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Abstract

This work aims at estimating global warming potentials (GWP) of CF;Br and HFC-134a among green house
gases. It has been reported that they have much higher GWP than CO, in the atmosphere. CF;Br, halon 1301 which
is well known to be a fire extinguisher, as one of the bromine-containing halons has been banned since 2003 due to
destruction of ozone. HFCs, a kind of chiller which replaced chlorofluorocarbons (CFCs) are one of greenhouse
gases regulated by the Kyoto Protocol.

In this study, we produced GWPs of CF;Br and HFC-134a by calculating a life time and measuring an
absorption cross section to obtain a radiative forcing (RF). Their absorption cross sections were measured by using
Fourier-transformed infrared spectroscopy (FTS) with a gas cell filled with their certified reference materials at
room temperature.

As a result, the RFs of CF,Br and HFC-134a were 0.32 and 0.168 Wmppb !, respectively and the GWPs were
calculated as 7989, 6076, 3903 for CF;Br and 3855, 1300, 656 for HFC-134a for the time horizon of 20, 100, 500
years, respectively. Overall, uncertainty of the estimated GWPs can be estimated to be about 2.6%. Our results
were compared with those proposed by the previous studies (IPCC, 2007; WMO, 1999).
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Table 1. Direct Global Warming Potentials (mass basis) relative to carbon dioxide.

Time horizon

Gas
20 year 100 year 500 year
Carbon dioxide CO, 1 1 1
Methane CH, 62 23 7
Nitrous oxide N,O 275 296 156
CFC-11 CCLF 6300 4600 1600
HFC-23 CHF; 9400 12000 10000
Sulfur Hexafluoride SFq 15100 22200 32400
Tetrafluoromethane CF, 3900 5700 8900
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Fig. 1. Radiative forcing per unit cross section for the
GAM atmosphere including clouds, for a 0-1 ppbv
increase in mixing ratio (Pinnock et al., 1995).
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Table 3. Condition for calculating absorption cross-section.

Absorbance

Concentration

Pressure (atm)

Temperature (K)

Length (cm)

(10 molmol™")

(A)

0.172999 499.396

0.49 303.15 9.7

(@)

Absorption cross-section (10~ ¥*cm*molecule ™)
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(b)

Absorption cross-section (10~ ¥*cm’molecule ™)
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Fig. 4. Absorption cross-sections of (a) CF;Br and (b) HFC-134a measured at a temperature 303 K.

Table 4. A comparison of our results of IACS of CF;Br at 303 K with other works.

Integrated absorption cross section (10~

7em?molecule 'em ™)

Spectral range (cm™")

This work Drage et al. (2006) Orkin et al. (2003)
720~790 0.55 (4%) 0.55 (5%) 0.54 (4%)
1040~ 1150 8.46 (2%) 7.4 (7%) 7.97 2%)
1150~ 1250 8.44 (2%) 7.4 (7%) 7.83 (2%)

ol ()E AL3l F4EHA (o) AFESIAH. dE
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Table 5. A comparison of our results of IACS of HFC-134a at 303 K with other works.

1

Integrated absorption cross section (107!

7em’molecule 'em™)

Integration limits (cm ™)

This work Orkin et al. (2003) Highwood and Shine (2000)

600~ 700 0.513 (8%) 0.512(1%)
800~920 0.303 (12%) 0.272 (1.5%)
920~ 1030 0.99 (4%) 0.916 (1%) 13.62

1030~ 1140 1.7 (4%) 1.492 (1.2%) '

1140~ 1250 6.0(2%) 5.469 (0.6%)

1250~ 1350 4.5(12%) 4.171(0.5%)

Table 6. Uncertainty budget.
Cell length Cell temperature Cell pressure MFC CRM Absorption Uy (k=2)
0.5% 1% 0.5% 1.0% 0.2% 2.0% 2.6%
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Table 7. Results of RF for CF;Br and comparison with
others.

Radiative forcing (Wm 2ppb™1)

. Drage et al. Orkin et al.
This work IPCC (2007) (2006) (2003)
0.3235 0.32 0.31 0.285

Table 8. Results of RF for HFC-134a and comparison with
others.

Radiative forcing (Wm 2ppb™1)

. Orkin et al. Highwood and
This work IPCC (2007) (2003) Shine (2000)
0.1705 0.16 0.185 0.15

A} AdlEx o7 =3 A ofde 450~ 1600
em 18] Frolelond, o WelE Asted HAZA
HE Al (Kunde et al., 1974). =3 CFC-11

(CFCl)& 7Foz HAPAIEE AlEsigdeons,
A} e Asn|ang 93t o] AR HAHA
el 0.25 Wm ?ppb™! (WMO, 1999)& CO, 7]&2]
oz wHElsiolo

4.3 CF,Bra} HFC-134a2| Rutslx|4 ArE
I:l_l |;||—|
CF;Br#} HFC-134a¢] 23124 A1&S $]35}e]
CO,9 W7] F 99l 15033 BAFA 1.1x107
Wmppb & ©]-g-8}ed (IPCC, 2001), F EAol| w3t
AFdApE ST A £ 9 vw
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Table 9. Comparison of our result of GWP CF;Br and HFC-134a with other works.

Time horizon 20 100 500
Tepypr =285 yr This work 8953 10030 14143
This work 7989 6076 3903
GCVIZI;;;f o 65yr IPCC (2007) 8480 7140 2760
3 CryBr— 0% Y Drage et al. (2006) 7700 5800 3700
Orkin e al. (2003) 5500 5000 1900
This work 3855 1300 656
H(;\g ;’ia IPCC (2007) 3830 1430 435
Orkin et al. (2003) 3200 1300 390
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