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Introduction

CFCs proved to be one of the more use-
ful classes of compounds ever developed
because of their many desirable proper-
ties. They promote worker and consumer
safety because they are nonflammable,
noncarrosive, and very low in toxicty. They
are used in a wide variety of applications,
such as refrigerants, foam blowing agents,
and cleaning solvents, because of their de-
sirable physical properties that enhance
eneriry efficiency and product reliability.

However, some of the properties that
make CFCs desirable from a worker and
consumer safety and applications stand-
point have led to global environmental con-
cerns, Because of their chemical stability,
CFCs have long environmental residence
times, and emissions lead to accumulation
in the lower atmosphere. CFCs slowly mix
into the upper atmosphere where they
dissociate, releasing chlorine atoms that
can calalvze destruction of azone. He-

cent scientific findings have clearly linked
chloring from CFCs and other man-made
compounds and bromine from man-made
and natural sources o the seasomal ozone
losses over Antarctica, the Antarctic ozone
hale, and have indicated that these com-
pounds are probably causing ozone losses
over populated areas of both the northern
and southern hemispheres as well.! Since
ozone provides a screen against solar ul-
traviclet racdiation (LIVAB) and excess UV-B
has a potential to contribute to health and
environmental concerns,® significant re-
ductions in ozone should be avoided. This
information provides a sound basis for the
Mentreal Protocol, an international agree-
ment amended in 1990 requiring a total
phaseout of CFC production and consurmgp-
tion by 2000.°

The phaseout of CFCs has implications
to the global warming issue as well, Be-
cause of their long atmospheric lifetimes
and their infrared absorption properties,

Table I: Chemical Names and Formulas for Common CFCs/HCFCs/HFCs.

Common Name

Chemical Mamao

Chemlcal Formula

CFC-11 Trichloroflucromethang CCHF
CFC-12 Dichlorodifluocromathane CClF:
HGFC-22 Chiorodifluaromethana CHCIF
HCFC-123 Dichlomatrillucrcethans CCHCICF;
HCFC-124 Chiorotetrafllucrosthana CHCIFCF,
HCFCA41b Dichlarofluoroathane CHLCCIF
HEC-134a Telraflluoroethane CHFCF;
HFC-i52a Difluoroathana CH3CHF3

CFEC emissions contribute to future global
warming. Over the decade of 1980 to 1990,
they contributed about 24% of the total in-
crease in global warming forcing.* Glo-
bal warming forcing is the warming due
to greenhouse gases, which is but one fac-
tor in the more complex global climate
change equation.

Two classes of compounds under evalu-
ation as replacements for CFCs, hy-
drochlorofluorocarbons (HCFCs) and
hydrofluorocarbons (HFCs), also have the
potential to contribute to global warming
because of their infrared absorption prop-
erties. However, because their atmospheric
lifetimes are about one-tenth those of the
CFCs, these alternatives have aboul one-
tenth the global warming potentials of the
CFCs. Thus, replacement of CFCs with
HCFCs with HFCs will yield a signifi-
cant reduction in direct contributions to
global warming,

However, there is a less recognized, but
equally important role of CFUs and their
replacements with respect to global warm-
ing. CFCs have been used in many refrig-
erant, air conditioning, and insulation
applications because they contribute to
energy efficiency, Since, in most cases, car-
bon dioxide (the major contributor to fu-
ture global warming) is a by-product of
energy conversion, improved energy ef-
ficiency reduces contributions to global
warming. Thus, it is important to evaluate
both the direct and indirect contributions
of CFC alternatives lo global warming,.

Such an evaluation of the impacts of us-
ing CFCs or their alternatives in refrigera-
tion equipment and thermal insulation
requires examination of both the masses
of greenhouse gases that escape to the
atmosphere from the system and also
the lifetime energy use of the system.
The concept of global warming potential
{GWP) has been developed as a measure
af how an emission of one trace gas af-
fects future global warming relative to an
emission of an equal mass of a reference
gas, Carbon dioxide is commenly used as
the reference gas,

The concept is complicated by the need
ko relate the GWE to a period of Hme since
the gases are removed from the atmo-
sphere by different processes and at differ
ent rates. (See Table 1 for chemical names
and formulas) For example, the 100-year
GWI of CFC-12 is 7300 which means thal
the instantaneous release of a single kilo-
gram ol CFC-12 would have the same
effect on radiative forcing over the subse-
quent 100 years as the instanlansous re-
lease of 7300 kilograms of carbon dioxide.
The 500-year GWI* of CFC-12 is 4500; less
than the 100-yvear GWF because CFC-12 s
removed from the atmosphere more rap-
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Figure 1. TEWI for commmercial butlding roof and wall insulation for
CFC-11 arnd alternative foam blowing agerts (labeled aeross the

bottom.

iclly than is carbon dioxide, Examples pre-
sented in this paper use the 3Xbyear GW s
but the significant conclusions would be
unchanged if 100-year GWPs were used
instead.

The use of carbon dioxide as the refer-
ence gas is particularly convenient when
evaluating the total impact of systems re-
quiring energy for their manufacture or
use. The lifetime fuel use for the system
can be estimated with a reasonable depree
of accuracy, and there are known emis-
sions of carbon diodde corresponding to
the use of fossil fuels and the generation
of electricity, The indirect effects from car-
bon dioxide emissions from lifetime en-
ergy use plus the direct effects from the
release of greenhouse gases (GWI tHimes
the mass released) vields an index for the
total equivalent warming impact (TEWI)
of the system. A study sponsored by the
Allernative Fluorocarbons Environmental

Figure 2. TEWI for alternative refrigerants (labeled across bars) and
foam Wowing agents (labeled aovoss bottom) in howsehold refrigerators

(perflugroalkanes refers bo a mixture where perflueroalkane is wsed

as n surfactant),

Acceptability Study and the U5, Depart-
ment of Energy was conducted by the Ef-
ficiency and Renewables Research Section
of (Oak Ridge Mational Laboratory to as-
sess the TEWI for major energy related
applications of CFCs,” Eleven different ap-
plications of CFCs were evaluated, two of
which are highlighted in this paper. The
assessment involved six steps:.

® Development of appropriate engineer-
ing paramelers to characterize the baseline
technology and algorithms for calculating
energy use in each application,

8 Jdentification of alternatives under de-
velopment to replace CFCs in each appli-
cation,

® Collection and compilation of user in-
dustry data on comparative engineering
parameters and physical properties to
characterize the technology option(s).

B Calculation of lifetime energy use and
estimated carbon dioxide emissions (indi-

rect effect) from unit lifetime estimates
and regional fuel utilization or eleciric
power generation mix,

B Calculation of equivalent carbon diox-
ide emission of greenhouse gas content or
lass (direct effect), if applicable, for each
option using the GWP of the gas.

® Combination of the indirect and direct
global warming effects to vield TEWL and
comparisen of TEWI among technology
options.

Recently released information’ indicates
that observed stratospheric ozone losses
could be decreasing global warming by
an amount that at least partially offzels
that caused by the increased infrared trap-
ping of CECs, Although this information
may in effect decrease the GWPs of CFCs
(because CFCs are probably contributing
to those ozone losses), it does not change
the main conclusions of the analysis sum-
marized below. If anything, it emphasizes



the need for a systems approach and the
importance of considering energy effi-
clency since the role of carbon dioxide in
global warming forcing is enhanced by
the recent information,

Examples
Building Insulation

Polyisocyanurate foam boards formed
with CFC-11 are frequently used as insu-
lation in the low-slope roofs on commer-
cial buildings as well as in the air gap
between the exterior brick veneer and con-
crete block inner wall of these buildings.
CFC-11 is particularly amenable to the
manufacturing processes for foam insula-
tion because of its solvency in the plastics
feed stocks, its specific heat (it acts as a
heat sink in the foaming process), and its
vapor pressure in Lhe temperabure range
of use. The resulting foams are well suited
to insulation applications because of their
higher thermal resistances, or R-values.
CFC-11 has a very low thermal conductiv-
ity and contributes to the high R-values of
the foam. It is entrapped in the bubbles or
cells as the foam hardens and remains an
integral part of the product,

Each of the proposed alternatives has a
higher thermal conductivity than CFC-11,
and so the gas entrapped in the foams is
Iess effective in blocking heat transfer. Ef-
forts to reduce cell size, alter the orienta-
tion of the cells, and reduce the cell wall
thickness are expected to be successful
in reducing the conductive and radia-
tive heat transfer through the cell walls,
These modifications should compensate
for the higher gas thermal conductivity so
that the overall R-valug of the alternative
foams are the same as that of current CFC
blown foams.

TEWIs were calculated for a retail store
in a shopping mall in Chicago, Illinois
with roof and walls insulated using poly-
isocyanurate foam insulation and alter-
native materials, Results are shown in
Figure 1 for CFC-11 blown foam, alterna-
tive fluorocarbons blown foam, and some
alternative (non-foam) materials. TEWI
calculations are based on two assumptions,
roof insulation is replaced every 15 years
and wall insulation remains effective over
a Slkyear useful building life. The bars on
the left side of the graph should not be
compared with those on the right side be-
cause of this difference in assumed life-
times of the insulating surfaces.

The overall height of the bars in Fig-
ure 1 corresponds to the TEWI for each
insulating material with the darkly shacled
portion representing the indirect effects of
carbon dioxide emissions from energy use
and the cross-hatched portion the direct
effects from emission of chemical blowing

agents, Each of the alternatives, blown
foams or fibrous materials, shows a dra-
matically lower direct effect on global
warming from chemical emissions com-
pared to the CFC-11 Blown foam. In some
cases there is an increase in the indirect
emissions from energy use due to losses
in insulating properties that partially off-
sets the reductions in direct effect, These
differences are not significant for the al-
lernative fluorocarbon blown insulations,
and further improvements in alternative
foam technology will very likely lead to
identical or lower indirect effects.

Refrigerator/ Freezers

Refrigerator/freezers use CFCs both as
the working fluid in the refrigeration sys-
tem and as blowing agents in plastic foam
insulation. CFC-12 is well suited as a re-
frigerant for the operating conditions of a
refrigeratar/freezer because it is low in
toxicity, nonflammable, highly efficient,
compatible with copper heat exchanger
tubing and compressor motor windings,
and works well with inexpensive mineral
oil lubricants. CFC-11 is an excellent foam
Blowing agent because of the low thermal
conductivities of the insulation it pro-
duces. Another important factor is that
modern refrigerators rely heavily on the
CFC-11 Blown foam insulation to provide
rigidity to the cabinets.

Several candidates are uncler evaluation
as possible replacements for the CFC
refrigerant and foam blowing agent in
refrigerator/freezers. Some of the refriger-
ant alternatives are:
= HFC-134a,
= g blend of HCFC-22, HFC-152a, and
HCFC-124, and
® HFC-152a,

HFC-134a has similar thermodynamic
properties to CFC-12 and has attracted
the most attention as a substitute refriger-
ant for CFC-12. One major drawback is
that it is not miscible with the mineral oils
that have been used in the past, and the
system energy requirements are strongly
dependent on the lubricant used. Exten-
sive effort has gone into identifying the
best oils for use with HFC-134a |o en-
hance compressor reliability and system
energy efficiency. The components and
composition of the ternary blend have
been carefully selected in order to ap-
proximate the thermal properties of
CFC-12. Only small and relatively inex-
pensive design changes would be needed
to incorporate the blend into refrigerator/
freczers originally designed for use with
CFC-12. HFC-152a has been proposed be-
cause its theoretical vapor compression ef-
ficiency is better than CFC-12 or HEC-134a
and it has a very low GWT. However,

compensating factors including eperating
lemperature, heat capacity, and thermal
conductivity may allow HFC-134a system
efficiencies comparable to those that can
be achieved with HFC-152a. Also, because
HFC-152a is flammable some pecple have
raised concerns over its use in an applica-
tion where a nonflammable refrigerant has
been the standard. The plus side of each
of these alternative refrigerants is that lu-
bricants have finally been identified and
compressors and heat exchangers can be
redesigned so that systems using any of
these refrigerants could be as efficient, or
even slightly maore efficient, than current
refrigerators using CFC-12.

Several different foam agents have
also been investigated as substitutes for
CFC-11, principal among these have been
HCFC-123 and HCFC-141b, each of which
contain chlorine and has some ozone de-
pleting potential, Perfluoropentane and
perfluorohexane have also been consid-
ered chloring free, and hence zero ozone
depletion potential foam blowing alter-
natives. The perfluoroatkane {PFA} com-
pounds have been evaluated both as the
sole blowing agent, in which case rela-
tively large quantities of them are used (a
disadvantage because of the large GWTs
of PRAs), and as surfactants to improve the
cell structure and reduce the thermal con-
ductivity of carbon dioxide blown foam
insulation. In this latter case only two to
three weight percent of the PFA is used.
Refinements of foam formulations with
HCFC-123 and HCFC-141b are reaching
the point where these alternatives can
achieve the same thermal properties and
similar mechanical properties as foam
blown with current CFC-11 technology.
Sample foams blown with the PEAs as sur-
factants have not yet achieved the low
thermal conductivities of CFC-11 blown
polyurethane,

Results for the TEW] of combinations of
these refrigerants and blowing agents are
shown in Figure 2 for the tvpical 15-year
appliance lifetime; the PEAs are shown
when used as surfactants only. The TEWI
for the baseline refrigerator is shown on
the left of the figure. A series of three bars
are shown for equivalent refrigerators us-
ing HFC-134a as the refrigerant and either
HCFC-123, HCFC-141b, or PFAs as the
blowing agents (labeled across the bot-
tom). The most recent engineering data
for each alternative have been used to es-
timate the energy use for these combina-
tions. Similar sets of results are shown
for systems using the ternary blend and
HFC-152a as the refrigerants.

The direct impact on global warm-
ing from chemical emissions have been
reduced to just 1 to 2% of the total by



switching from the CFCs to any of the
three refrigerants and either HCFC-123 or
HCFC-141b. The FFAs have a noticeable
direct impact (even when they are used
only as surfactants as shown here) and
there is also an increase in the energy re-
lated indirect effect. HFC-152a appears to
provide a slight improvement in energy
efficiency, though it must be stressed that
the results shown in Figure 2 do not take
into account any efficiency losses that
may be encountered when using a flam-
mable refrigerant safely in a household
appliance. Also, optimization of the svs-
tems to take advantage of the heal capac-
ity and thermal conductivity of HFC-134a
may result in comparable efficiencies for
HFC-134a and HFC-152a systems.

Conclusions

Two major conclusions can be drawn
from this information. First and foremost,
incorrect decisions can be made if entire
systems are nol considered carefully in
evaluating impacts of alternative technolo-
gies, Expanded polystyrene bead board
and resinated mineral fiber boards are al-

ternative insulating materials that could
be used in place of CFC blown foam insu-
lation in commercial buildings. Neither of
these materials employ greenhouse gases
50, on the surface they may appear prefer-
able to foam insulation. However, neither
of them is as effective in blocking heat
transfer as HOFC blown foams and their
total equivalent warming impact is higher
than that of sorne insulating materials that
do use greenhouse gases. This is illus-
trated clearly in Figure 1. A second con-
clusion that can be drawn is that in some
cases there are no significant differences
between alternative technologies, even
when the entire system is considered. Fig-
ure 2 shows that there are very minor dif-
ferences between the TEWIs for HOFC-123
and HCFC-141b as foam blowing agents
in refrigerators using either HFC-1344,
HFC-152a, or the ternary blend as refrig-
erants. There i5 not a sirong basis for
preferring any of these compounds as re-
frigerants or blowing agents on this criteria,
Again, however, one would reach a very
different conclusion based solely on com-
parisons of the GWPs of these compounds.
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