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comparison of TEWI for Fluorocarbon
Alternative Refrigerants and Technologies
n Residential Heat Pumps

and Air-Conditioners

james R. Sand, Ph.D. Steven K. Fischer

\BSTRACT

A study was conducted to examine the total equivalent
garming impacts { TEWI} of unitary res idential and commier-
sl space conditioning equipment in No rih America, Europe.
ond Japan using refrigerants R-407C, R-410A, and R-290 and
diernative heating/cooling technologles, Assumptions and
wsults of this study are presented for U.5. residential appli-
wations. Aliernative systems are compared with the TEWI of
conventional R-12 based vapor compression systems under the
same operating conditions. The analysis for North America
includes low- and medium-efficiency electric heat pumps and
high-effictency air-to-air and geothermal heal pumps. Alrer-
wative space conditioning technalogies, such as electric resis-
ignce heat, a gas furnace/central airconditioner combination,
a gay engine-driven heat pump, and a protorype gas-fired
ghgorption heat pump, dre included for residential TEWI
comparisons in three LIS, cities with @ range of heating and
tooling loads. The effects of improving seasonal efficiencies
oan TEWI are shown, as well as the consequences of replacing
£-22 with alternative refrigerants.

TEWI results from previous reports, and those presented
here show that the direct global warming potential ( GWP) of
the refrigerant used for residential heat pump applications
contributes less than 7% to the tatal TEWI for these products
and thiat the direct GWP of the refrigerant is less impartant
than the overall efficiency of the unitary system ( Fischer 1991;
Fischer 1994; Sand et al. 1997). Clearly, any refrigerant ov
refrigerant blend proposed as an alternative for R-22 must
provide good cycle efficiency in addirion 1o acceptable envi-
ronmental and operational qualities 1o be seriously considered
in tnirary equipment applications.

van D. Baxter, P.E.
Member ASHRAE

INTRODUCTION

Residential and light commercial vapor compression
air-conditioning systems using the hydrochlorofluorocar-
bon (HCFC) refrigerant R-22 are common throughout the
United States and Japan. These electric heat pumps are used
in the mid-latitude regions of both countries where there is
a favorable balance between heating and cooling require-
ments. Air conditioning is also becoming @ popular conve-
nicnce in parts of Europe and the developing countrics.
Chlorine-containing HCFC refrigerants are scheduled for
phaseout under the London and Copenhagen amendments
1o the Montreal Protocol. Environmental activists are also
scrutinizing chlonne-free hydrofluorocarbon (HFC) refrig-
erant aliernatives for possible regulanon because of their
global warming potentials (GWFs). Systcms using these
HFCs, however, make 2 moderate contribution 16 global
warming because of their efficiency and low emission rates.
uNatural™' refrigerants are being considered by many as
inherently superior 10 “manufactured” working fluids
because they have low or zero GWPs.

When the total equivalent warming impact (TEWI) is
calculated for umitary and residential air-conditioning systems
utilizing alternative technologies or conventional systems
operating with HCEC, HFC, or “natural” refrigerants, the
environmental benefits of more energy-efficient technologies
that decrease CO, emissions 10 the carth’s atmosphere become

I The word “natural” is used to indicate 3 chemical compaund that
is naturally occurring in the earth’s environment, but it should not
connote compounds that are betier or safer thun those that are
~manufactiared.” In truth, special considerations are oflen needed
1o accommodate the flammubility and/or loxicity af some “nau-
ral” compounds when they are used us refrigerants
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Figure 1 Efficiency ratings of unitary atr conditioners in
the U.5§. (sales weighred average),

apparent. The efficiency of unitary equipment has improved
steadily, as indicated by Figure 1 (ARI 1996). This trend of
impraving efficiency, which reduces the indirect contribution
to TEWI from CO, emissions, will continue éven as new
refrigerants are adopted due in part to government regulation
and to design improvements implemented by equipment
manufacturers,

The market for unitary equipment is highly competitive
and driven to a large extent by equipment first costs. Alterna-
tive refrigerants, such as R-1 344, with lower cooling capacities
than R-22 are at a disadvantage because any loss in volumetric
capacity will necessitate larger compressors and heat exchang-
ers, which translate into a higher cost to the consumer. Addi-
tional equipment modifications, manufbcturing  costs,
transportation costs, service expenses, eic,, associated with the
use of alternative refrigerants will suffer the same disadvan-
tuge. Alternative refrigerants such as R-407C and R-4104A,
which are convenient and safe to handle and deliver the same
or greater efficiency and capacity at the lowest cost, have an
advantage in the markeiplace,

REFRIGERANTS

R-22 is the refrigerant used in virtually all unitary equip-
ment because of its inherent efficiency and high refngeranon
capacity. Provisions of the Clean Air Act (CAA) in the United
States call for R-22 to-be phased our of “new equipment” by
2010 and allow production of smaller amounts of the refrig-
erant until 2020 for servicing nstalled equipment. No single-
component refrigerant or blend has been identified that can
match every desirable characteristic of R-22 in all unitary
applications. The Alr-Conditiorung and Refrigeration Insti-
ture (ARI), through its Alemanive Refrigerants Evaluanon
Program (AREP), led an international effort to identify, eval-
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uate, and disseminate data on potential refrigerant alterna-
tives, Thiseffort identified several aliernative refrigerants that
are blends of two or mare compounds, which gave similar or
slightly improved performance compared to R-22 (Godwin
1994). AREP also indicated that no single alternative has both
a higher efficiency and greater capacity than R-22 in all of s
current applications and that several refrigerants or blends of
refrigerants may be needed to fill the requirements for servic.
ing older equipment and charging new equipment when R-22
is phased out of production.

R-134a, an HFC, is a commercially available refrigeram
initially considered by AREP as an alternative for R-22. It is
a single-component refrigerant that has been widely adopted
by the domestic refrigeration, automotive air-conditioning,
and chiller mir-conditioning market segments. As a result of
strong domestic and foreign sales, the major refrigerant manu-
facturers have constructed manufacturing plants to satisfy a
projected 2005/2010 demand of 310,000 metric tons a year
and have generated extensive product application literature
(Billiard 1997). R-134a has a 40% lower refrigeration capac-
ity than R-22 under unitary operating conditions and has
shown o 5% decrease in efficiency for typical unitary appli-
cations in AREP testing, so it cannot be considered as a “drop-
in" replacement. As mentioned before, lower cooling capaci-
ties than R-22 are a decided disadvantage because losses in
refrigerant volumetric capacity necessitate larger compressors
and heat exchangers to maintain system capacity. These result
in higher equipment costs for a product that is extremely first-
cost sensitive,

Favorable test results with other prospective R-22 alter-
natives in redesigned and retrofit equipment and the continu-
ing emphasis on more efficient heating and cooling
performance make it unlikely that R-134a will be extensively
used in unitary air conditioning or heat pumps (UNEP 1995},
The most likely replacements for R-22 are binary or ternary
HFC mixtures. In addition 1o being ozone-safe, nonflamma-
ble, nontoxic, and efficient, they have performance levels
close to or superior to that of R-22,

One of these refrigerants, designated R-407C, is a 23/25/
52 mass % blend of the HFCs R-32, R-125, and R-134a that
has shown equivalent capacity to R-22 but efficiencies that
avernged about 5% lower than R-22 in soft-optimized equip-
ment (Godwin 1994). “Soft optimization™ refers to variations
in one or more of the following list of system components:
lubricant, compressor displacement, refrigerant charge, flow
control (i.e., expansion device), motor size, heat exchanger
circuiting and/or size, compressor speed, and accumulator
size. These changes were made by individual AREP partici-
pants to make the equipment more suitable for the refrigerant
under test.

R-407C is a zeotropic blend that will fractionate OF
change composition during evaporation and condensation i
vapor compression refrigeration applications and will sl'_mw
about 1 3°C (9°F) change in temperature (lemperature glide)
across the heat exchangers due to this composition change.
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This heat exchanger temperature glide and tendency to frac-
tionate make zeotropes less attractive commercially. The use
of zeotropes is a departure from the isothermal phase change
pehavior of pure refrigerants to which the industry has become
gccustomed. Additionally, system leaks with zeotropes may
result incomposition changes, making service and repair more
difficult,

Tests with R-407C in laboratory breadboard and soft-opti-
mized, commercially produced equipment have established
capacity and system efficiency levels relative 1o R-22 that
allow TEWLevaluations for unitary equipment (Hwang 1995,
Murphey 1995; Junge 1995; Berglof 1996; Linton 1996), R-
407C has an ASHRAE safety classification of Al/AL, which
designates it as o commercially available refrigerant with low
toxicity and no flame spread as purchased and afier a worst-
¢ase fraction in a vapor compression sysiem.

Another replacement for R-22, R-410A, is a mixture of R-
32 and R- 125 with a 50/50 mass % compaosition. AREP found
the blend's capacity was essentially the same as R-22 given
compressors appropriately sized for the difference in volumet-
ric capacities of the two refrigerants. The ARI results also indi-
cated that system cooling efficiencies averaged from 1% to 6%
higher than R-22 (Godwin 1994). Extensive testing of R-410A
has also oecurred subsequent to the AREP reports (Hwang
1996; Murphey 1995; Feldman 1995; Linton 1996). The
results from these tests indicate that R-410A can be used in
redesigned unitary equipment with no decrease in system
capacity and a 4% to 7% increase in system efficiency. Most
of this system efficiency gain is attributed to improved ther-
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Residential Heating/Cooling Dptions

mophysical properties of the blend over R-22. System effi-
ciency results from this series of tests were used for the TEWI
results presented in Figures 2 through 4.

When used in refrigeration equipment, R-4104 1s
considered a “near azeotrope™ in that it does not fractionate
during a phase change. One drawback of the mixture 15 that it
has a system operating pressure approximately 30% higher
than R-22, so it cannot be considered as a drop-in replace-
ment nor can it be used for retrofit Into existing unitary
systems. Design chunges will be required to accommodate
these higher operating pressures. Another more subtle draw-
back of this HFC mixture is & critical temperature signifi-
cantly lower thin that of R-22 (73.3°C [164°F] for the HFC
blend vs. 96,1°C [205°F] for R-22). This could diminish effi-
ciency relative to R-22 at higher condensing and outdoor air
temperatures. R-410A has an AI/A] ASHRAE safety classi-
fication,

Propane (R-290) can be a good refrigerant, and it is
attracting attention as an alternative to R-22. The major disad-
vantage with propane, naturally, is that it is flammable. Due to
their flammability, hydrocarbon refrigerants such as propane
are only seriously considered in low-charge systems such is
refrigerators, freezers, and packaged coolers (Stene 1996).
The most significant use of hydrocarbons as working fluids is
found in the United Kingdom and Germany. Three engineer-
ing solutions proposed to mitigate the flammability risk of
propane in residential systems are (1) preventing leakage and
removing all sources of igmition; (2) addition of a flame
suppressant, such as R-227ea or a fluorciodocompound, to
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TEWI for residential hearing/cooling aptions: Pitzsburgh.
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Figure 3 TEWI for residential heating/cooling options: Atlanta.
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propane in sufficient quantities to make the mixture nonflam-
mable; or (3) use of a secondary loop to prevent the propane
frum entering residences (Douglas 1996; Keller et al. 1996,
There is a strong reluctance on the part of manufacrurers in the
United States and Japan to expose customers and employees
to the hazards of flammable refrigerants in residential and
commercial products, which will make it difficult for propane
to goin wide acceplance in these markets. Current industry
standards and community building codes prohibit the use of a
flammable refrigerant in residential split-system applications
(Keller et al. 1997),

One evaluation of propane conducted by an equipment
manufacturer reported a slightly better efficiency and capacity
fora9 kW (2% 1on) arrconditioner compared to an B-22 system
(Treadwell 1994), Part of this work involved a cost estimate for
a 12 kW (3%2 ton) unitary air conditioner using propane as the
refriperant, This estimate for 4 propané system came out to be
30% higher than a comparable system using R-22. These
increased costs are due to system modifications necessary to
safely handle a flammable refrigerant.

More recent evaluations on the feasibility of substituting
propane for R-22 in ducted residential air conditioners have
also focused on the relative costs vs. environmental benefits,
an approach suggested by Kuijpers (1995). Modeling compar-
isons were performed for 10.5 kW (3 ton) unitary systems
designed to use R-22, R-410A, and R-290 as the refrigerants
and concluded that the R-290 system would cost 35% more
than the baseline R-22 unit when appropriate safety modifi-
cations are implemented (Keller et al. 1997). These increases
in cost are not required when using a nonflammable refriger-
anL In addition, there are higher marginal costs to the manu-
facturer associated with safe storage, charging, and handling
of a flammable refrigerant in the plant compared to R-22.
Conglusions from these studies indicate that TEWI could be
reduced if propane were used as a refrigerant in leak-tight air
conditioner/heat pumps designed to safely accommodate a
flammable refrigerant in a ducted, direct-expansion air-to-
refrigerant heat exchanger but that applying the additional
costs to improve the efficiency of systems using nonflamma-
ble refrigerants would be more cost-effective.

Several recent research reports indicated that propane is
being substituted for R-22 with slight (=5%) increases in
system efficiency in hydronic, heating-only heat pumps
commonly used in Europe (Lystad 1996; Rodecker 1996,

When using a secondary loop/central air ducted configu-
raton, the reductions in direct global warming contribution
resulting from use of propane as a refrigerant would not
outweigh the increase in indirect global warming associated
with the additional heat transfer step inefficiency. Therefore,
this option was not included in the TEWI results presented in
Figures 2 through 4.

Ammaomnia (R-T17) is a good refrigerant that is likely
experience broader application as CFCs and HCFCs are
phased out, but 1tis not a choice well suited for umitary equip-
ment (Fairchild and Baxter 1995} Residential and light
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commercial vapor-compression air-conditioning systems are
mass produced using copper for refrigerant tubing in both the
heat exchangers and connecting components, hermetic
compressors that have electric motors with copper windings,
and direct heat exchange evaporators. Amimonia 15 incompat-
ible with copper, and the required design changes needed o
ensure acceptable equipment lifetimes would result in mate-
rial and installation cost increases.

Dhrect heat transfer evaporators are not considered feasi-
ble with ammaoma in residential applications. There is a desire
to keep ammonia out of the conditioned space because of its
toxicity, so a secondary heat transfer loop and fluid would be
needed. This additional loop increases the cost and complexity
of the system and, as with propane, increases the indirect
global warming to TEWT much more than the reduction that
would result from using a zero GWP refrigerant, Additionally,
ammonia has high discharge temperatures, which would be
problematic on small systems but can be handled more
economically on the larger refrigeration systems in which it is
currently being used

It is not considered likely that ammonia will be used
commercially in unitary equipment as a replacement for R-22,
No TEWI calculations are performed for unitary systems
using ammonia as & vapor compression refrigerant. Ammo-
nig-water absorption equipment options are considered,
however, because commercial ammonta-water absorption
systems are currently available for residential cooling appli-
cations and becavse this technology has fuel switching and
primary energy consideration features that should be
compared to electric vapor compression.

ALTERNATIVE TECHNOLOGIES

Electric resistance is evaluated as a heating option in
Pittsburgh and Atlanta to provide a comparison to electric,
vapor-compression heat pump results. No heating options are
considered in Miami because the heating load is essentially
zero for a typical weather year. Inregions of the country where
gas is available, gas furnaces in combination with a central-
ized, vapor-compression air conditioner are evaluated i addi-
tion to a gas engine-driven heat pump and a gas absorption
heat pump under development (the generator absorber heat
exchange [GAX] cycle), which utilizes an ammonia-water
absarption cycle.

ASSUMPTIONS

National averages are used for electric power plant CO4
emission rates in these calculations. An annual average elec-
trical power plant emission rate of 0.650 kg CO/KWh (143 b
CO4/kWh} is used for the United States. This CO-/kWh emis-
sion rate is compiled from open literature data (E1A 1996) and
includes an average 6% transportation and distribution loss
factor. The heat content and carbon dioxide emission rate for
natural gas used for the gas-powered technologies were 38,200
k¥/m and 51.1 g CO/MJ, respectively. A 96.5% distribution
efficiency was assumed for natural gas, which raised the €O,
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TABLE1
Relative Efficiencies for Alternative Refrigerants in Residential Air-Conditioning Equipment (Relative to R-22)

o t Ch St Efficiency Relative to R-22
ponents Refrigera arge 1996-1997
Refriaeran imass % composition) (kg
Codling Heating
R-22 R-22 (100%) 2.80(6.27 Ib) 100% 1D0%
RA407C R-3MR-125/[R-134a 180 (6.27 Ih) 100% 100%
(23/25/52)

R-410A R-3V/R-125 (50/30) 2.30(5.07 It 105% 105%
emission rate to 53.0 g COY/MJ (55.9 g CO/1000 Bru; 0,123 TABLE 2
Ib CO,/ 1000 Btu) at its point of use (ELA 1997). Current Technology (1996 -1997) Efficiency Data

Published measurements for steady-state COP data rela-

tive to B-22 and fixed values for the seasonal energy efficiency System J_ Efficiencies
ratio (SEER) or heatng seasonal performance factor (HSPF) S— CooNng/Heating

af R-22 were used to caleulare SEERs and HSPFs for propane
and the R-407C and R-410A mixtures. The relative efficiency
values used for these calculations are summarized in Table 1.
Refrigerant charge sizes for a 10.5 kW (3 Lon) heat pump or
central air-conditioning unit are also given. Further develop-
ment of air conditioners specifically designed to use these
alternative refrigerants could lead to more favorable compar-
isons relative to R-22

System efficiency data used for calculating TEWI values
for electrically driven residential heating/cooling options are
shown in Table 2. Unitary equipment is usually designed 1o
meet SEER and HSPF targets with appropriate adjustments of
hardware to fit the refrigerant and compressor performance.

The seasonal heating and cooling performance of a gas
engine heat pump, available since 1994, is listed at 126%
AFUE® and 1.28 COP (AGCC 1996). TEWI values were
computed for this system using published efficiencies. For the
GAX absorption heat pump, TEWI values were calculated
using heating and cooling COPs applied in previous AFEAS/
DOE TEWI reports (Fischer 1994). The GAX COFP values
include electrical parasitic loads. No GAX systems are
currently in production; however, prototypes are being tested,
and initial products are targeted for market entry by 2000
(Fiskum et al. 1996). System efficiency values used in TEWI
calculations for residential heatng/cooling options that use
gas as & primary energy source are given in Table 3.

Fifteen-year lifetimes are assumed for U.S. unitary equip-
ment. Based on information assembled from ARI member
companies, the maximum residential heat pump and air condi-
tioner annual leak rates of 4% of the charge for 1996-1997
equipment were used for the direct TEW] calculations (Houra-
han 1996). An end-of-life (EOL) charge loss rate of 15% was

AFUE—anmusl fuel utilization efficiency—appliance heating
efficiency is calculated by assuming 100% of the fuel is converied
1o thermal energy and then subtracting losses for exhausied sensi-
ble and latent heat, eycling effects, infiltration, and pilot losses
over the entire year, AFUE does not include glectrical enerity used
for fans, pumps, ignition, exhaust, or blowers
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Alr-to-Air Heat Pumps, R-22:

Minimum Efficiencies SEER-10/ HSPF-7

High Efficiencies SEER-12 / HSPF-8

Premium Technologies:

Air-to-Air Electric Heat Pump (R-22) SEER-14/ HSPF-9

SEER-15.8 / HSPF-12

Geothermal Heat Pump (R-22)

TABLE 3
Residential Gas Option Efficiencies

Efficiencies
Sysmn_ C "_- Heating

Electric A/C and Gas Furnace:

Minimum Efficiency SEER — 10/80%: Gas Fumnace
High Efficiency SEER—12/92% Gas Funace
Premium Technologies:

Electric A/C and Gas Furnace SEER—14/92% Gas Furnace
Engine-Driven Heat Pump (R-22] gCOP—1.30¢gCOP 1.26
GAX Absorption Heat Pump gCOP— 0.70/gCOF 1.50

rtionalized for residential units on the busis of recovenng
90% of the charge from 95% of the field units but allowing for
a 100% charge loss from about 5% of field stock {Hourahan
1996).

METHODOLOGY

Total equivalent warming impacts were calculated for
baseline 10.5 kW (36,000 Buvh) heat pumps with SEERs of
10, 12, and 14 and corresponding HSPFs of 7, 8, and 9 with a
refrigerant charge of 2.8 kg (6.2 Ib) of R-22 for three locations
in the U.S. In calculations where air canditioning is combined
with some other heating technology, a central air conditioner
with SEERs of 10 and 12 was used. For “premium” technol-
opy residential equipment, the baseline SEER of the heat
pump or central air-conditioning unit was increased 10 14,
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SEERs and HSPFs for a geothermal heat pump were chosen
from information provided by major manufacturers and
results of standard rating/certification tests (AR] 1993).

Seasonal energy use is computed based on a “typical”
167 m* (1.800 fi?) residence with a 78.8 x 10°% kl/yr (74.7 x
10° Brw/yr) heating load and 17.0 = 10% kifyr (16.1 x 10°
Buw/yr) cooling load in Pittsburgh; a 36.7 x 10° kl/yr (34.8 x
10° Bruw/yr) heating load and 35.7 x 10° kl/yr (33.8 x 10°
Bw/yr) cooling load in Atlanta; and a O kl/yr (0 Brw/yr) heat-
ing load and 86.7 x 10° kl/yr (822 x 10° Buwyr) cooling
load in Miami (Fischer et al. 1991).

RESULTS AND DISCUSSION

Total equivalent warming impacts for various residential
heating/cooling options were calculated for Pittsburgh,
Atlanta, and Miami in the United States, and the results are
shown in Figures 2 through 4. These results are computed
using the efficiency data in Tables 2 and 3. Each figure has two
sections: the upper portion shows "benchmurk systems,” or
heating/cooling options that represent baseline cost for a resi-
dential system in each of these cities, while the lower indicates
a “premium heat/cool options”™ section, which shows options
that are significantly more expensive than the baseling tech-
nology. Figures 2 and 3 also contain gas heating/cooling
options for Pittsburgh and Atlanta, which have significant
heating loads. Results for the GAX absorption heat pump
included in the “premium heat/cool options” section are based
on projected efficiencies since this technology 15 not commer-
cially available at this nme.

Attaching specific prices to each option is difficult and
oftentimes misleading because HVAC manufacturers, dealers,
installers, and local utilites can all influence the final price
paid by the consumer. While specific prices are problematic,
it is assumed that newly developed and more efficient options
shown will have higher equipment first costs than conven-
tional systems, and dividing these technology options into
standard and premium categories gives some indication of the
added investment required to obtain a TEW1 benefit (Kuijpers
1995).

Each segment of the bar graphs plotted in these figures
indicates TEWI contributions from different sources. The
initial, gray section of most bar graphs is the indirect TEWI
contribution from electric power used for the vapor compres-
sion heating and/or cooling process. The fish-scale pattern
section of bars shown in Figures 2 through 4 indicates the indi-
rect TEWI contribution from natural gas combustion. In the
Pittsburgh and Atlanta results, Figures 2 and 3, the TEWI
contribution from electric resistance heat required to supple-
ment heat pump operation and primary electric resistance heat
is shown as a weave pattern section. The white section on
some bars for gas-driven heat pump technologies shows the
TEW! contribution from auxiliary electric parasitic loads,
such as resistance heat, pamps, or fans, that are not included
in the SEER or HSPF ratings of the equipment. The darkest
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section on the ends of most bar graphs is the direct TEW]
contribution caused by refrigerant losses.

Using Figure 2 as an example, the advantages of increas-
ing unit efficiencies become quite obvious if the R-22 mini-
mum (SEER=10VH5PF=T), R-22 high-efficiency (SEER=12/
HSPF=8), and R-22 (SEER=14/HSPF=9) in the “premium
heat/cool options™ section are compared. Total TEW] values
for these three heat pump options in Pittsburgh are about
126,000; 111,000; and 100,000, respectively. A 10% to 12%
improvement in TEWI is indicated for each step of efficiency
improvement. Relative TEWT decreases with increased effi-
ciency are greater in climates with a higher cooling/heating
ratio,

Figures 2 and 3 also show the benefits in TEWI and rela-
tive energy savings associated with the added expense of a
geothermal or ground-source heat pump, which are mainly
due to increased efficiency rather than a smaller charge size.

Use of propane and ammonia ds vapor compression
refrigerants with secondary loops 15 not shown because any
reductions in direct global warming resulting from use of these
near zero GWP refrigerants would be outweighed by increases
in indirect global warming emissions with the secondary loop/
central air option. Direct propane systems with all the added
safety precautions and increased costs needed to make them
safe for the U8 /North Amencan market are not shown butare
assumed to perform similarly to the R-22 heat pump/air condi-
tioners with essentially no direct TEWT contribution from the
refrigerant (Keller et al. 1996, 1997},

Figures 2 and 3 show the effect of using electric resistance
heat on TEWL Combinations of gas furnaces with an electric,
central air conditioner are a popular choice that shows a
slightly lower TEWI than electric air-to-air heat pumps under
the conditions used for these calculations.

There are TEWT results for the HFC mixtures R-407C and
R-410A as well as for R-22 in Figures 2, 3, and 4. In all the
cases presented, the direct contribution of refrigerant to the
TEWI is no larger than 7% of the total. The average direct
TEW] contribution is generally 3% to 4%. Essentially no
difference is seen in the TEWIs for R-22 systems and those
where R-407C or R-410A are used as substitules because unit
efficiencies are very similar and the 100-year integrated time
horizon GWPs are 1700 for R-22, 1530 for R-407C, and 1730
for R-410A. The smaller charge sizes per umt of capacity for
R-410A and early indications of system efficiency improve-
ments over B-22 will help reduce TEW] for this option

In climates with a small cooling load and high heating
load, the gas-fired engine and GAX heat pumps have a signif-
icantly smaller TEWI than electric heat pumps with average
SEER (10-12) and HSPF (7-8) ratings. Comparisans in
Figures 2 through 4 are based on published efficiencies for gas
engine heat pumps and product introduction performance
goals for the GAX absorption system. The GAX has TEWI
comparable to conventional electric-driven compression
systems in climates with balanced heating and cooling loads
and higher TEWT in cooling-dominated climates.
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Nearly 80% of the direct TEW1 is due to the assumption
on annual emissions from leakage, accidents, and mainte-
nance practices. As regulatory procedures requiring conscien-
tious maintenance and repairs of leaks and strict adherence to
refrigerant recovery come into common usage and are
followed, the direct effect will diminish in significance.

CONCLUSIONS

TEWIs for residential systems using blends of HFCs as
alternatives are not significantly different from those calcu-
lated for R-22. With optimization of equipment designs, they
should continue w show small efficiency improvements

Refrigerant leakage—and the corresponding global warming.

impact of the refrigerant—{from hermetic unitary equipment i
small, Future service losses should continue to decrease
because maintenance and replacement practices mandating
refrigerant recovery and recycling are either in place or under
consideraton and increasingly accepted in many countries,

The direct contributions 1o TEWT for all vapor compres-
sion systems presented are small fractions of the total in each
case considered. These contributions should not be ignored,
however. Procedures for handling refrigerants and accounting
for refrigerant usage currently being adopted should be effec-
tive in reducing the direct TEW] effects from those shown
here.

TEWIs of fluorocarbon systems are less than those of a
propane or ammaonia vapor compression cycle with a second-
ary heat exchange loop. Arguments against using propane or
ammoniy in direct systems with adequate safety precautions o
prevent fires, explosions, and human/matenal compatibility
problems center on the relative effectiveness of additional
investments required.

In climates with appreciable heating loads where gasisa
convenient option, gas furnace/electric air conditioning and
gas-fired heat pump options show a smaller TEWI than stan-
dard air-to-air heat pumps. This advantage decreases as the
balance shifts to lower heating and higher cooling loads.

Eirst costs, availability, climate, and projected opera-
tional costs, rather than TEWI, are likely to remain the prin-
cipal criteria for selecting residential heating/cooling systems.
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DISCUSSION:

H. Michael Hughes, Engineering Consultant: One of vour
slides showed that the TEWI for a 12 SEER system with a
high leakage rate was still less than that of a 10 SEER system
with zero leakage. This demonstrates that the most effective
means of reducing contribution to global warming 15 to
emphasize efficiency rather than legislating the working fluid.
James Sand: Yes, thank you Mike for pointing this out. For
most applicanons where refrigerants are used conscien-
tiously, improving system operating efficiencies is more
effective at reducing global warming impacts than using low
or zero GWP refrigerants, The slide yvou refer to compares the
TEW]1 of two electric heat pumps: (1) an SEER 12 / HSPF 8
heat pump and (2) an SEER 10 / HSPF 7 heat pump in the
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Atlanta area. As you point out, the TEWT for the first system
with an annual leak rate of 12% of the system charge is lower
than that of the second system with no leakage. It's worth
noting that an Ad Hoc commitiee of AR determined thar
under the recovery / recycle / reuse requirements mandated in
the ULS. the average annual leak rate for a heat pump is less
than 2% of its original charge. Another way of summarizing
that particular slide would be to say that a zero ODP refriger.
ant that is less efficient than R-22 in a heat pump (perhaps as a

result of modifications needed to use it safely) has a greater
adverse environmental effect than R-22 (or currently consid-
ered R-22 alternatives) used in o conscientious manner
employing recovery, recycle, and reuse.
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