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systems. HCFC-123 has not replaced CFC- An Envi men ta Rat ion a le for 11 for foam-blowing and aerosol applica- 
tions. For HCFC-123, the ODP is 0.014, the Retention of Endangered Chemicals GWP (100-year integration) is 90, and the 
atmospheric lifetime is 1.4 years. These val- 
ues are 97 to 99% lower-that is, more favor- 
able-than those for CFC- 11. 

The key attraction of HCFC-123 as a re- 
frigerant is its high thermodynamic effi- 
ciency. It offers a 3 to 5% advantage over 

Some of the chemicals being phased out to The potency to destroy stratospheric alternatives in theoretical cycle limits and a 
protect the stratospheric ozone layer offer ozone is quantified as the ozone depletion 9 to 20% performance advantage for the best 
offsetting benefits, such as the potential to potential (ODP) (2). The corresponding available chillers (6). High efficiency trans- 
reduce global warming. Addressing these indicator for effectiveness as a greenhouse lates into reduced emissions of carbon diox- 
two environmental issues separately jeop- gas is the global warming potential (GWP) ide and other greenhouse gases from associ- 
ardizes desirable and, in some cases, essen- (3) .  Both measures depend in part on a ated energy use, which, in net impact, dwarf 
tial options for one effect based on lesser- chemical's atmospheric lifetime, but they those from incidental releases of the refriger- 
or even inconsequential-impacts on the gauge separate effects for which direct com- ant itself (7). High efficiency also reduces 
other. parison of consequences is not possible. fuel and other resource requirements. 

Most of the chemicals respon- Not-in-kind technologies do 
sible for ozone depletion also are not appear able to solve both the 
greenhouse gases. The perhalo- ozone and warming problems. 
genated substances, such as Absorption refrigeration uses re- 
bromofluorocarbons ( BFCs) , bro- frigerants and absorbents with 
mochlorofluorocarbons (BCFCs), zero ODP and negligibly low 
and chlorofluorocarbons (CFCs), GWP, but this technology sig- 
tend to be severe offenders for nificantly increases global 
both the depletion of ozone and warming because its efficiency is 
global warming. The need for their lower (7). Other approaches and 
regulation is unambiguous. Like- ' hoped-for refrigerants have not 
wise, the perfluorocarbons (PFCs) surfaced, despite enormous 
have long atmospheric lifetimes, s R&D investments. Moreover, 
are potent greenhouse gases, and construction growth in Asia and 
also warrant restriction. the Pacific Rim-locations with 

A landmark international 1940 1960 1980 2000 2020 2040 2060 2Q80 2100 high cooling loads-is escalat- 
treaty, the Montreal Protocol Year - ing rapidly. Hoped-for solutions 
('1, regu1ates the production Fig. 1. Scenario 1: Ozone-depleting chemicals in the atmosphere, past not meet required sched- 
and release of compounds con- and projected, ules, even if found. 
taining bromine and chlorine to We analyzed six scenarios to 
protect stratospheric ozone. The assess the chlorine and bromine 
Framework Convention on Climate Change Also, neither metric considers the likelihood loading (CBL) of HCFC-123 (5). CBL is a 
addresses measures to reduce future warming of emission--or, more precisely, the poten- measure of the halogen content of the atmo- 
from release of greenhouse gases. A treaty or tial for containment4uring use. Indeed, sphere and a key indicator of changes in 
binding accord is under negotiation, and in- scientific assessments of impacts on strato- ozone (4). The first scenario corresponds to 
ternational adoption is expected in Decem- spheric ozone and climate change generally the base case with data taken from the most 
ber 1997 in Kyoto. assume that production is tantamount to recent international assessment (4) (Fig. 1). 

There are other classes of industrially im- emission (4). The second deletes HCFC-123 emissions 
portant chemicals that fall into the Selective and controlled containment from that study. Scenarios 3 through 6 se- 
gray area. Some hydrochlorofluorocarbons of chemicals now scheduled for phaseout quentially add calculated HCFC-123 re- 
(HCFCs)-and conceptually some hydro- because of their ODP could offer overrid- leases for four cases of HCFC-123 use as a 
bromocarbons (HBCs) and halogenated ing environmental advantages. For ex- refrigerant in chillers. They examine the 
chemicals containing iodine-have very ample, use of HCFC-123 (2,2-dichloro- probable and worst-case releases for the 
short atmospheric lifetimes. They decom- l,l,l-trifluoroethane) in closed systems scheduled phaseout and for continued use. 
pose almost entirely before reaching the would have a negligible impact on the ozone The analyses incorporate new, time-based 
tropopause. Most of the liberated bromine layer (5), but such use reduces greenhouse projections for refrigerant emissions, from 
and chlorine reacts with other gases and is gas emissions significantly (6). HCFC-123 is manufacturing through retirement. 
rained out. Nevertheless, these short-lived used mainly as a refrigerant to replace CFC- HCFC-123 use produces a negligible ef- 
chemicals still are regulated as ozone 11 (trichlorofluoromethane) in large chillers fect on CBL and therefore on ozone (Fig. 2). 
depleters. for air-conditioning and process refrigera- The probable impact (scenario 3) is approxi- 

tion. Much smaller amounts are used as fire mately 0.002% of the total (scenario 1). This 
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tocol to allow continued use of 
HCFC- 123 in closed refrigeration 
systems would have negligible ef- 
fects-0.002 to 0.007%-on chlo- 
rine loading. These tiny fractions 
are considerably lower than the 
CBL variabilitv from natural 
sources. Furthermore, most of the 
im~ac t  from HCFC-123 use will 
trail the peak from other com- 
pounds by more than a decade. 
The contribution to stratospheric 
chlorine from HCFC- 123 emis- 
sions is almost nonexistent at the 
overall peak (see Fig. 1). 
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isso moo 20'10 2d20 2d30 2d40 2050 ergy savings, as shown for 
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outweigh the consequences of 
Fig. 2. Projected HCFC-123 levels in the atmosphere. Results very low ODP and GWP. And from scenarios 3 to 6, relative to total CBL from scenarlo 1. 

fourth, because new global en- - 
Similar conclusions are ex- 

pected for HCFC-124 (2-chloro-1,1,1,2- 
tetrafluoroethane), used as a blend compo- 
nent for transition refrigerants and medical 
sterilant gases, but alternatives have been 
identified for these uses. Even compounds 
such as halons 101 1 (bromochloromethane) 
and 3001 (1-bromopropane) would have 
inconsequential impacts on ozone, despite 
their bromine contents, because their atmo- 
spheric lifetimes are very short and their 
applications are limited. The ODPs for 
HCFC-124, halon 101 1, and halon 3001 are 
0.03, 0.12, and 0.006, a i d  the atmospheric 
lifetimes are 6.1,0.2, and 0.03 years, respec- 
tively (4, 8). 

The severe consequences of ozone deple- 
tion are being averted through the Montreal 
Protocol. The chlorine loading peak is im- 
minent and may actually have passed, and 
the ozone layer then will begin to recover 
(4). The outlook for global warming and the 
severity of its consequences are far more 
threatening. Even if releases of all other 
greenhouse gases stopped, carbon dioxide 
emissions from energy use still would in- 
crease in concert with economic improve- 
ment in developing countries and with 
population growth. Because the net impact 
of carbon dioxide overshadows the com- 
bined effects of all other anthropogenic 

greenhouse gases, improvements in effi- 
ciency and reductions in energy demand 
are crucial. 

It is  roba able that HCHC-123 and sev- 
eral otGer CFC replacements would have 
survived phaseout, had the global warming 
regulations been implemented before the 
ones for ozone. With keener awareness of 
the more limited options to reduce global 
warming (6) ,  the framers of the Montreal 
Protocol might have been more cautious 
in rejecting chemicals with minimal im- 
pact; and offsetting benefits. Although 
speculative, this reasoning suggests that a 
more scientific approach is needed to de- 
termine environmental acceptability or 
restriction. 

The findings concerning HCFC- 123 
raise four policy issues. First, use of single- 
measure ODP controls places excessive em- 
phasis on the process rather than the objec- 
tives. Phaseout serves no purpose for com- 
pounds that have indiscernible impact on 
ozone as determined from their very low 
ODPs and minimal emissions. Second, the 
premise of the current Montreal Protocol, 
that production is tantamount to emission, 
warrants reconsideration. Beneficial chemi- 
cals with short atmospheric lifetimes are be- 
ing retired although their containment and 

- 
vironmental concerns may, and 

probably will, be identified in the future, 
careless elimination of options can be more 
harmful than beneficial. 
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