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CHBr; (1978 — 2012) showing baseline monthly mean data (Medusa - dark green; ADS - purple; ECD — dark blue; archive annual
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Chlorofluorocarbons (CFCs), hydrochlorofluorocarbons (HCFCs), halons, carbon tetrachloride (CTC: CCls), methyl
chloroform (MC: CH;CCl;) and methyl bromide (MB: CH;Br) are ozone depleting substances (ODSs), whose production
and consumption (and thus global emissions) from the developed and developing world have been significantly
reduced by national actions to comply with the Montreal Protocol. However, significant persistent global ODS
emissions remain (Montzka & Reimann, 2011) and will potentially delay the recovery of the Antarctic ozone hole
(Bekki & Bodeker, 2011). Methyl chloride (CHsCl), dichloromethane (CH,Cl,), chloroform (CHCI;), trichloroethylene
(TCE: CHCICI,), perchloroethylene (PCE: CCI,CCl,), dibromomethane (CH,Br,) and bromoform (CHBr;) are not formally
listed as ODSs in a Montreal Protocol context, because CH5Cl, CHCl3, CH,Br, and CHBr; are predominantly natural in
origin, and CH,Cl,, TCE and PCE, although largely anthropogenic in origin, have very short atmospheric lifetimes (<0.5
yr, Montzka & Reimann, 2011) and therefore relatively low Ozone Depletion Potentials (ODPs). They are considered in
this report in the context of their potential contribution to Equivalent Effective Stratospheric Chlorine (EESC), the
ultimate driver of stratospheric ozone depletion (Bekki & Bodeker, 2011; Fraser et al., 2013; Montzka & Reimann,
2011). In addition, ODS emissions are playing an important role globally in contributing to radiative forcing by GHGs,
which largely drives climate change (Forster & Ramaswamy, 2007).

The most dramatic demonstration of the environmental impact of EESC is the annual occurrence of the Antarctic
ozone hole (AOH). In a companion report we review the development and decline of the 2013 hole, and review its
metrics in light of the ongoing decline of EESC in the atmosphere. The overall ranking of the 2013 AOH is quantified.

CFCs, halons, CTC and MC are no longer used or imported into Australia in any significant tonnages. Nevertheless,
long-term atmospheric observations at Cape Grim, Tasmania, show that there are measurable emissions today of
these chemicals from the Melbourne-Port Phillip region, and presumably from all the major Australian urban regions
(Dunse et al., 2005). Previous research (Fraser et al., 2012a) has suggested that the emissions are likely from ‘banks’ of
these species, in the form of old ODS-containing equipmentand materials still in use (for example refrigerators,
aerosol cans, fire extinguishers, foam plastics) or from leaking landfills, containing the aggregated emissions from
buried ODS-containing equipment and materials. ODS emissions are not regulated as part of the Montreal Protocol.
However, ODS emissions in Australia are contolled directly by actions taken by the Australian government to control
ODS production and consumption under the Montreal Protocol — for example banning the venting of ODSs in the main
end use sectors: air conditioning, refrigeration and fire fighting. In addition, mitigation of Australian emissions of these
species is supported by government and industry initiatives in ODS capture, followed by recycling or destruction.

HCFCs, MB, dichloromethane, TCE and PCE are imported into Australia and used in maintaining existing HCFC-
containing refrigeration and air conditioning equipment, for quarantine and pre-shipment (QPS) uses of MB, such as
grain fumigation immediately prior to international export, exempted non-QPS uses of MB (largely for growing
strawberry runners), and for solvent use (dichloromethane, TCE, PCE). HCFC and non-QPS MB consumptions are
controlled by Australia’s commitments under the Montreal Protocol and are declining, whereas QPS-uses of MB are
outside the regulatory domain of of the Montreal Protocol and consequently MB emissions from QPS-use have the
potential to increase. MB use for fumigation of grain prior to transport within Australia is declining, where phosphine
(PH3) and sulfuryl fluoride (SO,F,) are seen as suitable, but not universal, alternative or replacement chemicals. There
are no controls over the use of dichloromethane, TCE, PCE from climate change or ozone depletion perspectives, but
emissions of these chlorinated solvents are regulated in Australia due to their hazardous nature (toxicity) as volatile
organic compounds (VOCs; EPA 1998).

Hydrofluorocarbons (HFCs), with Global Warming Potentials (GWPs) ranging from 700 to 15,000, perfluorocarbons
(PFCs: GWPs 7,000 — 10,000), and sulfur hexafluoride (SFs: GWP 23,900) are potent greenhouse gases (GHGs), whose
emissions, from developed and developing countries, are mandated for control under the Kyoto Protocol, as part of a
basket of GHGs which also includes carbon dioxide (CO,), methane (CH,) and nitrous oxide (N,O).

Emissions of HFCs, PFCs and sulfur hexafluoride continue to grow significantly, especially in the developing world
(Forster & Ramaswamy, 2007; Fraser et al., 2013). Collectively, these GHGs, and the ODSs above, together with
emerging new species such as sulfuryl fluoride (SO,F,, GWP ~5000; Muhle et al., 2009), trifluoromethyl sulfur
pentafluoride (CF;SFs, GWP 18,000; Sturges et al., 2012) and nitrogen trifluoride (NF;, GWP 17,000; Weiss et al.,
2008), are described, as synthetic GHGs (SGGs).

HFCs are used extensively in Australia, largely in air conditioning (60-70%) and in refrigeration (~30%), initially as
‘ozone-friendly’ replacements for CFCs and HCFCs. Minor HFCs uses (~5%) in Australia include as aerosol propellants,
including metered dose inhalers (MDlIs), as foam blowing agents and in fire extinguishers (DIICCSRTE, 2013a; Cold Hard
Facts 2 (Expert Grouup 2013).

PFCs are a by-product of the production of aluminium in Australia and overseas and, in addition, are used overseas in
the electronics industry during the manufacture of integrated circuits and plasma screens. Refrigerants represent a
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very minor use of PFCs in Australia and overseas. Sulfur hexafluoride, the most potent GHG in the atmosphere, is used
in Australia and overseas as a dielectric fluid in step-down transformers and as a cover gas in metal production, for
example magnesium production.

There are a number SGGs that have been measured in the Cape Grim Air Archive (and are likely to be measured in situ
at Cape Grim in the near future) that are not currently covered by the Kyoto Protocol. Examples include sulfuryl
fluoride (Muhle et al., 2009), a replacement fumigant for MB, and trifluoromethyl sulfur pentafluoride, the second
most potent GHG yet identified in the atmosphere, a by-product of the production of perfluoro-octanylsulphonate
(PFOS) in the USA (Sturges et al., 2012). PFOS production in the USA ceased in about 2000 (Santaro et al., 2000) and
was never produced in Australia; it is unlikely that there are significant emissions of trifluoromethyl sulfur
pentafluoride in Australia. Another SGG not in the Kyoto Protocol is nitrogen trifluoride, the third most powerful GHG
yet identified in the atmosphere, which is used in the electronics industry in commercial manufacture of
semiconductor devices, photo-voltaic cells and plasma screens (Weiss et al., 2008). It is unlikely that there are
significant emissions of nitrogen trifluoride in Australia. Examples of ODSs not included in the Montreal Protocol that
have also been measured in the Cape Geim Air Archive (and may be measured in situ at Cape Grim in the future)
include CFCs-112,-112a and -113a (CCI,FCCI,F, CCIF,CCl;, CCI3CF;) and HCFC-133a (CH3CCIF,) (Laube et al., 2013a).
These latter CFCs and HCFC will be discussed in detail in the 2014 report.

Globally, SGGs have been the second most important GHG driver of climate change over the past 50 years, after
carbon dioxide. Rapidly growing HFC-emissions are seen as a very significant driver of climate change over the next 50
years (Velders et al., 2007, 2009) and projections suggest that unmitigated HFC growth could result in Global Warming
Potential (GWP)-weighted emissions approaching 9 Gt CO,-e (equivalent) per year by 2050, comparable to the GWP-
weighted emissions of CFCs at their peak in 1998 (Daniel & Velders, 2011). It has been suggested that an amended
Montreal Protocol could phase down the production and consumption of HFCs (with high GWPs) to around 15% of
current use in a time frame sooner than possible emission mitigation under a revised Kyoto Protocol or similar
agreement (Molina et al., 2009). An early phase-out of HFC consumption will mitigate climate change significantly
(Velders et al., 2013).

There are no mandated global or Australian targets to specifically phase-out HFC, PFC and SFg emissions at present,
except as a contributor to the ‘basket’ of GHGs (CO,, CH,4, N,O, HFCs, PFCs, SFg) whose total emissions are targeted to
be reduced unconditionally to 5% below 2000 emissions by 2020. In early 2010, Australia committed conditionally to
reduce its GHG emissions by 5 % below 2000 levels by 2020, but will revisit this committment later depending on the
extent of international action.

The concentrations of synthetic ODSs (CFCs, HCFCs, halons, CTC, MC, CH,Cl,, CHCICCI,, CCI,CCl,, MB-synthetic), natural
ODSs (CH3Cl, CHCI3, MB-natural, CH,Br;, CHBr3;, CHsl), and other SGGs (HFCs, PFCs, SF¢, SO,F, CF3SFs, NF;) have been
measured in the background (baseline) Southern Hemisphere atmosphere using air samples collected at Cape Grim,
Tasmania. Measurements have been made on the Cape Grim Air Archive (1978-2012) at CSIRO (Aspendale), at the
Scripps Institution for Oceanography (SIO, USA), and at the University of East Anglia (UEA, UK). Other flask air samples
from Cape Grim and over SE Australia have been analysed at CSIRO, the Oregon Graduate Center (OGC, USA), SIO, the
National Oceanographic and Atmospheric Administration (NOAA, USA), UEA, the National Institute for Environmental
Research (NIES, Japan) and at the University of Heidelberg (UH, Germany). The SGGs have been measured by CSIRO in
situ in the atmosphere (baseline and non-baseline) at Cape Grim, Tasmania, since 1976 (CFC-11, CTC, MC), since 1978
(CFC-12, CHCIs), since the early 1980s (CFC-113), since the late-1990s (HCFCs, halons, HFCs, PFC-116), since the mid-
2000s (CH5CI, CH,Cl,, TCE, PCE, MB, other PFCs, SFg, SO,F,) and more recently CH,Br,, CHBr3;, CF3;SF; and NF; These
data are used, in conjunction with similar data collected from other Northern and Southern Hemispheric sites, to
estimate both global and regional concentration trends, atmospheric lifetimes and emissions for these species:
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CFCs Fraser et al., 1977, 1983, 1996; Fraser & Pearman, 1978a,b; Hyson et al., 1980; Rasmussen et al., 1982;
Cunnold et al., 1983; 1986, 1994, 1997; Oram, 1999; Fraser, 2000; Sturrock et al., 2002; Dunse et al.,
2005; Laube et al., 2013a,b; Rigby et al., 2013, 2014

HCFCs Rasmussen et al., 1982; Montzka et al., 1994; Oram et al., 1995; Miller et al., 1998, 2010; Oram, 1999;
Sturrock et al., 2002; O’Doherty et al., 2004; Stohl et al., 2009; Saikawa et al., 2012; Laube et al.,
2013a,b; Righy et al., 2014

halons Butler et al., 1994; Fraser & Prather, 1999; Fraser et al., 1999; Oram, 1999; Fraser, 2000; Sturrock et al.,
2002; Newland et al., 2013

CTC Fraser & Pearman, 1978a; Rasmussen et al., 1982; Simmonds et al., 1988, 1998; Sturrock et al., 2002;
Dunse et al., 2005; Xiao et al., 2010a; Laube et al., 2013b; Fraser et al., 2013; Rigby et al., 2014

MC Fraser & Pearman, 1978a; Rasmussen et al., 1982; Fraser et al., 1986; Prinn et al., 1987, 1992, 1995,
2001, 2005; Oram, 1999; Sturrock et al., 2002; Dunse et al., 2005; Laube et al., 2013b; Rigby et al., 2013,
2014

CHiCl Rasmussen et al., 1982; Cox, 2001; Cox et al., 2003b; Cox et al., 2004; Simmonds et al., 2004; Trudinger
etal., 2004; Xiao et al., 2010b

CH,Cl, Cox et al., 2000, 2003a,b; Cox, 2001; Trudinger et al., 2004; Simmonds et al., 2006

CHCl; Rasmussen et al., 1982; O’Doherty et al., 2001; Cox, 2001; Cox et al., 2003b; Cox et al., 2004; Trudinger

etal., 2004
TCE Simmonds et al., 2006
PCE Rasmussen et al., 1982; Simmonds et al., 2006
MB Cox, 2001; Sturrock et al., 2002, 2003a,b; Cox, 2004; Cox et al., 2004; Simmonds et al., 2004; Trudinger

etal., 2004; Porter et al., 2006, 2009, 2010

CH,Br,  Yokouchi et al., 2005

CHBr; Yokouchi et al., 2005

CHsl Cox, 2001; Cohan et al., 2003; Cox et al., 2004

HFCs Oram et al., 1996, 1998; Oram, 1999; O’Doherty et al., 2004, 2009; Greally et al., 2007; Stohl et al.,
2009; Miller et al., 2010; Vollmer et al., 2011; Fortems-Cheney et al., 2013; Rigby et al., 2014; Arnold et
al., 2014

PFCs Oram, 1999; Fraser et al., 2007, 2011; Miihle et al., 2010; Ivy et al., 2012; Laube et al., 2012; Oram et al.,
2012; Rigby et al., 2014

SFe Maiss et al., 1996; Oram, 1999; Fraser et al., 2004; Rigby et al., 2010, 2114; Laube et al., 2013b; Ganesan
etal., 2013

SO,F, Mihle et al., 2009

CF5SFs Sturges et al., 2012;

NF; Weiss et al., 2008; Arnold et al., 2013; Rigby et al., 2014

all SGGs  Prinn et al., 2000; Greally et al., 2005; Velders & Madronich, 2005; Krummel et al., 2011, 2013; Montzka
& Reimann, 2011; Rigby et al., 2014

The abundances and trends of CFCs, HCFCs, halons, CCl,;, CH5CCl;, CH3Br, CH3Cl, CH,Cl,, CHCI;, CHCICCI,, CCI,CCl,,
CH,Br,, CHBr3, HFCs, PFCs, SFg, SO,F, CF3SFs and NF; in the global background atmosphere, as measured at Cape Grim,
Tasmania, or in the Cape Grim air archive, are shown in Table 1 (2011-2012), Figure 1 and Figure 2 (1978-2012).

As a result of measures undertaken within the Montreal Protocol framework, all of the CFCs (CFC-11, -12, -113, -114, -
115) measured in the atmosphere in 2011 and 2012 at Cape Grim are in decline, except the minor CFC-13, which is
stationary or growing slowly (Table 1). Total CFCs are declining by 0.5% per year due to declining emissions (see
below); chlorine from CFCs in the atmosphere decreased by 11 ppt (0.5%). A discussion on the newly-found CFCs at
Cape Grim (CFC-112: CCIF,CCIF,, CFC-112a: CCI,FCF3;, CFC-113a: CCI;CF5; Laube et al., 2013b) will be included in the
2014 Report.

All of the HCFCs (HCFC-22, -141b, -142b) measured in the atmosphere at Cape Grim are growing, except the minor
HCFC-124, which is stationary or declining slowly (Table 1). Total HCFCs are increasing by 3.2% per year, due to
growing global emissions, largely from the developing world (see below). Chlorine in the atmosphere from HCFCs

SGGs and Stratospheric Ozone: DoE Projects 2012-2013 | 3



increased by 9 ppt, contributing a 0.3% increase in total chlorine. A discussion on the newly-found HCFC-133a
(CH,CICF;) at Cape Grim (Laube et al., 2013b) will be include in the 2014 Report.

H-1211 and H-2404 are in decline in the atmosphere, however H-1301 continues to increase in the atmosphere.
Overall halons are in decline by 0.5% per year, the same as the decline of CFCs. Bromine in the atmosphere from
halons decreased by 0.05 ppt (0.6%).

Methyl chloroform and CTC are in decline in the atmosphere, with MC almost completely removed from the
atmosphere. Methyl chloride increased in the atmosphere from 2011 to 2012, but there is significant year-to-year
variability in the concentration of this largely-natural species in the background atmosphere. All of the chlorinated
solvents (CH,Cl,, TCE, PCE,) increased in the background atmosphere, and the largely-natural CHCl; decreased.
Chlorine in the atmosphere from these species increased by 0.8 ppt (0.09%).

Methyl bromide continued to decline in the atmosphere (1.5%). A small increase was observed in CH,Br, and a small
decrease in CHBr;. As with CH;Cl, there is significant year-to-year variability of the concentrations of these largely-
natural organobromine species. Bromine in the atmosphere from these species decreased by 0.4 ppt (2.9%).

All the measured HFCs increased in the atmosphere, with the total HFC increase being 11 ppt, or 9% per year. The
largest contributor to the HFC growth was HFC-134a (6 ppt, 9%/yr). The fastest growing HFC in percentage term was
HFC-32 growing at nearly 25% per year. Fluorine from HFCs increased by 41 ppt (~10%).

All four PFCs increased in concentration, with total PFCs increasing by 1 ppt, about 1% per year. Because a significant
fraction of PFC-14 in the atmosphere is natural, and effectively constant in concentration, anthropogenic PFCs are
increasing by about 2% per year. Fluorine from PFCs increased by 4 ppt (~1%).

Sulfur hexafluoride increased by 0.3 ppt (4% per year); fluorine from sulfur hexafluoride increased by 1.8 ppt. Total
fluorine from HFCs, PFCs and sulfur hexafluoride increased by 46 ppt (5.5%)

Sulfuryl fluoride increased by ~0.1 ppt (5% per year), whereas trifluoromethylsulfurpentafluoride is likely to have
remained constant (based on UEA data). Nitrogen trifluoride increased by 0.1 ppt in the atmosphere, approximately
10% per year. Total fluorine from these uncontrolled SGGs increased by approximately 1 ppt (7%).

Total chlorine decreased slightly (0.9 ppt, 0.03%), from 3212 ppt to 3211 ppt, in the atmosphere because the increases
in chlorine due to HCFCs, CH;Cl and CH,Cl, (19 ppt) were only just offset by the chlorine decreases due to CFCs, CTC,
MC and CHCl; (20 ppt).

Total bromine declined by 0.4 ppt (2.0%), from 21.2 ppt to 20.8 ppt, due largely to the decline in natural CHBr; and
also the overall decline in halon bromine and MB.

Total fluorine from ODSs and SGGs increased by 56 ppt (2%), from 2936 ppt to 2992 ppt, due largely to the fluorine
increase (41 ppt, 10%) from HFCs.
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Species

ODSs

CFCs

CFC-11

CFC-12

CFC-13

CFC-113

CFC-114

CFC-115

total CFCs

total CFC CI
HCFCs

HCFC-22
HCFC-124
HCFC-141b
HCFC-142b

total HCFCs

total HCFC CI
Halons

Halon 1211
Halon-1301

Halon 2402

total halons

total halon Br
Other ODSs
carbon tetrachloride
methyl chloroform
methyl chloride
dichloromethane
chloroform
trichloroethylene
perchlorethylene
total other ODS CI
methyl bromide
dibromomethane
bromoform

total other species Br

Formula

CCl4F
CCl,F,
CCIF,
CCl,FCCIF,
CCIF,CCIF,
CCIF,CF;

CHCIF,

CHCIFCF,
CH5CCl,F
CH5CCIF,

CBrCIF,
CBrF3
CBrF,CBrF,

ccl,
CH5CCls
CHsC
CH,Cl,
CHCl;
CHclccl,
ccl,ccl,

CH3Br
CHzBrz
CHBr,

Concentration Growth Species
(ppt)
2011 2012 ppt/yr  %/yr
SGGs
HFCs
236 234 -2.0 -0.84 HFC-23
529 527 -2.3 -0.43 HFC-32
2.9 29 0.024 0.83 HFC-125
74.5 74.4 -0.13 -0.18 HFC-134a
16.3 16.3 -0.003 -0.019 HFC-143a
8.4 8.4 0.025 -0.30 HFC-152a
867 863 -4.3 -0.50 HFC-227ea
2034 2024 -11 -0.53 HFC-236fa
HFC-245fa
203 210 6.3 3.1 HFC-365mfc
1.3 1.2 -0.021 -1.7 total HFCs
20.0 21.2 1.2 5.7 total HFC F
20.6 21.1 0.55 2.7 PFCs
245 253 7.9 3.2 PFC-14
265 274 9.2 3.4 PFC-14(a)
PFC-116
4.0 4.0 -0.067 -1.7 PFC-218
3.2 3.3 0.032 1.0 PFC-318
0.45 0.44 -0.006 -1.3 total PFCs
7.7 7.7 -0.040 -0.52 total PFC(a)
8.2 8.1 -0.046 -0.56 total PFC F
Other SGGs
84.4 83.2 -1.2 -1.4 sulfur hexafluoride
6.4 5.0 -1.4 -24 sulfuryl fluoride
510 517 7.4 14 trifluoromethyl sulfur pentafluoride
11.8 13.0 1.2 10 nitrogen trifluoride
5.6 55 -0.13 -2.3 total other SGG F
0.040 0.059 0.019 38 total SGG F
0.47 0.48 0.010 2.1 total ODS F
909 910 0.81 0.09 Total ODS & SGG F
6.6 6.5 -0.009 -1.5 Total Cl
1.0 1.1 0.009 0.88 Total Br
1.5 1.4 -0.096 -6.8
13 13  -0.37 -2.9

Formula

CHF;

CH,F,
CHF,CF3
CH,FCF;
CH5CF3
CH;CHF,
CHF,CF,CF;
CH,FCF,CF;
CH5CF,CF;
CH5CH,CF,CF3

CF,
CF,
CF4CF,
CF5CF,CF;
c-C4Fg

SFs
SO,F,
CF3SFs
NF;

Concentration
(ppt)

2011

23.6
4.1
8.7

57.9

11.2
4.3

0.60

0.072
1.1
0.50
112
409

78.5
43.6
4.1
0.55
1.3
84.4
49.5
353

7.1
1.6
~0.15
~0.9
49
811
2126
2937
3212
21.2

2012

24.4
5.2
10.3
63.5
12.5
4.4
0.68
0.088
1.3
0.56
123
450

79.3
44.4
4.2
0.56
1.3
85.4
50.5
357

7.4
1.7
~0.15
~1.0
51
858
2134
2992
3211
20.8

Growth
ppt/yr %/yr
080 3.3
1.1 24
1.6 17
56 9.2
1.3 11
0.16 3.7
0.084 13
0.017 21
0.18 15
0.059 11
11 9.3
413 9.6
0.85 1.2
0.85 1.9
0.067 1.6
0.011 2.0
0.042 33
1.0 11
1.0 1.9
42 1.2
030 4.2
0.079 4.8
0.0 0.0
01 ~10
23 45
48 5.7
81 0.38
559 1.9
-0.89 -0.03
042 -2.0
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Figure 2. In situ observations of HFCs, PFCs, SFs, SO,F,, CF3SFs and NF; (1998 — 2012) showing baseline monthly mean
data (dark green, Medusa; pink, ADS), total data (light green, Medusa; purple, ADS) and archive annula means
(orange) obtained from the GC-MS-Medusa and GC-MS-ADS instruments at Cape Grim and Aspendale (references: see
text above and CSIRO unpublished data).

3

Global emissions of ODSs and SGGs

Background ODS and SGG observations at Cape Grim and from other AGAGE stations in the northern and southern
hemispheres have been used to calculate global ODS and SGG emissions up to 2008 (Montzka & Reimann, 2011).
These emission calculations have been updated (R. Wang, GIT, unpublished data) to 2011 and the results are shown in
Figure 3. These emissions are derived with the AGAGE 12-box global model.
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In 2011, total global CFC emissions continued to decline (141.9 k tonnes in 2010, 141.6 k tonnes in 2011) dominated
(96%) by emissions of CFC-11 (72 k tonnes) and CFC-12 (64 k tonnes) in 2011. Somewhat surprisingly, CFC-11 became
the dominant CFC emitted globally in 2009, taking over from CFC-12, whose emissions had previously always been
larger than CFC-11 emissions (since 1979 based on AGAGE data, and earlier based on production data). Presumably
this change reflects a changing pattern of CFC use in developing countries, with increased use of CFC-11 in foams
relative to CFC-12 used in refrigeration. Also surprisingly, CFC-11 emissions in 2011 (72 k tonnes) were larger than CFC-
11 emissions in 2010 (70 k tonnes). This is the first increase in global annual CFC-11 emissions observed since the
emissions peaked in 1987 at 360 k tonnes; however the observed increase is within the margin of observational error.

Carbon tetrachloride emissions increased slightly (58.3 k tonnes in 2009/2010, 58.6 k tonnes in 2011). Long-term,
global CTC emissions are slowly declining and small year-to-year increases have been observed previously (1988/1989,
1992/1993, 1998/1999, 2000/2001, 2003/2004) since emissions peaked in 1987 at 134 k tonnes. The decline in global
CTC emissions is not as rapid as anticipated under the Montreal Protocol (Montzka & Reimann, 2011). As pointed out
by Fraser et al. (2012a) a partial explanation may be that global emissions of CTC from land-fills and possibly chlor-
alkali plants may be significant and not yet accounted for in global budgets.

Global MC emissions continue to decline from 10.6 k tonnes in 2005 to 8.8 k tonnes in 2010 and 2011. For the first
time in decades there has not been a measurable decline in global MC emissions in consecutive years (2010, 2011).
This could mean that global sources now equal global sinks and CH;CCl; emissions will not fall to zero as anticipated;
2012 data will be instructive on this issue.

Total global halon emissions continue to decline (7.4 k tonnes in 2010, 7.3 tonnes in 2011), dominated (65%) by halon-
1211 emission, which also declined by 0.1 k tonnes over the same period.

Global HCFC emissions continue to increase (1.3%, 458 k tonnes in 2010, 464 k tonnes in 2011), dominated (~80%) by
HCFC-22 emissions, which increased by 5 k tonnes over the same period.

There are currently no new estimates of global emissions of MB, but are being assessed currently, and will be reported
as soon as the data are received. As reported in the Scientific Assessment of Ozone Depeltion: 2010 (Montzka &
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Reimann 2011), global MB emissions declined from about 160 k tonnes in 2004 to about 140 k tonnes in 2009, based
on global AGAGE MB data. Extrapolation of this downward trend would suggest global emissions of about 130 k
tonnesin 2011.

Global emissions of HFCs continued their rapid increase (4%, 249 k tonnes in 2010, 258 k tonnes in 2011), dominated
(~65%) by HFC-134a emissions, which increased by 5 k tonnes over the same period. However, the rate of increase in
HFC emissions has been declining since the peak rate of increase of 17-18 k tonnes/yr was seen in 1998. A continuing,
if not more rapid, decline in HFC emissions is anticipated over the next 5 years as global initiatives to phase-down the
use of HFCs gain momentum.

Equivalent Effective Stratospheric Chlorine (EESC) is a parameter developed to relate the Cl and/or Br composition and
atmospheric lifetimes of ODSs to their resultant stratospheric ozone depletion (Daniel et al., 1995). The ODS
atmospheric lifetimes in part determine the fractional release factors used in the derivation of EESC, which relate the
amount of Cl and/or Br released in the stratosphere as a fraction of the amount entering the stratosphere. The
fractional release factors at any location in the stratosphere quantifies the fraction of the ODS that has become photo-
chemically degraded at that location. Fractional release factors used in EESC calculations have a typical uncertainty
(95% confidence interval) of 5% (Newman et al., 2007). Bromine released into the stratosphere from ODSs is 60+15
times more capable of ozone destruction than Cl and this is represented in the EESC calculation by a weighting factor
(o, typically 60) applied to Br released in the stratosphere to convert it to an equivalent amount of Cl released (Daniel
et al., 1995; Newman et al., 2007).

EESC is used with ODSs scenarios to anticipate future ozone loss/recovery at both mid- and polar-latitudes. EESC
contains a lag time (or age-of-air) that represents the time taken for the ODS released at the surface to reach the
lower stratosphere (where halogen-catalysed ozone destruction occurs) at mid- (typically 3 years) and Antarctic
latitudes (typically 5-6 years). EESC has been used in the past 5 international assessments of stratospheric ozone
depletion to relate predictions of future ODS abundances to future ozone depletion (WMO 1995, 1999, 2003, 2007,
2011).

In this report, EESC calculations, detailed in Fraser et al. (2013), relevant to ozone depletion at mid- and Antarctic
latitudes, are based on AGAGE, CSIRO, SIO and UEA global, Cape Grim and Antarctic firn ODS observations and are
compared to the new baseline scenario A1 from WMO (2011). The derived EESC values are compared to and
correlated with ozone depletion at mid-latitudes and in the Antarctic polar region.

The new ODS scenario (A1) in WMO (2011) contains atmospheric abundances (measured or predicted) for sixteen (16)
ODSs (CFCs-11, -12, -113, -114, -115; HCFCs-22, -141b, -142b; H-1202, 1211, -1301, -2402; CTC, MC, MB and methyl
chloride) from 1955 to 2100. H-1202 is present in the atmosphere in very low abundances (<0.1 ppt, parts per 10"
molar) and only Cape Grim Air Archive data have been published (Fraser et al., 1999; Oram, 1999). The contribution
that H-1202 makes to total EESC is small (<10 ppt) and is not considered further here.

The fifteen (15) remaining ODSs in scenario Al are measured in the AGAGE global network (Prinn et al., 2000) and are
available from the publically-accessible archive (http://agage.eas.gatech.edu/data.htm), except for halon-2402, and
are used to calculate annual average global abundances for these 15 ODSs. The same 15 ODSs have been measured in
the Cape Grim Air Archive, with only MC, CFC-113 and HCFC-22 published to date (Fraser et al., 1986, 1996; Miller et
al., 2010).

Fourteen of 16 ODSs in scenario 1 (all except CH;Cl, MB) have been measured in the Cape Grim Air Archive at UEA
(Oram et al., 1995; Fraser et al., 1999; Oram, 1999). The UEA data were converted to an interim AGAGE scale (Sturrock
et al., 2002). Two (MB, HCFC-22) of the 16 ODSs in scenario 1 have been measured in the Cape Grim Air Archive at SIO
(Miller, 1998; Miller et al., 1998). Fourteen of 16 ODSs (all except H-1202, H-2402) in scenario Al have been measured
by CSIRO at Cape Grim in the AGAGE scale, and in Antarctic firn air from Law Dome (Sturrock et al., 2001, 2002,
Trudinger et al., 2004).
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The following data are used to construct Cape Grim and Antarctic abundances of the 15 ODSs in scenario 1 (not
including H-1202) from 1930 to 2011: CFC-11, -12, MC, CTC (Cape Grim in situ and Antarctic firn); CFC-113, -114, -115,
all 3 HCFCs, all 3 halons (Cape Grim in situ, Archive and firn); MB, CHsCl: Cape Grim in situ and firn. Global abundances
of the 15 ODS have been constructed from in situ data from all, or a selection of, the AGAGE stations: Mace Head
(Ireland), Cape Meares (Oregon), Trinidad Head (California), Ragged Point (Barbados), Cape Matatula (American
Samoa) and Cape Grim (Tasmania). For those times when there are in situ data, proxy Cape Grim data have been
generated from a Bayesian synthesis inversion (Trudinger et al., 2002) of Cape Grim in situ/Antarctic firn/Cape Grim
Air Archive data (Sturrock et al., 2001, 2002), or in situ/firn data (Trudinger et al., 2004). The atmospheric history of H-
2402 has been reconstructed from in situ/Archive data, with a short backward linear interpolation to zero abundances
(about 1970). Global abundances are calculated from the synthesis inversion data by scaling the inversion data by the
earliest global/Cape Grim ratio in the in situ data. It is important to note that EESC calculated from
AGAGE/CSIRO/SIO/UEA data from 1930 to 2010 is based entirely on atmospheric and Antarctic firn observations —
there has been no ‘filling-in’ of missing data with abundances calculated from an atmospheric model with assumed
emissions.

Long-lived ODS species that have been measured in the AGAGE program and/or in the Cape Grim Air Archive that are
not included in the ODSs contributing to EESC in this report or in the EESC calculation in WMO 2011 are CFC-13 (CCIF;,
UEA, AGAGE), CFC-112 (CCI,FCCI,F, UEA), CFC-112a (CCIF,CCl;, UEA), CFC-113a (CCI;CF;, UEA), CFC-114a (CCl,FCF;, UEA
- likely included in CFC-114 measurements by AGAGE and AOAA), HCFC-21 (CHCI,F, UEA), HCFC-123 (CHCI,CF;, UEA,
AGAGE at Cape Grim), HCFC-124 (CHCIFCF;, AGAGE) and HCFC-133a (CF;CH,CI, UEA) (Oram, 1999; Krummel et al.,
2004, 2011; Laube et al., 2013a). Together these species contribute only about 10-15 ppt of tropospheric chlorine and
do not make a significant contribution to total EESC.

The EESC data, suitable for comparison to ozone loss at mid- and polar latitudes, from AGAGE, CSIRO, SIO and UEA
ODS data, from CSIRO and NASA calculations based on scenario A1 (WMO, 2011) are shown in Figure 4.
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Thirteen reports were sent to DSEWPaC during 2012 describing the growth and decay of the 2012 Antarctic Ozone
Hole (AOH) (Krummel, P. & P. Fraser, The 2012 Antarctic Ozone Hole Summary, Report #1: 19 August, #2: 26 August,
#3: 3 September, #4: 10 September, #5: 18 September, #6: 25 September), #7: 2 October, #8: 10 October, #9: 16
October, #10: 22 October, #1: 31 October, #12: 7 November), #13: 21 November. A final companion report
summarising the 2013 AOH will be sent separately to DSEWPaC in September 2013.
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5 Australian SGG imports

Data on Australian imports of ODSs and HFCs, PFCs and sulfur hexafluoride are reported to DSEWPaC under licensing
arrangements in the Ozone Protection and Synthetic Greenhouse Gas Management Act, 1989 (the Act), with the
requirement being established under the Act in 2003. Australian imports are documented in the DSEWPaC Ozone
Licensing and Reporting System (OLaRS: A. Gabriel, DSEWPaC, private communication, May 2013), which was
introduced by DSEWPaC during 2011. OLaRS details imports of bulk and pre-charged HFCs (individual and in blends),
PFCs (individual/blends), sulfur hexafluoride, HCFCs (individual/blends) and other ODSs (in particular carbon
tetrachloride — CTC and MB).

For 2012 (January — December) imports were reported entirely via the OLaRS protocol. For 2011, OLaRS data are only
available for October — December, and the annual imports reported here for 2011 are estimated by scaling the
October-December data to the entire year, assuming that the October-December data are representative in volume
and composition for all of 2011. The resultant 2011 data are thus more uncertain than the 2012 data, especially given
the legislation for the equivalent carbon price on SGGS passed Parliament in November 2011 and it would be expected
that some importers may have commenced stockpiling SGGs in late 2011.

For 2008-2010, the SGG imports are reported using the pre-OLaARS protocol. HFC-134a and ODS imports are recorded
directly, whereas other HFCs have to be derived from annual aggregate totals of HFCs (secondary and exotic).
Speciation into individual HFCs uses factors (approximate) supplied by DSEWPaC. Imports of SGGs are shown in Table
2 and Figure 5.

All import data (2008-2012) include SGGs precharged (PCE) into imported refrigeration and air conditioning (RAC)
equipment. PCE SGGs imported in non-RAC equipment, which account for ~2% of total SGGs by weight (Department
of the Environment, personal communication 2013) are not included in these import data.

There is an overall decline in Australian SGG imports from a peak in 2009 (11.6 k tonnes) to 2012 (9.7 k tonnes). The
2012 data may be abnormally high as a result of the carbon price being imposed in 2012. Both HFC and HCFC imports
peaked in 2009 and have both been in decline since 2009, with a very significant decline (60%) in HCFC imports, due to
Montreal Protocol phase-out, and a small decline (2%) in HFC imports. MB imports in 2012 (719 tonnes) were similar
to 2011 (734 tonnes); both are higher than the minimium in MB imports (350 tonnes in 2007, not shown). The recent
increase in MB imports has been due to increased demand for QPS use of MB in fumigating Australian commodity
exports as the impact of the drought has waned. Such QPS use of MB is outside the Montreal Protocol controls on
production/imports and consumption.

12

[
o
1

o]
I

Australian imports (k tonnes yr!)
{o)]
I

4 -
2
0 ] ] ] ] ]
2008 2009 2010 2011 2012
HCFC-22 WM other HCFCs CH3;Br I HFC-134a HFC-32 HM HFC-125 B HFC-143a other HFCs

Figure 5. Australian imports (tonnes) of ODSs (HCFCs, CH3Br) and HFCs (DSEWPaC, private communication, 2013). The
2012 data are from the OLaRS data base, 2010 and earier are pre-OLaRS data, and 2011 is a mixture of OLaRS and pre-
OlaRS data.
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2010 2011

ODSs HFCs

HCFC-22 1773 1878 1224 1280 758 HFC-23 7.7 18 17 2.9 0.5
HCFC-123 21 48 26 12 20 HFC-32 1203 1855 2141 688 1141
HCFC-123a 1.0 7.6 HFC-125 1461 2423 2700 1560 2119
HCFC-124 20 13 32 5.3 3.6 HFC-134 2.9
HCFC-141b 155 76 49 3.0 HFC-134a 2823 3634 3410 4887 4315
HCFC-142b 12 8.1 4.5 2.5 1.7 HFC-143a 261 566 545 994 1125
HCFC-225ca 0.5 0.3 0.3 0.5 HFC-152a 19 36 44 0.1

Total HCFCs 1981 2023 1337 1305 793 HFC-227ea 58 133 127 79 70
CH3Br 477 557 522 734 719 HFC-236fa 25 57 55 0.1

Total ODSs 2458 2580 1859 2039 1512 HFC-245fa 127 292 280 289 44
SGGs HFC-245ca 19 34 42

PFCs HFC-365mfc 372 53
PFC-14 0.1 0.3 HFC-43-10mee 13
PFC-116 0.5 Total HFCs 6004 9049 9360 8887 8870
PFC-218 0.1 SFe 36
PFC-318 0.1 Total SGGs 6004 9049 9360 8887 8907
PFC-4-1-12 Total ODSs, SGGs 85 11.6 11.2 109 10.4
Total PFCs 0.1 0.1 0.9 (k tonnes)

The National Greenhouse Gas Inventory (NGGI: ageis.climatechange.gov.au) contains estimates of Australian
emissions of HFCs (HFC-23, HFC-125, HFC-134a, HFC-143a), PFCs (PFC-14, PFC-116) and sulfur hexafluoride that
underpin the National Inventory Report 2011 (DIICCSRTE, 2013b), which is the Australian government submission to
the United Nations Framework Convention on Climate Change (UNFCCC), and which forms a part of the Australian
National Greenhouse Accounts (NGA). Emissions of HFC-32 are not reported in the NGGI, but are part of the NGA as
supplied by DIICCSRTE (2013a). For HFC-23 emissions, the NGGI assumes that they stopped in 1995 when HCFC-22
production in Australia ceased. However, as seen in the atmospheric data below, there remains continuous, low-level
emissions of HFC-23 in Australia following cessation of HCFC-22 production. Presumably these emissions are due to a
non-HCFC-22 source, possibly as a fire suppressant (HFC-23 is marketed by DuPont as FE-13® — a fire suppressant).
There may be some difficulty in identifying HFC imports in pre-charged fire fighting equipment.

Australian HFC emissions were less than 100 tonnes in the mid-1990s, rising to 5267 tonnes (7642 CO,-e tonnes) in
2011. HFCs are the dominant emissions in CO,-e terms in this sector (95% in 2010 and 2011). The long-term increase
in total Australian emissions of HFCs is about 480 tonnes/yr. HFC-134a emissions increased by about 252 tonnes (7%)
from 2010 to 2011, all other HFCs by about 176 tonnes (7%). Emissions of total HFCs (in CO,-e terms) in 2011 were 9%
higher than in 2010. A gradual increase in HFC emissions is expected as the Austrlian economy/population grows; the
current rapid increase in HFC emissions is due to this economic growth as well as HFC emissions from applications to
replace HCFCs as they are phased-out under the Montreal Protocol.

Figure 6 shows the growth in HFC emissions for each of the HFC species from the major HFC sources: refrigeration, air-
conditioning, foam blowing, aerosols/MDIs and fire suppression equipment. For each HFC, the major emission
categories are refrigeration and air-conditioning. The dispersive uses of HFCs (aerosols, foams, fire extinguishers) are
minor, clearly indicating the importance of minimizing HFC leaks in refrigeration and air-conditioning as a means of
reducing HFC emissions.
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Figure 6. Australian emissions (tonnes) of HFC-32, HFC-125, HFC-134a, HFC-143a from the major source categories as
reported in the NGGI (ageis.cliamtechnage.gov.au), except for HFC-32 emissions obtained directly from DIICCSRTE
(2013b).

Australian PFC emissions were 190 tonnes in the mid-1990s, rising to 230 tonnes in the mid-2000s, before dropping to
about 40 tonnes in 2011. Total PFC emissions increased by 5% from 2010 to 2011. Sulfur hexafluoride (SFg) emissions
are estimated to have been 13 tonnes in 1995 falling to 6 tonnes in 2011.

Total HFC, PFC and sulfur hexafluoride emissions in CO,-e in 2011 were estimated at 8051 k tonnes, 9% higher than in
2010. The overall uncertainty on the PFC/HFC/sulfur hexafluoride emissions category in the NGGI is 25-30% (DCCEE,
2011). The HFC, PFC and sulfur hexafluoride contributions to total emissions from this sector are shown in Figure 7.
The significant impact on total emissions in 2005-2006 due to reduced PFC emissions (as a result of the Kurri Kurri
smelter upgrade in 2005) can be clearly seen. Prior to the significant reduction in PFC emissions at Kurri Kurri in 2005,
Australian HFC/PFC/sulfur hexafluoride emissions were growing at about 13%/yr (Figure 7). After the Kurri Kurri
smelter upgrade, these combined emissions grew at about 8%/yr.

Details of the Australian sulfur hexafluoride emissions estimates have been published by DIICCSRTE (2013). Sulfur
hexafluoride was first used in electrical equipment in Australia during 1975-1979. Sulfur hexafluoride emissions each
year are estimated as the sum of emissions from the existing stock of electrical equipment, whose contained sulfur
hexafluoride is maintained by servicing, emissions from the manufacturing of new electrical equipment, and emissions
from non-electrical equipment sources such as medicinal applications (eye surgery), tracer gas studies, as a cover gas
in metal foundries (magnesium), in pneumatic tyres and some running shoes (all Nike ‘Air’ shoes manufactured from
1990 to 1996 contained sulfur hexafluoride as a shock absorbtion gas).

Prior to 2000, DIICCSRTE (2013b) uses the IPCC global default emission factor of 0.02 t/t for emissions from electrical
equipment. From 2009, an Australian-specific value is assumed (0.0089 t/t), with assumed linear interpolation from
2000 to 2009. For new electrical equipment manufacture, DIICCSRTE uses the IPCC global default emission factors of
0.15 t/t prior to 1995 and 0.06 t/t after 1995. For other sulfur hexafluoride emission sources, DIICCSRTE assumes a
population-dependent emission based on ~0.04 g sulfur hexafluoride/person/year. For 2012, emissions are based on
linear interpolation from 2011 and earlier data. The DIICCSRTE Australian sulfur hexafluoride emission data are shown
in Table 3 and Figure 7.
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The sulfur hexafluoride import data suggest an inconsistency with this sulfur hexafluoride stock/emissions model. In
2012 (the first year of sulfur hexafluoride imports being controlled by the Ozone Protection and Synthetic Greenhouse
Gas Management Act 1989) Australia imported 36 tonnes of sulfur hexafluoride. The sulfur hexafluoride imported
each year goes into new stock (12 tonnes in 2012) or the servicing of existing stock (7 tonnes in 2012, replacing sulfur
hexafluoride lost by fugitive emissions) and 1 tonne for other uses, a total of 20 tonnes (DIICCSRTE 2013b).
Atmospheric observations below suggest that 2011 Australian emissions are significantly larger than the 6 tonnes/yr
calculated with the DIICCSRTE (2013b) model. This would suggest that the emission factors used in the three
categories of emissions in the DIICCSRTE model are possibly too low and/or there are other emissive uses of SFg not
included in the model.

In 2011, Australian importers may have anticipated that the application of an equivalent carbon price ($23/tonne CO,-
e in 2012/2013) on sulfur hexafluoride imports (DSEWPaC, 2012), resulting in a sulfur hexafluoride price increase of
$547,000/tonne (GWP of sulfur hexafluoride is 23,900), would significantly increase the value of sulfur hexafluoride
brought into Australia. This may have led to a surge in imports prior to the application of the equivalent carbon price
(from 1 July 2012) and stockpiling of sulfur hexafluoride in excess of requirements.

DIICCSRTE (2013b) estimates of HFC, PFC and sulphur hexafluoride emissions (Table 4, Figure 7) in the NGGI
(ageis.climatechnage.gov.au) are compared to emissions estimated from atmospheric observations below.

Year electrical electrical other total Year electrical electrical other total
equip. equip. sources emissions equip. equip. sources emissions
stock manufacture stock  manufacture

1975 0.1 0.2 0.6 0.9 1994 10.0 1.8 0.8 12.5

1976 0.2 0.2 0.6 1.0 1995 10.7 1.9 0.8 134

1977 0.4 0.2 0.6 1.2 1996 10.1 0.8 0.8 11.6

1978 0.5 0.2 0.6 1.3 1997 9.3 0.7 0.8 10.8

1979 0.6 0.2 0.6 1.4 1998 8.3 0.7 0.8 9.8

1980 1.3 1.2 0.6 3.1 1999 7.1 0.7 0.8 8.6

1981 2.1 1.2 0.6 3.9 2000 6.3 1.3 0.8 8.4

1982 2.8 1.3 0.6 4.7 2001 6.6 1.4 0.8 8.8

1983 3.5 1.3 0.6 5.5 2002 6.8 1.4 0.8 9.0

1984 4.2 1.4 0.7 6.3 2003 7.0 1.4 0.8 9.2

1985 4.6 1.0 0.7 6.3 2004 7.1 1.4 0.8 9.3

1986 5.1 1.0 0.7 6.8 2005 6.7 0.6 0.9 8.2

1987 55 1.0 0.7 7.2 2006 6.2 0.6 0.9 7.7

1988 5.9 1.1 0.7 7.7 2007 5.8 0.6 0.9 7.3

1989 6.3 1.1 0.7 8.2 2008 5.3 0.6 0.9 6.8

1990 7.1 1.6 0.7 9.4 2009 4.8 0.5 0.9 6.2

1991 7.8 1.7 0.7 10.2 2010 4.9 0.4 0.9 6.2

1992 8.5 1.7 0.7 11.0 2011 5.0 0.5 1.0 6.4

1993 9.2 1.8 0.7 11.8 2012 5.1 0.5 1.0 6.6
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HFC-32 HFC-125 HFC-134a HFC-143a total HFCs PFC-14 PFC-116 total PFCs SFe total HFCs,
PFCs, SFg

tonnes tonnes kt CO,-e tonnes tonnes kt CO,-e tonnes kt CO,-e kt CO,-e
2012 2013 2013 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013

1995 3 5 5 4 61 53 0 2 69 65 96 94 171 171 22 22 193 193 1313 1313 13 13 317 317 1725 1723
1996 8 20 16 19 188 217 1 10 212 265 296 384 157 157 20 20 178 178 1209 1209 12 11 283 274 1788 1867
1997 17 37 33 34 351 350 2 18 402 439 565 641 137 137 18 18 155 155 1053 1053 11 11 260 254 1879 1949
1998 26 54 53 48 533 467 2 25 615 594 868 872 185 185 24 24 209 209 1424 1424 10 10 234 230 2526 2526
1999 39 75 79 66 746 604 4 34 867 779 1230 1150 127 127 16 16 143 143 977 977 206 202 2412 2329
2000 51 97 111 81 974 700 5 41 1142 920 1629 1357 143 143 19 19 162 162 1104 1104 200 197 2933 2658
2001 67 153 153 121 1231 976 6 60 1457 1310 2096 1936 201 201 26 26 227 227 1545 1545 206 206 3847 3687
2002 82 207 194 158 1473 1214 8 77 1756 1656 2540 2447 193 193 25 25 218 218 1481 1481 212 212 4233 4140

2003 100 264 240 197 1756 1458 10 95 2106 2014 3057 2978 188 188 24 24 212 212 1444 1444
2004 116 329 285 240 2056 1775 11 114 2469 2459 3590 3629 191 191 25 25 216 216 1469 1469
2005 137 365 337 266 2402 1937 13 126 2889 2695 4205 3980 200 200 26 26 226 226 1536 1536
2006 147 430 368 305 2561 2176 14 143 3090 3054 4509 4506 77 77 10 10 87 87 589 589
2007 161 515 416 350 2773 2416 15 161 3364 3443 4931 5069 65 65 73 73 500 500
2008 168 621 457 398 2945 2697 16 177 3586 3892 5279 5695 50 50 56 56 381 381
2009 184 723 517 448 3195 2933 18 195 3914 4300 5787 6279 40 40 45 45 308 308
2010 190 849 556 502 3382 3278 18 211 4147 4841 6147 7022 32 32 36 36 244 244
2011 951 555 3530 232 5267 7642 35 38 259

216 216 4717 4638
218 218 5277 5316
191 191 5932 5707
181 181 5278 5276
170 170 5601 5739
158 158 5819 6234
143 143 6238 6730
145 145 6535 7411

149 8051
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Australian emissions of
HFCs, PFCs, SFg (M tonnes CO,-e)

1996 1998 2000 2002 2004 2006 2008 2010

Figure 7. Australian HFC, PFC and sulfur hexafluoride emissions (M tonne CO,-e) (ageis.cliamtechange.gov.au). Dashed
lines are exponential best fits.

7 Milestones #2, #4, #6, #7, #9: CSIRO estimates of
Australian SGG emissions including carbon tetrachloride

CSIRO has estimated emissions of a number of trace gases (methane, nitrous oxide, CFCs etc.) from the
Melbourne/Port Phillip region (Dunse et al., 2001, 2005; Dunse 2002), utilising in situ measurements from the Cape
Grim Baseline Air Pollution Station in Tasmania and employing the interspecies correlation (ISC) technique with co-
incident carbon monoxide (CO) measurements. These original emission estimates were based on an average carbon
monoxide emission from the Melbourne/Port Phillip region (600 k tonnes/yr) which was assumed to have been
relatively constant during 2004-2009 (EPA, 1998).

In Fraser et al. (2012a), revised estimates of the Port Phillip region carbon monoxide emission were used (Delaney &
Marshall, 2011) with 2002 emissions estimated at 605 k tonnes and 2006 emissions at 645 tonnes. Carbon monoxide
emissions were assumed constant after 2006 for the Port Phillip region. There has been a further revision of carbon
monoxide emissions from the Port Phillip region (S. Walsh, Victorian EPA, unpublished data, 2013). The 2006 Port
Phillip emissions are now estimated to have been 796 k tonnes, with the increase in emissions due increased
emissions from vehicles and reduced emissions from wood heaters.

As a result of revised data on carbon monoxide emissions, Port Phillip SGG emissions have been recalculated, from
2004-2011, using ISC and Cape Grim data, obtained from the GC-MS-Medusa instrument only (Krummel et al., 2013)
at Cape Grim, and presented as 3-year running averages (2005-2011; Table 5, Figure 8: CFCs, HCFCs, chlorocarbons,
halons, MB; Table 6, Error! Reference source not found.: HFCs, PFCs, sulfur hexafluoride). The corresponding
emissions from GC-ECD data and GC-ADS data will be recalculated and reported in 2014. The SGG emissions are
derived from Port Phillip emissions, scaled to Australian emissions on a population basis (using a population-based
scale factor of 5.4). NOAA air mass back trajectory analyses (Draxler & Hess, 1997) are used to ensure that the
pollution events at Cape Grim used to derive Port Phillip emissions are imbedded in air masses that only pass over the
Port Phillip region and do not include other possible carbon monoxide source regions, in particular the Latrobe Valley.
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CFCs
CFC-11
CFC-12
CFC-113
total CFCs
ODP tonnes
M tonnes CO,-e
HCFCs
HCFC-22
HCFC-124
HCFC-141b
HCFC-142b
total HCFCs
ODP tones
M tonnes CO,-e
Halons
H-1211
H-1301
total halons
ODP tonnes
M tonnes CO,-e
methyl bromide
MB (SE Australia, DPI model)
MB (Australia, DPI model)
MB (SE Australia)
MB (Australia)
MB (Australia) ODP tonnes
MB (Australia) M tonnes CO,-e
chlorocarbons (Montreal Protocol)
CTC
MC
total chlorocarbons
ODP tonnes
M tonnes CO,-e
other chlorocarbons
CH,Cl,
CHCl3
PCE
TCE
total other chlorocarbons (k tonnes)
ODP tonnes
M tonnes CO,-e
total ODSs
ODP k tonnes
M tonnes CO,-e

2005

488+313
5324341
84158
1103+250
1087+245
8.612.1

16874320
89134
247+46
3347
2056%325
135435
3.4£0.6

74153
35424
109435
569+165
0.34+0.10

170

413

17659
429+145
257+87
0.002+0.001

167165
117483
284+80
196470
0.32+0.12

289441998
2699+1729
2580+1635
1970£1407
10+2
68115
0.35+0.09
14.1+1.9
2.3+0.3
13.0+2.2

2006

588+382
5374339
78+55
1203+275
1188+275
9.1+2.2

1748+340
58+19
258451
4049
2104+345
141435
3.5%0.6

84158
33423
116%35
579160
0.34+0.10

144

380

171455
451+146
27087
0.002+0.001

136+48
100468
237+60
160+55
0.26+0.09

2403+1705
2690+1725
2498+1577
2531+1807
10+2
64+15
0.41+0.12
14.2+1.9
2.4+0.3
13.6+2.3

2007

816+496
6174360
129485
15624370
1536370
11.4+2.7

20324450
86130
291+59
58+15
2468+455
17145
4.1+0.8

119473
26%17
114445
612+170
0.33+0.091

117

309

16553
434+140
260+84
0.002+0.001

139470
86159
224+80
161475
0.26+0.13

392042473
3536+2102
2325+1421
2451+1556
1242
84120
0.43+0.11
17.1+2.4
2.8+0.4
16.5+2.8

2008
tonnes

7641441
5524318
112471
1429+335
1406%335
10.3+2.5

2061+411
66123
27657
62116
2466+415
158+40
4.1+0.7

104462
24+15
129440
557+150
0.34+0.08

156

420

179463
484+170
290+102
0.002+0.001

163+75
105465
268+85
190485
0.31+0.14

37032163
474812723
2220+1282
2383+1435
13+2
92420
0.46+0.11
17.8+2.5
2.7+0.4
15.5+2.6

2009

652+384
5481326
134484
1335+315
13084315
9.9+2.5

22994442
35+13
24547
68116
26471445
152440
4.5%0.8

68+41
32420
100430
525150
0.31+0.09

186

516

193472
534+199
321+119
0.003+0.001

2174111
103466
319+120
248+120
0.40+0.20

4932+2761
5585+3190
2699+1541
13874831
15+3
113425
0.39+0.08
19.5£2.8
2.7+0.4
15.5+2.6

2010

507+267
409+227
1854108
1101+235
1064+230
8.0+1.8

23814458
41+14
216+41
64+15
2702460
158440
4.6%0.8

58432
56132
114430
734+225
0.46+0.15

173

474

226181
618+222
371+133
0.003+0.001

135461
68+39
203+65
155465
0.25+0.11

4116+2122
473042521
21071091
11194593
12+2
94120
0.32+0.08
16.8+2.2
2.6+0.4
13.7£2.0

2011

682+362
4114224
186+107
1280+280
12424275
8.9+2.0

22931448
44+15
231442
68114
2636+450
157440
4.5%0.8

103458
7744
180445
1075£310
0.66+0.20

247

690

239481
668+227
401+136
0.003+0.001

135461
67137
202+65
15565
0.25+0.11

3666+1920
5173+2695
18611960
9521505
12+2
92420
0.31+0.06
16.6%2.2
3.1+0.4
14.61+2.1
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2006

2007

2008

2010

2011

HFCs
HFC-32 3218
HFC-125 321461
HFC-134a 15154287
HFC-143a 360174
HFCs specified® 22274305
HFC-23° 36°
HFC-152a 2916
HFC-227ea’ 1549
HFC-236fa’ 3+2
HFC-245fa° 2715
HFC-365mfc” 1043
HFCs unspecified® 121+20
total HFCs 2348+305
M tonnes CO,-e 4.8+0.5
PFCs
PFC-14' 182465
PFC-116 164
PFCs specified® 198+65
PFC-218 (= PFCs unspecified) 7+2
total PFCs 205165
M tonnes CO,-e 1.4+0.4
sulfur hexafluoride’ 4049
M tonnes CO,-e 0.97+0.23
total HFCs, PFCs, SFg 2594+310
M tonnes CO,-e 7.2+0.7
sulfuryl fluoride
SO,F, (SE Australia)’ 1.0+0.9
SO,F, (Australia) 2.9+2.5
M tonnes CO,-e 0.01+0.01
total HFCs, PFCs, SFg, SO,F, 25971310
M tonnes CO,-e 7.210.7
all SGGs
0DSs, HFCs, PFCs, SFs, SO,F," 16.7+1.9
M tonnes CO,-e 20.2+4.3

"=sum(HFC-32,-125,-134a,-143a)

“assumed = 2007 value

" average of NAME and ISC

"ISC only
"=sum(HFC-23,-152a,-227ea,-236fa,-365mfc)
“ NAME only

" =sum(PFC-14,-16)

k tonnes

> ®m ™~ o o 0o T ®

45+13
324465
15634304
365477
22974320
36

3347
1246

342
30413
1845
132420
24294320
4.9+0.5

157478
16+4
172480
7+2
180480
1.2+0.5
41+10
0.97+0.24
26494330
7.1+0.8

1.5+0.9
4.31+2.5
0.02+0.01
2653+330
7.1£0.8

16.8+1.9
20.7£3.3
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88+28
431+115
1827+385
465+119
2811+420
36111
4619
17+7

412
32+13
24+7
160+20
2971+420
6.0+0.8

68+55
17+4
85%55
10+3
96155
0.69+0.36
36+13
0.87+0.31
31024425
7.5+0.9

2.5%2.0
7.1+5.7
0.04+0.01
31094425
7.5+0.9

20.2+2.4
24.0+3.1

111+31
534+133
19164388
526+119
3087+430
3047
4619
2248

412
28+11
3319
162420
3249+430
6.6+0.8

45%29
2145
66130
1243
78+30
0.59+0.20
34+10
0.82+0.23
33624430
8.0+0.8

8.0£7.0
23120
0.11+0.10
3385+430
8.1+0.8

21.242.5
23.8+2.6

151437
662+135
2210400
655+131
3678+445
3849
60+12
36113
5+2
32+13
54+17
224430
39024445
8.0£0.8

45+30
25+7
70%30
1615
86130
0.66+0.21
3949
0.93+0.21
4027+445
9.6+0.9

3.0£2.0
8.5%5.7
0.04+0.03
40361445
9.6+0.9

23.5+2.8
25.1+3.1

207+45
809+152
2408+435
771+152
4195+485
3549
68+13
29+10
542
36%13
68+17
242+30
4437+490
9.1+0.9

47+31
2146
68+30
18+4
86130
0.65+0.22
4719
1.1+0.2
4570+490
10.9+1.0

7.0£5.0
24+14
0.12+0.07
4594+490
11.0£1.0

21.4+2.3
24.7+4.8

211439
794+135
2330+427
748+134
4084+470
45+10
68+13
2318

542
46116
69+13
257+30
4341+470
9.0£0.9

51431
2516
76130
174
93430
0.71+0.22
4619
1.1+0.2
4480+470
10.8+0.9

42+10
120429
0.60+0.14
4600+470
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Figure 8. Annual average (3-yr running means) Australian emissions of CFCs, HCFCs, halons and chlorocarbons (MC,
CTC) from Cape Grim AGAGE data, using ISC techniques. Australian emissions are scaled from SE Australian emissions
on a population basis; MB emissions are for SE Australia only.

8 50 80
= HFC-236fa (CF,CH,CF,) HFC-227ea (CF,CHFCF,) HFC-245fa (CHF,CH,CFs)
2 gL 40 60 k-
c
= 30 |
w4l 40
g 20 F
£ 2 0k 20
ﬂ 1 L 1 L 1 L 1 1 L 1 0 1 L 1 1 L 1 L 1 L 1 0 1 L L 1 L 1 L 1 1 L
100 100 1000
_ HFC-365mfc (CH,CHF,CH,CHF, | HFC-152a (CH,CHF,) HFC-32 (CH,F,)
4 80 80 800 |
£
2 e} 60 | 600 |
2
s af 20 400
E 20} 20 HlLH 200 %
0 1 1 1 1 1 1 1 1 1 1 0 1 1 1 0 1 1 1 1
1200 1200 4000

HFC-125 (CHF,CF,) HFC-143a (CH,CF,) HFC-134a (CH,FCF,)

Z 1000 - 1000 [

c 3000

S 800 [ 800 |

=

w600 600 2000

5

@400 | 400 -

E 1000 |

& 200 200 _
0 1 L 0 0 1
80 600 100

= PFC-116 (C,Fg) FC-14 (CF,) sulfur hexafluoride (SF;)

4] 30

c 60 [

f=4 400

£ 60 |

‘é 40

2 200 40 I

@ L

a

= 20

: T
ol v v ob— v v 0wy ol—t v 00
1990 1994 1998 2002 2006 2010 1990 1994 1998 2002 2006 2010 1990 1994 1998 2002 2006 2010

NGA (2012) —— NGA(2013) -+ ISCads -—* |SCmedusa —* NAME -® |SCecd/medusa —* NAME (VicTas) —#— NAME (VicTasNSW) —e— TAPM

Figure 9. Australian HFC-32, -125, -134a, -143a, -152a, -227ea, -236fa, -245fa, -365mfc, PFC-14, -116 and sulfur
hexafluoride emissions (NGA: DIICCSRTE, 2013; DCCEE, 2012) compared to emissions calculated from Cape Grim data
by interspecies correlation (ISC) and from the UK Met. Office NAME particle dispersion model. In the ISC calculations,
Australian emissions are scaled from Melbourne/Port Phillip emissions on a population basis (a factor of 5.4). In the
NAME calculations, Australian emissions are scaled from Victorian/Tasmanian emissions on a population basis (a
factor of 3.7). For PFC-14 emissions aluminium production based scale factors are used.
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SE Australian SGG emissions can be calculated from Cape Grim data using the NAME model. NAME (Numerical
Atmospheric Dispersion Modelling Environment) is a Lagrangian particle dispersion model (O’Doherty et al., 2009;
Manning et al., 2003, 2011) driven by 3-dimensional wind fields from numerical weather predictions models. NAME
has a horizontal resolution (grid boxes 40 km x 40 km) and a minimum boundary layer height of 100 m. NAME
operates in a backward mode, so, for example, it identifies, within a 3 hr period at Cape Grim, which grid boxes in the
prescribed domain impact on Cape Grim in the previous 12 days. NAME releases 33000 particles at Cape Grim over
the 3 hr period and the resultant 12 day integrated concentrations in each of the domain boxes are calculated.
Operating NAME in the backward mode is numerically very efficient and is a very close approximation to the forward
running mode, which is what is used to identify emission sources impacting on Cape Grim. In the inverse calculation,
NAME identifies pollution episode data at Cape Grim, and starts with randomly-generated emission maps and
searches for the emission map that leads to a modelled pollution time series that most accurately mimics the
observations. The inversion method assumes that baseline air enters the inversion domain regardless of direction i.e.
it assume that sources outside the specified domain do not impact significantly on Cape Grim. One of the major
advantages of the NAME method, especially when using Cape Grim data, is that it does not require a prior estimate of
emissions. Other inversion methods used to estimate regional emissions using Cape Grim data often derive emissions
that are not significantly different that the prior estimates.

The NAME model ‘sees’ emissions from Victoria/Tasmania or Victoria/Tasmania/New South Wales (depending on the
domain used in the model) and are presented as 3-yr running averages of emissions (i.e. 2008 annual emissions are
derived from 2007-2009 data). The Australian emissions are calculated from NAME Victorian/Tasmanian or
Victorian/Tasmanian/NSW emissions using a population based scale factors of 3.7 and 1.7 respectively and are shown
in Table 6 and Figure 9.

Over the period 2005-2011, Australian CFC emissions peaked at about 1560 tonnes in 2007, falling to 1280 tonnes in
2011, declining by about 20% since 2007 (5%/yr). ODP-weighted CFC emissions peaked in 2007 at 1540 ODP tonnes
and are at 1240 ODP tonnes in 2011. CFC-11 emissions averaged about 640 tonnes over 2005-2011 and are declining
slowly, CFC-12 emissions about 520 tonnes, with a slow decline, and CFC-113 emissions about 130 tonnes with a
significant increase with time from 85 tonnes in 2005 to 185 tonnes in 2011. The origin of this increase is unknown but
will be monitored in 2014 and checked against GC-ECD data from Cape Grim.

CFC emissions are presumed to be from CFC-containing appliances/materials (refrigeration/ac equipment, foams,
aerosol cans), either existing or buried (land-fills). If the current total emissions (1280 tonnes/yr) continue to decline
at 5%/yr, it will take 50 years for Australian CFC emissions to drop below 100 tonnes/yr. Australian CFC emissions in
2011 (1280 tonnes) were 0.9% of global CFC emissions (142 k tonnes). During 2005-2011, Australian ODP-weighted
CFC emissions peaked at 1540 tonnes in 2007 declining to 1240 tonnes in 2011, and are currently (2011) about 40% of
Australia’s ODS (ODP-weighted) emissions (3100 tonnes).

During 2005-2011, Australian GWP-weighted CFC emissions peaked at 11.4 M tonnes CO,-e in 2007, falling to 8.9 M
tonnes CO,-e in 2011. CFC emissions totalled over 35% of Australia’s CO,-e emissions from SGGs (24.9 M tonnes in
2011, nearly 5% of national GHG emissions). CFC emissions are not included in Australia’s national GHG emissions,
which totalled 552 M tonnes in 2011 (DIICCSRTE, 2013) as CFCs have been phased-out under the Montreal Protocol
and are therefore not subject to separate controls under the Kyoto Protocol.

Over the period 2005-2011, HCFC emissions peaked at 2700 tonnes in 2010, droping to 2640 tonnes in 2011. ODP-
weighted HCFC emissions peaked at about 170 ODP tonnes in 2007, falling to about 160 ODP tonnes in 2011 and are
currently (2011) just over 5% of Australia’s ODS (ODP-weighted) emissions (3100 tonnes). HCFC-22 emissions reached
a poeak of about 2400 tonnes in 2010, falling to 2300 tonnes in 2011. Other HCFC emissions (HCFC-124, HCFC-141b,
HCFC-142b) peaked in 2007 at about 440 tonnes falling to 320 tonnes in 2011.

Australian GWP-weighted HCFC emissions rose steadily from 3.6 M tonnes CO,-e in 2005 to 4.6 M tonnes CO,-e in
2010, falling to 4.5 M tonnes CO,-e in 2011, approximately 50% of Australia’s GWP-weighted emissions of CFCs. HCFC
emissions in 2011 totalled 18% of Australia’s CO,-e emissions from SGGs (24.9 M tonnes in 2011). HCFC emissions are
not included in Australia’s national GHG emissions (552 M tonnes in 2011) as HCFCs have been phased-out under the
Montreal Protocol and are therefore not subject to separate controls under the Kyoto Protocol.
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Australian HCFC emissions are likely from a combination of service and malfunction leaks from existing
refrigeration/ac equipment and from land-fills. Australian HCFC emissions in 2011 (2640 tonnes) were 0.6% of global
HCFC emissions (464 k tonnes).

Halon emissions are variable, averaging 130 tonnes/yr over the period 2005-2011, but increasing with time. Peak
emissions were in 2011 (estimated around 180 tonnes). This increase is dominated by the 2011 emissions and it will
be interesting to see if 2012 emissions follow this trend. There is no obvious reason to anticipate larger-than-average
emissions in 2011. The ODP-weighted halon emissions reached nearly 1080 ODP tonnes in 2011, similar to the 1280
ODP tonnes of CFCs in 2011. Halon GWP-weighted emissions reached 0.7 M tonnes CO,-e in 2011, a minor
contribution to overall ODS or SGG CO,-e emissions.

Australian halon emissions are likely to originate from existing building fire-fighting systems (largely H-1301) and
existing portable fire extinguishers (largely H-1211). Australian halon emissions in 2011 (about 180 tonnes) were 2.5%
of global emissions in 2011 (7.3 k tonnes), 1.5% in 2010.

These Australian emissions of halons seem large when compared to global emissions. One reason may be that it is not
appropriate to scale Port Phillip emissions (as determined from Cape Grim data) to Australian emissions on a
population basis. This could be because the Melbourne/Port Philip region contains the National Halon Bank and an
incorporated ODS destruction facility (Australia’s only ODS destruction facility). The facility collects about 135 tonnes
of refrigerant for destruction in 2012, compared to 300 tonnes in 2011, and has stored about 550 tonnes of halons.
Assuming that typical leaks from the decanting, transfer, destruction or storage of refrigerants and halons are of the
order of 1-5%/yr, then refrigerant emissions in 2011 could have been 3-15 tonnes and halon emissions 6-30 tonnes.
The former are a small component (of order 1%) of the 700+ tonnes of HCFCs and CFCs emitted from Port Phillip in
2011, but the latter are a significant component (of order 50%) of Port Phillip halon emissions (30+ tonnes in 2011).

Scaling Port Phillip halon emissions to Australian halon emissions (after allowing for the Halon Bank emissions) would
suggest Australian emission of about 100 tonnes in 2011, which is more in line with what expected compared to global
emissions. If we are going to use Cape Grim data to infer Australian halon emission, we need an accurate estimate of
the halon leak rate from the Halon Bank. A clearer picture of Australian halon emissions will emerge once data are
collected from the proposed Lucas Heights facility south of Sydney, commencing in 2014. These halon data will not be
affected by possible emissions from the National Halon Bank in Melbourne.

Australian emissions of MB cannot be calculated from SE Australian MB emissions derived from Cape Grim data using
a simple scaling approximation based on population. Methyl bromide is used in Australia as a fumigant for cereals,
such as wheat, for cottonseed, for timber logs prior to export and also as a soil sterilant, during the production of
strawberry runners. The former uses are QPS, which are not covered by the Montreal Protocol, and the latter use is
non-QPS (n-QPS), which is restricted by the Montreal Protocol and for which Australia has to apply for a Critical Use
Exemption (CUE) under the Montreal Protocol legislation on an annual basis.

Grain exported from SE Australian grain terminals account for 35-40% of Australia’s grain exports (National Transport
Commission, 2008; GrainCorp, 2012) and thus likely 35-40% of Australia’s QPS use of MB. A UNEP model of MB
emissions suggests that 80-90% of MB QPS use escapes to the atmosphere (UNEP, 2007). This suggests that about
30+10% of Australia’s QPS imports are emitted into the SE Australian atmosphere. Close to 100% of Australia’s current
n-QPS MB use occurs around Tooangi, NE of Melbourne, for growing strawberry runners. The same UNEP model
(UNEP 2007) above suggests that 60-70% of MB n-QPS use is emitted to the atmosphere and thus 60-70% of
Australia’s n-QPS MB imports are emitted into the SE Australian atmosphere. The UNEP model suggests that total
Australian emissions of MB would be around 585 tonnes in 2010 (Figure 10), about 0.5% of global emissions (~130 k
tonnes; see above).

The UNEP MB emissions model may not be suitable for Australian MB consumption. I. Porter (DPI, Victoria, private
communication) has suggested that close to 95% of QPS and about 50% of n-QPS MB are emitted to the atmosphere
under Australian conditions, resulting in emissions of 656 tonnes in 2011 (0.5% of global emissions). However, both
views do not take into account some recapture of MBwhich occurs as a result of local requirements.

The results from the UNEP model of Australian and SE Australian MB emissions are shown in Figure 11 and compared
to SE Australian emissions calculated from Cape Grim data by ISC. The emissions from the model and derived from
atmospheric data for SE Australia show good overall agreement (within 15%, model lower) over the period 2005-2011.
Australian MB emissions based on ISC were obtained from the SE Australian emissions (ISC) by scaling factors
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(Australia/SE Australian emission) obtained from the emissions model. Australian MB emissions based on ISC data are
increasing from 430 tonnes (260 ODP tonnes) in 2005 to 670 tonnes (400 ODP tonnes) in 2011 and are shown in Figure
11. The 400 ODP tonnes in 2011 are about 13% of Australia’s ODS emissions in ODP tonnes, but do not contribute to
any extent to Australian CO,-e emissions from SGGs, given than MB has a low GWP.
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Figure 10. Australian MB emissions calculated from Australian MB import data and the UNEP emissions model (UNEP,
2007).
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Figure 11. SE Australian MB emissions calculated from Cape Grim in situ AGAGE MB data and from the UNEP (2007)
CH;Br emissions model.

7.5 Carbon tetrachloride & methyl chloroform (Montreal Protocol
chlorocarbons)

Carbon tetrachloride emissions are calculated from Cape Grim in situ GC-ECD data (reliable CTC data are not collected
on the Cape Grim GC-MS Medusa instrument). The GC-ECD CTC data are being reprocessed for use with the
recalculated Port Phillip CO emissions. The latest available estimates of Australian CTC emissions by ISC and NAME are
shown in Figure 12. Carbon tetrachloride emissions by ISC were estimated to be 135 tonnes in 2010, and 160
tonnes/yr averaged over the period 2005-2010. NAME CTC emissions in 2010 were 120 tonnes and over the same
period (2005-2010) averaged about 125 tonnes/yr.

Australian MC emissions continue to decline, falling from 117 tonnes in 2005 to 67 tonnes in 2011. Global MC
emissions in 2011 were 8.8 ktonnes, Australian emissions in 2011 were estimated to be around 0.8% of global
emissions.
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The combined CTC/MC emissions totalled 155 ODP tonnes in 2010, about 6% of Australia’s ODS emissions. CTC/MC
emissions make only a small contribution (less than 2%) to Australia’s CO,-e emissions from SGGs, as do halons (see
above; less than 5%) and MB (see above; less than 0.1%).
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Dichloromethane, CHCl;, CHCICCI, (TCE) and CCI,CCl, (PCE) are short-lived ODSs that are not controlled by the
Montreal Protocol. Significant emissions of all these ODSs are seen in the Cape Grim data.

Australian CH,Cl, emissions increased rapidly from 2.9 k tonnes in 2005 to 4.9 k tonnes in 2009, before falling to 3.7 k
tonnes in 2011. Australian CHCl; emissions appear to be increasing from under 3 k tonnes in 2005 to over 5 k tonnes in
2011. Peak CHCl3; emissions were 5.6 k tonnes in 2009. The combined emissions of TCE and PCE remained relatively
constant at 4.6-5.0 k tonnes from 2005 to 2008, but then declined rapidly to 2.8 k tonnes in 2011.

Total emissions for these short-lived ODSs were 10 k tonnes (68 ODP tonnes) in 2005, growing to 15 k tonnes (113
ODP tonnes) in 2009 and falling to 12 k tonnes (92 ODP tonnes) in 2011. The ODP-weighted emissions of these short-
lived ODSs were about 3% of total ODS emissions (ODP-weighted) and about 2% of total ODS emissions (GWP-
weighted) in 2011.

Total Australian ODS emissions (CFCs, HCFCs, halons, MB, CTC, MC, other chlorocarbons, ODP- and GWP-weighted)
are shown in Figure 13. Total ODS emissions (ODP-weighted) peaked at 3.1 k tonnes in 2011, with CFCs contributing
40% of ODS emissions, halons 34%, MB 13%, HCFCs 5%, CTC/MC 5%, other chlorocarbons 3%. As discussed above, the
halon contribution could be lower if the national halon emissions are over-estimated due to the influence of the Halon
Bank on SE Australian halon emissions. This will be investigated in the 2014 Report.

Total ODS emissions (GWP-weighted) peaked at 16.5 M tonnes CO,-e in 2007, falling to 14.6 M tonnes in 2011. Of
which CFCs contributed 61%, HCFCs 31%, halons 5%, CTC/MC 1-2%, other chlorocarbons 2%, with a negligible
contribution from MB. As above, halon emissions may be over-estimated. ODS emissions are not counted as not part
of Australia’s GHG emissions, but contribute an additional 2-3% to Australian GHG emissions (522 M tonnes CO,-e in
2011).
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Figure 13. Australian ODS emissions (CFCs, HCFCs, halons, MB, CTC, MC, other chlorocarbons), ODP-weighted (k
tonnes) and GWP-weighted (M tonnes CO,-e). Note the impact of halons on the 2011 ODP-weighted emissions —
halon emissions overall may be an over-estimate (see text).

7.8 HFCs

7.8.1 HFC-134a

The major HFC in the NGGI (ageis.climatechange.gov.au) is HFC-134a, with estimated emissions in 2011 of 3530
tonnes. Based on Cape Grim data, Australian emissions of HFC-134a in 2011 were estimated to be about 24904750
tonnes (ISC), ~30% lower than reported in the NGGI. These estimates are shown in Table 6 and Figure 9. Australian
HFC-32, -125, -134a, -143a, -152a, -227ea, -236fa, -245fa, -365mfc, PFC-14, -116 and sulfur hexafluoride emissions
(NGA: DIICCSRTE, 2013; DCCEE, 2012) compared to emissions calculated from Cape Grim data by interspecies
correlation (ISC) and from the UK Met. Office NAME particle dispersion model. In the ISC calculations, Australian
emissions are scaled from Melbourne/Port Phillip emissions on a population basis (a factor of 5.4). In the NAME
calculations, Australian emissions are scaled from Victorian/Tasmanian emissions on a population basis (a factor of
3.7). For PFC-14 emissions aluminium production based scale factors are used.. For the 7-year period 2005-2011, the

24 | SGGs and Stratospheric Ozone: DoE Projects 2012-2013



average Australian emissions of HFC-134a calculated from Cape Grim data (ISC/NAME, 1970 tonnes/yr) are about 27%
lower than in the NGGI (2710 tonnes/yr). NAME and ISC estimates are within 2% for the period 2005-2011 (NAME
higher). ISC/NAME estimates of HFC-134a emissions have grown from 1515 tonnes in 2005 to 2330 tonnes in 2011, a
growth of 7-8 %/yr.

Based on atmospheric data, global emissions of HFC-134a were 149127 k tonnes in 2008 (Montzka & Reimann, 2011)
and 170427 k tonnes in 2011 (R. Wang, GIT, 2013). Australian emissions are about 1.5% of global emissions based on
ISC/NAME data, and 2.1% based on NGGI (NGA) data.

Approximately 60% of Australia’s HFC-134a emissions are from air conditioning, which may be climate dependent. If
per capita HFC-134a emissions in SE Australia are lower than the national average then this could help explain why
national emissions scaled from SE Australian emissions (based on Cape Grim data) are lower than the NGGI emissions.

7.8.2 HFC-125

The next major HFC emitted into the Australian environment is HFC-125 with current (2011) emissions estimated to be
about 555 tonnes (NGGI: ageis.climatechange.gov.au). Based on Cape Grim data, Australian emissions of HFC-125 in
2011 were ~840 tonnes (ISC) and ~750 tonnes (NAME), about 35-50% higher than NGA data (Table 6, Figure 9). For the
period 2005-2011, the NGA estimates of average HFC-125 emissions are 40% lower than emission estimates based on
Cape Grim data (ISC/NAME). Over the period 2005-2011, NAME and ISC emission estimates agree to within 5% (NAME
lower). ISC/NAME estimates of HFC-125 emissions have grown from 320 tonnes in 2005 to nearly 800 tonnes in 2011,
a growth of 16-17%/yr.

Based on atmospheric data, global emissions of HFC-125 were 24+2 k tonnes in 2008 (Montzka & Reimann, 2011) and
354 k tonnes in 2011 (R. Wang, GIT, 2013). Australian emissions would be about 2.1-2.4% of global emissions based
on ISC/NAME data, and 1.6% based on NGGI data.

7.8.3 HFC-143a

The next major HFC emitted into the Australian environment is HFC-143a with current (2011) emissions estimated to
be about 232 tonnes (NGGI: ageis.climatechange.gov.au). Based on Cape Grim data, Australian emissions of HFC-143a
in 2011 were 725220 tonnes (ISC) and 771+35 tonnes (NAME), a factor of ~3 higher than NGGI estimates (Table 6,
Figure 9). NAME and ISC data are within 15% for the period 2005-2011 (NAME lower). ISC/NAME estimates of HFC-
143a emissions have grown from 360 tonnes in 2005 to 750 tonnes in 2011, a growth of 12-13%/yr.

Based on atmospheric data, global emissions of HFC-143a were 17 k tonnes in 2008 (Montzka & Reimann, 2011).
Australian emissions would be about 3.1% of global emissions based on ISC/NAME data, and 1% based on NGGI data.

7.8.4 HFC-32

HFC-32 emission estimates are estimated in the NGA (M. Hunstone, DIICCSTRE) to be 951 tonnes in 2011 (621 tonnes
in 2008). The emissions based on Cape Grim data are lower than the NGA data: 251+77 from ISC data and 172+11
tonnes (NAME) in 2011, on average lower by a factor of 4-5 (Table 6, Figure 9). Over the period 2005-2011, ISC and
NAME emission estimates agree to within 40% (NAME lower). ISC/NAME estimates of HFC-32 emissions have grown
from 32 tonnes in 2005 to 210 tonnes in 2011, a growth of over 35%/yr.

Based on atmospheric data, global emissions of HFC-32 were 8.9 k tonnes in 2008 (Montzka & Reimann, 2011).
Australian emissions were about 110 tonnes in 2008 (ISC/NAME), about 1.2% of global emissions based on ISC/NAME
data, and 7% based on NGGI data. It would very unusual for Australian emissions of HFC-32 to be 7% of global
emissions. The NGA HFC-32 emission data should be reviewed in light of the ISC and NAME results.

7.8.5 HFC-152a

HFC-152a emissions are not listed separately in the NGGI. The 2011 emissions have been estimated from Cape Grim
data at about 65 (ISC) — 72 (NAME) tonnes from Cape Grim data. Over the period 2005-2011, ISC and NAME estimates
of Australian emissions agree to within 3% (NAME higher). ISC/NAME estimates of HFC-152a emissions have grown
from 28 tonnes in 2005 to 69 tonnes in 2011, a growth of 16%/yr (Table 6, Figure 9).

Based on atmospheric data, global emissions of HFC-152a were 50 k tonnes in 2008 (Montzka & Reimann, 2011) and
5313 k tonnes in 2011 (R. Wang, GIT, unpublished data). Australian emissions would be about 0.1% of global emissions
based on ISC/NAME data. It would be unusual for Australian emissions of an industrial chemical to be less than 0.1%
of global emissions. One suggestion (M. Bennett, RRA, 2011) is that a significant major-volume use in other parts of
the world for HFC-152a is as an aerosol propellant, a use not taken up in Australia.
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7.8.6 HFC-365mfc, HFC-227ea, HFC-236fa, HFC-245fa

HFC-365mfc emissions are not listed separately in the NGGI. The 2011 emissions have been estimated from Cape Grim
data at about 71 tonnes (ISC) and 68 tonnes (NAME), i.e. within 4%. However, over the period 2006-2011, ISC
emissions are about 25% higher than NAME (Table 6, Figure 9). ISC/NAME estimates of HFC-365mfc emissions have
grown from 18 tonnes in 2006 to 70 tonnes in 2011, a growth of 30%/yr. Based on atmospheric data, global emissions
of HFC-365mfc were 3 k tonnes in 2008 (Montzka & Reimann, 2011). Australian emissions (ISC/NAME) would be
therefore about 1.1% of global emissions based on Cape Grim data.

The combined emissions of these HFCs in 2011 was 74 tonnes compared to 45 tonnes in 2005 (from ISC estimates), a
growth in emissions of 9%/yr (Table 6, Figure 9). There are currently no NAME estimates of emissions for these
species. Based on atmospheric data, global emissions of HFC-227ea were 1.8 k tonnes in 2005 and 5.5 k tonnes for
HFC-245fa in 2008 (Montzka & Reimann, 2011). Australian emissions (ISC) would be therefore about 0.8% and 0.5% of
global emissions for these species (respectively) based on Cape Grim data.

7.8.7 Total HFCs

Total estimated HFC emissions (Table 6, Figure 14Figure 14), based on Cape Grim observations have grown from just
over 2300 tonnes in 2005 to over 4300 tonnes in 2011, an increase of 2000 tonnes over 6 years, or about 330
tonnes/yr (10%/yr). Total HFC emissions are 15-20% lower than in the NGGI, due largely to the 30-45% lower
emissions of HFC-134a emissions from atmospheric data compared to NGGI data. Preliminary investigations suggest
this may, in part, be due to the use of a population-based scaling factor (5.4) when deriving national emissions from
Cape Grim HFC data. Since mobile air conditioning is the largest source of HFC-134a emissions, an automobile
emissions-based scaling factor (5.9, BTRE 2002) is likely to be more appropriate to scale HFC-134a emissions. This will
be investigated in the future.

Total HFC emissions in the NGGI in 2011 (8.1 Mt CO,-e) are lower (within 18%) than emissions (9.0+0.9 Mt CO,-e,
ISC/NAME) based on Cape Grim data (Table 6, Figure 14). The uncertainties on the ISC/NAME emission estimates do
not overlap the NGGI estimates (i.e. the ISC/NAME estimates are significantly higher than the NGGI).

Over the period 2005-2011, total HFC emissions in the NGGI are in reasonable agreement (within 17%) of total
emissions based on Cape Grim data (ISC, NAME higher).

Although HFC-134a is the dominant HFC in terms of tonnes emitted, in terms of CO,-e, the contributions of HFC-125,
HFC-134a and HFC-143a to climate change (radiative forcing) are approximately equal. The larger contributions of
HFC-143a and HFC-125, with their relatively large GWPs compared to HFC-134a, to CO,-e weighted total HFC
emissions (compared to total HFC emissions) is why there is a reversal, with CO,-e weighted total HFC emissions from
atmospheric observation greater than NGGI, and total HFC emission (unweighted) from atmospheric observations less
than the NGGI.
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Figure 14. Australian emissions of NGGI/NGA specified HFCs (-125, -134a, -143a), plus HFC-32, estimated from
atmospheric data (ISC/NAME) measured at Cape Grim, and in the NGGI, expressed in units of CO,-e. HFC-32 inventory
data were obtained directly from DIICCSTRE (M. Hunstone).

7.9 PFCs
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7.9.1 PFC-14

SE Australian emissions of PFC-14 (CF,) are evident in the PFC-14 data collected at Cape Grim (Figure 2). The pollution
episodes at Cape Grim are typically less than 5 ppt above baseline. Inspection of Figure 2 shows an overall decline in
intensity of PFC-14 pollution episodes due to declining emissions, with a possible increase in emissions (as indicated
by the intensity of the pollution episodes) in 2011, continuing into 2012 (see below). The year-to-year variability of the
number and intensity of PFC-14 episodes seen at Cape Grim is large, so 3-yr averaging is used when deriving PFC
emissions from these data (so the latest annual emission calculated from these data is for 2011).

Detailed analysis of these PFC-14 pollution episodes shows that the Cape Grim PFC-14 pollution originates largely from
southern Victoria (from the Point Henry and Portland smelters, with the possiblity of small non-aluminium
contribution), with some contribution from Bell Bay, Tasmania. PFC-14 emissions from the Hunter Valley NSW
aluminium smelters (Kurri Kurri, Tomago) and from Gladstone Qld (Boyne Island) are generally not observed at Cape
Grim. The Cape Grim PFC-14 pollution episode data have been used to estimate PFC-14 emissions from these SE
Australian smelters. A regional transport model (TAPM — The Air Pollution Model; Hurley, 2008; Hurley et al., 2008) is
used to calculate emissions in which PFC-14 is released into the model atmosphere from the Point Henry, Portland
and Bell Bay locations. The PFC emission rate for each smelter is determined from annual aluminium production data,
and current Australian PFC-14 emission factors (DIICCSRTE 2013b). The mean ratio of modelled to observed PFC-14
pollution levels at cape Grimis used to scale the assumed emission factor. Smetlter-specific emissions are
thencalcualted by multiplying the new emission factor by the smelter-specific annual aluminium production (Fraser et
al., 2007, 2011).

The NAME particle dispersion model is also used to calculate PFC-14 emissions from Victoria/Tasmania (Portland/Pt
Henry/Bell Bay) or from Victoria/Tasmania/NSW (Portland/Pt Henry/Bell Bay/Kurri Kurri/Tomago).

The TAPM and NAME estimates of regional PFC-14 emissions are scaled to derive Australian emissions on an
aluminium production basis. For example, if the PFC-14 emissions derived for the SE Australian smelters, which
account for about 35% of Australia’s aluminium production, are assumed to be representative of all Australian
aluminium production, then PFC-14 emissions from all Australian aluminium production can be derived and compared
to emissions in the National Inventory Report 2011 (DIICCSRTE, 2013) (Table 4). The emissions calculated for the Point
Henry, Portland and Bell Bay smelters are shown in Figure 9 (enhanced version Figure 15) and Table 6, together with
national average emission factors and emissions as published in the National Inventory Report 2011 (DIICCSRTE,
2013b).
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The Australian emissions derived from atmospheric data prior to 2006, using TAPM or NAME (Vic/Tas) are likely to be
underestimated due to the very significant PFC-14 emissions from a single pot-line (#1) at Kurri Kurri, which accounted
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for nearly half of all Australian PFC emissions from aluminium smelting in 2005. The pot-line was upgraded in 2006
and this accounts for the dramatic drop in PFC-14 emissions from 2005 to 2006 in the National Inventory Report. The
large PFC emissions prior to 2006 are not seen in the TAPM estimates of emissions, as they are based on Bell Bay/Pt
Henry/Portland data. The NAME inversion, based on the Vic/Tas/NSW domain, uses all pollution episode data,
including any Kurri Kurri- or Tomago-affected data that may have impacted on Cape Grim. This is why the Australian
PFC-14 estimates in 2005 (182 tonnes) based on the NAME (Vic/Tas/NSW) emissions are significantly greater than the
TAPM estimates for 2005 (95 tonnes).

The average Australian PFC-14 emissions for 2005-2011 based on atmospheric data are similar: TAPM - 80 tonnes and
NAME (Vic/Tas/NSW) - 85 tonnes, about 15% higher than reported in the National Inventory Report 2011 (71 tonnes).
The average Australian 2008-2011 PFC-14 emissions derived from atmospheric data using NAME (Vic/Tas/NSW) are 47
tonnes, 20% higher than in the National Inventory Report 2011 (39 tonnes). The TAPM average for the same period is
71 tonnes. Arguably the NAME estimate is more accurate as it is based on 72% of Australian aluminium production
(Portland, Pt Henry, Bell Bay, Kurri Kurri, Tomago), whereas the TAPM estimate is based on 35% of Australian
aluminium production (Portland, Pt Henry, Bell Bay). These latter three SE Australian smelters could have higher
average PFC-14 emission factors than the Australian average (see below) from all six Australin smelters (Portland, Pt
Henry, Bell Bay, Kurri Kurri, Tomago, Boyne Island).

The overall agreement between the PFC emission factors in the National Inventory Report 2011 and as derived from
atmospheric data using TAPM/NAME over the period 2005-2011 is good (TAPM: 40 g CF,/tonne aluminium; NAME: 44
g/tonne; NGA: 37 g/tonne), with uncertainties overlapping throughout the record.

However, the atmospheric data (NAME) show a factor of 4 decline in the emission factors over the study period (2005-
2011), whereas the NGA show a factor of 6 decline over the same period. This could be due to a larger than average
decline in the emission factor at Boyne Island, which is not seen in the atmospheric data at Cape Grim.

7.9.2 PFC-116

Australian PFC-116 emissions have been estimated from Cape Grim data using ISC and NAME (Table 6, Figure 9Figure
9). Over the period 2005-2011, PFC-116 emissions average 2219 tonnes (ISC) and 19+2 (NAME), i.e. within 17%,
compared to 9 tonnes in the NGGI over the same period (more than a factor of 2 lower than atmospheric-based
estimates).

The NGGI data, based only on PFC-116 emissions from aluminium production, show the expected significant decline in
emissions over this period, whereas the ISC/NAME data show near constant or growing emissions of about 20
tonnes/yr. This suggests there are additional contributors to PFC-116 emissions (i) declining emissions from the
aluminium industry (10 tonnes declining to 4-5 tonnes), as reflected in the NGGI, and (ii) growing emissions from a
non-aluminium sector, possibly refrigeration. Assuming the NGGI data are correct for PFC-116 emissions from the
aluminium industry, then emissions of PFC-116 from this non-aluminium sector have grown rapidly from about 6
tonnes in 2006 to ~20 tonnes in 2011. This indicates that in the early part of the measurements, the aluminium
industry was the dominant source of PFC-116 emissions in Australia, but now the non-aluminium sector may be the
largest source of PFC-116 emissions.

Sulfur hexafluoride emissions in the NGGI are calculated at about 6 tonnes/yr in 2011 (Table 6, Figure 9). The SFg
emissions (2005-2010) reported in 2013 are identical to those reported in 2012. Estimates using Cape Grim data
(ISC/NAME) are 29 tonnes in 2006, increasing to 45 tonnes in 2011, an increase of about 9%/yr. NAME estimates of
SF¢ emissions are about 2% higher than ISC over the period 2008-2011, but ISC estimates are 65% higher than NAME
over the period 2005-2007.

Based on atmospheric data, global emissions of SFg were 7.2 k tonnes in 2008 (Montzka & Reimann, 2011). Australian
emissions are about 0.5% of global emissions based on ISC/NAME data, but < 0.1% based on NGGI data. It would be
unusual for Australian emissions of a widely-used industrial chemical to be <0.1% of global emissions.

A recent inversion study, using a combined Eulerian chemical transport model and a Lagrangian particle dispersion
model (CTM-LPDM; Rigby et al., 2010) has been used to derive global and regional (including Australian) emissions.
Using Cape Grim, the CTM-LPDM calculated emissions from Tasmania, Victoria and southern NSW (including Sydney).
Scaling the results to Australian emissions on a population basis, results in average Australian emissions (2007-2009)
of 19+12 tonnes. The combined ISC/NAME data over this period suggest emissions of 37 tonnes, whereas the NGGI
suggests 6-7 tonnes/yr over this period.

28 | SGGs and Stratospheric Ozone: DoE Projects 2012-2013



Details of the NGA emissions model have been published (DIICCSRTE, 2013). CSIRO is intending to undertake a
sensitivity study in future, varying the assumed SFg; emission factors in the model and comparing resultant emissions
to those derived from atmospheric data (ISC and NAME).

Australian SO,F, emissions are shown in Table 6 and Figure 16. Australian SO,F, emissions are scaled from SE
Australian emissions (obtained from cape Grim data) based on Australian and SE Australian grain exports. Between
2005 and 2007, Australian SO,F, emissions averaged 5 tonnes per year, growing to approximately 20 tonnes per year
during 2008-2010, and then increasing dramatically to an estimated 120 tonnes/yr in 2011. With a GWP for SO,F, of
about 5000, this translates to a CO,-e emission in 2011 of 0.6 M tonnes CO,-e, nearly equal to Australia’s PFC CO,-e
emissions in 2011 (0.7 M tonnes CO,-e).
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Estimated total HFCs, PFCs, SFg emissions are shown Table 6 and Figure 17.

Total Australian HFC, PFC and SFg emissions in the NGGI are 5.3 k tonnes in 2011, higher (~20%) than estimates based
on Cape Grim data: 4.4£0.4 k tonnes (ISC/NAME) (Figure 17). Over the period 2005-2011 the NGGI estimates are 17%
higher than estimates based on Cape Grim data. Over this period, HFC, PFC and SF; GWP-weighted annual emissions
have grown from 7.2 to 10.8 M tonnes CO,-e, an increase of 7%/yr. Note that the GWP-weighted emissions in the
NGGI are lower than the corresponding emissions calculated from Cape Grim data. This is due to the reversal noted
above in Figure 15 for HFC and GWP-weighetd HFC emissions.

HFC/PFC/SFs emissions are the fastest growing sector in Australia’s GHG emissions and in 2011 constitute nearly 2% of
Australia’s total GHG emissions (522 M tonnes CO,-e), up from 0.3% in 1995.

As with HFCs above, total Australian HFC, SFs and PFC emissions, expressed as CO,-e, in the NGGI are 8.1 Mt CO,-e in
2011, significantly lower (25%) compared to estimates based on Cape Grim data: 10.8£0.9 Mt CO,-e (ISC/NAME)
(Figure 17). Over the period 2005-2011, total Australian emissions of HFCs, PFCs and SF¢, based on Cape Grim data (61
Mt CO,-e) are about 35% higher than the same emissions in the NGGI (45 Mt CO,-e). In all categories (HFCs, PFCs, SFg)
the atmospheric data give higher estimates of emissions than in the NGGI. The relative contributions to the difference
(2.7 Mt CO,-e) in 2011 are HFCs (~50%), SF¢ (~34%) and PFCs (16%).
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Figure 17. Australian HFC, PFC, SF¢ emissions from Cape Grim observations (ISC) and in the NGGI/NGA
(ageis.climatechange.gov.au) in Mt CO,-e.

7.13 Total HFC, PFC, SFs and SO,F, emissions (GWP weighted)

Total HFC, PFC, SF¢ and SO,F, emissions, including gWP-weighted emissions, are shown in Table 6. From 2005 to 2011,
GWP-weighted annual emissions of these SGGs have grown from 7.2 to 11.4 M tonnes CO,-e, and increase of 8% per

year.

7.14 Total GWP-weighted emissions: ODSs, HFCs, PFC, SFs and SO,F,

Total ODS, HFC, PFC, SFz and SO,F, emissions, including GWP-weigthed emissions, are shown in Table 6 and Figure 18
(GWP-weighted). From 2005 to 2011, GWP-weighted annual emissions of these gases (nominally all SGGs) have grown
from 20.2 to 26.0 M tonnes CO,-e, and increase of 4% per year. Currently HFCs comprise around 35% of total SGG
emissions, CFCs 34%, HCFCs 17%, SF¢/SO,F, 6%, halons/CH3Br 3%, PFCs 3% and chlorocarbons 2%. Total SGG
emissions in 2011 were estimated to be around 26.0 M tonnes CO,-e based on Cape Grim observations (with HFCs,
PFCs and SFg = 10.8 M tonnes CO,-e) compared to the NGGI (8.1 M tonnes CO,-e for HFCs, PFCs, SF¢). The total of
these gases actually account for 4-5% of Australia’s GHG emissions, based on Cape Grim data. Note that in the Kyoto
commitments, only HFC, PFC and SF¢ emissions are considered. These constitute about 1-2% of Australia’s total GHG
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Figure 18. Australian total SGG emissions (M tonnes CO,-e), comprising emissions of HFCs, CFCs, HCFCs, SF¢/SO,F,,
halons/CH;Br, PFCs and chlorocarbons (Montreal Protocol and others).
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CSIRO measures the abundances and trends of forty-one ODSs and SGGs at Cape Grim, comprising six CFCs (CFC-
11,-13,-13,-113, -114, -115), four HCFCs (HCFC-22, -124, -141b, -142b), three halons (H-1211, -1301,-2402),
seven chlorocarbons (CHsCl, CH,Cl,, CHCl;, CCl,, CH5CCl;, CHCICCI,, CCI,CCl,), three bromocarbons (CH3Br, CH,Br,,
CHBr3), ten HFCs (HFC-23, -32, -125, -134a, -143a -227ea, -236fa, -245fa, -365mfc), four PFCs (PFC-14, -116, -218, -
318), three sulfur-SGGs (SFs, SO,F,, CF3SFs) and one nitogen-SGG (NF3). Of these 41 SGGs, 31 show detectable SE
Australian emissions whose magnitudes are estimated by a number of techniques — interspecies correlation,
forward modelling and inverse modelling. Australian emission estimates of these ODSs and SGGs can be derived
from SE Australian emissions by appropriate scaling parameters: population, industrial and agricultural activities.

Over the period 2005-2011, based on Cape Grim data, Australian CFC emissions peaked at about 1560 tonnes in
2007, falling to 1280 tonnes in 2011, declining by about 20% since 2007 (5%/yr). Australian ODP-weighted CFC
emissions peaked at 1540 tonnes in 2007 declining to 1240 tonnes in 2011, and are currently (2011) about 40% of
Australia’s ODS (ODP-weighted) emissions (3100 tonnes). Australian CFC emissions on a GWP-weighted basis
peaked at 11.4 M tonnes in 2007, falling to 8.9 M tonnes in 2011, which are currently about 35% of Australia’s CO,-
e emissions from SGGs and ODSs (26 M tonnes in 2011). However CFC emissions are not included in Australia’s
national GHG emissions because CFCs are not included in the Kyoto Protocol (they are included in the Montreal
Protocol).

Australian CFC emissions are from old CFC-containing appliances/materials (refrigeration/ac equipment, foams,
aerosol cans), existing or buried (land-fills). If the current total emissions (1280 tonnes/yr) continue to decline at
5%/yr, it will take 50 years for Australian CFC emissions to drop below 100 tonnes/yr. Australian CFC emissions in
2011 (1280 tonnes) were estimated to be 0.9% of global CFC emissions (142 k tonnes).

Over the period 2005-2011, based on cape Grim data, HCFC emissions peaked in 2010 (2700 tonnes), dropping to
2640 tonnes in 2011. ODP-weighted HCFC emissions peaked at about 170 ODP tonnes in 2007, falling to about
ODP 160 tonnes in 2011 and are currently (2011) just over 5% of Australia’s ODS (ODP-weighted) emissions (3100
tonnes). HCFC-22 emissions continue to increase (4-5%/yr), whereas the other HCFC emissions (HCFC-124, HCFC-
141b, HCFC-142b) are in decline. Australian GWP-weighted HCFC emissions are rising steadily and in 2011 were 4.5
M tonnes CO,-e, approximately 50% of Australia’s GWP-weighted emissions of CFCs and 18% of Australia’s CO,-e
emissions from all SGGs and ODSs (24.9 M tonnes in 2011). As with CFCs above, HCFC emissions are not included in
Australia’s national GHG emissions calculations.

Australian HCFC emissions are likely from a combination of service and malfunction leaks from existing
refrigeration/ac equipment and from land-fills. Australian HCFC emissions in 2011 (2636 tonnes) were estimated to
be 0.6% of global HCFC emissions (464 k tonnes).

Scaling Port Phillip halon emissions to Australian halon emissions (after allowing for possible Halon Bank
emissions) would suggest Australian halon emissions of about 100 tonnes in 2011, which is in line with what is
expected compared to global emissions. If we are going to use Cape Grim data to infer Australian halon emission,
we need accurate estimates of the halon leak rates from the Halon Bank. A clearer picture of Australian halon
emissions will emerge once data are collected from the proposed Lucas Heights facility south of Sydney,
commencing in 2014.

Australian MB emissions appear to be increasing: 430 tonnes (260 ODP tonnes) in 2005 to 670 tonnes (400 ODP
tonnes) in 2011. The 400 ODP tonnes in 2011 are about 13% of Australia’s ODS emissions in ODP tonnes, but the
GWP-weighted emissions do not contribute to any extent to Australian CO,-e emissions from SGGs. The increase in
Australian MB emissions is driven by increased QPS-use of MB, not controlled by the Montreal Protocol, and this
will vary from year to year depending on expoart and import quantities and requirements.

CTC emissions were estimated at 135 tonnes (ISC) and 120 tonnes (NAME) in 2010, and 160 tonnes/yr (ISC) and
125 tonnes/yr (NAME) over the period 2005-2010. Australian CTC emissions in 2010 (120-135 tonnes) were
estimated to be 0.2-0.25% of global emissions. Australian MC emissions continue to decline, falling from 117
tonnes in 2005 to 67 tonnes in 2011. Global MC emissions in 2010 were 8.9 k tonnes, Australian emissions were 68
tonnes, 0.8% of global emissions. The combined CTC/MC emissions totalled 155 ODP tonnes in 2010, about 6% of
Australia’s ODP-weighted ODS emissions. CTC/MC emissions make only a small contribution (less than 2%) to
Australia’ CO,-e emissions from all SGGs (including ODSs).

CH,Cl,, CHCl;, TCE and PCE are short-lived ODSs that are not controlled by the Montreal Protocol. Significant
emissions of all these ODSs are seen in the Cape Grim data. Total Australian emissions for these short-lived ODSs
were estimated at 10 k tonnes (68 ODP tonnes) in 2005, growing to 15 k tonnes (113 ODP tonnes) in 2009 and
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falling to 12 k tonnes (92 ODP tonnes) in 2011. The ODP-weighted emissions of these short-lived ODSs were about
3% of total ODS emissions and about 2% of GWP-weighted emissions of ODSs in 2011; these species do not
contribute significantly to ODP-weighted Australian SGG emissions.

e Total ODS emissions (ODP-weighted) peaked at around 3.1 k tonnes in 2011, with CFCs contributing 40% of ODS
emissions, halons 34%, MB 13%, HCFCs 5%, CTC/MC 5%, other chlorocarbons 3%. Total ODS emissions (GWP-
weighted) peaked at 16.5 M tonnes CO,-e in 2007, falling to 14.6 M tonnes in 2011, of which CFCs contributed
61%, HCFCs 31%, halons 5%, CTC?MC 1-2%, other chlorocarbons 2%. ODS emissions are not counted as part of
Australia’s GHG emissions, but contribute an additional 2-3% to overall Australian GHG emissions (522 M tonnes
CO,-e in 2011).

e Australian HFC emissions have been estimated from Cape Grim atmospheric data using two independent methods:
ISC and NAME. ISC and NAME estimates for HFC emissions agree, on average over the period 2005-2011, to within
10% for HFC-125, HFC-134a, HFC-143a and HFC-152a, within 40% for HFC-23, HFC-32 and within 60% for HFC-
365mfc. Over the period 2005-2011, total HFC emissions in the NGA are about 15% higher than total HFC
emissions estimated from Cape Grim data (NAME/ISC), with the NGA reporting about 5270 tonnes emitted in
2011, compared to about 4340 tonnes estimated from Cape Grim data. Over the period 2005-2011, total HFC
emissions, expressed as CO,-e emissions reported in the NGA, are about 20% lower than total HFC emissions (CO,-
e) estimated from Cape Grim data (NAME/ISC), with the NGA reporting about 7640 tonnes emitted in 2011,
compared to about 8995 tonnes estimated from Cape Grim data.

e Over the period 2005-2011, PFC-14 emissions in the NGA are about 27% lower than PFC-14 emissions estimated
from Cape Grim data (NAME/ISC), with the NGA reporting 35 tonnes emitted in 2011, compared to 51 tonnes
estimated from Cape Grim data. Over the period 2005 — 2011, Australian PFC-116 emission estimated from
atmospheric data are a factor of 3-4 times higher than the NGGI data over the same period, with the NGGI
reporting 4 tonnes in 2011, compared to 25 tonnes estimated from Cape Grim data. Assuming the NGGI data
accurately reflect the actual PFC-116 emissions from the aluminium industry, then there must be significant
emissions of PFC-116 from a non-aluminium sector which have grown rapidly from ~6 tonnes in 2006 to ~20
tonnes in 2011. Total PFC emissions declined from over 200 tonnes in 2005 to about 80 tonnes in 2008, reflecting
the reduced emissions from the aluminium industry. However total estimated PFC emissions then increased to
over 90 tonnes in 2011, due to increased emissions of PFC-14 and PFC-116 in 2011 compared to 2010. PFC
emissions in 2011 (0.7 M tonnes CO,-e) were less than 3% of Australia’s GWP-weighted ODS emission (26 M
tonnes CO,-e).

e Over the period 2005 — 2011, Australian SFs emissions estimated from atmospheric data (40 tonnes) are a factor of
6 times higher than the NGA data over the same period, with NGA reporting 6 tonnes in 2011, compared to 46
tonnes estimated from Cape Grim data. This discrepancy and will be investigated further.

In 2012 Australia imported 36 tonnes of SFg, which goes into new stock (12 tonnes in 2012) or the servicing of
existing stock (7 tonnes in 2012, replacing SF¢ lost by fugitive emissions) and 1 tonne for other uses, a total of 20
tonnes. Atmospheric observations suggest that current Australian emissions are significantly larger than the 7
tonnes/yr calculated with the DIICCSRTE model. This would suggest that the emission factors used in the three
categories of emissions in the DIICCSRTE model are possibly too low and/or there are other emissive uses of SFg
not included in the model. The 2012 SFg imports could be distorted by the application of the equivalent carbon
price for SF6 prior to the introduction of the price. Australian SFs emissions in the NGA are estimated at less <0.1%
of global emissions. It would be unusual for Australian emissions of a widely-used industrial chemical like SF¢ to be
<0.1% of global emissions and this may also require further investigation.

e Total Australian HFC, PFC and SFg emissions, expressed as CO,-e emissions, over the period 2005-2011 estimated
from atmospheric data (Cape Grim, ISC, NAME) are 35% higher than NGGI data, with the NGGI reporting 8051
tonnes in 2011 compared to 10801 tonnes from Cape Grim data. Over this period, HFC, PFC and SF; GWP-weighted
annual emissions have grown from an estimated 7.2 to 10.8 M tonnes CO,-e, an increase of 7%/yr. This is a fast-
growing sector in Australia’s GHG emissions and in 2011 constituted 2% of Australia’s total GHG emission (522 M
tonnes CO,-e).

e Emissions of SO,F, are the fastest growing of any SGG in Australia, rising from 3 tonnes (0.01 M tonnes CO,-¢e) in
2005 to 120 tonnes (0.6 M tonnes CO,-e) in 2011.

e Over the period 2005-2011, the combined emissions of all SGGs (including all the ODSs) in Australia are growing by
4%/yr (20 M tonnes CO,-e in 2005, 26 M tonnes CO,-e in 2011), driven by increases in emissions of HFCs, HCFCs,
SFs and SO,F,; CFC and CTC emissions are steady and only PFC emissions show a decline over this period (although
even PFC emissions have increased since 2008). Total SGG emissions (for ODSs plus HFCs/PFCs/SF), based on Cape
Grim data, actually account for 4-5% of Australia’s GHG emissions.
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