked to identify themselves, 
the reporting boundary and the reporting period. This is done by filling in information on the building including: 

reporting period, •	
type, •	
owner (optional), •	
address, •	
age, •	
area and •	
occupancy. •	

The building name shall be the street address. See the following example:

Property Record for Inventory
Reporter Identification

Reporting Period Drop-down Menu $

Building Type Drop-down Menu $

Building Owner (optional)

Street Address

City

Zip Code

Country Drop-down Menu $ 

Year Constructed Drop-down Menu $ 

Building Area

Total # of Full-Time Occupants

The reporter listed is responsible for the data quality and must be able to answer questions on the data 
collection process, the data quality and other assumptions. It is important that the information be as correct 
as possible and that the reporter makes sure that nothing is omitted or redundant.

The building data can also be used to calculate an organization’s or property owner’s energy consumption 
in multiple or shared buildings. The reporter must enter the total area of the building(s) in addition to partial 
areas occupied by the same owner.
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Building Energy Consumption Data

Data about energy consumed in owned or leased buildings is normally available from the following sources: 

Utility provider reports and contracts•	
Electricity bills•	
Invoices for fuel deliveries•	
Meter readings (estimated from invoices if meter readings are not available)•	
Gas bills•	
Pipeline measurements•	
Energy management software•	

The data source should always be stated in the tool for future performance assessments.

The GHG emissions included in the inventory are aggregated automatically by using an estimate of their GWP. 
The total GHG are thus expressed in CO

2
e.

Note: Biogenic CO
2
 is typically reported separately.

Calculating Emissions

The following is a description of the methods used by the calculator tool to quantify the emissions from four 
common sources: purchased electricity, fuel combustion in stationary equipment such as boilers and furnaces 
(that is power generation), purchased steam, and refrigeration and air-conditioning equipment. 

Scope Source GHG
Direct Emissions 1 Power generation CO2, CH

4
 & N

2
O

Refrigeration and air-condi-
tioning equipment

HFCs & PFCs

Indirect Emissions 2 Consmption of purchased 
electricity

CO
2
, CH

4
 & N

2
O  

Purchased steam/heat CO
2

3 Not included at this time CO
2
, CH

4
 & N

2
O

In general, the emissions from energy consumption are quantified by using methods that are based on 
emission factors. Emission factors are coefficients that describe the amount of a specific GHG that is released 
from doing a certain activity, such as burning one tonne of fuel in a furnace. The tool uses default emission 
factors, each of which is based on a sample of representative data (see Appendix 5 and 6). As a result, the tool 
allows you to calculate emissions without the need to gather site-specific data on the quantity of emissions 
released. However, because these are default emissions, they may not necessarily reflect the specific types of 
fuel combustion and emissions control technologies at each building. Additional geographically- or techno-
logically-specific emissions factors may result in more accurate calculations, and shall be used by the reporter 
as long as they are credible and as long as the user can document their source. 

Note: For certain sources, GHG emissions may be calculated in different ways to accommodate differences in 
the type of activity data available to individual reporting offices or to help ensure that the calculations are as 
accurate as possible. This section explains when one alternative method is to be used over another. 

Because different GHGs differ in the strength of their impact on the climate, the tool also adjusts the 
emissions of a specific GHG to reflect the actual impact of these emissions. This adjustment is done by using 
GWP values, which convert emissions of each GHG into a comparable unit (tonnes CO

2
 -equivalent; CO

2
e). 
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The Protocol

The total climate impact from an individual reporting office or facility is thus measured as the CO
2
e emissions 

from across all of the sources associated with that office. The default GWP values used in the tool are listed in 
Appendix 7. 

In summary, the emission-factor calculation approach involves the following: 

Finally, all methodologies are based on guidance from the GHG Protocol and the IPCC, while emission factors 
are drawn from a range of sources, including the IPCC, US EPA and the International Energy Agency (see 
Appendix 1). 

Power Generation

Scope 1 emissions also result from the on-site generation of power from the combustion of fuels in stationary 
equipment, such as boilers and furnaces and other types of stationary fuel technologies owned or controlled 
by the organization. To complete this section, information on fuel type and fuel consumption is required.
The reporter is asked to select the closest available fuel type from a drop-down list. Power generation mainly 
results in the release of CO

2
.  CH

4
 and N

2
O are emitted in smaller amounts. The CO

2
 emissions are mainly 

determined by fuel carbon content, whereas the N
2
O and CH

4
 emissions depend not only upon fuel charac-

teristics, but also upon the technology type, the combustion characteristics, the maintenance and operational 
practices, as well as other factors. The default emission factors for CO

2
, N

2
O and CH

4
 are listed in Appendix 6, 

Tables 6.1-6.3. 

The tool allows the reporter to input fuel use data in units of energy (such as GJ and kWh), mass (such as 
tonnes), and volume (such as m3 and litres). However, the reporter should be aware that fuel density informa-
tion is not available for some fuels. In these cases, input data may only be available in units of energy or mass.  
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The GHG emissions are calculated as:

Purchased Electricity

Purchased electricity is an indirect emissions source because the emissions from the generation of electric-
ity occur at the energy plant, rather than at the building. Nonetheless, these emissions shall be included in 
the report because they result from the building’s activities. The Calculation Tool estimates indirect emissions 
from the electricity supplier only if the user provides activity data on the amount of electricity consumed in 
the building.

The GHG emissions from electricity purchased from a grid reflect the energy mix used to generate the 
electricity. The Calculation Tool & Reporting Template provides as many country-specific emission factors as 
possible. If the reporting country is not shown, then the default value for the geographical region should be 
used.

The Calculation Tool & Reporting Template does not currently allow for the use of more geographically-specif-
ic emission factors. Future versions of the tool may include these options. For example:

Brazil: http://www.mct.gov.br/index.php/content/view/index.php•	
USA: http://www.epa.gov/cleanenergy/energy-resources/egrid/index.html•	

The tool implements country-specific default emission factors for CO
2
. But CH

4
 and N

2
O emissions are not 

quantified for several reasons:

CH1.	
4
 and N

2
O emissions vary with the size, efficiency and vintage of the combustion 

technology, as well as with the maintenance and operational practices. Because these 
variables vary significantly amongst electricity plants, they are not easily represented in 
simple, country-specific emission factors.  

No current emission factors are available for CH2.	
4
 and N

2
O. While CO

2
 emission factors are 

updated on an annual basis by the International Energy Agency (EIA), CH
4
 and N

2
O emission 

factors are not updated as regularly and are currently out of date. 
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The CO
2
 emissions from purchased electricity can be calculated via the following method:

Method 1: 	 Based on metered electricity use
	 Use this method for buildings with available electricity bills or other data records that directly 

show how much electricity was consumed. 

The CO
2
 emissions are calculated as:

Default emission factors are listed in Appendix 5.

Emission sources not included in the current Calculation Tool & 
Reporting Template

Refrigeration and Air-conditioning Equipment

Refrigeration and air-conditioning (RAC) equipment leaks refrigerants during installation, maintenance, 
operation and disposal. Because many refrigerants are GHGs with high GWP values, RAC equipment may be a 
significant emissions source for some reporting offices. 
To calculate the emissions from RAC equipment, the tool implements three alternative methods to calculate 
or estimate the refrigerant losses associated with installation, maintenance, operation and disposal. You 
should choose amongst these methods based on the available data. You should be aware that individual 
refrigerants may be GHGs themselves, that is, the refrigerant may be an HFC or a PFC. Alternatively, the refrig-
erants may be blends of different chemicals, only a portion of which are PFCs or HFCs. The reporter shall take 
care to calculate the emissions separately for each GHG or refrigerant blend. 

In calculating emissions, the tool allows you to select from a list of the most commonly used refrigerants or refriger-
ant blends. The GWPs of these refrigerants or blends are then automatically used to calculate the CO

2
e emissions. 

Method 1: 	 Detailed mass balance method
	 Use this method for buildings that maintain their own equipment. The method estimates 

HFC and PFC emissions based on the amount of refrigerant purchased and used by the 
equipment user, and it requires data that should be available from entity purchase and 
service records. The reporter shall input this data in kilogrammes (kg).  

	 The GHG emissions from a single refrigerant or refrigerant blend are calculated as follows:

The Protocol
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	 Where:
•	  “Change in inventory volume” includes only gas stored on-site such as cylinders and not 	

within equipment. Change in inventory volume is calculated as: 
	 Inventory at beginning of year – 
	 Inventory at end of year

•	  “Transferred amount” = 
	 Refrigerant purchased from producers/distributors in bulk + 
	 Refrigerant provided by manufacturers with or inside equipment  +
	 Refrigerant added to equipment by contractors + 
	 Refrigerant returned after offsite recycling or reclamation  -
	 Sales of refrigerant (in bulk, not equipment) to other entities  -
	 Refrigerant left in equipment that is sold to other entities  - 
	 Refrigerant returned to suppliers - 
	 Refrigerant sent off-site for recycling or reclamation  - 
	 Refrigerant sent off-site for destruction 

• 	 “Change in capacity of RAC equipment” = 
	 Total new charge of new equipment + 
	 Total full charge of equipment retrofitted to use this refrigerant – 
	 Original total full charge of equipment that is retired or sold to other entities – 
	 Total full charge of equipment retrofitted away from this refrigerant to a different refrigerant

This calculation process is repeated for each refrigerant or blend of refrigerants. 

Method 2: 	 Simplified mass balance method
	 This method is a simplified version of Method 1 and is used for buildings that hire contrac-

tors to maintain their RAC equipment. The activity data that are supplied by the user must 
be obtained from the contractor. If notified in advance of the need for this information, the 
contractor should be able to provide it.  

The Protocol
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Method 2 tracks emissions from the installation, servicing and disposal of RAC equipment as 
follows:

Emissions of individual GHG or loss of refrigerant blend = 
(PN - CN + PS + CD - RD ) x GWP

Where:
•	 PN = Purchases of refrigerant used to charge new equipment (omitted if the equipment 

has been pre-charged by the manufacturer)
• 	 CN = Total full capacity of the new equipment (omitted if the equipment has been pre-

charged by the manufacturer)
• 	 PS = Quantity of refrigerant used to recharge existing equipment
• 	 CD = Total full capacity of retiring equipment
• 	 RD = Refrigerant recovered from retiring equipment

The reporter shall input data in kilogrammes (kg), and this calculation process should be 
repeated for each refrigerant or blend of refrigerants.

					   
Method 3: 	 Emission-factor based approach

Method 3 uses default emission factors to separately calculate the emissions of individual 
GHGs or refrigerant blends, associated with the assembly, installation, operation and disposal 
of RAC equipment. The default emission factors implemented in the tool are specific to 
broad categories of RAC equipment, such as domestic and commercial refrigerators.  

Method 3 is likely to be less accurate than either Method 1 or Method 2. As a result, Method 
3 is recommended as a screening method to determine the significance of the emissions 
from RAC equipment. If RAC equipment is deemed to be a significant component of the 
building emissions, then the reporter shall strive to collect the activity data necessary by 
either Method 1 or Method 2. Otherwise, the GHG emissions estimated with Method 3 can 
be reported. 

For each type of RAC equipment, the emissions of an individual GHG, or refrigerant blend, are 
calculated as:
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Where:
• 	 “Emissions from the assembly or installation of RAC equipment” (kg) =
	 Number of new RAC units of type x • 
	 Original refrigerant charge in each unit (kg) • 
	 Emission factor for the assembly and installation of RAC equipment of type x (% of original 

charge / year). 

• 	 “Emissions from the operation of RAC equipment” (kg) = 
	 Number of RAC units of type x • 
	 Original refrigerant charge in each unit (kg) • 
	 Annual leakage rate for RAC equipment of type x (% of original charge / year). 

• 	 “Emissions from the disposal of RAC equipment” (kg) =
	 Number of RAC units of type x disposed of during the reporting period • 
	 Original refrigerant charge in each unit (kg) • 
	 [1 – (Annual leakage rate for RAC equipment of type x • Time since last recharge (years)] • 
	 [1 – (Recycling efficiency for RAC equipment of type x) – Amount of refrigerant i 

destroyed]. 

Appendix 6 (Table 6.4) lists the default emission factors implemented in Method 3. The 
reporter must supply the time period since the last discharge and the amount of refrigerant 
that has been sent for destruction. 

Purchased Steam/Heat

Combined Heat and Power (CHP) plants generate both electricity and heat/steam. The emissions associated 
with the electricity should be calculated assuming that the plant is grid-connected. The purchased steam 
spreadsheet should be used whenever reporting offices purchase a portion of the heat or steam outputs 
from an individual CHP plant. 

The calculation of the indirect (Scope 2) emissions from steam purchases requires information on the GHG 
emissions that stem from power generation at the CHP plant. This GHG information is used to calculate an 
emission factor for steam production, which is then multiplied by the amount of steam or heat purchased 
by the reporting office to quantify the Scope 2 emissions from purchased steam. CHP plants may be able to 
supply emission factors for steam production. Otherwise, these factors have to be developed by the reporting 
office by using information on fuel consumption and energy production by the plant. The general process 
for developing steam emission factors and calculating the Scope 2 emissions is summarized on the following 
page as:
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If the energy provider is able to supply emission factors for steam production, the reporting office should 
proceed to step 5. Otherwise, you can calculate the emission factors following steps one through four below. 
Each step should be repeated for each GHG: CO

2
, CH

4
 and N

2
O.  

Step 1: 	 Calculate the emissions of a GHG from stationary combustion in the CHP system. 
The fuel consumption data will have to be supplied by the energy provider.

Step 2: 	 Determine the energy in the steam and electricity output streams generated by the 
CHP system. These values should be inthe same units, for example, GJ or a similar SI 
unit. Again, the data will have to be supplied by the energy provider.

Step 3: 	 Determine the fraction of the total emissions of each GHG (CO
2
, CH

4
 and N

2
O) to 

allocate to steam production (as opposed to electricity production) using the 
following formula: 

	

T

P
H

H
H E

e
Pe

H
e

H
E �

+

= •

Where: 
E

 H
= emissions allocated to steam production 

H = steam output (energy) 
e

 H
= assumed efficiency of steam production 

P = delivered electricity generation (energy) 
e

 P
= assumed efficiency of electricity generation 

E
 T
= total direct emissions of the CHP system 

Default efficiency factors are provided in Appendix 6 (Table 6.5).
 
Step 4: 	 Calculate the emission factor for steam production as follows:

                                H
EproductionsteamforfactorEmission H=

Step 5: 	 Estimate emissions from steam purchases as:

		  productionsteamforfactorEmissionpurchasedsteamofAmount
emissionsGHG

�

=

•
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Other Optional Emissions

Reporters may find that some buildings have significant GHG emissions from sources outside the estab-
lished boundary that are not covered by the calculation methodologies in this Protocol and Calculation 
Tool & Reporting Template. Although calculating and reporting these emissions are optional, the reporter is 
encouraged to begin collecting this data so that a more complete understanding of the building’s climate 
impact can be obtained.

Examples of optional emission sources could include, but are not limited to:

Personnel commuting to and from the work place;•	
GHG emissions embodied in materials;•	
GHG Emissions associated with building maintenance;•	
Construction; and•	
Provision for water and sewage treatment.•	

The reporter is responsible for identifying the best available methodology for their optional emission sources.   

Note: Emissions from biomass fuels are to be reported separately from fossil fuel emissions. The reporter must 
therefore distinguish between biomass CO

2
 and fossil CO

2
. See the following example below:

Biomass CO
2
 emissions are from the combustion of biofuels such as wood and ethanol, whereas fossil CO

2
 

emissions are from the combustion of oil and coal products. A list of biomass fuels can be consulted in 
Appendix 6.  Calculation methods and other important references for the optional activities entered must be 
explained.
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Appendix 1: Scope of Emissions

The building sector is nested within a larger context of global GHG emissions. (See Figure 1) 

Total emissions from a building’s life-cycle begins with the Before-Use Phase including extraction of raw 

materials, agriculture or forestry, then continues with manufacturing of building products and equipment 

and construction (See Figure 2). Building emissions extend for long periods of time during the Use-Phase of 

the building including operations, maintenance, and retrofits of the building (See Figure 2). Finally, emissions 

conclude with the After-Use phase including demolition, re-use and recycling of material components or energy 

content, and waste processing (See Figure 2). All Stages involve transportation of goods, services, and people.

On a global scale, data for Stage I and III are lacking for many regions, generally difficult to quantify, and can 

lead to double counting of emissions in other sectors such as industry, forestry, agriculture, and transport.  

Because over 80% of GHG emissions are emitted during Stage II and these emissions are measurable, 

reportable, and verifiable, only this Stage is included in the Common Carbon Metric & Protocol represented 

in this paper.  The impacts due to maintenance, repair and/or refurbishment and transport, shown in Figure 2, 

are not included in the Common Carbon Metric & Protocol.

Furthermore, the Common Carbon Metric & Protocol and Calculation Tool & Reporting Template is based on 

a modular approach allowing future expansion to capture a greater scope of emissions from this sector. The 

modular approach recognizes that responsibility of decision-makers changes over different Stages and time, 

and that measurement and emissions boundaries will become further defined.

Scope 1: Direct, on-building-site or on-building-stocks, GHG Emissions

Direct on-site emissions result from sources within the boundaries of the building or building stocks under 

study that can be quantified by the reporting entity, including stationary combustion emissions, process 
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Figure 2: Description of the three Life Cycle Stages of a building and the different processes allocated 
to these stages, (Source: SB Alliance)
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emissions (e.g. of typical “small” building operation like refrigeration or use of computers, but not industrial 

processes like manufacture or assembly of products) and fugitive emissions. Scope 1 emissions included in 

the Common Carbon Metric & Protocol are all direct GHG emissions, with the exception of fugitive emissions 

and direct GHG emissions from biogenic or industrial sources controlled by the reporting entity.  Direct 

emissions are typically produced from the following types of activities:

Stationary combustion emission from generation of on-site electricity, cooling, heat or steam•	

Fugitive emissions from intentional or unintentional releases•	
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Figure 1: Scope of Emissions (Source: WRI-WBCSD Corporate Standard)
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Stationary combustion emissions result from the burning of fuels to produce electricity, steam, heat, or 
power using equipment, such as boilers, furnaces, etc., on the building site. 

Fugitive emissions result from the intentional or unintentional releases of GHGs. They commonly arise from 

the production, processing, transmission, storage and use of fuels and other chemicals, often through joints, 

seals, packing, gaskets and so on. Calculating fugitive emissions from the use of refrigerants in heating/cooling 

systems is not part of the current draft of the Calculation Tool & Reporting Template, but are described in the 

Common Carbon Metric & Protocol.

Scope 2: Indirect on-building-site GHG Emissions

Indirect emissions are a consequence of the activities that occur outside the building site, for example 

activities at a community power plant for providing the energy consumed on-building-site. Scope 2 

emissions here include all GHG emissions associated with the overall generation of purchased energy 

such as electricity. (Note: the current draft of this Calculation Tool & Reporting Template does not include 

emissions from purchased heat/steam/cooling at this time. However, this calculation is described in the 

Common Carbon Metric & Protocol. ). Reporting of Scope 2 emissions is a useful tool to help gauge energy 

usage and identify areas to reduce costs and emissions.  By utilizing energy efficient technologies and 

implementing energy conservation practices, energy use is reduced, which in turn reduces costs and 

produces less GHG emissions.

Scope 3: Other Indirect GHG Emissions

Scope 3 addresses indirect emissions not covered in Scope 2 activities that are relevant to building perfor-

mance. The Calculation Tool & Reporting Template does not currently provide a means of identifying or calcu-

lating scope 3 sources, nor are these described in detail in the Metric & Protocol. 

Examples of these emissions include:

	Upstream and downstream emissions related to the before-use phase of the buildings, e.g. raw •	

material extraction for metals.

	Transport related activities in vehicles related to all stages of the building life cycle•	

After-Use phase activities such as:•	

	Re-use, Recycling •	

	Thermal recycling•	

	Waste disposal processes, such as GHG emissions from final deposits•	

When accounting Scope 3 emissions, take care to choose activities that have not already been included in 

Scopes 1 or 2 and be transparent regarding included or omitted processes. 
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Appendix 3: Glossary of Terms

Activity Data Data on the magnitude of a human activity resulting in GHG emissions. Data 

on energy use, miles travelled, input material flow and product output are all 

examples of activity data that might be used to compute GHG emissions.

Average Weather Average weather may include average temperature, precipitation and wind 

patterns.

Biomass Non-fossilized and biodegradable organic material originating from:

·       Plants, animals, and micro-organisms, including products, byproducts, residues and 
waste from agriculture, forestry and related industries

·       Non-fossilized and biodegradable organic fractions of industrial and municipal 
wastes, including gases and liquids recovered from the decomposition of non-
fossilized and biodegradable organic material.

Biomass CO2 Emissions from the combustion of biofuels such as wood and ethanol. Emissions from 
biomass fuels are to be reported separately from fossil fuel emissions.

Building Construction works that has the provision of shelter for its occupants or 

contents as one of its main purposes; usually partially or totally enclosed and 

designed to stand permanently in one place.

Building Floor Area (GFA) Building area is measured in meters squared (m2) of Gross Floor Area (GFA) of a building. 
GFA is measured from the exterior perimeter of the building envelope. Areas of internal 
walls & structure, shafts, elevators, and stairways are to be included in the GFA.

Building Operations The Metric & Protocol are designed to measure and report on building operation 
related greenhouse gas emissions, and to enable stock aggregation to generate 
baseline performance data.  Therefore they only include emissions related to the in-
use or ‘operational’ phase of the building life-cycle. This phase is the service-life of a 
building and can be measured two years from occupancy to significant change in use 
or demolition. 

CH
4

Methane. A Kyoto Protocol greenhouse gas.

Climate Change Climate change is any long-term significant change in the average weather of a 

region or the earth as a whole. For more information, see average weather.

Climate Neutrality Climate neutrality is a term that refers to an entity with no net GHG emissions. 

Achieved by reducing greenhouse gas emissions as much as possible and by 

using carbon offsets to cover the remaining emissions.

CO
2

Carbon dioxide. A Kyoto Protocol GHG.

Combined Heat and 

Power (CHP)

An energy conversion process in which more than one useful product, such as 

electricity and heat or steam, is generated from the same energy input stream 

(cogeneration).
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CO
2
 Equivalent (CO

2
e) The universal unit for comparing emissions of different GHGs, expressed in 

terms of the global warming potential (GWP) of one unit of carbon dioxide. For 

more information, see GWP.

Common Approach The Metric & Protocol have been developed through consensus building and 
collaboration facilitated by UNEP-SBCI. It is closely linked with approaches to measuring 
and reporting on building related greenhouse gas emissions used by several current 
building performance assessment tools and methods. As such, it is intended to be used 
with or augment existing approaches to measuring building related greenhouse gas 
emissions in countries where these schemes exist. Where no existing schemes exist, this 
effort can be used independantly or as a basis for the development of such tools, and 
for generating performance baselines that can inform policy making.

Direct Emissions Emissions from sources within the reporting entity’s organizational boundaries that are 
owned or controlled by the reporting entity, including stationary combustion emissions, 
mobile combustion emissions, process emissions and fugitive emissions.

Emissions See Appendix 1.

Emission Factor GHG emissions expressed on a per unit activity basis. For example, metric 

tons of CO
2
 emitted per million Btus of coal combusted or metric tons of CO

2
 

emitted per kWh of electricity consumed.

Fugitive Emissions Emissions that are not physically controlled, but result from the intentional or 
unintentional releases of GHGs. They commonly arise from the production, processing 
transmission storage and use of fuels and other chemicals, often through joints, seals, 
packing, gaskets, and so on.

Greenhouse Gas (GHG) The earth receives energy from the sun and returns the energy by reflecting 

light and emitting heat. Part of the outgoing heat flow is absorbed by 

greenhouse gases and re-irradiated back to the earth. While carbon dioxide is 

the greatest contributor to global warming, there are several reasons for opting 

to include the six gases covered by the Kyoto Protocol (Carbon Dioxide (CO
2
), 

Methane (CH
4
), Nitrous Oxide (N

2
O), Hydro-fluorocarbons (HFC’s), Per-fluorocar-

bons (PFC’s), and Sulfur Hexafluoride (SF
6
)).

Gross Floor Area (GFA) Total floor area contained within a building, including the horizontal area of 

external walls.

GHG Inventory A quantified list of an organization’s GHG emissions sources.

Global Warming 

Potential (GWP)

The ratio of radiative forcing that would result from the emission of one unit of 

a given GHG compared to one unit of carbon dioxide (CO
2
).

HFCs Hydrofluorocarbons. HFCs are Kyoto Protocol greenhouse gases.

Indirect GHG Emissions Emissions that are a consequence of the activities of a company but that occur at 
sources owned or controlled by another company. Indirect emissions include Scope 2 
and Scope 3 emissions. For more information see the related definitions.
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Intergovernmental 

Panel on Climate 

Change (IPCC)

International body of climate change scientists. The role of the IPCC is to assess 

the scientific, technical and socio-economic factors relevant to understanding the 

risk of human-induced climate change (www.ipcc.ch).

Metric A method of measuring building performance indicators

Mobile Combustion 
Emissions

Emissions from the combustion of fuels in:

·       Transportation sources, such as cars, trucks, buses, trains, airplanes, and marine 
vessels

·       Emissions from non-road equipment, such as equipment used in construction, 
agriculture, and forestry.

Note: A piece of equipment that cannot move under its own power but that is 
transported from site to site, an emergency generator for example, is a stationary, not 
mobile, combustion source.

Modular Approach: UNEP-SBCI recognises the importance of considering the whole building life-cycle 
when considering its environmental, social and economic impacts. Also recognised is 
the need for measurable, verifiable and reportable indicators building performance. 
UNEP-SBCI therefore shall work toward a holistic framework for assessing the climate 
impact over the building life-cycle, where reporting GWP from building operations is 
a mandatory first step. Emissions arising from other phases of the building life-cycle 
are considered optional for reporting and may be reported separately. At this stage 
emissions related to initial and recurring embodied energy shall also be reported 
separately.

NAMA (Nationally 

Approved Mitigation 

Action)

Unlike the commitments made by developed countries, which are specific, 

mandated, measurable commitment, NAMAs are voluntary actions supported 

by technological and capacity assistance from the developed world.

N
2
O Nitrous oxide. A Kyoto Protocol greenhouse gas.

Performance Based 
Approach

The performance based approach is primarily concerned with the description of what a 
construction process and/or building product and/or service is/are required to achieve 
(the ‘end’), not about how they should be achieved (the ‘means’). The Metric & Protocol 
adopt the performance based approach to provide a common methodology to 
describe the energy performance and related greenhouse gas emissions of a building 
through a framework for monitoring and reporting. It therefore does not provide 
or advise on specific strategies for improving energy performance and reducing 
greenhouse gas emissions. 

Performance Baselines The actual measured performance of a building or aggregation of buildings of the same 
type, minimally normalised, in a region/location/climate zone.  The Metric & Protocol 
can be used to collect data to establish a baseline for building energy performance 
reported in kWh/yr and greenhouse gas emissions reported in tCO2-e/yr.

Performance Targets A desired level of building performance relative to which actual building performance 
can be compared.  For example, baseline energy performance of office buildings can be 
compared relative to minimum performance target established by building regulations, 
or best-practice performance targets set by industry leaders.
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Performance 
Benchmarking

The process of comparing actual performance relative to desired performance is 
known as benchmarking. The Metric & Protocol support benchmarking by providing a 
consistent framework for collecting and reporting baseline building energy and GHG 
emissions performance.  

PFCs Perfluorocarbons. PFCs are Kyoto Protocol GHGs.

RAC Refrigeration and Air-Conditioning.

Radiative Forcing The degree of warming of the atmosphere. A positive forcing (more incoming energy) 
tends to warm the system, while a negative forcing (more outgoing energy) tends to 
cool it.

Scope 1 Emissions All direct GHG emissions, with the exception of direct CO2 emissions from biogenic 
sources.

Scope 2 Emissions Indirect GHG emissions associated with the consumption of purchased electricity, 
heating, cooling, or steam.

Scope 3 Emissions All indirect emissions not covered in Scope 2. Examples include:

·       Upstream and downstream emissions

·       Emissions resulting from the extraction and production of purchased materials and 
fuels

·       Transport related activities in vehicles not owned or controlled by the reporting 
Entity

·       Use of sold products and services

·       Outsourced activities

·       Recycling of used products

·       Waste disposal

Stationary Combustion 
Emissions

Emissions from the combustion of fuels to produce electricity, steam, heat, or power 
using equipment, such as boilers, furnaces, etc., in a fixed location. 
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Appendix 4: Data Sources

Emission sources included in the Calculation Tool & Reporting Template

Stationary Combustion / Power generation

Source of method and fuel density data: GHG Protocol Calculation Tool for Direct Emissions from Stationary •	
Combustion, Version 3.1.
Emission factors: 2006 IPCC Guidelines for National GHG Inventories, Volume 2, Chapters 1 and 2. •	

Purchased electricity

Source of method: GHG Protocol tool ‘Indirect CO•	
2
 emissions from Purchased Electricity, Heat, or Steam’ 

Emission factors: International Energy Agency Data Services. 2006. “CO•	
2
 Emissions from Fuel Combustion (2006 Edition)”.

Emission sources not included in the current version of the Calculation Tool & Reporting Template

Purchased cooling/steam/heat

Source of method: GHG Protocol tool ‘Allocation of GHG emissions from a combined heat and power (CHP) •	
plant’; Version 1. 
Factors: The default factors for the assumed efficiency of electricity and steam production are sourced from the •	
US EPA Climate Leaders program. 

Refrigeration and air-conditioning equipment

Source of method: GHG Protocol tool ‘Calculating HFC and PFC Emissions from the Manufacturing, Servicing, •	
and/or Disposal of Refrigeration and Air-Conditioning Equipment’; Version 1.0.
Emission factors: 2006 IPCC Guidelines for National GHG Inventories; Volume 3, Chapter 3. •	

Other Optional emissions

Source of CFC and HCFC emission Factors: IPCC Special Report on Safeguarding the Ozone Layer and the •	
Global Climate System: Issues Related to Hydrofluorocarbons and Perfluorocarbons, Special Report of the IPCC, 
Cambridge, England, 2005.
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Country Year-specific emission factor (kg CO2 / kWh)
2000 2001 2002 2003 2004 2005 2006 

onwards

Albania 0.048642 0.0603048 0.0580777 0.0304432 0.0320289 0.0344451 0.0324402

Algeria 0.6858415 0.6872739 0.6993607 0.6998468 0.6996617 0.6709294 0.6881182

Angola 0.3824699 0.3813999 0.3539564 0.372808 0.216229 0.1543404 0.0982004

Argentina 0.3384653 0.2671451 0.2581042 0.2746517 0.3168683 0.307203 0.3033696

Armenia 0.2358542 0.2430216 0.1533606 0.1480246 0.1197077 0.138329 0.1382909

Australia 0.86268 0.890203 0.938218 0.918712 0.914206 0.921851 0.920527

Austria 0.179847 0.202697 0.195777 0.23436 0.228254 0.222809 0.214471

Azerbaijan 0.6483436 0.5611304 0.4895583 0.5231113 0.5113228 0.5038991 0.4734752

Bahrain 0.8678482 0.8399183 0.8350802 0.8830508 0.8813498 0.8901022 0.8248637

Bangladesh 0.5558199 0.6022123 0.6035002 0.5743256 0.6276187 0.5571221 0.5843308

Belarus 0.3062537 0.2969185 0.2974544 0.2921579 0.3006714 0.2959063 0.2963771

Belgium 0.284388 0.271556 0.2663 0.274227 0.280563 0.270999 0.260036

Benin 0.6013333 0.9548182 0.9498413 0.751675 0.740037 0.7094393 0.6962126

Bolivia 0.3036634 0.5071933 0.4692486 0.448168 0.5249735 0.5126527 0.5049688

Bosnia 
& Herze-
govina 

0.7971711 0.7667476 0.825342 0.8487069 0.7406088 0.7521496 0.801958

Botswana 1.8762798 1.3179881 1.3226425 1.319832 1.7389546 1.8513522 1.8514539

Brazil 0.0879491 0.1038713 0.0856142 0.0791719 0.0852495 0.0842382 0.0814376

Brunei 
Darussalam

0.7949823 0.7989236 0.8181174 0.8008533 0.8015021 0.7817601 0.8210049

Bulgaria 0.4306759 0.4633784 0.4328453 0.4702482 0.4706009 0.4499187 0.4479618

Cambodia 1.7980067 1.9395504 1.9698481 1.8801984 1.3008549 1.205425 1.0049344

Cameroon 0.0100356 0.0161398 0.0269397 0.0310261 0.0277168 0.0390902 0.0425357

Canada 0.221934 0.231245 0.217379 0.225667 0.208695 0.195691 0.184179

Chile 0.3314262 0.2605082 0.2622276 0.2794296 0.34117 0.3276607 0.2942425

China 
(including 
Hong Kong)

0.7637152 0.7392958 0.7478536 0.7760018 0.805541 0.7875759 0.7883087

Colombia 0.2006519 0.1911704 0.1871719 0.1763352 0.1631386 0.1630354 0.1496172

Congo 0 0 0 0.0955711 0.0830581 0.1029908 0.1023289

Costa Rica 0.0036451 0.0037192 0.0035937 0.003403 0.0032014 0.0029567 0.0027816

Côte d’Ivoire 0.0082427 0.0141249 0.0152577 0.0196727 0.0173793 0.0268748 0.0473985

Croatia 0.3794569 0.3939408 0.4092423 0.3841679 0.4038817 0.4449239 0.4362172

Cuba 0.303265 0.3128552 0.3566689 0.3796708 0.3000055 0.3108118 0.318398

Cyprus 1.0240706 0.9914933 1.0903425 1.1377718 1.0746459 1.0117289 1.0194389

Czech 
Republic

0.8376335 0.7774295 0.7560465 0.8332966 0.7726093 0.7885526 0.7582802

Democratic 
Republic of 
Congo

0.59637 0.583616 0.560964 0.524299 0.525235 0.525407 0.526629

Denmark 0.339329 0.33591 0.332003 0.357022 0.308095 0.281566 0.341339

Dominican 
Republic

0.7594265 0.6580476 0.7338179 0.6608694 0.6046025 0.5901474 0.6238551

Appendix 5: Electricity emission factors
(Source: International Energy Agency, CO2 Emissions from Fuel Combustion, 2008)
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Country Year-specific emission factor (kg CO2 / kWh)
2000 2001 2002 2003 2004 2005 2006 

onwards

Ecuador 0.2152637 0.2721655 0.2809849 0.2985651 0.3022298 0.3690357 0.3957349

Egypt 0.4118251 0.3810078 0.4366883 0.4324818 0.4731555 0.4714592 0.4698084

El Salvador 0.2876796 0.3024137 0.3098698 0.2964936 0.274723 0.2633951 0.2167277

Eritrea 0.713381 0.7490901 0.6586757 0.6936823 0.722159 0.6772083 0.690342

Estonia 0.6913669 0.678414 0.6627483 0.7173835 0.7008656 0.6648508 0.6401581

Ethiopia 0.0113793 0.0094677 0.0077666 0.0055318 0.0062525 0.0033483 0.002914

Finland 0.211425 0.241947 0.25273 0.292742 0.253686 0.192889 0.241592

France 0.08283 0.070748 0.076348 0.08047 0.078102 0.091648 0.084953

Gabon 0.3255255 0.272225 0.2817934 0.3059481 0.3216103 0.3763892 0.3466605

Georgia 0.1929331 0.1327927 0.0716422 0.0760192 0.09958 0.1028153 0.1449678

Germany 0.493814 0.505503 0.507675 0.434394 0.436128 0.405421 0.403629

Ghana 0.0681033 0.114547 0.2553183 0.2769188 0.0835203 0.1467859 0.2756985

Gibraltar 0.759808 0.7537778 0.7599845 0.7545075 0.7659265 0.7395103 0.7304305

Greece 0.817326 0.831209 0.814165 0.777519 0.776432 0.775676 0.724964

Guatemala 0.3920903 0.420902 0.484156 0.4040128 0.4341858 0.3840404 0.3344147

Haiti 0.3456307 0.3396633 0.3994534 0.3195738 0.3005996 0.3071583 0.3051825

Honduras 0.2802692 0.329411 0.2817498 0.3521216 0.4506195 0.4107094 0.4132526

Hong Kong, 
China

0.7118212 0.7199642 0.7251555 0.7950479 0.8307945 0.8094353 0.8546126

Hungary 0.409762 0.39368 0.391365 0.424645 0.392429 0.340648 0.343927

Iceland 0.000622 0.000603 0.00061 0.000618 0.000608 0.000614 0.000542

India 0.9392939 0.9348198 0.9198197 0.904032 0.9432511 0.9364167 0.9440385

Indonesia 0.5959232 0.6785769 0.6549039 0.7108372 0.6901426 0.6936732 0.6767253

Iran 0.568412 0.5776161 0.559711 0.5336079 0.5324447 0.5281749 0.5143547

Iraq 0.7311342 0.8129179 0.7512158 0.7870133 0.7024988 0.7004078 0.7009096

Ireland 0.642102 0.668213 0.634876 0.599776 0.574207 0.58177 0.535333

Israel 0.7608988 0.7728351 0.8227822 0.8177361 0.8094542 0.7977321 0.773651

Italy 0.49855 0.482551 0.506214 0.516454 0.416336 0.412539 0.403512

Jamaica 0.8209787 0.8235476 0.8029198 0.7945297 0.785098 0.7341132 0.8297551

Japan 0.400724 0.401668 0.422356 0.444808 0.427633 0.426643 0.418346

Jordan 0.7084217 0.7023017 0.7406763 0.6801646 0.6825746 0.6309245 0.6018739

Kazakhstan 0.4797295 0.4216501 0.4648772 0.4654289 0.4568649 0.4492335 0.5200265

Kenya 0.5620558 0.3918549 0.2708664 0.1998878 0.280026 0.3068003 0.3174905

Kuwait 0.5835887 0.5825964 0.5680109 0.5417746 0.528461 0.521796 0.5331955

Kyrgyzstan 0.447498 0.476933 0.454174 0.449327 0.474576 0.460307 0.464337

Latvia 0.6890093 0.6702995 0.6242148 0.6632918 0.7535054 0.8075562 0.6429168

Lebanon 0.1059152 0.1014482 0.1055218 0.0940333 0.0895848 0.0816262 0.079161

Libya 0.199933 0.1894489 0.1879367 0.1826753 0.166361 0.1619035 0.1673881

Lithuania 0.7332778 0.7511499 0.7215798 0.7085811 0.5645362 0.6674061 0.6946497

Luxembourg 1.0223558 0.9964422 0.9705141 0.9782802 0.8884029 0.9065093 0.8788286

Macedonia 0.1605423 0.148648 0.1250207 0.1142706 0.1155096 0.139143 0.139482
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Country Year-specific emission factor (kg CO2 / kWh)
2000 2001 2002 2003 2004 2005 2006 

onwards

Malaysia 0.255069 0.239947 0.328771 0.33019 0.333814 0.327756 0.326047

Malta 0.6802566 0.7777156 0.7223198 0.6646698 0.6786687 0.6439682 0.6189059

Mexico 0.5166751 0.5406954 0.5911045 0.5254512 0.5376214 0.6411917 0.6553582

Moldova 0.8621695 1.022071 0.814847 0.8087513 0.896157 0.8550973 0.8340854

Mongolia 0.566131 0.568478 0.570326 0.576498 0.52779 0.555201 0.541285

Morocco 0.7387891 0.7671716 0.737925 0.7554372 0.5149158 0.5187097 0.475568

Mozambique 0.586715 0.5853653 0.61327 0.5535913 0.5261558 0.5332243 0.52331

Myanmar 0.7698989 0.763902 0.7655835 0.736906 0.7495018 0.7237765 0.7079012

Namibia 0.0047449 0.0039261 0.0031108 0.0030804 0.0031735 0.0013377 0.0010178

Nepal 0.4570031 0.4053165 0.3761292 0.4255319 0.4144975 0.3647604 0.3382211

Netherlands 0.0209533 0.029446 0.0753247 0.0742681 0.0750051 0.0757205 0.0756469

Netherlands 
Antilles

0.0122936 0.0072828 0.001601 0.0014993 0.0056279 0.0038894 0.0037996

New Zealand 0.446998 0.460074 0.458011 0.462952 0.440095 0.387062 0.394315

Nicaragua 0.7168858 0.7170365 0.7175009 0.7169644 0.7175934 0.7179503 0.7170685

Nigeria 0.229921 0.277961 0.250401 0.294528 0.275098 0.312418 0.3091

North Korea 0.6097142 0.6127748 0.562551 0.5575682 0.5572785 0.5387725 0.5497637

Norway 0.4065908 0.340192 0.3541939 0.3403783 0.3995282 0.383394 0.3861378

Oman 0.004063 0.005831 0.005296 0.008329 0.007014 0.00555 0.006867

Pakistan 0.7956358 0.8167283 0.8293552 0.8533625 0.885115 0.8543975 0.8561127

Panama 0.4794254 0.4629172 0.4427578 0.370599 0.3971433 0.3798984 0.4128082

Paraguay 0.2310653 0.3994819 0.2703469 0.3559679 0.2656568 0.2746714 0.2288439

Peru 0 0 0 0 0 0 0

Philippines 0.1517011 0.1201491 0.1430884 0.1477967 0.2060132 0.1976988 0.1723235

Poland 0.4981119 0.5299027 0.4821932 0.4601703 0.4569744 0.4951414 0.4350061

Portugal 0.67074 0.659545 0.661868 0.66226 0.664077 0.656655 0.65865

Qatar 0.479403 0.441836 0.511857 0.413436 0.451914 0.500925 0.416424

Romania 0.7709436 0.7812838 0.7817194 0.7792543 0.6488941 0.6179696 0.6257141

Russia 0.395507 0.4120619 0.4121279 0.4509292 0.4181164 0.4002267 0.428605

Saudi Arabia 0.320761 0.3214793 0.3266583 0.3293001 0.3248552 0.3249678 0.3285654

Senegal 0.809691 0.7781007 0.7511593 0.7393915 0.7616009 0.7524292 0.7553734

Serbia 0.7818546 0.7991528 0.6452999 0.5203122 0.5551314 0.634202 0.7258949

Singapore 0.8066566 0.7640638 0.7949393 0.8251128 0.7805569 0.6638241 0.7155911

Slovak 
Republic

0.6637622 0.6346518 0.5950352 0.5737891 0.5562526 0.5439599 0.5360586

Slovenia 0.266686 0.241163 0.214865 0.254784 0.24002 0.229003 0.223412

South Africa 0.3302966 0.339892 0.3719069 0.3673126 0.3365373 0.3282646 0.3317589
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Country Year-specific emission factor (kg CO2 / kWh)
2000 2001 2002 2003 2004 2005 2006 

onwards

South Korea 0.8930285 0.8289466 0.8194428 0.8452379 0.8655495 0.8483711 0.8689996

Spain 0.429943 0.381724 0.434018 0.378378 0.381758 0.396067 0.349794

Sri Lanka 0.4273044 0.4062693 0.434705 0.3778602 0.4286689 0.3976336 0.3137244

Sudan 0.5328853 0.5334371 0.6319006 0.7432537 0.8278385 0.637187 0.6139183

Sweden 0.041517 0.042048 0.051701 0.05939 0.050981 0.044041 0.047966

Switzerland 0.022032 0.021361 0.021766 0.022569 0.023663 0.02621 0.025723

Syria 0.5665752 0.5585878 0.5536515 0.5625102 0.5564203 0.5897168 0.6043992

Tajikistan 0.0414305 0.0414266 0.0270805 0.0270206 0.0279479 0.027412 0.0280183

Tanzania 0.1924903 0.0699357 0.0566409 0.0509026 0.1380954 0.268369 0.3155122

Thailand 0.5640424 0.562348 0.5476618 0.5278635 0.5386878 0.5354128 0.5109283

Togo 0.5611943 1.4932033 0.3333882 0.2161761 0.4423656 0.3520053 0.4586697

Trinidad and 
Tobago

0.6910934 0.6935966 0.7722236 0.7311852 0.759428 0.7090288 0.7243096

Tunisia 0.574219 0.5844183 0.563942 0.5542789 0.5319145 0.4763189 0.5458586

Turkey 0.518856 0.543888 0.471981 0.444078 0.419388 0.426378 0.438222

Turkmeni-
stan

0.7949213 0.7950884 0.7950971 0.7951045 0.7951183 0.7951234 0.7951304

Ukraine 0.3468043 0.3295225 0.3247336 0.3805892 0.3162784 0.3308819 0.3443288

United Arab 
Emirates

0.7284334 0.7463885 0.7642596 0.8049414 0.9132203 0.8435464 0.8199856

United 
Kingdom

0.461064 0.473981 0.459842 0.477943 0.485317 0.483897 0.504733

United 
States

0.586096 0.602272 0.575982 0.57486 0.572479 0.569737 0.55866

Uruguay 0.0568805 0.0026782 0.0039063 0.0018918 0.1504441 0.1027509 0.2963499

Uzbekistan 0.4582118 0.4666505 0.4746977 0.4538724 0.4480578 0.4422013 0.44636

Venezuela 0.2099621 0.2819794 0.2775316 0.2450399 0.2454326 0.1892012 0.2084422

Vietnam 0.4204958 0.3923147 0.4235188 0.3747151 0.4073047 0.4055956 0.3963138

Yemen 0.9296299 0.9300977 0.9189146 0.8841907 0.874403 0.8405719 0.8230311

Zambia 0.0069578 0.0068308 0.0066557 0.0068063 0.0069122 0.0068391 0.0067574

Zimbabwe 0.739766 0.8482746 0.7169936 0.5153283 0.5718589 0.5723237 0.5727689

Other Africa 0.469464 0.4778739 0.4809761 0.4855521 0.4799626 0.4885073 0.4886113

Other Asia 0.2425699 0.222594 0.2537792 0.2871644 0.3095522 0.3078937 0.3078166

Other Latin 
America

0.496456 0.4856387 0.5005977 0.5141675 0.5074758 0.5089302 0.5089928
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Appendix 6: Additional Emission Factors

Table 6.1 Fuel-specific CO
2
 emission factors

Fuel
Energy 
basis

Mass 
basis

Liquid 
basis Gas basis

kg/GJ kg/tonne kg/ litre kg/m3

 Oil products Kerosene 71.9 3149.22 2.52  

  Gas/Diesel oil 74.1 3186.3 2.68  

  Residual fuel oil 77.4 3126.96 2.94  

  Liquified Petroleum Gases 63.1 2984.63 1.61  

  Petroleum coke 97.5 3168.75    

Coal products Anthracite 98.3 2624.61    

  Other bituminous coal 94.6 2440.68    

  Sub bituminous coal 96.1 1816.29    

  Lignite 101 1201.9    

  Brown coal briquettes 97.5 2018.25    

  Patent fuel 97.5 2018.25    

  Coke oven coke 107 3017.4    

  Lignite coke 107 3017.4    

Natural gas Natural gas 56.1 2692.8   1.88

Other wastes Municipal waste (Non biomass fraction) 91.7 917    

Biomass Wood or Wood waste 112 1747.2    

  Other primary solid biomass fuels 100 1160    

  Charcoal 112 3304    

  Biogasoline 70.8 1911.6    

  Biodiesels 70.8 1911.6    

  Other liquid biofuels 79.6 2181.04    

  Landfill gas 54.6 2751.84   2.48

  Sludge gas 54.6 2751.84    

  Other biogas 54.6 2751.84    

  Municipal wastes (Biomass fraction) 100 1160    

  Peat 106 1034.56    
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Table 6.2 Fuel-specific CH4 emission factors

Fuel
Energy 
basis

Mass 
basis Liquid basis Gas basis

kg/GJ kg/tonne kg/ litre kg/m3

 Oil products Kerosene 0.01 0.438 0.0004  
  Gas/Diesel oil 0.01 0.43 0.0004  
  Residual fuel oil 0.01 0.404 0.0004  
  Ethane 0.005 0.232   0.0003
  Petroleum coke 0.01 0.325    
Coal products Anthracite 0.01 0.267    
  Other bituminous coal 0.01 0.258    
  Sub bituminous coal 0.01 0.189    
  Lignite 0.01 0.119    
  Brown coal briquettes 0.01 0.207    
  Patent fuel 0.01 0.207    
  Coke oven coke 0.01 0.282    

  Lignite coke 0.01 0.282    

Natural gas Natural gas 0.005 0.24   0.0002
Other wastes Municipal waste (Non biomass fraction) 0.3 3    
Biomass Wood or Wood waste 0.3 4.68    
  Other primary solid biomass fuels 0.3 3.48    
  Charcoal 0.2 5.9    
  Biogasoline 0.01 0.27    
  Biodiesels 0.01 0.27    
  Other liquid biofuels 0.01 0.274    
  Landfill gas 0.005 0.252   0.0002
  Sludge gas 0.005 0.252    
  Other biogas 0.005 0.252    
  Municipal wastes (Biomass fraction) 0.3 3.48    

  Peat 0.01 0.0976    
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Table 6.3 Fuel-specific N
2
O emission factors

Fuel
Energy 
basis

Mass 
basis

Liquid 
basis

Gas 
basis

kg/GJ kg/tonne kg/ litre kg/m3

 Oil products Kerosene 0.0006 0.0263 0.00002  
  Gas/Diesel oil 0.0006 0.0258 0.00002  
  Residual fuel oil 0.0006 0.0242 0.00002  

  Liquified Petroleum Gases 0.0001 0.0047
2.5542E-
06  

  Petroleum coke 0.0006 0.0200    
Coal products Anthracite 0.0015 0.0401    
  Other bituminous coal 0.0015 0.0387    
  Sub bituminous coal 0.0015 0.0284    
  Lignite 0.0015 0.0179    
  Brown coal briquettes 0.0015 0.0311    
  Patent fuel 0.0015 0.0311    
  Coke oven coke 0.0015 0.0423    

  Lignite coke 0.0015 0.0423    

Natural gas Natural gas 0.0001 0.0048   0.000003

Other wastes
Municipal waste (Non biomass frac-
tion) 0.004 0.04    

Biomass Wood or Wood waste 0.004 0.0624    
  Other primary solid biomass fuels 0.004 0.0464    
  Charcoal 0.001 0.0295    
  Biogasoline 0.0006 0.0162    
  Biodiesels 0.0006 0.0162    
  Other liquid biofuels 0.0006 0.0164    
  Landfill gas 0.0001 0.0050   0.000005
  Sludge gas 0.0001 0.0050    
  Other biogas 0.0001 0.0050    
  Municipal wastes (Biomass fraction) 0.004 0.0464    

  Peat 1.4 0.0137    
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Refrigeration and air-conditioning equipment

Table 6.4 Emission factors implemented in Method 3. The tool assumes the mid point of the ranges in 
parentheses. 

Application

       

Average 
Charge (kg)

Average 
Lifetime 
(years)

Average 
Assembly

Average Annual 
Leakage Rate

Average 
Recycling 
Efficiency

Domestic refrigeration 0.28
(0.05 - 0.5)

16.00
(12 - 20)

0.60%
(0.2 -1%)

0.30% 
(0.1 - 0.5%) 

70%

Stand-alone commercial ap-
plications

2.90
(0.2 - 6)

12.50
(10 - 15)

1.75%
(0.5 - 3%)

7.50% 
(1 - 15%)

75% 
(10 - 80%)

Medium and large commer-
cial refrigeration

1025.00
(50 - 2,000)

8.50
(7 - 10)

1.75% 
(0.5 -3%)

22.50% 
(10 - 35%)

85% 
(80 - 90%)

Transport refrigeration 5.50 
(3.0 - 8.0)

7.50
(6 - 9)

0.6 
(0.2 - 1%)

32.50% 
(15 - 50%)

75%
 (70 - 80%)

Industrial refrigeration in-
cluding food processing and 
cold storage

4995.00
(10 - 10,000)

22.50
(15 - 30)

1.75 
(0.5 - 3%)

16% 
(7 - 25%)

85% 
(80 - 90%)

Chillers 995.00
(10 - 2,000)

22.50
(15 - 30)

0.6 
(0.2 - 1%)

8.50% 
(2 - 15%)

87.50% 
(80 - 95%)

Residential and commercial 
A/C, including heat pumps

49.75
(0.5 - 100)

15.00
(10 - 20)

0.6 
(0.2 - 1)

3% 
(1 - 5%)

75% 
(70 - 80%)

Mobile air conditioners 1.00
 (0.5 - 1.5)

12.50
(9 - 16)

0.35%
 (0.2 - 0.5)

15%
 (10 - 20%)

0%

Purchased Steam/Heat

Table 6.5 Efficiency factors for steam/heat and power production.

eH  Assumed efficiency of typical power 
production

eP Assumed efficiency of typical 
steam production

0.8 0.35
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Appendix 7: GWP values

Table 7.1 GWP values for individual greenhouse gases. 

Gas
Formula Common Name   Chemical Name GWP
CO

2
Carbon dioxide 1

CH
4

Methane 21

N
2
O Nitrous oxide 310

SF
6

Sulfur hexafluoride 23,900

Hydrofluorocarbons (HFCs)
CHF

3
HFC-23 trifluoromethane 11,700

CH
2
F

2
HFC-32 difluoromethane 650

CH
3
F HFC-41 fluoromethane 150*

C
5
H

2
F

10
HFC-43-10mee

1,1,1,2,3,4,4,5,5,5-
decafluoropentane 1300*

C
2
HF

5
HFC-125 pentafluoroethane 2,800

C
2
H

2
F

4
HFC-134 1,1,2,2-tetrafluoroethane 1,000

C
2
H

2
F

4
HFC-134a 1,1,1,2-tetrafluoroethane 1,300

C
2
H

3
F

3
HFC-143 1,1,2-trifluoroethane 300

C
2
H

3
F

3
HFC-143a 1,1,1-trifluoroethane 3,800

C
2
H

4
F

2
HFC-152 1,2-difluoroethane 43*

C
2
H

4
F

2
HFC-152a 1,1-difluoroethane 140

C
2
H

5
F HFC-161 fluoroethane 12*

C
3
HF

7
HFC-227ea

1,1,1,2,3,3,3-
heptafluoropropane 2,900

C
3
H

2
F

6
HFC-236cb 1,1,1,2,2,3-hexafluoropropane 1,300*

C
3
H

2
F

6
HFC-236ea 1,1,1,2,3,3-hexafluoropropane 1,200*

C
3
H

2
F

6
HFC-236fa 1,1,1,3,3,3-hexafluoropropane 6,300

C
3
H

3
F

5
HFC-245ca 1,1,2,2,3-pentafluoropropane 560

C
3
H

3
F

5
HFC-245fa 1,1,1,3,3-pentafluoropropane 950*

C
4
H

5
F

5
HFC-365mfc 1,1,1,3,3-pentafluorobutane 890*

Perfluorocarbons (PFCs)

CF
4

PFC-14 (Perfluoromethane) tetrafluoromethane 6,500

C
2
F

6
PFC-116 (Perfluoroethane) hexafluoroethane 9,200

(C
3
F

8
) PFC-218 Perfluoropropane octafluoropropane 7,000

C
4
F

10
Perfluorobutane decafluorobutane 7,000

c-C
4
F

8
Perfluorocyclobutane octafluorocyclobutane 8,700

C
5
F

12
Perfluoropentane dodecafluoropentane 7,500

C
6
F

14
Perfluorohexane tetradecafluorohexane 7,400

Source: The GWP values are from the IPCC Second Assessment Report (1995), unless indicated otherwise (*), in which 
case they are from the IPCC Third Assessment Report (2001). Third Assessment Report values have only been included for 
greenhouse gases that were not originally covered by the Second Assessment Report.
Note: All GWP values were calculated assuming a 100 year time horizon. 
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Table 7.2 GWP values for refrigerant blends. 

Chemical blend GWP
R-401A 18
R-401B 15
R-401C 21
R-402A 1,680
R-402B 1,064
R-403A 1,400
R-403B 2,730
R-404A 3,260
R-406A 0
R-407A 1,770
R-407B 2,285
R-407C 1,526
R-407D 1,428
R-407E 1,363
R-408A 1,944
R-409A 0
R-409B 0
R-410A 1,725
R-410B 1,833
R-411A 15
R-411B 4
R-412A 350
R-413A 1,774
R-414A 0
R-414B 0
R-415A 25
R-415B 105
R-416A 767
R-417A 1,955
R-418A 4
R-419A 2,403
R-420A 1,144
R-500 37
R-501 0
R-502 0
R-503 4,692
R-504 313
R-505 0
R-506 0
R-507 or R-507A 3,300
R-508A 10,175
R-508B 10,350
R-509 or R-509A 3,920

Note: The GWPs of blends are based only on the GWPs of their HFC and PFC constituents. Other constituents 
are considered to have a GWP of zero, even though they may have significant climate impacts, because these 
gases are not recognized under the Kyoto Protocol. The HFC and PFC contents of these blends have been 
obtained from ASHRAE Standard 34.
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Table 7.3 GWPs of ozone depleting substances

Ozone Depleting Substance GWP*
CFC-11 (CCl3F) Trichlorofluo-
romethane 4680
CFC-12 (CCl2F2) Dichlorodifluo-
romethane 10720
CFC-113 (C2F3Cl3)                              
1,1,2-Trichlorotrifluoroethane 6030
CFC-114 (C2F4Cl2) Dichlorotetrafluo-
roethane 9880
CFC-115 (C2F5Cl) Monochloropenta-
fluoroethane 7250
Halon 1211 (CF2ClBr) Bromochlo-
rodifluoromethane 1860
Halon 1301 (CF3Br) Bromotrifluo-
romethane 7030
Halon 2402 (C2F4Br2) Dibromotetra-
fluoroethane 1620
CFC-13 (CF3Cl) Chlorotrifluo-
romethane 14190
CCl4 Carbon tetrachloride 1380
Methyl Chloroform (C2H-
3Cl3) 1,1,1-trichloroethane 144
Methyl Bromide (CH3Br) 5
HCFC-22 (CHF2Cl) Monochlorodif-
luoromethane 1780
HCFC-123 (C2HF3Cl2) Dichlorotrif-
luoroethane 76
HCFC-124 (C2HF4Cl) Monochlorotet-
rafluoroethane 599
HCFC-141b (C2H3FCl2) Dichlorofluo-
roethane 713
HCFC-142b (C2H3F2Cl) Monochlo-
rodifluoroethane 2270
HCFC-225ca (C3HF5Cl2) Dichloro-
pentafluoropropane 120
HCFC-225cb (C3HF5Cl2) Dichloro-
pentafluoropropane 586

*All GWPs are based on a 100 year time horizon.
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A ppendix  8 : K öppen Climate Classifi cation
Many users wish to contextualize their building performance data by linking energy use and related emissions to degree 
days, which are largely a function of climate region. One such climate classification scheme, called Köppen’s classifica-
tion, is based on a subdivision of terrestrial climates into five major types, which are represented by the capital letters A, 
B, C, D, and E. Each of these climate types except for B is defined by temperature criteria. Type B designates climates in 
which the controlling factor on vegetation is dryness (rather than coldness). Aridity is not a matter of precipitation alone 
but is defined by the relationship between the precipitation input to the soil in which the plants grow and the evapora-
tive losses. Since evaporation is difficult to evaluate and is not a conventional measurement at meteorological stations, 
Köppen was forced to substitute a formula that identifies aridity in terms of a temperature-precipitation index (that 
is, evaporation is assumed to be controlled by temperature). Dry climates are divided into arid (BW) and semiarid (BS) 
subtypes, and each may be differentiated further by adding a third code, h for warm and k for cold.

As noted above, temperature defines the other four major climate types. These are subdivided, with additional letters 
again used to designate the various subtypes. Type A climates (the warmest) are differentiated on the basis of the 
seasonality of precipitation: Af (no dry season), Am (short dry season), or Aw (winter dry season). Type E climates (the 
coldest) are conventionally separated into tundra (ET) and snow/ice climates (EF). The mid-latitude C and D climates are 
given a second letter, f (no dry season), w (winter dry), or s (summer dry), and a third symbol (a, b, c, or d [the last subclass 
exists only for D climates]), indicating the warmth of the summer or the coldness of the winter. Although Köppen’s 
classification did not consider the uniqueness of highland climate regions, the highland climate category, or H climate, 
is sometimes added to climate classification systems to account for elevations above 1,500 metres (about 4,900 feet). 
The table, which includes the highland climate category, gives the specific criteria for the Köppen-Geiger-Pohl system of 
1953.
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About the World Resources Institute (WRI)

WRI is an independent environmental think tank that goes beyond research to find practical ways 

to protect the earth and improve people’s lives. Our mission is to move human society to live in 

ways that protect Earth’s environment and its capacity to provide for the needs and aspirations 

of current and future generations. We organize our work around four key programmatic goals: 

Climate Protection, Governance, Markets & Enterprise, and 

People & Ecosystems. A fifth goal—institutional excellence—

supports and enhances WRI’s ability to achieve results.

The GHG Protocol Initiative is a joint partnership between WRI 

and the World Business Council on Sustainable Development that provides publications and 

tools to understand, quantify and manage greenhouse gas emissions. These standards serve as 

the foundation for nearly every GHG accounting and reporting program in the world—from 

the International Standards Organization to The Climate Registry—as well as hundreds of GHG 

inventories prepared by individual companies. The GHG Protocol is working with businesses, 

governments and environmental groups around the world to build a new generation of credible 

and effective programs for tackling climate change.

For more information,  
      		  see www.wri.org
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About the Sustainable Buildings and Climate Initiative

Launched in 2006 by the United Nations Environment Program (UNEP), the Sustainable 

Buildings and Climate Initiative (SBCI), formerly the Sustainable Buildings and Construction 

Initiative, is a partnership between the private sector, government, non-government and 

research organizations formed to promote sustain-

able building and construction globally.

SBCI harnesses UNEP’s unique capacity to provide 

a convening and ‘harmonizing’ role to present a 

common voice from the building sector on climate change issues. More specifically UNEP-SBCI 

aims to:

Provide a common platform for and with all building and construction stakeholders 1.	

to collectively address sustainability issues such as climate change;

Establish globally consistent climate-related building performance baselines and 2.	

metrics for monitoring and reporting practices based on a life cycle approach;

Develop tools and strategies for achieving a wide acceptance and adoption of sus-3.	

tainable building practices throughout the world;

Implementation - Promote adoption of the above tools & strategies by key stake-4.	

holders.

For more information,  
      see www.unepsbci.org
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