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ABSTRACT

Chiorofluorocarbons (CFCs) are used extensively
throughout modemn society as the working fluids in
high-efficiency refrigeration equipment and as blowing
agenis in manufacturing high R-value foam insulations.
CFCs contribute to the destruction of stratospheric
ozone and are a significant threat to the global environ-
ment. Future production and emissions of CFCs will be
controlled under the provisions of the Montreal Protocol
and the use of these compounds will be phased out. The
U.S. Department of Energy is concerned about the
energy-efficiency impacts of alternative chemical com-
pounds and technologies that may be used as substi-
tutes for CFC-11 and CFC-12 as refrigerants and
blowing agents. This paper discusses the possible in-
crease in national energy use resulting from the replace-
ment of CFCs with altemative compounds. Significant
increases in energy use could occur, particularly in
refrigerator/freszers, freezers, waler heaters, and com-
mercial buildings.

INTRODUCTION

Discoveries about "greenhouse” warming and the
depletion of stratospheric ozone have brought concerns
about the global environment into the national headlines.
Chiorofiuorocarbons (CFCs) have been identified as
major contributors to these environmental problems and
a landmark international treaty, the Montreal Protocol
(1987), was drafted to address the threat of uncon-
strained CFC production and release into the atmos-
phere. This agreement marked the first time that nations
have banded together to address a threat to the global
emvironment before absolute scientific evidence was
available (data obtained since the agreement was signed
have confimed the decisions made in Montreal). The
U.S. Environmental Protection Agency (EPA) drafted
rules to implerment the provisions of the Montreal Protocol
(Federal Register 1987) in the U.S. by reducing produc-
tion of refrigerants 11, 12, 113, 114, and 115 (referred 1o
as CFC-11, CFC-12, CFC-113, CFC-114, and CFC-115)

to 50% of their 1986 levels by 1898. The production of
halens 1211 and 1301 is also regulated.

The Montreal Protocol also provided for a reassess-
ment of the scientific data finking CFCs and stratospheric
czone levels. The committees participating in this
process submitted their recommendations for revising
the Protocol in the fall of 1989 to be voted on by the
participating countries in the spring of 1990, It is very likely
that the result will be a tightening of the provisions and
perhaps even a compléte phaseout of these compounds
by the year 2000.

A great deal of attention is being focused on
developing new alternative refrigerants that can be used
in place of CFCs in refrigeration equipment and polymer
foam insulations. The most important of these, perhaps,
are compounds that can be used in place of CFC-12 and
CFC-11 in household refrigerators and freezers, automo-
bile air conditioners, centrifugal chillers, and the poly-
urethane, polyisocyanurate, and extruded polystyrene
insulations for buildings and appliances. The U.S. Depart-
ment of Energy (DOE) is particularly concerned that the
products that use these alternatives are as energy-effi-
cient as those they would be replacing. In July 1987, the
DOE requested that Fred Creswick and the author per-
form & quick evaluation of the possible impacts of the
Montreal Protocol on national energy use. This project led
to several informal reports to the DOE and eventually to
publications in the technical lterature (Fischer and
Creswick 1988, 1989; Creswick et al. 1988).

The study for the DOE was performed at a time
when there was a great deal of uncertainty surrounding
the issue of whether alternative refrigerants and foam
blowing agents could be developed as close substitutes
for CFC-11 and CFC-12. Consequently, it relied on what
litthe data were available at that time to look at four distinct
scenarios: one in which near drop-in substitutes were
available, a fall-back case based on existing compounds
and technology, a worst-case scenario in which no chlori-
nated compounds could be used in place of CFC-11 or
CFC-12, and a long-tetm advanced technology case. A
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disadvantage of this approach, however, was that it ex-
amined discrete options and did not convey miuch infor-
mation about how sensitive the results were to the as-
sumptions that had been made, Energy use impacts
presented in this paper are shown on a continuum scale
based on performance of alternatives relative to the CFCs
being replaced,

APPLICATIONS

There are two assumptions that apply uniformly to
each of the applications that are evaluated. In each
application it has been assumed that (1) there has been
acomplete replacement of the national inventory of build-
ings or equipment based on CFC-11 and CFC-12 with
alternative refrigerants and blowing agents and {2) CFC-
blown foam insulation is replaced by an equal thickness
of insulation blown with the alternative chemical. National
energy use is then estimated for each application using
representative refrigeration efficiencies (e.g., compres-
sor, motor, and Ideal refrigerant cycle) and insulation
R-values and for 1% to 15% reductions In the efficiencies
and R-values.

Refrigerator/Freezers and Domestic Freezers

Refrigerators and freezers will be particularly af-
lected by a phase-out of chlorofluorocarbons because
they use both CFC-11 in the insulation and CFC-12 in the
refrigeration system. There are approximately 113 million
refrigerators in the LS. and 32 million household freezers.
The daih{tsmargy use of refrigerators is estimated based
on a 20 ft” automatic defrost refrigerator using a correla-
tion developed in an earfier project for the DOE (Little
19880). The computations were performed assuming 80
KWh per year for defrosting, a compressor capacity of 675
Btu/h, internal loads of 200 Btu/h, a compressor efficiency
of 80% and motor efficiency of 80%, and 30.6 W for fans
and heaters for the refrigerator. The freezer calculations
were based on a capacity of 450 Btu/h without any energy
lor defrosting, fans, or internal loads. Heat leakage into
the cabinets was estimated for 2 in. of insulation around
the fresh food compartment, 214 in. around the freezer
compartment, 38°F inside the fresh food compartment,
5"F in the freezer, and 90"F ambient air,

The assumptions for the refrigerator led to a com-
puted compressor EER of 4,74 Btu/Wh for CFC-12, cab-
inet heat leakage of 295 Btuw/h for CFC-11 blown R-8.3/n.
foam (Dietrich and Doerge 1988), and a daily energy use
{}IESH{} kWh. This is equivalent to 1.33 quads (1 quad =
10" Btu) of primary energy (using 11,500 Btu/kWh to
convert from site energy to primary energy) nagomvlﬂ&.
Similar computations were performed for an 18 i manual
defrost freezer, resulting in a leakage of 360 Btu/hinto the
cabinet, 1.82 kWh/day, and a national energy use of 0.24
quads.

Figures 1 and 2 show both the energy use for each
refrigerator and freezer and the national energy uses as
functions of the base case compressor EER for each of
four different R-values for the insulation. The top curve in
Figure 1 is the energy use for refrigerators using foam
insulation with R-values B5% of those for CFC-11 blown
polyurethane. The second curve is for Rwvalues 10%
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Figure 1 National energy use for refrigerator/freezers

lower, the third 5% lower, and the bottom one for current
CFC-11 blown polyurethane (0% change). The EER of the
refrigeration system is varied continuously from 85% to
105% of the CFC-12 efficiency to show the impact of
increased or decreased refrigeration efficiencies on unit
and national energy use. In this analysis it does not matter
whether these changes in efficiency are due to the ther-
modynamic properties of the substitute refrigerant or
from changes in compression efficiency. Figure 2 con-
tains the corresponding results for household freezers.
The data in each of these figures show that energy use
for these applications s fairly sensitive to changes in the
EER and insulation R-value (e.g., 5%, 10%, and 15%
changes in both parameters result in 6%, 13%, and 22%
increases in energy use).

Water Heaters

Household water heaters also use CFC-11 blown
foam insulation and any alternative blowing agents that
form foams with lower R-values will lead to higher national
energy use. Currently there are about 86 million water
heaters in the U.S. and about half of these use poly-
urethane insulation and the rest use fiberglass insulation,
Those using fiberglass are not considered in these cal-
culations. The analysis was simpilified further by examin-
ing only the standby losses for the water heaters and
avoiding consideration of hot water draw schedules, inlet
temperatures, etc. Thus the numbers presented repre-
sent energy use only to make up the standby losses and
not the total energy use for heating hot water. The calcu-
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lations are also based on a fixed B0"F temperature differ-
ence between the water inside the tank and the surround-
ing air temperature, comparable to 140°F water and 60°F
air, and they do not account for seasonal fluctuations in
the air temperature,

This simplified UA-AT algorithm was checked
against experimental data for a 40-gal water heater
(Vasilakis and Gerstmann 1983) before being used to
estimate energy use for 50-gal water heaters with two
in. of polyurethane insulation. The jacket losses for this
base case unit are estimated to be 3825 Btu/day,
Changes in these losses are linear with changes in the
k-factor of the insulation (neglecting surface effects, R-
value of the tank and cabinet, etc.) but nonlinear with
changes In R-value. This dependence is illustrated in
Figure 3, where the national energy use is presented In
quads (based on a 75% heating efficiency for gas units
and 11,500 Btu/kWh for electric) as a function of changes
in the base case foam thermal conductivity. The total
energy use for hot water would change at a lower rate, of
course, since the standby losses represent only about
20% to 30% of the water heater energy use (Grot 1978).
A 5% increase for standby losses would be more fike a
1% 1o 1.5% increase in overall energy use.

Mobile Air Conditioning

The energy impacts of CFC substitutes on automo-
bile and fight truck air conditioning are also twofold but
not because of changes in refrigerant and insulation. In
this case there is an impact due to using an alternative
refrigerant in place of CFC-12 and also a penalty as-
sociated with any possible changes in weight for the
redesigned system. A lower capacity refrigerant would
require a larger compressor and heat exchangers 1o
provide the same degree of comfort as the original equip-
ment. The extra weight of these heavier companents wil
affect fuel use for every mile the vehicle is driven whether
the air conditioner is in use or not.

There are approximately 170 million cars and light
trucks in the U.S. and about 85% of all new vehicles sold
have air-conditioning (Pierce 1975). Thus, using the as-
sumption of a complete replacement of existing equip-
ment with air conditioners using an alternative refrigerant,
there would be 144.5 million vehicles affected at some
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Figure 3 National energy use for water heater standby
lossas

luture date. The average car in the U.S, is driven about
10,000 miles/yr, uses about 20 gal of gascling for air-con-
ditioning per 10,000 miles driven, and requires about 10
gal of gas per 10,000 miles for each 100 Ib of weight. A
CFC-12-based automotive air conditioner weighing 25 Ib
would then account for about 22.5 gal out of the typical
annual fuel use,

Figure 4 shows the range of impacts that alternative
refrigerants could have on national energy use for this
application. Each of these five curves reflects the possible
effects of heavier air conditioners with changes in the
operating efficiency. The effects of changes in air-condi-
tioner efficiency are inversely proportional to the change
(COP12/COPar ), while the impacts of increased weight
are directly related to the weight of the alternative system.
A 10% reduction in efficiency and a 5 Ib increase in weright
result in an annual fuel use of 25.2 gal for each vehicle for
air conditioning (20/0.90 + 10 x 30/100), which overall is
a 12%increase from a value of 22,5 gal for the base-case
CFC-12 system. This amounts to 0.05 quadsiyr nation-
wide at 42 gallons per barrel of gasoline and 190.4 million
barrels/quad.

Centrifugal Chillers

There are 74,000 centrifugal chillers in the U.S.
(private communication, Peter Teagan) that use CFC-11,
CFC-12, CFC-114, HCFC-22, and HCFC-500 to provide
chilled water for space cooling. Although these chillers
range in size from 80 to 2500 refrigeration tons for pack-
aged units and up to 10,000 tons for field-assembled
machines, the average machine in use has a cooling
capacity of about 260 tons. The vast majority of these
systems use CFC-11 or CFC-12 and typically use around
0.65kW/ton (i.e., a COP of 5.41). The national energy use
for chillers s the product of the number of machines, the
average capacily, energy use per ton, and the number of
hours of operation {about 2000 h/yr) (Teagan 1989). This
results in a national energy use of 0.29 quads/yr for
centrifugal chillers. A 10% increase in kKW/ton for each
machine due to alternative refrigerants would lead 1o a
10% increase In national energy use, 0.03 quads.
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Retail Refrigeration

Commercial or retall refrigeration equipment covers
a broad spectrum, and it is difficult to generalize about
what constitutes a "typical® plece of equipment. This
category includes the display cases in supermarkets and
convenience stores, it is assumed that the energy use of
these units is dominant and that the energy used for
refrigeration by cafeterias, restaurants, other retall busi-
nesses (e.g., florists, hotel and motel ice makers) is small
by compariscn. Having reduced the entire category to
food display cases, there are three classes of equipment
to lock at: (1) high-temperature units for fresh fruits and
vegetables, (2) medium-temperature units for meats and
dairy products, and (3) low-temperature units for frozen
foods. HCFC-22 can be substituted for CFC-12 in the
high-temperature units without an increase in power re-
quirements so national energy use will not be affected by
a phase-out of CFCs in fresh food display cases. The
medium- and low-temperature equipment uses HCFC-
502 (an azeotropic mixture of HCFC-22 and CFC-115)
and they will be affected by the phase-out.

A number of very broad assumptions have been
made in order to estimate the national energy impacts of
CFC alternatives in these two classes of display cases,
These assumptions include estimates of the total number
of each kind of unit (710,000 of each), the typical capacity
of each one (18,500 Btu/h for a three-shelf dairy case and
4500 Btu/h for a reach-in freezer), and the fraction on-time
for each (75%). COPs of 5.81 and 5.20 were computed
for the medium- and low-temperature display cases using
the thermodynamic properties of HCFC-502, typical
operating conditions, and motor and compressor effi-
clencies of 80% and 62.5%, respectively. Combining all
these assumptions resulls in an estimate of 0.22 quads/yr
for commercial refrigeration equipment in the U S, There
is a great deal of uncertainty in this figure, though, be-
cause of the generalizations made about the type ol
equipment and number of units in use. Further refine-
ments are probably not necessary, though, because
perturbing these assumptions results in small increases
in national energy use; reductions of 5% 1o 15% in the
compressor COPs due to alternative refrigerants result in
increases in national energy use of only 0.01 to 0.04
quads.

Refrigerated Transport

There are 178,000 refrigerated trailers in the US.
used for shipping perishable goods. Typically these are
45 ft trailers with separate refrigeration units driven by a
diesel engine. The calculations performed in the earier
work for the DOE focused on the impact of changes in
the insulation used in the trailers and did not examine
alternative fluids for the refrigeration systems. This simpli-
fication was done because of the broad range in the
energy use cited for these refrigeration units, 0.25 to 0.65
gal per ton of coaling delivered. It was assumed that there
was 4 in. of polyurethane insulation in each wall of the
trailer, a 70° F AT between the inside and outside air, and
that the trailers were in use 50% of the time (on the road
continuously but returning emgty 50% of the time).
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The analysis was further simplified by focusing on
the conduction of heat into the trailer and ignaring thay
part of the refrigeration load from loading and unioading
and the infiltration of warm air at highway speeds. An
industry rule of thumb was usad to increase the loads
33% to account for heat transmission through the traljer
framing members. Combining these numbers (178 000
trailers, 1410 #° of surface area, 70°F AT, 133% for
framing, 50% use-schedule, 0,65 gal/h per ton refrigera-
tion, and 120,000 Biwigal for diesel fuel) results in an
estimate of less than 0.02 quads/yr nationwide for mobile
refrigeration. This number is very small relative to the
other applications of CFCs so no effort has been directeq
toward improving the assumptions or examining the sen-
sitivity of the energy impacts of alternative blowing agents
to changes in the assumptions.

Soft Drink Vending Machines

The energy use for refrigerated vending machines,
mainly soft drink machines, was estimated using the
algorithm that was used for the refrigerator and freezer
calculations. No effort was made to account for seasonal
temperature differences for machines located outdoors,
and the author did not estimate the energy used for
bringing down the temperature of a freshly loaded ma-
chine. A daily energy use of 7.01 kWh was computed
assuming that 1000 Btu/h leaks intothe cabinet, that there
is @ 25 W evaporator fan, 110 W for lighting, 275 W/day
for defrosting, and a 2000 Blu/h compressor with a motor
efficiency of 80% and compression efficiency of 65%
(compressor EER of 6.33 at typical aperating conditions)
This daily rate corresponds with 0.09 quads for the 3
million machines in use in the country. Although the
energy use is very nearly proportional to the thermal
conductivity of the insulation (inversely propartional to the
R-value}, itis not directly proportional to the EER because
of the constant auxiliary power for fans, lighting, and
defrost, A 15% reduction in R-value combined with a 15%
reduction in EER results in an increase in national energy
use of only 0.02 quads. Although 0.02 is a large percent-
age increase from the initlal estimate of 0.09 quads, itis
insignificant compared with the other impacts of other
applications of CFCs.

Residential Construction—Sheathing

More attention and more criticism has been
directed toward those sections of the stucly done for the
DOE concerming building insulation than toward all of the
other applications combined. This area is composed of
three difierent applications: (1) polyurethane and ex-
truded polystyrene sheathing used in residential con-
struction; (2) polyurethane and extruded polystyrene
boards, prefab panels, and spray for commercial build-
ings; and (3) palyisocyanurate boards for the low-siope
roofs of commercial buildings. There is a great diversily
of opinion concaming what assumptions shouid be usfl::
in estimating the energy impacts of CFC alternatives 10
each of these applications.

There are perhaps better data available tor anm:ﬁ;
ing the impacts from changes in materials for residen o
construction than exist for either of the two areas



commercial construction. Private homes typically use a
wood frame construction with 2 x 4 studs on 16 in.
centers, 3.5 in. fiberglass batts within the wall cavities,
and a heating system using natural gas, fuel oil, electric
heal pump, or resistance heat. About 50% of the homes
nationwide also have some form of air conditioning,
Sheathing material is commonly used on the outside of
the frame construction with plywood used where extra
reinforcement is needed and either fiberboard, CFC-
blown polyurathane or extruded polystyrene foams, or
expanded polystyrene foam sheathing elsewhere.
Data are available from a 1986 survey for

* the percenlages of homes in the Northeast, Midwest,
South, and Wes! that heat with gas, oil, heat pumps,
and resistance heat;

¢ the distribution of homes between the four geographic
regions; and

e the percentage of homes in each region that are built
using 0.5, 0.625, 0.75, and 1.0 in. sheathing.

The early study for DOE also relied on this survey
for the percentage of homes built using polyurethane,
polystyrene, and fiberboard sheathing. More general as-
sumptions are used in this study, as mentioned later. The
calculations are based on 59.3 million single-family
detached homes and 37.3 millicn attached multi-family
homes, and the computations for each home are based
on the results of an independent study done for the DOE
on this subject (Petersen and Fanney 1988). The com-
putations were repeated for four different scenarios:

* low penetration of CFC foams into residential con-
struction market (l.e., 10% polyurethane, 10% extruded
polystyrene, 80% fiberboard),

« medium penetration (20% polyurethane, 20% polysty-
reng),

* high penetration (30% polyurethane, 30% potysty-
reng), and

= very high (50% polyurathane, 50% polystyrene).

Table 1 shows the increase in national energy use
for each of these cases assuming that equal thicknesses
of nen-CFC blown sheathings with B-values of 85%, 90%,
95%, and 100% of the CFC-blown foams are substituted
for the sheathings using CFC-11 or CFC-12.

TABLE 1
Increased National Energy Use for Single- and Multi-
Family Residences Due to Alternative Non-CFC Foam
Sheathings (quads)

Fraction

Very
of Default  Low Market Medium Market  High Market High Market

R-Values Penstration  Penetralion  Penciration  Penetration
0B85 0.0 002 0.03 003
0.90 0. oo .02 o2
0.85 000 0. 0m om
1.00 0,00 Q.00 000 .00

Clearly, the energy impacts are not particularly large
it alternalive blowing agents are developed that produce
foams with even B5% of the R-value of existing poly-
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Figure 5 Cut-away drawing of a residential wall section
Identifying the layers of insulating materials

urethane and polystyrene sheathing materials. The raa-
son for this is shown in Figure § and Table 2. The cavity
wall construction with fiberglass batts is already well
insulated and the difference between adding one inch of
a CFC-blown polyurethane or polystyrene with a similar
product that does not use CFCs is not very large. The
impacts would be significant under the very high market
penetration assumptions, however, if non-CFC blown
products do not become avallable. Therewould bea 0.2
quad increase in national energy use if all homes were
built using a conventional fiberboard material instead of
palyurethane sheathing (0.15 compared to extruded pol-
ystyrene). The corresponding changes in national energy
use would be 013 quads if expanded polystyrene, a
non-CFC foam material that is currently available, were
used instead of polyurethane in all homes, and 0.04
quads for extruded polystyrene.

TABLE 2
Total Wall R-Values with CFC Alternative
Foam Sheathing

A-Value of Wall - 1" Sheathing
S roation Extruded
Values Polyurethane Polystyrens
08s 182 173
0.80 196 175
0.95 200 178
1,00 204 18.1

Commercial Building Wall Insulation

CFC-blown foam insulations are also used in com-
mercial building construction, primarily in masonry cavity
walls and in prefabricated panels. Unfortunately, there are
no good data on what portion of commercial construction
uses these materials or the thicknesses of insulation
used. Estimates were made by assuming that:

¢ 40% of all commercial buildings use CFC-blown foam
insulation;

= the total energy use for commercial bullding space
conditioning Is 4.73 quads per year.

* somewhere between 25% and 50% of the space-con-
ditioning loads of commercial bulldings are due 1o heat
transfer through the walls (the remainder being lost
through intermal loads, the roof, and the foundation);



* windows comprise 30% of the exterior wall area; and

* makonry construction would use 1 in. of blown foam
insulation-and 2 in. for panel construction,

The size gf the average commercial bullding is
about 14,000 %, which would typically be a one- or
two-story building (EIA 1987); for a one-story building the
wall area is roughly 25% of the total surface area (walls
and roof), while for a two-story building it is about 50% of
the surface area.

Figure 6 shows the estimated anergy use for com-
mercial building space conditioning due to losses
through the walls for the assumptions that the typical
bullding Is either one or two stories (i.e,, 25% or 50% of
building loads from the walls), These curves Include the
40% of buildings assumed to use foam insulations and
also the 60% that do not. These curves are very flal, due
primarily 1o the assumption that 30% of the wall area is
glass. While the R-values of the opaque wall areas are
11.0 and 15.7 for the masonry and panel walls, respec-
tively, the total wall R-values are anly 4.1 and 4.5 when
the windows are accounted for. Even relatively large
decreases in the R-value of the insulation have only a
small decremental effect on the losses through the walls.
Although there is a 100% ditference between the curves
in Figure 6, reflecting the uncertainty in the assumptions
for the two cases, there is only a 5% lo 6% ditference
between the highest and lowest points on each curve.

Commercial Building Roof Insulation

There are more data to use in evaluating the im-
pacts of changes in palyisocyanurate and extruded pel-
ystyrene Iinsulation on low-slope roofs for commercial
buildings than there are for the evaluation of wall insula-
tion, but not much more. Approximately 65% of these
kinds of roofs are constructed using a CFC-blown foam
insulation, mainly polyisocyanurate boards. The cutaway
drawing of buill-up roofing on a steel deck shown in
Figure 7 is fairly typical of this type of construction, Two
inches ol R-6.38/in. foam boards are used in combination
with the other matenais to build a roof with an overall
R-value of 16 h - #t2 - * F/Btu.

Applying the assumptlions used for the calculations
tor commercial building walls, the energy use due to heat
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Figure 6 Natlonal energy use for heat losses/gains through
commercial buiiding walls

gains and losses through low-slope roofs is approxj-
mately 1.18 quads (0 29 quads for the roofs using CFC-
blown foam insulation). Data compiled in a university
study were used to evaluate the effects of changes |n
foam R-value on national energy use ranging from 50%
to 105% of the base-case R-value of 6.38/in. (Chang and
Busching 1983). These results are shown in Figure 8,
where the upper curve represents the energy use for all
roofs and the lower curve just those roofs using alterna.
tive foam blowing agents. These curves show that even
a reduction of 15% in the R-value/fin. resulls ina relatively
small increase in energy use, 0.04 quads, but that drop-
ping to R-4.0/in. (63% of the base case) would cause 3
significant 0.13 quad increasa,

SUMMARY OF RESULTS

The compounds that are most commonly dis-
cussed as substitutes for CFCs In energy-related appli-
cations are HCFC-123 for CFC-11 centrifugal chillers,
HFC-134a for CFC-12 in refrigerating equipment, and
HCFC-123 and HCFC-141b as blowing agents in foam
insulation. Experiments conducted at national laborato-
ries and by equipment manufacturers and the chemical
producers show that equipment designed 1o use these
chemicals could be almost as efficient as curren! equip-
ment with efficiency reductions of 5% or less, Thermal
losses could be higher than 5%, though, because of
growing concerns about global warming and the long-
term use of any chloring containing refrigerants and blow-
ing agents. The total national energy use and the in-
creased energy use assuming a 5% and 15% reductions
in refrigeration EER and insulation R-value are sum-
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Figure 7 Cut-away drawing of the assumed built-up roofing
for commercial bulldings
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Figure 8 National energy use for heat gains/losses through
low-slope roofs on commercial buldings



marized in Table 3. The energy use for those applications
that rely on CFCs as refrigerants and also as insulation
biowing agents, such as refrigerators and freezers, are
much more sensitive to less efficient alternative chemi-
cals than most of the other applications. Residential
buildings are particularly insensitive, even under assump-
tions of significant market penetration, because they use
fiberglass batts to provide a major part of the total wall
RA-value,

TABLE 3
Total Estimated National Energy Use for Each Applica-
tion and Increased Energy Use with 5% and 15% Reduc-
tions in EER and Insulation R-value

Total Energy Impact Energy Impact
Enargy-Use 5% Reduction 15% Reduction

Application {Cuads) (Cuads) [[=TFE )
RafrigeratonFraszers 1.33 008 029
Household Freezers 024 oo 0.08
Dormestic Waler Heaters 036 0.01 002
Mokbile Alr Coneitioning 0.41 003 0.08
Cantilugal Chillars: 029 002 (.08
Fetail Relrigeration o= oo 004
Rafrigerated Transport o2 ~ -
Vending Machines 0.oa =00 <002
Residential Bidg. Walls . <0.01 <0.03
Commercial Bidg. Walls 238 <001 003
Commarcial Bldg, Roals 1.18 om 0.04
*not caiculated

The uses of blown foam Insulation in commercial
buildings appear 1o be insensitive to alternative biowing
agents, but it must be remembered that these results are
based on very little data. The energy impacts for commer-
cial building walls are low because of the assumptions
concerning 40% market penetration and the ratio of win-
dow to opaque wall area. The results for roofs are small,
relative to the total energy use for roofs, in part because
the losses for the roofs without CFC-blown foams are
such a large part of the total. There would be significant
Increases in energy use for both of these applications |t
non-CFC blowing agents do not become available and
existing materials (e.g., fiberglass, expanded polysty-
rene) had to be used in place of polyurethane and polyi-
socyanurate foams (assuming equal thicknesses of the
foams and existing substitutes).
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DISCUSSION

H.H. Slack, Mechanical Engineer, General Services
, Atlanta, GA: What was the basis for the 108
loss in efficiency shown for chillers?

S.K. Fischer: The 109 was chosen somewhat arbitrarily o
demonsirate that the changes in national energy use for chillars
are directly proportional to changes in the energy usa (in kWiton)
ol the typical chiller. There is some historical basis to the 1096, in
that inital testing of chillers using HCFC-123 showed an 8% t0 934
increase in energy use. The machines being built and marketed
today, however, show very little difierence in energy use compared
16 chillers using CFC-1,

R.P. Lortie, Senior Staft Engineer, A.J. Reynolds Tobacco
Co., Winston-Salem, NC: What is tha relative cost differential
betwean R-12 and A-134a and also between R-12 and accepta-
ble blends?

Fischer: |'m not able to answer that, A one time the chemical
companies were saying that A-134a would cost 3 10 4 times as
much as R-12, but | don't know if that has changed in the last 12
Io 18 months. The price differential would certainly be influencad
by any changes in the price of R-12 since the production quatas
went inio etfect and by any taxes placed on R-12. | have not heard
any comparsons between the cost of R-12 and possible blends.
J. Siemens, Chz. M. Hill Company, Corvallis, OR: Why was
the bullding roof insulation energy impact based on the number
of present buildings when that insulation is there to stay? Why
wasn't thicker, less "efficient” insulation assumed for new build-
ings (ie., no building energy impact)?

Fischer: The assumptions throughout this study were made to
meet the needs of the Department of Energy in farmulating policy
and developing programs. DOE has been concernad about how
graat an impact there will ba from CFC altarnatives 30, 40, or 50



years from now. In that time frame, it is reasonable o assumeathere
would be a national inventory of equipment using CFC allerna
tives (ag,, refrigerators, chillers, auto afc's, #ic ) comparableto the
number in use today (probably somewhat larger), It |s also
reasonable 1o assume there would be substantial new construc-
tion of buildings insulated with non-CFC-blown foam insulations.
The assumnption in this case was that the amount of new construc-
tion would aqual the number of buildings existing In 1988, It is
arbitrary, but that is what was chosen.
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The assumption that equal thicknesses of CFC-Blown and
nan-CFC insulation were used was made to get an upper bound
on the energy impacts. Equal thermal performance could be
achieved by using thicker layers of insulation. Whether or not they
would be used depends on a lot of decisions made by contrac-
tors, building owners, reguiatory boards, eic. The purpose hare
was to determine an upper limit on the impact without makinga
Iot of assurnptions about what people would actuslly do. | there
isaﬁ!:rgalrmmt. then the question needs to be looked at mara
caretully
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