
DO NOT CITE OR QUOTE      Chapter 7: Emissions of Fluorinated Substitutes for Ozone Depleting Substances                                      

  

Second-order Draft 

DRAFT 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories 7.1 

CH APTE R 7  1 

EMISSIONS OF FLUORINATED 2 

SUBSTITUTES FOR OZONE 3 

DEPLETING SUBSTANCES 4 

 5 

 6 

[Parts shaded in grey – the unchanged text from the 2006 IPCC Guidelines] 7 

[Bracketed text – characterization of guidance as new, updated, and/or elaborated] 8 

  9 



Volume 3: Industrial Processes and Product Use                                                          DO NOT CITE OR QUOTE                                                                                                                       

Second-order Draft 

 

7.2 DRAFT 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories 

Authors 10 

 11 

Paul Ashford (UK) 12 

 13 

James A. Baker (USA), Denis Clodic (France), Sukumar Devotta (India), David Godwin (USA), Jochen Harnisch 14 

(Germany), William Irving (USA), Mike Jeffs (Belgium), Lambert Kuijpers (Netherlands), Archie McCulloch 15 

(UK), Roberto De Aguiar Peixoto (Brazil), Shigehiro Uemura (Japan), and Daniel P. Verdonik (USA) 16 

 17 

Kathrine Loe Bjønness (Norway), Barbara Gschrey (Germany), Tomas Gustafsson (Sweden), Junichi Ishikawa 18 

(Japan), Michela Maione (Italy) 19 

 20 

Contributing Authors 21 

 22 

William G. Kenyon (USA), Sally Rand (USA), and Ashley Woodcock (UK) 23 

 24 

Roberto Peixoto (Brazil), Winfried Schwarz (Germany)  25 



DO NOT CITE OR QUOTE      Chapter 7: Emissions of Fluorinated Substitutes for Ozone Depleting Substances                                      

  

Second-order Draft 

DRAFT 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories 7.3 

Contents 26 

7 Emissions of Fluorinated Susbstitutes for Ozone Depleting Substances ..................................................... 7.5 27 

7.1 Introduction ......................................................................................................................................... 7.5 28 

7.1.1 Chemicals and relevant application areas covered ......................................................................... 7.5 29 

7.1.2 General methodological issues for all ODS substitute applications ............................................... 7.7 30 

7.1.2.1 Overview of ODS substitute issues ......................................................................................... 7.7 31 

7.1.2.2 Choice of method .................................................................................................................... 7.7 32 

7.1.2.3 Choice of emission factors ...................................................................................................... 7.9 33 

7.1.2.4 Choice of activity data ............................................................................................................ 7.9 34 

7.1.2.5 Completeness .......................................................................................................................... 7.9 35 

7.1.2.6 Developing a consistent time series ........................................................................................ 7.9 36 

7.1.3 Uncertainty assessment .................................................................................................................. 7.9 37 

7.1.4 Quality Assurance/Quality Control (QA/QC), Reporting and Documentation for all ODS 38 

substitutes applications................................................................................................................................. 7.9 39 

7.2 Solvents (Non-Aerosol) ..................................................................................................................... 7.10 40 

7.3 Aerosols (Propellants and Solvents) .................................................................................................. 7.10 41 

7.4 Foam blowing agents......................................................................................................................... 7.10 42 

7.5 Refrigeration and Air Conditioning .................................................................................................... 7.11 43 

7.5.1 Chemicals covered in this application area ................................................................................. .7.11 44 

7.5.2 Methodological issues .................................................................................................................. 7.11 45 

7.5.2.1 Choice of method .................................................................................................................. 7.11 46 

7.5.2.2 Choice of emission factors .................................................................................................... 7.17 47 

7.5.2.3 Choice of activity data .......................................................................................................... 7.19 48 

7.5.2.4 Applying tier 2 methods – the example of mobile air conditioning (MAC) ......................... 7.21 49 

7.5.2.5 Completeness ........................................................................................................................ 7.24 50 

7.5.2.6 Developing a consistent time series ...................................................................................... 7.24 51 

7.5.3 Uncertainty assessment ................................................................................................................ 7.24 52 

7.5.4 Quality Assurance/Quality Control (QA/QC), Reporting and Documentation ............................ 7.24 53 

7.6 Fire Protection ................................................................................................................................... 7.25 54 

7.7 Other applications.............................................................................................................................. 7.25 55 

References  ..................................................................................................................................................... 7.26 56 

 57 

Tables 58 

Table 7.1 (Updated)       Main application areas for HFCs and PFCs as ODS substitutes  .......................... 7.6 59 

Table 7.3 (Unchanged)   Example distribution of HFC/PFC use by application area (2002) ...................... 7.8 60 

Table 7.3a (New)            Distribution of HFC use by application area for 2015 ......................................... 7.8 61 



Volume 3: Industrial Processes and Product Use                                                          DO NOT CITE OR QUOTE                                                                                                                       

Second-order Draft 

 

7.4 DRAFT 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories 

Table 7.3b (New)           HFC consumption for Refrigeration and air conditioning in article 5 parties,  62 

                                       percent of total by substance and sub-application area for 2015 ........................... 7.8 63 

Table 7.3c (New)           HFC consumption for Refrigeration and air conditioning in article 5 parties,  64 

                                       percent of Total by manufacturing and servicing for 2015 ................................... 7.9 65 

Table 7.9 (Updated)      Default Estimates for charge, lifetime and emission factors for refrigeration  66 

                                       and air-conditioning systems ............................................................................... 7.18 67 

Table 7.9a (New)          German study 2015:  emission factors for refrigeration and air-conditioning 68 

                                       systems ................................................................................................................ 7.19 69 

Boxes  70 

Box 7.2A (New)            How to build a RAC inventory in a few simple steps - Tier 1 and 2 Emission  71 

                                       Factor Approaches ............................................................................................... 7.12 72 

Box 7.2b (New)             Overview of the basic elements of the RAC refrigerant bank ............................. 7.13 73 

Box 7.2c (New)             How to build the bank of ODS-substitutes in RAC ............................................. 7.16 74 

Box 7.3 (Unchanged)    Accounting for imports and exports of refrigerant and equipment ................ 7.19 75 

Box 7.3a (New)             Common data sources for the ODS-substitutes inventory ................................... 7.20 76 

Box 7.4 (Updated)         Example of the application of a Tier 2a calculation for mobile air conditioning 7.21 77 

 78 

 79 

 80 



DO NOT CITE OR QUOTE      Chapter 7: Emissions of Fluorinated Substitutes for Ozone Depleting Substances                                      

  

Second-order Draft 

DRAFT 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories 7.5 

7 EMISSIONS OF FLUORINATED 81 

SUSBSTITUTES FOR OZONE DEPLETING 82 

SUBSTANCES 83 

7.1 INTRODUCTION 84 

7.1.1 Chemicals and relevant application areas covered 85 

Hydrofluorocarbons (HFCs) and, to a very limited extent, perfluorocarbons (PFCs), are serving as alternatives to 86 

ozone depleting substances (ODS) being phased out under the Montreal Protocol. Current and expected application 87 

areas of HFCs and PFCs include (IPCC/TEAP, 2005): 88 

• refrigeration and air conditioning; 89 

• fire suppression and explosion protection; 90 

• aerosols; 91 

• solvent cleaning; 92 

• foam blowing; and 93 

• other applications1. 94 

These major groupings of current and expected usage are referred to in this chapter as applications within the ODS 95 

substitutes category. This introduction (Section 7.1) provides a general framework for estimating emissions from 96 

ODS substitutes, and subsequent sections (Sections 7.2 through 7.7) provide more specialised guidance on the 97 

individual applications introduced above. Some of these applications themselves encompass products or uses with 98 

diverse emission characteristics, and countries will produce more rigorous estimates if they account for this 99 

diversity through the adoption of disaggregated assessments (higher tier). Additionally, the use of HFCs and PFCs 100 

in some applications, specifically rigid foam (typically closed-cell foam), refrigeration and fire suppression, can 101 

lead to the development of long-lived banks of material. The emission patterns from these uses can be particularly 102 

complex and methods employing disaggregated data sets are essential to generate accurate emissions estimates. 103 

Other applications, such as aerosols and solvent cleaning may have short-term inventories of stock but, in the 104 

context of emission estimation, can still be considered as sources of prompt emission. This statement also applies 105 

to flexible foams (typically open-cell foam). 106 

[Update/Elaboration] 107 

Since the 2006 IPCC Guidelines were finalized, a major change has occurred in the policy framework regulating 108 

HFCs. Formerly, HFCs, which do not directly deplete O3, were not regulated under the Montreal Protocol. 109 

However, during the 28th meeting of the parties (MOP28) held in Kigali (Rwanda) in October 2016, 197 countries 110 

adopted an amendment to phase down HFCs. The parties committed to cut the GWP-weighted production and 111 

consumption of HFCs by more than 80 percent over the next 30 years. Developed countries will begin reducing 112 

HFC consumption in 2019 and developing countries will follow with a freeze of HFC consumption levels between 113 

2024 and 2028. A small group including the world’s hottest countries (India, Pakistan, Iran, Saudi Arabia and 114 

Kuwait) will freeze HFC use by 2028. These production and consumption limits are expected to drive changes in 115 

the quantities and types of HFCs used in ODS substitute applications. To ensure that their HFC emissions 116 

inventories remain accurate, inventory compilers should familiarize themselves with the HFC limits in their 117 

countries and plan to gather data on the associated changes in HFC use and emissions.  118 

HFCs are chemicals containing only hydrogen, carbon, and fluorine. Prior to the Montreal Protocol and the phase-119 

out of various ODS, the only HFCs produced were HFC-152a, which is a component of the refrigerant blend R-120 

500, and HFC-23, a low temperature refrigerant which is a by-product of HCFC-222 production. HFC-134a 121 

entered production in 1991 and a variety of other HFCs have since been introduced and are now being used as 122 

ODS substitutes (IPCC/TEAP, 2005) among other applications. When collecting data on HFC and PFC 123 

                                                           
1

  HFCs and PFCs may also be used as ODS substitutes in sterilisation equipment, for tobacco expansion applications, and as 

solvents in the manufacture of adhesives, coating and inks. 

2

  HCFCs - hydrochlorofluorocarbons. 
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consumption for reporting purposes, care needs to be taken to include those HFCs in blends, but, at the same time, 124 

to avoid including those components of a blend which are not required to be reported (e.g., CFCs and HCFCs). 125 

HFCs and PFCs have high global warming potentials (GWPs) and, in the case of PFCs, long atmospheric residence 126 

times. Table 7.1 gives an overview of the most important HFCs and PFCs (IPCC Second Assessment Report (IPCC, 127 

1996); IPCC Third Assessment Report (IPCC, 2001); IPCC/TEAP, 2005), including their main application areas. 128 

The various HFCs and PFCs have very different potencies as greenhouse gases. PFCs have particularly high GWPs 129 

regardless of the integrated time horizon adopted because of their long atmospheric lifetimes. The consumption 130 

patterns relating to individual gases must be known, therefore, or estimated with reasonable accuracy, to achieve 131 

useful assessments for the contribution to global warming from emissions of these groups of chemicals. 132 

As CFCs, halons, carbon tetrachloride, methyl chloroform, and, ultimately, HCFCs are being finally phased out3, 133 

HFCs are being selectively used as replacements. PFCs are also being used, but only to a limited extent. Even 134 

though up to 75 percent of previous application of CFC may now be covered by non fluorocarbon technologies 135 

(IPCC/TEAP, 2005), HFC use is expected to continue to grow at least in the short term. 136 

[Update/Elaboration – Table 7.1] 137 

TABLE 7.1 (UPDATED) 

MAIN APPLICATION AREAS FOR HFCS AND PFCS AS ODS SUBSTITUTES 1 

Chemical 

 

Refrigeration 

and Air 

Conditioning 

Fire Suppression 

and Explosion 

Protection 

Aerosols Solvent 

Cleaning 

Foam 

Blowing 

Other 

Applications2 
Propellants Solvents 

HFC-23 X X      

HFC-32 X       

HFC-125 X X      

HFC-134a X X X   X X 

HFC-143a X       

HFC-152a X  X   X  

HFC-227ea X X X   X X 

HFC-236fa X X      

HFC-245fa X   X  X  

HFC-365mfc    X X X  

HFC-43-10mee    X X   

PFC-143 (CF4)  X      

PFC-116 (C2F6)       X 

PFC-218 (C3F8)        

PFC-31-10 (C4F10)  X      

PFC-51-144 (C6F14)     X  X 

Source: 

1 Several applications use HFCs and PFCs as components of blends.  The other components of these blends are sometimes ODSs and/or 

non-greenhouse gases. Several HFCs, PFCs and blends are sold under various trade names; only generic designations are used in this 

chapter.  
2
 Other applications include sterilisation equipment, tobacco expansion applications, plasma etching of electronic chips (PFC-116) and 

as solvents in the manufacture of adhesive coatings and inks (Kroeze, 1995; U.S. EPA, 1992a).  [Update/Elaboration] Note that 

although the use of PFCs for plasma etching is mentioned as an example in footnotes 2 and 3 to this table, the methodology for 

estimating emissions is described in Chapter 6 of Volume 3: Electronics Industry Emissions.   
3 PFC-14 (chemically CF4) is used as a minor component of a proprietary blend. Its main use is for semiconductor etching. 
4 PFC-51-14 is an inert material, which has little or nil ability to dissolve soils. It can be used as a carrier for other solvents or to 

dissolve and deposit disk drive lubricants. PFCs are also used to test that sealed components are hermetically sealed.  

 138 

                                                           
3

  Refer to http://hq.unep.org/ozone/ for the phaseout schedules dictated under the Montreal Protocol. 
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7.1.2 General methodological issues for all ODS substitute 139 

applications 140 

7.1.2.1 OVERVIEW OF ODS  SUBSTITUTE ISSUES  141 

No refinement 142 

7.1.2.2 CHOICE OF METHOD  143 

TIER 1 METHODS 144 

No refinement 145 

Tier 1a – Emission-factor approach at the application level 146 

No refinement 147 

Tier 1b – Mass-balance approach at the application level 148 

No refinement 149 

 150 

TIER 2 METHODS – APPLIED AT THE SUB-APPLICATION LEVEL 151 

There are two versions of the Tier 2 method, both of which result in emission calculations for each individual 152 

chemical and distinct types of products or equipment at the sub-application level or within a sub-application. The 153 

individual chemicals and products/equipment within the sub-application form the matrix referred to earlier in this 154 

section and their analysis is comparable with methods currently applied by the Alternative Fluorocarbons 155 

Environmental Acceptability Study (AFEAS) for CFCs, HCFCs and HFCs (McCulloch, Midgley and Ashford, 156 

2001 and 2003; Ashford, Clodic, Kuijpers and McCulloch, 2004).   157 

Both versions of the Tier 2 methodology follow two general steps: 158 

i. Calculation or estimation of the time series of net consumption of each individual HFC and PFC chemical 159 

at a relatively detailed product and equipment level to establish the consumption basis for emission 160 

calculations. (e.g., refrigerators, other stationary refrigeration/AC equipment, appliance foams, insulated 161 

panels, pipe insulation, etc.) 162 

ii. Estimation of emissions using the activity data and resulting bank calculations derived from step (i), and 163 

either emission factors that reflect the unique emission characteristics related to various processes, 164 

products and equipment (Tier 2a) or, relevant new and retiring equipment information at the sub-165 

application level to support a mass balance approach. (Tier 2b). 166 

The difference between Tier 2a and Tier 2b is the same as that for Tier 1a and Tier 1b – namely Tier 2a methods 167 

use an emission-factor approach while Tier 2b methods follow a mass-balance approach. Both, however, need to 168 

be operated at a level of disaggregation appropriate to a Tier 2 method, typically at least at the sub-application 169 

level. 170 

If the requisite data are available, a Tier 2 method is preferred for estimating emissions from ODS substitutes, 171 

particularly where the sub-applications within an overall application area are relatively heterogeneous. Some 172 

countries may already have the relevant information available to apply a Tier 2 methodology. Other countries 173 

might not have access to data for Tier 2 at present, but they are encouraged to establish routines to collect either 174 

country-specific or globally or regionally-derived activity data by chemical and sub-application within an 175 

application area (e.g., different types of refrigeration and air conditioning sub-applications). Tier 1, in contrast, 176 

requires data collection at a more aggregated application level (e.g., refrigeration and air conditioning in its totality).  177 

As a first step in using the Tier 2 method, countries may wish to make first order approximation of the information 178 

needed for step (i). This will give direction to more focused data collection efforts in certain application areas or 179 

sub-categories. Table 7.3 gives examples of HFC/PFC consumption distribution at the application level in 2002 180 

among various application areas in selected countries.  181 

[Update/Elaboration] 182 

Table 7.3a gives the consumption distribution in 2015 for the Article 5 (developing countries) and Non-Article 5 183 

Parties (developed countries) to the Montreal Protocol. The distribution is based on estimated consumption for 184 

HFCs in CO2-equivalents (UNEP-TEAP 2016). The most important application area by far was Refrigeration 185 
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and Air Conditioning. Table7.3b gives the consumption of HFCs for Refrigeration and Air Conditioning in 2015 186 

for Article 5 Parties, by substance and sub-application. Table 7.3c shows the share of total consumption used for 187 

manufacturing (filling of new equipment) and servicing (refilling of operating equipment). 188 

TABLE 7.3 (UNCHANGED)  

EXAMPLE DISTRIBUTION OF HFC/PFC USE BY APPLICATION AREA (2002)A 

Country Refrigeration Air 

Conditioning 

Foam 

Blowing 

Solventb Fire 

Protectionb 

Aerosol 

Propellantb 

Other 

Applicationsb 

Austria 

Denmark 

Norway 

Sweden 

United 

Kingdom 

18% 

81% 

72%  

48% 

31% 

81% 

18% 

11% 

42% 

22% 

0% 

0% 

0% 

0% 

0% 

1% 

0% 

16% 

4% 

9% 

0% 

1% 

1% 

6% 

38% 

0% 

0% 

0% 

0% 

0% 

Source: 

a

 UNFCCC Reported Data for 2002 as re-submitted in 2004 
b A zero declaration may not always reflect non-use but could reflect reporting under other categories. 

 189 

TABLE 7.3A (NEW)  

DISTRIBUTION OF HFC USE BY APPLICATION AREA FOR 2015A 

COUNTRY RAC FOAMS MDIS TECH 

AEROSOLS 

FIRE PROTECTION AND 

OTHERS 

Article 5 Partiesb 91 % 2 % 1 % 1 % 5 % 

Non-Article 5 Partiesc 76 % 12 % 3 % 5 % 3 % 

Source: 

a TEAP September 2016 Report Volume II 

b Developing countries. See list of Article 5 Parties to the Montreal protocol at the Unep Ozone Secreteriat web page 

c Developed countries. See list of Non-Article 5 Parties to the Montreal protocol at the Unep Ozone Secreteriat web page 

 190 

TABLE 7.3B (NEW) 

 HFC CONSUMPTION FOR REFRIGERATION AND AIR CONDITIONING IN ARTICLE 5 PARTIESA, PERCENT OF TOTAL BY 

SUBSTANCE AND SUB-APPLICATION AREA FOR 2015B  

 Total HFC-134a R-410A R-407C R-404A R-507 

TOTAL 100 27 39 20 7 7 

Stationary Air Conditioning 60 1 39 20 - - 

Mobile Air Conditioning 19 19 - - - - 

Commercial Refrigeration 13 2 - - 6 6 

Domestic Refrigeration 5 5 - - - - 

Industrial Refrigeration 2 <1 - - 1 1 

Transport Refrigeration 1 <1 - - <1 <1 

Source: 

a

 UNEP/OzL.Pro/ExCom/78/4 

b Developing countries. See list of Article 5 Parties to the Montreal protocol at the Unep Ozone Secreteriat web page 

 191 

 192 

 193 

 194 
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TABLE 7.3C (NEW) 

HFC CONSUMPTION FOR REFRIGERATION AND AIR CONDITIONING IN ARTICLE 5 PARTIESB. PER CENT OF TOTAL BY 

MANUFACTURING AND SERVICING FOR 2015A  

Manufacturing Servicing 

68 32 

Source: 

a

 UNEP/OzL.Pro/ExCom/78/4 

b Developing countries. See list of Article 5 Parties to the Montreal protocol at the Unep Ozone Secreteriat web page 

 195 

Good practice guidance in this section deals with variations of the Tier 2 method. Tier 1 methods, covered 196 

previously, are generally seen as default methods where the application is not a key category and data availability 197 

is limited. (Exceptionally, for Fire Protection, Tier 1a method with country-specific activity data  and emission 198 

factor will be used in the case it is identified as key category.) Each sub-section of Sections 7.2 to 7.7 discusses 199 

how to apply these methods to specific ODS applications, reviews existing data sources, and identifies gaps therein.  200 

 201 

Tier 2a – Emission-factor approach 202 

No refinement 203 

Tier 2b – Mass-balance approach 204 

No refinement 205 

 206 

7.1.2.3 CHOICE OF EMISSION FACTORS  207 

No refinement 208 

7.1.2.4 CHOICE OF ACTIVITY DATA 209 

No refinement 210 

7.1.2.5 COMPLETENESS  211 

No refinement 212 

7.1.2.6 DEVELOPING A CONSISTENT TIME SERIES  213 

No refinement 214 

7.1.3 Uncertainty assessment 215 

No refinement 216 

7.1.4 Quality Assurance/Quality Control (QA/QC), 217 

Reporting and Documentation for all ODS substitutes 218 

applications 219 

No refinement 220 

  221 
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7.2 SOLVENTS (NON-AEROSOL) 222 

No refinement 223 

 224 

7.3 AEROSOLS (PROPELLANTS AND SOLVENTS)  225 

No Refinement 226 

 227 

7.4 FOAM BLOWING AGENTS  228 

No refinement 229 

230 
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7.5 REFRIGERATION AND AIR CONDITIONING 231 

7.5.1 Chemicals covered in this application area  232 

No refinement 233 

7.5.2 Methodological issues 234 

7.5.2.1 CHOICE OF METHOD  235 

TIER 1 236 

Tier 1 a/b 237 

No refinement 238 

 239 

TIER 2 240 

Overview 241 

No refinement 242 

 243 

Tier 2b -  Mass-balance approach 244 

No refinement 245 

 246 

Tier 2a –  Emission-factor approach 247 

No refinement 248 

 249 

Refrigerant management of containers  250 

No refinement 251 

 252 

Refrigerant charge emissions of new equipment  253 

No refinement 254 

 255 

Emissions during l ifetime (operation and servicing)  256 

No refinement 257 

 258 

Emissions at  end-of-l ife 259 

No refinement 260 

 261 

 262 

 263 

 264 

 265 

 266 

 267 

[New – Box 7.2a, Box 7.2b and Box 7.2c] 268 
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BOX 7.2A (NEW) 269 
HOW TO BUILD A RAC INVENTORY IN A FEW SIMPLE STEPS - TIER 1 AND 2 EMISSION FACTOR APPROACHES 270 

 271 

TIER 1a/b 272 

Consumption Data 273 

Collect the data required as inputs to the calculations: 274 

• Consumption of specific HFCs or other fluorinated substitutes for ozone depleting substances, 275 

at least in the year to be reported 276 

• Year of introduction of the refrigerant 277 

• Growth rate in sales of new equipment 278 

 279 

Look for data in Refrigerant Management Plans (RMPs), HCFC Phase-out Management Plans 280 

(HPMPs) or data reported under the Montreal Protocol. To get an idea of the most important gas 281 

types and application areas, see Tables 7.3a, 7.3b and 7.3c in this update. 282 

Emission Factors 283 

Identify and apply the appropriate emission factors. The basic calculation tool contains the default 284 

tier 1 emission factor as given in the IPCC 2006 Guidelines. The reasoning behind it can be found 285 

in each subsection in the Guidelines. Adapt the default emission factors to country-specific 286 

conditions if information on these conditions is available. 287 

The IPCC basic Calculation Tool 288 

Download the basic calculation tool in the form of MS Excel worksheet “Calculation Example for 289 

2F1” at the IPCC web site (https://www.ipcc-nggip.iges.or.jp/public/2006gl/vol3.html).  290 

Tip! The “Fact sheets on HFCs” provided at the UNEP Ozone Secretariat web site 291 

(http://ozone.unep.org/en/hfc-management-documents-2014-onwards), particularly the overview of 292 

HFC market sectors, is a good starting point for learning about the use of fluorinated substitutes for 293 

ozone depleting substances.  294 

 295 

TIER 2a 296 

Where refrigeration and air conditioning is a key category, a Tier 2 approach should be used to 297 

estimate emissions. Building a good quality Tier 2 inventory for refrigerants is demanding, so setting 298 

up a plan for gradual improvement over time is recommended. 299 

Activity data 300 

For the Tier 2 approach, total annual emissions stem from four sources: management of refrigerant 301 

containers, refrigerant charge, banks of refrigerants and at system disposal. For the three latter 302 

sources, HFC consumption needs to be collected or estimated for each of the six sub-applications 303 

listed in Section 7.5.1 in Volume 3 of the 2006 IPCC Guidelines.  304 

How to estimate banked refrigerants is further discussed in Box 7.2b and Box 7.2c in this update. 305 

Important data sources are described in Box 7.3a in this update. 306 

Emission factors 307 

Table 7.9 in Volume 3 of the 2006 IPCC Guidelines provides ranges of default factors for the sub-308 

applications if country-specific factors are not available.  309 

Choose from the ranges according to country-specific conditions and document the reasons for the 310 

choices. In general, the emission factors in the low end of the ranges apply for those countries that 311 

have a voluntary or mandatory system in place to limit emissions during equipment service, use, and 312 

disposal.    313 

Calculations 314 

The IPCC basic Calculation Tool can be modified and used for Tier 2 calculations. Most countries 315 

have however built their own models adapted to the data they have available.   316 

 317 

https://www.ipcc-nggip.iges.or.jp/public/2006gl/vol3.html
http://ozone.unep.org/en/hfc-management-documents-2014-onwards
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BOX 7.2B (NEW) 318 
OVERVIEW OF THE BASIC ELEMENTS OF THE RAC REFRIGERANT BANK  319 

 320 

The emission inventory is a product of several components, reaching back to the introduction of the 321 

ODS-substitutes. In order to develop a consistent time series, inventory compilers should estimate 322 

the yearly fluxes of substances from the refrigerant bank (see example below).   323 

 324 

Schematic example of the yearly inventory development 325 

 326 

 327 

  328 

 329 

 330 

 331 

 332 

 333 

 334 

 335 

 336 

 337 

 338 

 339 

 340 

 341 

 342 

 343 

 344 

 345 

 346 

 347 

 348 

 Remarks to example 349 

- This schematic example illustrates a market with an annual increase in sales of new equipment. 350 

- Annual consumption of refrigerant equals the quantity of new chemical used to fill new equipment 351 

as well as to refill equipment during servicing. 352 

- Annual bank equals the bank remaining from the previous year (after accounting for emissions 353 

and any equipment refills and/or retirements) plus the charge of new equipment. 354 

- When the level of refrigerant in equipment reaches below a certain threshold (depending on the 355 

type of equipment), refill servicing is needed to maintain cooling function.  356 

- In this schematic, X is equated to the lifetime of the equipment. Thus, the equipment installed in 357 

Year 0 is retired in Year X.  358 

- This schematic example does not cover emissions from management of containers. 359 

  360 

 361 

 362 

 363 

 364 
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Estimation of annual refrigerant bank  365 

Banky = Banky-1 + Additiony - Removaly 366 

Where: 367 

             Banky = Annual refrigerant bank beginning of year y, kg 368 

             Banky-1 = Annual refrigerant bank end of year y-1, kg 369 

             Additony  = Addition of new substances year y, kg 370 

             Removaly = Removal of substances exported, emitted or destroyed year y, kg 371 

 372 

1. The starting point: Bank of ODS-substitutes in operating equipment 373 

The starting point for the annual estimates is always a snapshot of the bank of ODS-substitutes at 374 

the end of the previous year. For each of the relevant RAC sub-applications (see table 7.9), you need 375 

to have an estimate of the types and amounts of ODS-substitute it contains. Note that in a given year, 376 

RAC equipment in a sub-application may contain several different types of chemicals. If this is the 377 

case, you need to estimate the share of HFCs in relation to other substances (e.g. HCFC, NH3, etc.).   378 

In the future, this kind of snapshot of the equipment population (bank) will be one of the outputs 379 

from the calculation model you run every year. In the first year of making the inventory, however, 380 

you will have to start from scratch and spend time putting together information on what the bank 381 

looks like in your country. How to do this is described in box 7.2C. 382 

2. Annual addition of new substances 383 

For each of the RAC sub-applications, you then need to add the amount of ODS-substitutes being 384 

put on the market during the year for which you are making an inventory. 385 

A common approach for estimating the additions to the bank in a certain year is to use figures on 386 

domestic sales of ODS-substitutes. The sum of production and imports, minus exports, is normally 387 

the basis for estimating domestic sales. For instance, if your country is producing neither HFC-134a 388 

nor cars, the annual addition to the bank of HFC-134a in mobile air conditioning will consist of the  389 

HFC-134a contained in imported cars plus the HFC-134a imported in bulk (i.e., in containers, either 390 

large or small) for refilling of air conditioning in cars that are in use. 391 

It is necessary to keep track of the sales of chemicals both in bulk and in equipment. These figures 392 

are both needed for keeping track of the structure of the bank and estimating emissions.  393 

Bulk data: Only a few countries produce ODS-substitutes; hence most compilers solely need to 394 

focus on the imported amounts. Ideally, you want to know the amount of each kind of ODS-395 

substitute imported to your country, and what it will be used for; whether it will be used for 396 

manufacturing/assembly (filling of new equipment) or for servicing of equipment in use (refilling), 397 

and the kind of sub-application it is used for.  398 

See box 7.3a for tips on where to find this kind of data. 399 

Data on equipment: Commonly, you will have to obtain figures on the number of equipment units, 400 

and combine it with information on type and content of ODS-substitute. 401 

See box 7.3a for tips on where to find this kind of data. 402 

3. Removal of substances exported, emitted or destroyed 403 

From the annual bank you should subtract the amounts of ODS-substitutes exported in bulk or in 404 

products; emitted during filling of new equipment, due to annual leakage, during service, or at end-405 

of-life treatment; or leaving the bank due to incineration/destruction. Any amount of chemicals 406 

recovered and recycled should not be deducted from the bank.  407 

Export: Exports of chemicals in bulk may occur, but are normally not significant for other than the 408 

producing countries. For countries producing RAC equipment, export of chemicals in products may 409 

be significant and the amounts of ODS-substitutes exported should be deducted from the annual 410 

sales.  411 
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Emissions: Emissions from filling of new equipment include emissions at manufacturing and at 412 

assembly. Annual lifetime emissions include annual leakage from the bank and emissions during 413 

intermittent servicing (not relevant for all sub-applications). Emissions from end-of-life treatment 414 

equal the amounts remaining in retired RAC equipment minus the fractions recovered and recycled 415 

or destroyed. In cases where destruction of chemicals occurs, there may be emissions released during 416 

the incineration process.  417 

Retired equipment:  In order to know when a group of RAC equipment is retired, you need to sort 418 

and track the equipment by age in your model. Then you will have information on the number of 419 

years a certain group of equipment has been in the bank. When this group of equipment reaches its 420 

assumed end of life, the amount of refrigerant remaining in the group will either be released as 421 

emissions (leaving the bank) or recovered and reused (moving to new or existing equipment but 422 

remaining in the bank). For RAC equipment where no service is expected during its lifetime, 423 

refrigerants remaining at end-of-life equals initial charge minus lifetime emission factor times 424 

equipment lifetime.    425 

Destruction: Currently quite small on a global scale, but may be relevant in countries with measures 426 

in place. In some countries, recovered ODS-substitutes may be exported to other countries for 427 

destruction.   428 

4. The result: New bank of ODS-substitutes in operating equipment 429 

The result is the new bank at the end of the current year. This is the starting point for next year’s 430 

emission estimates. 431 

 432 
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BOX 7.2C (NEW) 433 
HOW TO BUILD THE BANK OF ODS-SUBSTITUTES IN RAC 434 

 435 

How to map the contents and structure of the bank: 436 

There are two common ways of “knowing” what the bank currently looks like: 437 

• Building it through annual data on fluxes, starting at year 0. 438 

If data on domestic sales for all years since the ODS-substitutes were first introduced is available, 439 

this can be used to move forward from zero to the current bank by adding the sales and subtracting 440 

the emissions every year (see box 7.2).  (Note that any refrigerant recovered from retiring equipment 441 

and used to fill new equipment or to refill existing equipment remains part of the bank.) 442 

• Counting the number of equipment units currently in place. 443 

Most countries setting up an inventory for the first time do not have information on the flux of ODS-444 

substitutes for all years back to when the substitution first started. An alternative way of estimating 445 

the contents and structure of the bank is to start by estimating the number of equipment units in the 446 

country. This number can then be combined with information on the types of ODS-substitutes 447 

normally used and the average amount in each unit to build the bank.  448 

For instance, the numbers of some kinds of equipment, like cars, might be available from national 449 

statistics or from a national register used for taxation. Industrial organizations often have statistics 450 

on mass-produced types of equipment, like numbers of household refrigerators, small air 451 

conditioning units, heat pumps and cars. If not, they might help you to estimate the sizes of markets, 452 

and hence consumption.  453 

It is often challenging to get information on the number of large refrigeration and air conditioning 454 

systems. You might need to estimate this using information on the number of, for instance, large 455 

office buildings, hospitals, universities etc. in your country. Then you need to combine this with 456 

information on the typical number and types of air conditioning units per building. Again, industrial 457 

associations can often be helpful in getting this sort of information.  458 

How to get all the needed information back to year 0: 459 

Most countries need to create time series back to “year 0” when the ODS-substitutes were first 460 

introduced in the relevant country. If the current bank was built on the basis of annual data on fluxes, 461 

as described above, then all needed information is already there.  462 

If not, a common way of handling this is to interpolate (fill in the holes in the time series) between 463 

the year of a chemical’s introduction and the current situation (bank), either linearly or by some 464 

proxy data, like growth in sales of equipment.  465 

First, gather information on the year each relevant kind of ODS-substitute was first used in each 466 

relevant type of equipment (sub-application) in your country (for instance, the year HFC-134a was 467 

first used in mobile air conditioning in your country). If this information is not available, you can 468 

make reasonable assumptions based on, for example, the ODS phase-out schedule in your country 469 

and/or substitution patterns in countries similar to yours.  470 

Then, choose a method to fill in the years between year 0 and the current year. If you have no 471 

information on the development of the bank, a simple linear interpolation should be used. Otherwise, 472 

if some kind of information on the development is available, like the annual growth in sales of cars 473 

with air conditioning, this data can be used to model the bank year by year. See the excel workbook 474 

“Calculation Example for 2F1” provided in the 2006 IPCC Guidelines for example on how to back-475 

calculate both the bank and the emissions using this simplified approach. 476 

See box 7.3a for tips on where to find data.  477 

 478 

 479 

 480 

 481 

 482 
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7.5.2.2 CHOICE OF EMISSION FACTORS  483 

Tier 1a/b method 484 

As explained within Section 7.5.2.1, Choice of Method, a composite emission factor is required to complete a Tier 485 

1 method. Since the sub-applications within the refrigeration and air conditioning application are relatively 486 

heterogeneous, the validity of any single composite emission factor must be in doubt unless it takes into 487 

consideration the particular mix of sub-applications in the country. It is therefore good practice to develop 488 

composite emission factors on the basis of research within the country. The over-arching default emissions factor 489 

of 15 percent of the bank annually is used in the example of spreadsheet calculation contained in the 2006 490 

Guidelines CDROM attached to these Guidelines.  491 

Tier 2a method 492 

[Update/Elaboration] 493 

Good practice for choosing emission factors is to use country-specific data, based on information provided by 494 

equipment manufacturers, service providers, disposal companies, and independent studies. When national data are 495 

unavailable, inventory compilers should use the default emission factors shown in Table 7.9, Estimates for Charge, 496 

Lifetime and Emission Factors, which summarises best estimates of equipment charge, lifetime, emission factors 497 

during useful life, and parameters for end-of-life emissions.  If data used to calculate the refrigerant bank cannot 498 

be broken down into the sub-applications as in Table 7.9, it is good practice to divide the bank by type of equipment 499 

using expert judgement, and calculate composite emission factors weighted according to that relative share, as 500 

proposed for Tier 1a/b, The default values  in Table 7.9 reflect the current state of knowledge about the industry, 501 

and are provided as ranges rather than point estimates. Inventory compilers should choose from the range according 502 

to country-specific conditions, and document the reasons for their choices. The lower end of the lifetime and 503 

emission factor ranges is intended to indicate the status within developed countries, while the upper end of each 504 

range is intended to indicate the status within developing countries. Emission factors in the low end of the ranges 505 

should especially apply for those countries that have a mandatory or voluntary system in place to limit emissions 506 

during equipment service, use, and disposal.  507 

Studies of emission rates in Japan for 2009 (Japan Refrigeration and Air Conditioning Industry Association, 2009) 508 

and Germany for 2011-2015 (Umweltbundesamt, 2015) showed that the average emission factors in these 509 

countries were close to the lower range for most sub-application categories within the application area of Stationary 510 

Refrigeration and Air Conditioning. For the sub-application areas Medium and Large Commercial Refrigeration 511 

and Industrial Refrigeration, the German study provided leakage rates below the ranges given in Table 7.9. These 512 

factors are given in Table 7.9a and are intended to serve as examples of emission rates for highly maintained 513 

systems. Only countries with similar systems and regulations or incentives in place should consider using these 514 

factors for relevant years.  515 

It is good practise to consider applying different emission factors in different years to reflect improvements in 516 

service and disposal practices and in equipment design and materials. All of these can reduce emission rates. 517 

Changes in emission factors over time could also be appropriate for countries that have introduced mandatory 518 

periodical inspection and repair regulations/schemes or similar incentives.  519 

For mobile air conditioning, emissions can occur during different stages of the useful equipment life: regular leaks 520 

(e.g. from seals), irregular leaks (e.g. due to accidents) and at service (maintenance and refilling). The 2006 IPCC 521 

Guidelines default ranges in Table 7.9 encompass emissions from all stages. Several newer studies (e.g. Schwarz 522 

and Harnisch (2003), Japan Automobile Manufacturers Association (2008), Papasavva et al. (2009), Clodic et al. 523 

(2011), Kim and Kim (2014), and Minnesota Pollution Control Agency (2017)) indicate that annual emission rates 524 

for modern passenger cars may be lower than the default lifetime emission factor lower range. However, in most 525 

cases the presented emission rates include only regular leaks, or regular and irregular leaks. It is good practice to 526 

include emissions from all three stages when choosing lifetime emission factors. As the practice for mobile A/C 527 

services may vary considerably between countries and over time, inventory compilers should investigate the 528 

national circumstances when developing country-specific emission factors. In some countries A/C RRR service 529 

units (recover/recycle/recharge) are used to significantly reduce emissions at the service stage.  530 

There are few studies on remaining charge of refrigerants at end-of-life (p) and recovery efficiency (nrec) in MAC 531 

(e.g. Kim and Kim (2014), Wimberger (2010), and Schwarz (2012)). Emissions at end-of-life depend on national 532 

practices and regulations. Some countries have started mandatory recovery of refrigerants at the end-of-life, in 533 

which case the recovery efficiency could be higher than the suggested ranges in Table 7.9. Inventory compilers 534 

should therefore investigate the national conditions when developing country-specific factors for recovery 535 

efficiency (nrec).   536 

Some import and export of used vehicles and end-of-life vehicles occurs between countries (mostly from 537 

developed countries to developing countries). It is important for inventory compilers to take into account such 538 
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flows of MAC equipment when estimating emissions from MAC as it may affect the composition of vehicle stock 539 

at various emission stages (lifetime and end-of-life).      540 

 [Update/Elaboration – Table 7.9] 541 

TABLE 7.9 (UPDATED)  

DEFAULT ESTIMATES1 FOR CHARGE, LIFETIME AND EMISSION FACTORS FOR REFRIGERATION AND AIR-CONDITIONING 

SYSTEMS 

Sub-application Charge (kg) 
Lifetimes 

(years)2 

Emission Factors (% of 

initial charge/year)3 

End-of-Life 

Emission (%) 

Factor in Equation (M) (d) (k) (x) (rec,d) (p) 

   Charge Lifetime  
Recovery 

Efficiency4 

Initial 

Charge 

Remaining 

Domestic 

Refrigeration 
0.05  M  

0.5 
12  d  20 0.2  k  1 0.1  x  0.5 

0 < rec,d < 

70 
0 < p < 80 

Stand-alone 

Commercial 

Applications 
0.2  M 6 10  d  15 0.5  k  3 1  x  15 

0 < rec,d < 

70 
0 < p < 80 

Medium & Large 

Commercial 

Refrigeration 

50  M  

2000 
7  d  15 0.5  k  3 10  x  35 

0 < rec,d < 

70 

50 < p < 

100 

Transport 

Refrigeration 
3  M  8 6  d  9 0.2  k  1 15  x  50 

0 < rec,d < 

70 
0 < p < 50 

Industrial 

Refrigeration 

including Food 

Processing and 

Cold Storage 

10  M  

10,000 
15  d  30 0.5  k  3 7  x  25 

 0 < rec,d < 

90 

50 < p < 

100 

Chillers 
10  M 

2000 
15  d  30 0.2  k  1 2  x  15 

0 < rec,d < 

95 

80 < p < 

100 

Residential and 

Commercial A/C, 

including Heat 

Pumps 

0.5  M 

100 
10  d  20 0.2  k  1 1  x  10 

0 < rec,d < 

80 
0 < p < 80 

Mobile A/C 

5  M  

6500 

(maritime) 

10  M  30 

(railway) 

4  M  18 

(busses) 

0.5  M  2 

(other 

MAC) 

 

9  d  16 
0.2  k  

0.5 

20  x  40 

(maritime) 

5  x  20 

(railway) 

105  x  20 

(other 

MAC) 

0 < rec,d < 

50 

 

0 < p < 50 

Source: 

1 Based on information contained in UNEP RTOC Reports (UNEP-RTOC, 1999; UNEP-RTOC, 2003), Schwarz and Rhiemeier 

(2007), Japan Refrigeration and Air Conditioning Industry Association (2009), Gallagher et al (2014), Umweltbundesamt (2015). 
2, 3 Lower value for developed countries and higher value for developing countries   
4 The lower threshold (0%) highlights that there is no recovery in some countries. 

5 Lifetime emissions down to 6 % of initial charge/year can be used for the most modern passenger car A/C for initial years in use in 
countries ensuring high technical level of maintenance at AC service (e.g. by the use of RRR service units). Note that generally there 

is a degradation of the A/C system leak tightness along its lifetime which should be taken into account in the lifetime emission factor 

over time.  

 542 

 543 
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TABLE 7.9A (NEW) 

GERMAN STUDY 2015:  EMISSION FACTORS FOR REFRIGERATION AND AIR-CONDITIONING SYSTEMS 

Sub-application 
Emission Factors (% of initial 

charge/year) 

Factor in Equation 
(x) 

Lifetime Emission1 

Medium & Large Commercial Refrigeration (centralized) 7.64 – 10.02 

Small Commercial Refrigeration (condensing units) 3.09 -5.18 

Industrial Refrigeration including Food Processing and Cold Storage 4.71 

AC Chiller 3.39 

AC Multisplit/VRF 3.80 

Source: Umweltbundesamt (2015) 

1 These emission factors are intended to serve as examples of emission rates for highly maintained systems. Only countries with similar 

systems and regulations or incentives in place should consider using these factors for relevant years 

 544 

 545 

 546 

 547 

7.5.2.3 CHOICE OF ACTIVITY DATA 548 

Tier 1a/b method 549 

No refinement 550 

 551 

Tier 2 methods  552 

No refinement 553 

 554 

Other shared issues  555 

 No refinement 556 

  557 

BOX 7.3 (UNCHANGED) 558 
ACCOUNTING FOR IMPORTS AND EXPORTS OF REFRIGERANT AND EQUIPMENT 559 

No refinement 560 

 561 

 562 

 563 

[New – Box 7.3A, see below] 564 

 565 
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BOX 7.3A (NEW) 566 
COMMON DATA SOURCES FOR THE ODS-SUBSTITUTES INVENTORY  567 

This box provides a short description of common data sources for the ODS-substitutes inventory, 568 

complementing table 7.10 in the 2006 IPCC Guidelines. Examples of data are production, imports, 569 

exports and destruction of ODS-substitutes and equipment containing ODS-substitutes. Number of 570 

equipment units and growth rates in sales are also data commonly collected. 571 

Governmental reports 572 

Most countries have collected data for Refrigerant Management Plans (RMPs) or HCFC Phase-out 573 

Management Plans (HPMPs) through ODS-alternatives surveys, and some countries have begun 574 

monitoring HFC consumption due to the inclusion of HFCs in the Montreal protocol. Countries that 575 

have ratified the Kigali amendment to the Montreal Protocol will have to report consumption data 576 

on HFCs annually. 577 

The consumption data generally contain information on: 578 

- past consumption of CFCs, current and past consumption of HCFCs and possibly also HFCs. Data 579 

on ODS are often given in ODP tonnes, which can be converted into metric tonnes using the 580 

substance-specific ODP values;  581 

- sector specific consumption of HCFCs and possibly also HFCs (e.g. amounts used in air 582 

conditioning, refrigeration, fire extinguishers, aerosols etc.);  583 

- breakdown of HCFCs according to their use at each lifecycle stage such as manufacturing/assembly 584 

(initial charge) or servicing (refill); 585 

Surveys 586 

There is often a limited number of companies producing, importing and exporting refrigerants (ODS-587 

substitutes) in bulk; hence a way to obtain high quality data is to ask the producers, importers, and 588 

exporters for information. They should provide information on the amount of gas produced, 589 

imported, or exported in a certain year and what equipment type it will be used in if these data are 590 

available.  591 

The number of companies importing equipment containing ODS-substitutes can be large, and 592 

surveying this might be resource intensive. If this is the case, other data sources such as sales 593 

statistics or national customs registers (see below) may be used instead. 594 

Surveys can also be a way to obtain information on ODS substitutes from end-users. Generally, this 595 

requires good knowledge of the market and preparatory market research may be needed before 596 

launching a survey.  597 

Surveys can also be a way to discover areas and applications previously unknown to the inventory 598 

compilers.  599 

National Customs Registers 600 

National Customs Registers contain information on imports and exports of chemicals and equipment 601 

potentially containing ODS-substitutes. If the ODS-substitutes are subject to tax, such a register 602 

might provide the amounts of refrigerant contained in the products. If not, you will probably need to 603 

apply assumptions on types of ODS-substitute and average charge sizes on number of equipment 604 

units. 605 

Other national registers 606 

Many countries have national registers of cars uses for taxation purposes. This data source might 607 

provide figures on the number of cars, and possibly other information like age and size.  608 

National Product Register/European Chemical Agency: In some countries, a national Products 609 

Register is used to store information on chemical products (ODS-substitutes) that are manufactured 610 

in or transferred or imported into the country and information on the ways in which these are being 611 

used.  612 

Industrial organizations 613 

Industrial organizations or trade associations often have statistics on mass-produced types of 614 

equipment, like numbers of household refrigerators, small air conditioning units, heat pumps and 615 

cars.  616 
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If not, they might help with assessments of the size of markets, and hence the consumption figures. 617 

It is often challenging to get information on the number of large refrigeration and air conditioning 618 

systems. Industrial organizations might provide useful information like annual growth in sales of 619 

equipment and average charge size of various types of equipment. 620 

National statistics 621 

Many countries have national offices publishing annual statistics with useful information, like the 622 

stock of vehicles and buildings (number or area by type of building), or production of commodities.  623 

 624 

7.5.2.4 APPLYING TIER 2  METHODS –  THE EXAMPLE OF MOBILE AIR 625 

CONDITIONING (MAC) 626 

 627 

The Box 7.4 below sets out the step-by-step approach required to assess the emissions from the mobile air 628 

conditioning sub-application of a hypothetical country’s inventory. The method adopted is primarily a Tier 2a 629 

approach, although there are also elements which would be equally applicable to Tier 2b. This example, therefore, 630 

highlights the reality that pure approaches and methods are rare in practice. There will often be a mix of emission-631 

factor approach and mass–balance approach as well as a mix of country-specific data and globally or regionally 632 

derived data. As pointed out in Section 7.1.2.1, one method, approach or dataset will often be used to cross-check 633 

another. This example also demonstrates that a detailed implementation of the Tier 2a method requires a significant 634 

amount information gathering about a sub-application. Once established, it is less burdensome to implement the 635 

approach in subsequent years. Also note that assumptions made are for example only; inventory compilers should 636 

collect country-specific information rather than using the assumptions shown. 637 

[Update- Box 7.4] 638 

BOX 7.4 (UPDATED) 639 
EXAMPLE OF THE APPLICATION OF A TIER 2A CALCULATION FOR MOBILE AIR CONDITIONING 640 

Introduction 641 

National inventories and other studies to date show that emissions of HFC-134a from mobile air 642 

conditioners (MACs) contribute significantly to the Refrigeration and Air Conditioning (RAC) 643 

Application emissions and the ODS Substitutes Category emissions. For many countries, emissions 644 

from MACs will comprise 50 percent or more of the RAC emissions and possibly more than 50 645 

percent of the total ODS Substitutes Category emissions.  This is due to many factors, including: 646 

 The phaseout of ODSs to HFCs in MACs occurred earlier and more quickly than other Sub-647 

Applications, such as residential (stationary) air conditioning and commercial refrigeration 648 

(supermarkets), which still rely substantially on ODSs. 649 

 MACs are subject to extremes in terms of physical shock and vibration and hence emissions 650 

tend to be large. 651 

 The lifetime of MACs tends to be shorter than many other RAC Sub-Applications, so that end-652 

of-life emissions are seen earlier and equipment stocks relying on ODSs are replaced sooner 653 

with HFCs. 654 

 Due to the small charge of refrigerant involved, recovery from MACs is often seen as 655 

uneconomical and hence is not often practiced during service and disposal. 656 

In addition, data on vehicle purchases and registrations in a country are often known to a higher 657 

degree of quality or are easily obtained.  Hence, it is good practice to estimate emissions from this 658 

Sub-Application. The following text describes how the general equations for the RAC Application 659 

can be applied to the MAC Sub-Application. 660 

Data Gathering and Assumptions 661 

An accurate estimate of MAC emissions may be obtained by collecting some data at the Sub-662 

Application level and applying a few basic assumptions to simplify the data and calculations 663 

required, as follows: 664 

Refrigerant Type.  It will be important to separate each data point by refrigerant, so that emissions 665 

of each refrigerant are calculated separately. For MACs, this may be simplified by the fact that all 666 
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MACs produced since the mid- to late-1990s use HFC-134a as the refrigerant. However, CFC-12 667 

was used in the past and still exists in some operating systems. Furthermore, for the future other 668 

refrigerants such as HFC-152a and R-744 (carbon dioxide) are being considered.   669 

Refrigerant Sold in Containers (RMt).  For MACs, refrigerant generally comes in three basic types 670 

of containers – ‘bulk containers’ sent to vehicle manufacturers to fill new MACs, ‘small cans’ 671 

containing about 300-500 grams of refrigerant generally used by individuals servicing their own 672 

equipment, and ‘cylinders’ containing about 10-15 kilograms of refrigerant used by shops that 673 

service many vehicles. If one assumes no losses from bulk containers (see below), then in order to 674 

calculate Econtainers, one needs to know the total refrigerant sold in small cans (RMsc) and cylinders 675 

(RMcy). It will be important to distinguish the refrigerant sold into different Sub-Applications (e.g., 676 

HFC-134a is also used in the chillers and domestic refrigeration Sub-Applications) so that only the 677 

refrigerant sold for MACs is used in the calculations. This data may be obtained from small can 678 

packagers and refrigerant producers/distributors. 679 

Container Heels (c).  For this example, we assume the heels from service containers are not 680 

recovered (e.g., the cylinders are discarded, not reused) and are csc = 20% for the small can and ccy 681 

= 2% for the cylinder.  Because bulk refrigerant containers generally go back to the refrigerant 682 

producer and are refilled, we can assume there are no heels that would be emitted and hence cbulk = 683 

0%. 684 

MACs Produced Each Year (Nt).  If the number of MACs placed in service each year is not known, 685 

an estimate can be made by multiplying the number of cars placed in service each year by an estimate 686 

of the percentage that were sold with MACs. These data may be available from automobile 687 

manufacturers, MAC producers/suppliers, or government agencies involved in transportation, 688 

infrastructure and highway safety. If more than one type of refrigerant is used, it is important to 689 

separate each Nt into the different refrigerants, e.g., N1994 = N1994,CFC-12 + N1994,HFC-134a. 690 

Nominal Charge of Each MAC (mt).  This factor would likely vary by the type of vehicle; for 691 

instance small passenger cars will likely have lower refrigerant charges than buses or larger cars, 692 

especially those with multiple evaporators. Likewise, this could vary over time, for instance 693 

decreasing as manufacturers make smaller systems for the same vehicle size, or increasing as larger 694 

cars and more multiple-evaporator units enter the market. For this example, we assume a constant 695 

over time at an average m = 0.7 kg, which is typical of small to medium-sized passenger cars. 696 

Refrigerant Charged into New Equipment (Mt).  This is easily calculated as Mt = Nt • mt = 0.7 • 697 

Nt. 698 

Assembly Losses (k).  This is used to calculate the Charge Emissions, also referred to as ‘First-Fill 699 

Emissions.’ The loss rate is often small, on the order of k = 0.5% or smaller. For simplicity, we 700 

assume k = 0 in this example. 701 

Lifetime (d).  The presumed lifetime of a MAC.  This variable can be based on national data and can 702 

be different for different types of MACs (passenger cars, buses, etc.) For this example, we assume 703 

the lifetime of all MACs is d = 12 years. 704 

Bank in Existing Equipment (B).  The bank will be the amount of refrigerant in MACs put into 705 

service, minus the amount of refrigerant in MACs disposed, plus the amount of refrigerant used to 706 

service MACs, minus the amount that has leaked.  In actuality, a given MAC will probably leak over 707 

several years before being serviced. Rather than attempting to account for this, for this example we 708 

apply Equation 7.13 which assumes all MACs are serviced each year such that the estimated charge 709 

of each MAC is the same as the nominal charge. The annual emission rate is averaged to account 710 

for this assumption. This will only produce small errors unless the year-to-year sales of MACs 711 

fluctuate widely. Hence the bank in any given year is the sum of the Refrigerant Charged into New 712 

Equipment each year from the current year back to the assumed average lifetime of the equipment.  713 

Thus, 714 





d

i
itt MB

1
1  715 

For example, using d = 12 years, the bank in 2006 would be B2006 = M2006 + M2005 + M2004 + … + 716 

M1997 + M1996 + M1995. 717 

Annual Emission Rate (x).  This factor accounts for both leaks from equipment as well as any 718 

emissions during service. Both of these items can be different for different types of MACs and can 719 
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also vary by when the MAC was produced (i.e., older MACs may leak more than newer MACs).  If 720 

annual servicing does not occur, the amount emitted at any servicing event needs to be average over 721 

the number of years between servicing event to obtain the annual rate. This amount is likely to vary 722 

considerably depending on national conditions and what type(s) of service is (are) performed.  723 

Whether recovery of the given charge before service is performed must be considered, and may be 724 

deduced in part by examining the amount of refrigerant sold in small cans versus cylinders. For this 725 

example, we assume that 15% of the nominal charge is leaked each year and 5% on average is 726 

emitted during servicing.  Hence, x = 20%.  727 

Residual Charge in MACs Disposed (p).  Assuming that the MAC is serviced the year before it is 728 

disposed, and that the annual emission rate is estimated, this is easily calculated as p = 1 – x.  In our 729 

example, p = 1 – 15% = 0.85.  730 

Recovery Efficiency (nrec).  If no regulations or incentives exist to require recovery of refrigerant 731 

from MACs disposed, then likely very little will occur.  So, for this example, we assume that nrec = 732 

0. 733 

Calculation of Different Types of Emissions  734 

Now that these data have been gathered and assumptions have been made, calculating the emissions 735 

may be performed.  An example for year t = 2006 follows: 736 

Container Emissions (Equation 7.11).   737 

 2006,2006,2006,2006,2006, 2.002.0 sccyscsccycycontainers RMRMcRMcRME ••••  738 

Charging Emissions (Equation 7.11).   739 

 020062006,arg • kME ech  740 

Lifetime (Operating and Servicing) Emissions (Equation 7.13).   741 
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  742 

End-of-Life Emissions (Equation 7.14).   743 
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Calculation of Total Emissions 745 

Total MAC Emissions (Equation 7.10).   746 
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The only unknowns are: 748 

• RMsc – refrigerant (in kilograms) sold in small cans to service MACs, which may be obtained 749 

from small can packagers; 750 

• RMcy – refrigerant (in kilograms) sold in cylinders to service MACs, which may be obtained 751 

from refrigerant producers/distributors; and, 752 
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• Nt – the number of MACs put in service each year, which may be available from automobile 753 

manufacturers, MAC producers/suppliers, or government agencies involved in transportation, 754 

infrastructure and highway safety. 755 

If the emissions from refrigerant containers and from end-of-life are not included, for example if it 756 

is believed that service cylinders are completely evacuated and minimal MACs reach their end-of-757 

life in the given year, this equation becomes simply an activity (the number of MACs) multiplied by 758 

an emission factor (annual emission rate times average charge size, in this case 0.14 kg per MAC).  759 

This calculation yields the total emissions in kilograms of refrigerant.  Keeping each refrigerant 760 

separate and multiplying each sum by the refrigerant’s GWP will yield kilograms of CO2 equivalent 761 

emissions.  Dividing by 1 billion (109) will yield emissions in teragrams of CO2 equivalent 762 

(TgCO2eq). 763 

 764 

7.5.2.5 COMPLETENESS  765 

No refinement 766 

7.5.2.6 DEVELOPING A CONSISTENT TIME SERIES  767 

No refinement 768 

7.5.3 Uncertainty assessment 769 

No refinement 770 

7.5.4 Quality Assurance/Quality Control (QA/QC), 771 

Reporting and Documentation 772 

No refinement 773 

 774 

  775 
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7.6 FIRE PROTECTION 776 

No refinement 777 

 778 

7.7 OTHER APPLICATIONS 779 

No refinement 780 

 781 

  782 
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