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Guidance in the 2006 IPCC Guidelines



Refrigeration and Air Conditioning (RAC)
One of the major application areas of ODS substitutes
May be classified into 6 sub-application domains or categories:

i. Domestic (i.e., household) refrigeration;
ii. Commercial refrigeration including different types of equipment, from 

vending machines to centralised refrigeration systems in 
supermarkets;

iii. Industrial processes including chillers, cold storage, and industrial 
heat pumps used in the food, petrochemical and other industries;

iv. Transport refrigeration including equipment and systems used in 
refrigerated trucks, containers, reefers, and wagons;

v. Stationary air conditioning including air-to-air systems, heat pumps, 
and chillers for building and residential applications; and

vi. Mobile air-conditioning systems used in passenger cars, truck cabins, 
buses, and trains



F-gases used as refrigerant in RAC
 A large number of blends containing HFCs and/or PFCs are 

being used. 
 The most common of these blends are shown in Table 7.8 in 

Chapter 7, Vol.3 of 2006 IPCC Guidelines.



Difficulty in estimating emissions
Considerable time lag between consumption and emission

• A chemical placed in new products slowly leaks out over many years.

Hurdles for collecting necessary data/information
• Cooperation is required of various players including private companies.
• Care needs to be taken in dealing with refrigerant blends.
• Trade of equipment needs to be monitored.   
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“Bank” Total amount of substances contained in existing equipment not yet 
released to the atmosphere



Methods to estimate emissions
Three methods are provided in the 2006 IPCC Guidelines.

• Tier 1: Use of spreadsheet calculation tool
• Tier 2a: Emission factor approach
• Tier 2b: Mass balance approach

Which tier should be used?
• Follow the decision tree in Figure 7.6 in Chapter 7, Vol. 3

 If RAC is a key category, either Tier 2a or 2b should be used.
Even if RAC is not a key category, inventory compilers may 

conclude Tier 2 provides more value with little extra work as 
compared to Tier 1.



Tier 1 – spreadsheet calc tool
 Tier 1 method can be used if you have at least the 

data/information on:
• Year of introduction of the refrigerant
• Domestic production of the refrigerant in the current year
• Imports of the refrigerant in the current year
• Exports of the refrigerant in current year
• Growth rate of sales of equipment that uses the refrigerant

 Empirical assumptions are used to fill in the data gaps to 
enable estimation of emissions.

However, it is still necessary to have an accurate 
assessment of net consumption activity data.



Tier 1 – spreadsheet calc tool
Available as an MS-Excel file from the IPCC TFI website.
https://www.ipcc-nggip.iges.or.jp/public/2006gl/vol3.html

Also available in the IPCC Inventory Software.
https://www.ipcc-nggip.iges.or.jp/software/index.html

https://www.ipcc-nggip.iges.or.jp/public/2006gl/vol3.html
https://www.ipcc-nggip.iges.or.jp/software/index.html


Tier 2a – Emission Factor Approach
 Emissions are calculated separately for four stages:

• Econtainers,t = emissions related to the management of refrigerant 
containers

• Echarge,t = emissions related to the refrigerant charge: connection 
and disconnection of the refrigerant container and the new 
equipment to be charged

• Elifetime,t = annual emissions from the banks of refrigerants 
associated with the six sub-applications during operation (fugitive 
emissions and ruptures) and servicing

• Eend-of-life,t = emissions at system disposal



Tier 2a – Emission Factor Approach
Refrigerant management of containers

Refrigerant charge emissions of new equipment



Tier 2a – Emission Factor Approach
 Emissions during lifetime (operation and servicing)

 Emissions at end-of-life



Tier 2a – Emission Factor Approach
Default emission factors are provided in Table 7.9.



Tier 2b – Mass Balance Approach

Does not rely on emission factors.
Relies on a knowledge of the annual sales of refrigerant, 

refrigerant destroyed and any changes in equipment stock 
that occur on a sub-application basis.

May underestimate emissions when equipment stocks are 
growing, because there is a lag between the time the 
emissions occur and the time they are detected (through 
equipment servicing).



Refinements made in the 2019 Refinement



No change in methodology

Methodological framework remains unchanged.
• No refinement in the Tier 1 spreadsheet calculation tool.
• No refinement in the Tier 2a equations.
• No refinement in the Tier 2b equations.
• No refinement in the decision tree.



More helpful guidance added
 “Cook-book” style guidance as regards:

• How to implement Tier 1 and Tier 2a in a few simple steps
For Tier 2a, the spreadsheet “Calculation example for 2F1 (Tier 2)” is 

provided.

• Basic elements of an HFC emission inventory for RAC
Explanation about the “bank” as well as the flow into and out of the bank

• How to build the “bank”
 Information on common data sources
Examples of national studies on emission rates for 

stationary RAC systems





Updated data/information included
Updated default emission factors for Tier 2a method 

(updated Table 7.9)



Updated data/information included
New and updated tables regarding the identity and 

distribution of ODS substitutes for both developing and 
developed countries. (Tables 7.3, 7.3a, 7.3b, 7.3c)



Thank you
http://www.ipcc-nggip.iges.or.jp/index.html

http://www.ipcc-nggip.iges.or.jp/index.html
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