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ABSTRACT

There has been considerable activity in recent years fo
develop technologies that could reduce or levelize residen-
tial and light-commercial building space cooling electrical
use and heating/cooling energy use. For example, variable-
or multispeed electric heat pumps, electric ground-source
heat pumps, dual-fuel hear pumps, multifunction heat pumps,
and electric cool storage concepls have been developed; and
several types of gas heat pumps are emerging. A residential
gas heat pump (GHP) benefits assessment is performed 1o
assist gas utiliry and equipment manufacturer decision mak-
ing on the level of commitment they should make to this tech-
nology. The methodology and generic rypes of results that
can be penerated are described. National market share is
estimated using a marker segmentation approach. The
assessment design requires dividing the 334 Metropolitan
Statistical Areas (MSAs) of the United States into 42 market

t segments of relatively homogeneous weather and gasfelec-
tric rates (14 climate groupings by 3 rate groupings). Gas
and electric rates for each MSA are evaluated to arrive at
papulation-weighted rates for the marker segments. GHPs
are competed against 14 conventional equipment options in
each homogeneous segment.

INTRODUCTION

As part of its ongoing R&D planning activity, the U.S,
Department of Energy (DOE) performs market assessments
of advanced heating/eooling equipment technologies. Since
residentinl heating/cooling technology assessments are a
recurring need, a research investigation was undertaken to
develop an improved methodology for estimating the bene-
fits of advanced heating/cooling technologies. The objective
of the market assessment methodology 15 to determine realis-
tic relationships between price point and U.S. domestic ship-
ments, as well as project shipments and energy, environ-
mental, and economic impacts for the period 1996 to 2010,
The methodology builds on previous work (Hughes et al,
1979) and is applied to the case of GHPs in residential appli-
cations,

METHODOLOGY

The objective of this assessment is to estimate the
potential benefits of GHPs expected to be commercially
available by 1996. The cumulative potential benefits from
1996 to a horizon year of 2010 are estimated. The base tech-
nologies for the analysis are conventional classes of equip-
ment already in the market and expected to be competing in
the same market segments as the emerging GHPs in the
1996-2010 time frame. Benefits of GHPs occur in proportion
to the cumulative 1996-2010 market share they can be
expected to obtain when competing against the base technol-
ogies. The total available market equals the projected ship-
menis of base technologies from 1996-2010,

GHP national market share is estimated using a market
segmentation approach. For each market segment, simple
payback is used as a pass/fail indicator. "Pass” means GHPs
captured the entire segment, while “fail” means GHPs cap-
tured none of it.

Market segments are defined so that customers in a seg-
ment experience similar simple paybacks and therefore can
be treated as a group. The most important segmentation
parameters are those having the greatest impact on simple
payback. Then realistic variation within these parameters is
considered without dividing the available market into an
unmanageable number of segments.

This analysis found that the most important segmenta-
tion parameters for residential heating/cooling equipment
market analyses are as follows:

I. Rates. Relative gas/electric rates are most important
because of the variability of rates among ulilities, the
prevalence of special electric rates for all-electric or
electric space heating customers, and the strong influ-
ence that special rates have on end user cost and pay-
back when comparing heating/cooling systems that
primarily use gas to those that primarily use electricity.
Heating/cooling equipment characteristics. The types
and efficiency levels of the base heating/cooling tech-
nologies have a very strong influence on end user cost
and payback
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3. Location. The heating/cooling loads of residences tend
to be heavily weather-influenced, and as a result, loca-
tion also has a strong influence on end user cost and
payback.

4. Building characteristics. Appropriate regional selec-
tion of insulation levels, glazing, infiltration mitigation
features, and basement/crawlspace/slab options to the
basic wood frame design adequately captures the impor-
tant housing characteristics that influence representative
heating/cooling requirements,

5. Building type. Residences can be single-family, mobile
homes, ar multi-family, but the mid- and premium ends
of the residential market where GHPs will be introduced
are primarily single-family, which is assumed in this
study,

Based on this ranking, the market segments are devel-
oped while treating candidate segmentation parameters in
order of importance. The selected assessment design is based
on a previous 14-climate agglomeration of the largest popu-
lation centers of the United States {Andersson 1985). The 14
regions and the base cities for each region identified as hav-
ing the most representative weather (compared to the popu-
lation-weighted average) are used directly from this previous
study, The large number of climates results from the high
ranking of this segmentation parameter,

Population centers in each climate are further divided
into three groups based on favorable to gas (G), neutral (N),
or favorable to electricity (E) relative pricing of gas versus
electricity for residential heating/cooling. The very high
number of gasfelectric rate cells (3 % 14 = 42) stems from the
primary importance of this segmentation parameter.

The base systems used in this study are defined below:

new = new consfruction

rep = heatingfcooling equipment replacements

EHP = electnic air-source heat pump with electric
resistunce backup

GF = gas warm-air furnace

AC = central air conditioner

GSHP = electric ground-source heat pump with electric
resistance backup

OF = oil warm-air furnace

SEER = seasonal energy efficiency ratio (the standard
cooling performance factor for electric vapar
compression cooling equipment)

AFUE = annual fuel utilization efficiency (the standard

heating performance factor for gas or oil fur-
naces)

Then, the 14 base cases are
MW EHP2 — SEER = |2

new: EHP3 — SEER = 15
new: GFZAC2Z — AFUE = 80%, SEER = 12
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GF2/EHP| — AFUE = B0%, SEER = |0

GF3/AC2 — AFUE = 90%, SEER = 12

OF3/AC3 — AFUE =90%, SEER = 15

GSHP — SEER = 15

rep: EHP>>EHP2 — SEER = 12

rep: EHP>>EHP3 — SEER = 15

rep: GF or GFAC>>GFXAC2 — AFUE = 80%, SEER
=12

rep: GF or GFAC>>GFLUEHF] — AFUE = 80%, SEER
=10

rep: GF or GFAC>>GFYAC2 — AFUE = 90%, SEER
=12

rep: GF or GFAC>>GF3/AC3 — AFUE = 90%, SEER
=15

rep; OF or OFAC>>0FYAC2Z — AFUE = B0%, SEER

=12

i3%8

Oil furnaces, ground-source heat pumps, and dual-fuel
(or add-on) heat pumps (GF2Z/EHP1) are only considered in
some regions, Other base systems are considered in all
regions. The good/better/best cooling efficiency levels for
electric vapor compression devices are assumed to be SEERs
of 10, 12, and 15. The better/best efficiency levels for gas
warm air furnaces are assumed to be AFUEs of 80% and
90%. In general, the 10 SEER equipment is not included in
the analysis, because GHPs are not expected to be competi-
tive in the low efficiency, low price end of the market within
the study horizon. The 10 SEER efficiency level is selected
for the dual-fuel heat pump because with this system, it is
common practice to select a low-efficiency heat pump to
maintain price competitiveness of the overall system. The
very detailed base system segmentation is a reflection of the
relative importance of this segmentation parameter.

Wood frame construction is assumed because it is the
dominant construction type in the target mid-to-premium
single family market throughout the United States (Ameri-
can Housing Survey 1987, NAHB 1981), Appropriate
regional selection of insulation levels, glazing, infiltration
mitigation features, and basement/crawlspace/slab options to
the basic wood frame design adequately capture the impor-
tant housing characteristics that influence representative
heating/cooling requirements. The low number of housing
characteristic segments reflects the relatively low impor-
tance of this segmentation parameter. No special segmenta-
tion is performed for building type.

REGIONS AND REFERENCE CITIES

Previous work agglomerated the 125 largest Metropoli-
tan Statistical Areas (MSAs) into 14 climates and identified
representative base cities for each (Andersson 1985). For
this study, the remaining MSAs (any urban area of 50,000
people or more) are also assigned to the regions, BEach MSA
is assigned to the region where bin analysis (ARI Standard
21(0240-89), using base city and MSA bin temperature data,
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resulted in the closest agreement between base city and MSA
estimates of annual kWh consumption of a nominal SEER
12 air-source electric heat pump (EHP). The 334 MSAs con-
sidered represent about 80% of the U.S. population (Depart-
ment of Commerce 1990) and represent even a larger
percentage of the population having both natural pas and
electricity available for residential heating/cooling, The
regions and the representative cities are shown in Table 1
and Figure 1.

The region numbers, names, and representative citics
established in the previous work are adopted here (Anders-
son 1985). Onginally, the regions were numbered in order of
population, but due to the assignment of the remaining
MSAs, this is no longer the case. For the equipment analysis,
WYEC bin temperature data are used where available
{ASHRAE 1990), and data from nearby military air bases
are used in the remaining locations (AFMB8-29),

REFERENCE BUILDINGS AND LOADS

Four genenic housing designs (one-story ranch, two-
stary, split-level, two-story townhouse) have been found to
represent over 90% of all new single-family construction in
the United States (NAHB 1981), and these designs are
described in detail elsewhere (Huang 1987). The two-story
design was selected for this study because, for a given floor
space, there is less envelope area and lower heating/cooling
energy requirements than with the other detached configura-
tions making the assessment of GHPs conservative. This
configuration is also believed to be the most common in the
mid-to-premium end of the market where floor space is
greater. The building characteristics assumed for the 2240 fi?
two-story in the 14 regions are summarized in Table 2.

The glazing levels are selected to meet the requirements
of the second public review draft of a proposed residential

new construction standard (BSR/ASHRAE Standard 90.2P),
A computer program (ZIP v2.0) develaped by the National
Institute of Standards and Technology (NIST 1991) is used
to estimate the economic insulation levels for the roof, walls,
and floor. These insulation levels are influenced by the cost
of energy, the existing insulation levels (if weatherization of
an existing home is being considered), and the type and effi-
ciency level of the heating/cooling equipment. ZIP runs are
made for a variety of assumptions (new vs. existing homes,
GFAC vs. EHP equipment) and intermediate insulation ley-
els are selected.

Hourly simulations of the buildings in each representa-
tive city using DOE-2 (LBL 1984) are not necessary for this
study because the required simulations were previously com-
pleted at Lawrence Berkeley Laboratory and simplified via
regression analysis into algebraic representations contained
in a computer program, PEAR v2.1 (LBL 1987). PEAR is
based on thousands of DOE-2 runs and is accurate within 1%
of DOE-2 for annual heating load and within 10% for annual
cooling load (cooling magnitudes are smaller, and absolute
errors are similar to those for heating). PEAR is used to esti-
mate annual heating and cooling loads that need to be met by
heating/cooling equipment after internal gains, solar gains,
and thermal mass and ground contact effects are taken into
consideration (see Table 3). The assumptions built into
PEAR are explained in detail in Hoang et al, (1987).

Standard methods are used to estimate the design heat-
ing and cooling loads at 97.5% and 2.5% outdoor design
conditions, respectively (Manual J, 7th ed.). These results
are also summarized in Table 3,

EQUIPMENT MODELS

Standard methods (Manual S) are used to size equip-
ment 10 the design loads, and the sizing results for equipment

TABLE 1

Regions and Representative Cities
Repion City Population of MSAs ~ Weather Data
1. Great Lakes Detroit A6, 326,900 ASHRAE WYEC
2. Northeast MNew York 41,99] 400 ASHRAE WYEC
3. §. California Los Angeles 16,483,200 ASHRAE WYEC
4. Upper South Atlanta 18,727,600 ASHRAE WYEC
5, Guif Coast Houston 12,841,700 AFMBS-29(Ellington)
6. Lower South Drallas 12,367,800 ASHRAE WYEC
7. N. California San Francisco 6,390,600 AFMER-20(Moffett)
8. Kansas-Kentucky St Louis 6,917,200 ASHRAE WYEC
%, Northern Tier Mimnneapaolis 8,260,100 ASHRAE WYEC
10. Troplcs Miami 6,318,200 ASHRAE WYEC
11. Pacific Northwest Seattle 4,577,000 ASHRAE WYEC
12. Fresno-El Paso Fresno 6,203,500 AFMBE-29%Merced)
13. Mountains Denver 5,310,800 ASHRAE WYEC
14. Desert Southwest  Phoenix 3,296,800 ASHRAE WYEC
Total MSA population 198% estimate 189,412,300  (79% of il population)
Total population 1988 estimate 240,000,000
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used in each region are summarized in Table 4. Annual bin
analysis is used to estimate the quantities of gas and electric-
ity required by the GHP system and the various base systems
to meet the loads of Table 3.

‘The annual bin analysis follows the standard methodol-
ogy of the Department of Energy seasonal performance rat-
ing procedures (e.g., ARI Standard 210/240-89) for systems
covered by such standards in all but one important respect.
The DOE rating procedure assumes that the house balance
point (average heating load above this temperature equals
zero) is 65°F, the average heating load at the design condi-
tion is 0.77 tmes the design heating load, and average loads
for temperature bins between these extremes follow a
straight line. The assumption in this study is that average
loads fall on a line parallel to the line defined by the follow-
ing two points: (1) outdoor temperature = indoor heating set
point = 70°F, load = 0 Biuw/hr, and (2) outdoor temperature =
97.5% heating design condition, load = Manual J heating
design load.

The heating load line assumption used in this study
results in different allocations of the heating load between
temperature bins than the DOE rating procedure, as illus-
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trated in Figure 2. The assumption used here is consistent
with field test data indicating that internal gains, solar gains,
windspeed, and other variables that impact the average heat-
ing load are essentially independent of outdoor dry-bulb
temperature (Hughes et al. 1985, 1988), The DOE rating
procedure assumes that offsetting loads resulting from these
other effects are greater at the colder temperatures. In some
locations, the rating procedure assumption allocates more of
the annual heating load to moderate temperature bins and
less to the cold temperature bins. This type of allocation can =
have the effect of favoring technologies, such as EHPs that =
have better performance at moderate conditions. To clarify
the average heating load line assumptions of this study, Table !
4 indicates the house balance points which resulted in bin =
analysis annual heating loads that closely matched the PEAR 5
results of Table 3, 4
Except for the furnaces, the sizes listed in Table 4 are for 8
cooling. It should be understood that EHPs require supple- 8
mental backup clectric resistance heat in most locations (all
but 8. California, Tropics, and Desert Southwest), and eved
here, systems are typically installed with electric resistance
heat for emergency use (e.g., compressor failure). GSHE =
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TABLE 2
Reference Building Characteristics

Region Glazing Roof Walls Floor

1. Grear Lakes wood, 2p argon R-30 R-16 bsmnt, R-5, & fi
2, Mortheast alum TB, 2p R-30 R-16 bsmnt, R-5, 8 {t
3. 8. California alum TB, 2p R-19 R-11 crawl, K0

4. Upper South alum TB, 2p R-22 R-16 crawl, R-11

5. Gulf Coast alum TB, 2p R-19 R-11 erawl, R-11

6. Lower South alum TH, 2p R-19 R-11 crawl, R-11

7. N. California alum TB, 2p E-19 R-11 crawl, R-5

8. Kansas-Kentucky  wood, 2p arpon R-30 R-16 bsmnt, R-5, & fi
9. Northern Tier wood, 2p argon R-30 R-23 bsmnt, B-10, 8 ft
10. Tropics alum TB, 1p R-16 R-11 slab, R0

11. Pac. Northwest alum TH, 2p R-19 R-16 bsmnt, R-5, 8 fi
12, Fresno-El Paso alum TB, 2p R-22 R-16 crawl, B-5

13. Mountains wood, 2p argon R-30 R-16 bsmnt, R-5, 8 fi
14, Desert S'thwest  alum TB, 2p R-30 R-16 slab, perim R-5, 4 fi
Key:

wood or alum = window framing material,

1p or 2p = number of panes,

TB = thermal break,

argon = argon gas between the panes,

R = thermal resistance value of the insulation,

basement, crawlspace or slab = type of ground contact,

basement insulation is on the outside wall surface 1o the depth indicated,

crawlspace insulation is between the floor joist, and

slab insulation is around the perimeter to the width indicated.

TABLE 3
Annual Heating/Cooling Loads
Region Annual Annual Design Design
Heating Cooling Heating Caaling
Load Load Load Load
{mill Bru) (mill Buu) (kBuuh) {kBmh)
1. Great Lakes 66.0 8.5 45 23
2. Northeast 3.3 14.6 42 23
3. 5. California 14.8 4.4 28 23
4. Upper South 33.6 235 is 26
5. Gulf Coast 21.0 352 31 30
6. Lower South 28.5 50.5 38 30
7. N. California 33 38 5 25
8. Kansas-Kenmcky 56.9 250 45 27
9. Northern Tier B4.6 14.6 51 2
10. Tropics 1.5 101.1 24 29
11. Pac. Northwest 685 4.9 ] 23
12. Fresno-El Paso 30.7 25.9 32 28
13. Mountains 55.9 8.3 48 26
14. Desert §'thwest 14.1 645 26 s
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TABLE 4

Equipment Sizing Results
Drual
Fuel
Region GroF  AC EHPF EHF GSHP GHP Bal
Size Size Size Size Size Size Temp
(kBub)(RT)* (RT)* (RT)* (RT)* (RT)* (F°)
1. Great Lakes T3 2 25 2 2.5 2 55
2. Northeast 75 2 2 2 2 2 55
3. 8. Californina S0 2 2 - = 2 58
4. Upper South S0 Z2:35 235 25 2.5 25 58
5. Gulf Coast A0 25 2.5 - 2.5 25 &0
6. Lower South 50 2.5 2.5 2.5 245 25 58
7. N. California 50 ] 2 - - 2 59
&. Kansas-Kentucky 75 B 2.5 2.5 2.5 25 57
9. MNorthemn Tier 100 2.5 3 2.5 3 25 56
10, Tropics 50 2.3 2.3 - - 25 60
11, Pac. Northwest 75 2 2 - 2 2 b h ]
12. Fresno-El Paso 50 2.5 25 - - 2.5 58
13. Mountains 75 2 2 - - 2 55
14, Desert 5'thwest 50 3 a - - 3 58
*RT - pominal cooling capacity in refrigeration tons (1 ton = 12000 Buuh)
Manual J
Design Load ] 50
Q.77 Timas 40
Design Load
*E a0 1
]
]
i
g |
1° |
E
g 10 i
]
E i
!
£ 5 ) 1 | | | Y|
[1] 10 20 30 &0 50 60 65 70
Qutdoor Dry-Bulb Temparature (F)

Figure 2

systems eliminate the need for supplemental electric resis-
tance backup heat in more parts of the country, but full emer-
gency backup is still normally installed, It is anticipated that
GHPs will require supplemental heat (this time in the form
of gas) in only a few of the northern-maost regions (Northern
Tier, Great Lakes, and Mountains), because heating capaci-

Average heating load lines for annual bin analysis: This study vs. DOE rating procedure.

ties relative to cooling capacities are greater than with EHPs.
In the ground-source configuration (not considered here),
GHPs could go without supplemental backup throughout the
country. Whether supplemental backup is required or not.
early GHP systems may be installed with emergency backup
due 1o the newness of the technology,
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Table 5 summarizes the results of the equipment analy-
sis, For the sake of brevity, results are only presented for the
four regions with the greatest GHP market potential (based
on the assumptions used here). Shown are the estimated win-
ter and summer gas and eleciric consumptions for heating/
cooling. Winter consumption is defined as heating mode
consumption as estimated by annual bin analysis. Summer
consumption is defined as cooling mode consumption. The
fact that some cooling mode energy gets billed under winter
rates, and vice versa, was considered and found to be of no
consequence 1o the results.

The equipment analysis included all uses of energy. For
example, non-scroll compressor EHP systems in cold cli-

mates have crankcase heaters, and GSHP systems have recir-
culator pumps. Also, GF requires indoor air movement and
power-assisted combustion. Several types of GHPs are
expected to be commercially available in the 1996 time
frame (e.g., engine-driven and absorption), The performance
analysis presented is for GHPs as a generic equipment cate-
gory approximately representative of all varieties. In general,
GHPs consume electricity for air movement, power-assisted
combustion, and recireulator pumps.

The results of the equipment peak demand analysis are
also summarized in Table 5, Electric demand is defined as
cooling mode application level peak hour demand per RT
(refrigeration ton = 12000 Btuthr) of installed cooling capac-

TABLES
Energy Consumption and Peak Demand Results in the Four Best Regions
CONSUMPTION EEAK
period SEAL0N--SEA50N—5EA50N—5EA50N hour day
electricity (elec), gas, or oil elec  elec  pas gas  oil elec gas
winter (W) or summer (5) w 5 w 5 w s W
(o
= kW  Bw
(1 (10* (10" per per
(kWh) (kWh) Bru) Bw) Bwm) RT)  day)
(n) Great Lakes—Detroit
new or rep:GHP 1219 258 468 10 0 04 122
new:EHP2 10178 708 O o 0 1.1 0
new: EHP3 9669 567 O 0 0 1.3 0
new:GF/AC2 612 708 ®5 0 0 1.15. 1.37
new:GFZ/EHF1 5140 B850 413 0O 0 1.3 1.37
new:;GF3/AC2 795 708 733 0 0 1.15 L2
new:GF3fACS 5 56T T3 0 0 1.3 1.22
new:GSHP 6906 567 0O 0 0 1 0
rep: EHP-EHP2 10178 708 O 0 0 1.15 0
rep: EHP-EHP3 9669 567 O 0 0 1.3 0
rep:GForGF/ACSGF2/AC2 612 08 815 0 0 2 S B v
rep:GForGF/AC-GF/EHPI 5140 850 413 0O ] 1.3 1.37
rep:GForGF/AC-GF3/AC2 795 T8 7330 (1] .15 L2
rep:GForGF/AC-GF3/AC3 795 567 T3 0 0 1.3 1.22
rep: OForOF/ AC=0FZ/AC2 612 TOE 0O 0 825 115 0
{b) Northeast—-New York
new of rep:GHP 939 442 36 1?7 o 04 0675
new:EHP2 7437 1217 0 0 0 1.15 O
new:EHP3 6247 973 0 0 1] 1.3 0
new:GFUAC2 494 1217 666 O 0 115 1.k
new:GFL/EHP1 5117 1460 20 0 0 1.3 1.1
new:GF3/AC2 642 1217 592 O 0 1.15 0.975
new:GF3/AC3 642 973 592 0 0 1.3 0.975
new:GSHP 55T 973 0 0 ] 1 0
rep: EHP-EHF2 T437 1217 0O 0 0 .15 0
rep: EHP»EHP3 6247 973 0 0 0 13 0
rep:GForGF/ACSGFL/ACZ 454 1217 666 O 0 1.15 L.}
rep:GForGF/AC-GF2/EHP] 5117 1460 20 0 1] 1.3 1.1
rep:GFRarGF/ACSGF3/AC2 642 1217 582 0 ] 1.15 0.975
rep:GForGR/AC-GF3/AC3 642 973 592 0O ] 1.3 0.975
rep: OForOF/ AC=0FLAC2 494 1217 0 0 666 1.15 O
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TABLE 5 (Cont'd)
Energy Consumption and Peak Demand Results in the Four Best Regions

{£) Kansas/Keneky—St. Louis

new or rep:GHP 1042 RO2 40 29 0 0.4 0.84

new: EHP2 793% 2083 0 0 0 .15 0

new: EHP3 7248 1667 0 0 0 1.3 0

new:GFL/AC2 528 2083 711 O 0 .15 1.26

new:GFZEHP] 5110 2500 249 O 0 1.3 1.26

new:GF3/AC2 686 2083 632 O 0 .15 112

new:GF3/AC3 686 1667 632 0 0 1.3 1.12

new:GSHP 5749 1667 0O 0 0 1 o

rep:EHP»EHP2 7939 2083 0 0 0 115 0

rep: EHP-EHP3 TME 1667 O 0 0O 13 0

rep:GForGF/ AC-GF2/AC 528 2083 711 O 0 1.I5 126

rep:GForGF/AC-GFL/EHPI 5110 2500 249 0 0 1.3 1.26

rep:GForGF/AC-GF3/AC2 68 2083 632 0 0 1.15 112

rep:GForGF/AC-GIF3/ACS 686 1667 632 0 0 1.3 1.12

rep;: OForOF/AC-OF2/AC2 528 2083 0 0 71 L1150

(d) Narthern Tier—Minneapolis

new or rep:GHP 1604 456 63 17 0 0.4 1.3

new:EHPZ 14581 1217 O 0 0 1.15 0

new:EHP3 13771 9713 O 0 0 1.2 0

new:GF2AC2 SRR 1217 1058 0O ] 1.15  l.46

new:GFL/EHPI 6401 1460 529 O 0 1.3 1.46

new:GF3/AC2 T64 1217 1] 0 1.15 L3

new:GF3/AC3 %4 973 %4 00 1.3 - L3 |
new:GSHP 8853 973 O 0 0 1 ¥ .
rep: EHP=EHP2 14581 1217 O L4 1] 1.15 0 -
rep: EHP»EHP3 13770 973 0 0 0 13 0 3
rep:GForGF/AC-GF2/AC2 588 1217 1058 O 0 115 144 -
rep:GForGF/AC-GFL/EHP] 6491 14680 529 0 0 1.3 1.46 S
rep:GFRarGE/AC-GF3/AC2 764 1217 94 b 0 1.15 L3 (o
rep:GForGF/ACYGFHAC3 % 973 9% 0 0 L3 13 d
rep: OFarOF/AC-0F2/AC2 S88 1217 O 0 1058 115 O : :

ity. Cooling application level peaks are often nearly coinei-
dent with summer electric utility system peaks. Gas demand
is defined as 10° Btu per winter peak day at the application
level. Summer electric peaks and winter gas peaks are of
greatest concern to the majority of electric and gas utilities in
the four best regions.

GAS/ELECTRIC RATE CELL ANALYSIS

Actual gas (AGA 1991) and electric (CSA 1991; direct
utility contact) utility general service rate schedules are used
to derive incremental rates for heating/cooling energy by
season (winter, summer), The incremental rates are deter-
mined by taking the difference between operating costs
{i.e.,utility bills) with and without the HVAC system, and
dividing the cost difference by the HVAC system energy use.
The resulting incremental rate was the effective cost of
energy ($/kWh or $/10° Btu) to heat and cool the building,
inclusive of all rate schedule cost components (energy, block
sizes, surcharges).

1362

The incremental rates are derived for gas and electricity
in each MSA. The rates are used to determine the difference
in annual operating costs between the most common conven-
tional gas/electric and all-electric HVAC systems. All the
MSAs in a region are ranked by this operating cost differ-
ence, The MSAs are then divided into three groups: favor-
able to gas (G), favorable to electric (E), and neutral (N).

The groups are selected using a population guideline, 1.€.,
25% of the MSA population in a region in (G), 25% in (E},
and 50% in (N). Significant deviations from the guideline iCH
can occur for practical reasons (e.g., Northern California had

only one utility, so all MSAs are in N).
Finally, the regional average incremental rates are deter-

mined by calcolating the population-weighted average

across MSAs in each group (G, N, E) in each region. The

weighted-average incremental rates are determined by group
(G, N. E), fuel type (gas, electric), and scason (winter, sum-

mer}). This process is repeated for each heating/cooling sy

tem type using the same MSA groups (G, N, E). For this

residential analysis, GHP has the same incremental electric
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and gas rates as furnace/air conditioners, and the all-electric
options all have the same rates. The results of the gas/electric
rates analysis are summarized in Table 6. For this study,
GHP summer gas rates are assumed to equal winter gas
rates. Several gas utilities offer discounted summer gas rates
(AGA 1991), but these are not considered so that conserva-
tive GHP technology impacts could be estimated.

COST AND SIMPLE PAYBACK ANALYSIS

Annual operating cost is estimated from the seasonal
energy consumption values of Table 5 and the marginal sea-
sonal gas/electric rales of Table 6. Winter operating cost is
estimated as the product of heating mode consumption limes
the winter marginal rate. Summer operating cost is estimated

TABLE 6
Marginal Seasonal Heating/Cooling Rates by System, Fuel, and Rate Cell in 1991

Systems key: EHP = electric air-source heat pump

GF/AC = gas furnace and central air-conditioner

OF/AC = oil furnace and central air-conditioner

GSHP = electric ground-source heat purmp

GF/EHP = dual-fuel heat pump (gas furnace and electric air-source heat pump)

GHF = gas air-source heat pump
Rate cell key: G = favorable to gas

N = neutral

E = favorable 1o electric
Systems: EHP EHP - - i s

- - GF/AC GF/AC GF/AC -

- - OF/AC OF/AC -- -

GSHP GSHP - - - -

GF/EHP GF/EHP - - GF/EHP -

- - GHP GHP GHP GHFP
Fuel: elec elec elec elec gis gas
Season: w 5 W 3 h.d 3

($7kWh) ($/xWhj (5 kWh) (5/kWh) ($/10° Bru)  ($/10° Bru)
Rage Cel|
Gr. Lakes-G 096 12 104 106 4,88 4.88
Gr. Lakes-N A7 099 068 A0 5.27 5.2
Gr. Lakes-E 060 091 070 082 5.42 542
Northeast-G 34 190 178 192 6.43 6.43
Northeast-N {65 o1 083 100 6.33 6.33
Northeast-E 032 47 066 059 4.98 498
5. Cal-G 129 129 129 A29 4.55 4,55
5. Cal-N 04 107 A07 107 4.54 4.54
5. Cal-E A28 128 128 28 .64 .64
U. South-G 78 {083 ort 083 5.07 507
U. South-N 56 078 A7 075 503 5.03
U, South-E J051 072 075 072 5.64 564
G. Coasl-G 138 137 135 136 515 5.15
G. Coast-N 63 078 079 078 5.09 5.09
G. Coast-E 053 070 089 084 4.61 4.61
L. South-G 060 073 057 071 4.72 4.72
L. South-N 46 R 072 D66 50 522
L. South-E 031 52 M54 051 5.45 5.45
N, Cal-G = = - - - -
N. Cal-N 142 142 142 142 7.11 1.11
N. Cal-E - - = - - -
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TABLE 6 (Cont'd)

Marginal Seasonal Heating/Cooling Rates by System, Fuel, and Rate Cell in 1991

Syslems: EHP EHP
GSHP GSHP
GF/EHP GF/EHP
Fuel: elec elec
Season: w 8
{(5/kWh) ($/kWh)
Rate Cell
KS-KY-G o g
KS-KY-N A7 079
KS-KY-E 037 46
N. Tier-G J089 D86
N. Tier-N 063 075
N. Tier-E (56 066
Tropics-G L 088
Tropics-N 0E9 089
Tropics-E 023 46
Pac. NW-G A5 046
Pac. NW-N 051 a2
Pac. NW-E 034 34
Fres-H.P. -G 142 42
Fres-E.P.-N gl 104
Fres-E.P.-E 041 063
Rockies-G 68 068
Rockies-N 070 68
Rockies-E 051 (48
Desent SW-G g8y 138
Desert SW-N 073 (84
Desert SW-E 048 A48

GF/AC GF/AC GE/AC -
OF/AC OF(AC - -

- - GF/EHP -
GHP GHP GHP GHP
elec elec ifns pas
W s w '
{S/kWh) ($/kWh) (310" Bru)  ($/10° Bru)
077 055 4.02 4.0
074 D81 4.36 436
057 057 4.68 4.68
082 050 5.09 5.09
067 075 542 542
ir 070 5.03 5.03
087 088 5.76 5.76
089 89 12.41 12.41
039 A6 4,95 4.95
049 047 5.01 5.01
D48 042 5.08 5.08
034 034 4.B5 4 85
142 142 7.97 7.97
07 09z 6.32 6.32
A056 063 6.49 .49
{68 D68 341 34
07 070 452 4.52
045 A6 .82 LN
089 131 6.26 6.26
073 084 6.26 6.26
48 D48 6.26 6.26

as the product of cooling mode consumption times the sum-
mer marginal rate. If systems use both gas and electricity, the
calculations are repeated for both fuel types. Annual operat-
ing cost is estimated as the sum of sensonal values (and sum
of fuel values for mixed fuel systems). Heating ol is
assumed to cost $1.25 per gallon. Some types of OHPs are
expected to have no additional maintenance requirements
beyond what is typical for conventional systems. In this
generic GHP analysis, no annual maintenance cost adder
was considered,

Considerable effort was expended to estimate typical
installed costs for GHP and base systems. This task was dif-
ficult because actual prices for installed residential heating/
cooling systems are negotiated and can vary widely depend-
ing on market conditions. The typical manufacturer 1o dis-
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tributor to dealer path to market is assumed for all systems,
Typical gross margins at each level of the path to market are
assumed. Product categories are assumed to have three effi-
ciency tiers (good, better, best) and the higher efficiencies
are assumed to command higher gross margins, Regional
labor rates and costs for site-applied materials are consid-
ered. Standard labor hours for the various installation func-
tions are assumed.

GHP equipment costs are denved from the most recent
manufacturing cost estimates by applying gross margins typ-
ical for "best” efficiency levels. The manufacturing cost esti-
mates are only available for the 3 RT size, whereas the
typical sizes required for most regions in the analysis are 2 or
2.5 RT (see Table 4). Adjustments for size are estimated
from experience with conventional equipment,
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Job costs to end user (mechanical, electrical, and forced
air system) are derived for the GHP system and for each base
system in the various new construction and replacement
applications, Annual operating costs are estimated for the
same cases. Simple payback is estimated as the incremental
installed cost of GHP over the alternative divided by the
annual pperating cost savings of GHP over the alternative.
All costs (electricity, gas, equipment, installation) are in
1991 dollars. The analysis assumes these costs remain the
same or all escalate at the same rates over the 1996 to 2010
period.

BASELINE MARKET PROJECTIONS

The 1996-2000 marke! projections for conventional
equipment are summarized in Table 7. Projected shipments
of conventional equipment represent the available market for
GHPs. Actual 1986-1990 unit shipments are provided in the
first column of (a) for reference (ARI 1991, Pietsch 1989,
The NEWS 1991), Several previous projections are
reviewed to establish the 1996-2000 unit shipment projec-
tions (Easton 1990, Appliance Magazine 1989, Hiller 1990),
Projected unit shipments are converted to projected capacity
shipments using a projected regional shipment breakout
(Market Tracks, Ltd. 1991) and the typical sizes of Table 4.
It was conservatively assumed that the 2001-2005 and 2006-
2010 shipments equal the 1996-2000 shipments.

The projected capacity shipments are disaggregated by
base system and rate cell within each region using a detailed
daita hase that identifies the location and makeup of the exist-
ing stock of residential heating/cooling equipment and that
provides the basis for making disaggregated projections
iMarket Tracks, Ltd. 1991). National totals and totals over
the four best regions for the various base systems are pro-
vided in Table 7(b).

BENEFITS ASSESSMENT DESIGN

The major products of the benefits assessment are the
market potential for GHPs (Figure 3), the potential primary
energy savings (Figure 4), and the potential deferred electric
peneration capacity additions (Figure 5), resulting from GHP
deployment. All of these analysis outputs are for the period
1996-2010 and are expressed as a function of simple pay-
back hurdle. These outputs are also expressed as potentials,
meaning that segments meeting the payback hurdle are
counted in their entirety, and segments not meeting the pay-
back hurdle are not counted at all.

The available marker for GHPs equals the projected
shipments of base systems. It is assumed here that the avail-
able national market at competitive efficiency levels and
where gas is available, equals 22.2 million RT over each of
three 5-year periods from 1996-2010. For esch S5-year
period, the available market is disaggregated by region, rate

ASHRAE Transactions: Symposia

cell, and base system resulting in 588 (14 x 3 x 14) market
segments where simple payback calculations are perfarmed.

The energy consumptions of Table 5, the gas/electric
rates of Table 6, and the same base svstem installed costs are
used for all three S-year periods. These assumptions are
equivalent to assuming that either all energy and installed
costs stay the same, or they inflate at the same rate during the
15-year interval. The only parameter that varies from one 5-
year interval to the next is the installed cost of the GHE. At
the 3 RT size, it is assumed that the cost to end user for an
installed GHP (minus forced air system) is $6800, $5000,
and $4000 for the three five-year periods.

Based on recent new technology roll-outs (ground-
source heat pumps, variable speed EHPs), $6800 is a typical
price for entry into the premium end of the residential mar-
ket. It is conservatively assumed here that this GHP pricing
will last for 5 years. The next two price points reflect prices
that the manufacturing cost studies of the various GHPs pre-
dict at higher volumes,

Using these assumptions, four cases are investigated
relating to the level of subsidy of the base technologies, The
prevalence of discounted winter electric rates for residential
electric space heating or all-electric end users is apparent in
Table 6. 1t is also known that many electric utilities have ini-
tinted demand-side management (DSM) programs that pro-
vide rebates for high-efficiency residential electric heating/
cooling systems, Since the magnitude and extent of rebates
is unknown, it was treated parametrically. The four cases
investigated are (1) $200 per RT rebate and discounted win-
ter electricity, (2) $100 per RT rebate and discounted winter
clectricity, (3) zero rebate and discounted winter electricity,
and (4) zero rebate and zero winter electric rate discount.

RESULTS
Market Potential

GHP market potential fraction versus simple payback
hurdle is presented in Figure 3. For the assumptions used in
this study, nearly 90% of the market potential existed in 4 of
the 14 regions (Northeast, Great Lakes, Northern Tier, and
Kansas/Kentucky). Consequently study resulis are expressed
only for the four best regions so that the benefits analysis
could be more specific. In Figure 3, market potential fraction
is defined as the fraction of the four-region market (Table
7—8 4 X three five-year periods = 25.2(10)° RT from 1996-
2010), where GHF meets the payback hurdle relative to the
various base technologies,

Note from Figure 3 that the level of base technology
subsidy has a large impact on the market potential of GHPs.
At a three-year payback, the GHP market potential in the
zero subsidy case is approximately double that in the case
where base technologies receive $200 per RT rebates and
discounted winter electricity.



TABLE7

1986-2000 Available Market for GHPs

Systems key: EHP = electric air-source heat pump

GF/AC = pgas furnace and central air-conditioner
OF/AC = pil furnace and central air-conditioner

GSHP = electric ground-source heat pump

GF/EHP = dual-fuel heat pump (gas furnace and electric pir-source heat pump)

GHP = gas air-source heat pump

{a) Projected National Unit and Capacity Shipments

Actual Projected
1986-1990 1996-2000
Shipments Shipments
(10" units/yr) (10" units/yr)
AC: all 3066a
AC: residential 2400b 2600
GFIAC
OF/AC
EHP: all B56a
EHP: residential T90h 1025
EHP
GF/EHP
GSHP: all 2ic
GSHP: residential 20e 50
Capacity totals
Notes: a-- ARI, 1991,
b — Pietsch, 1989.

¢ — The NEWS, 1991,

(b) Projected Capacity Shipments By Base System

MNation
{10* RT/5 yr)
new: EHP2 1.24
new: EHP3 0.21
new:GFAAC2 1.68
new:GF/EHPL 0.29
new:GF3AC2 (.08
new:GF3I/ACS 0.46
new:GSHP (1.58
rep: EHP-EHP2 37
rep: EHP=-EHP3 0.55
rep:GForGF/AC-GF2Z/AC2 9.48
rep:GForGF/AC-GFZ/EHP] 1.16
rep:GForGE/AC-GF3/AC2 0,50
rep:GForGF/AC-GF3/AC] 0.81
rep: OFarOF/AC-OF2/AC2 0.53
togal all systems 222

Gas Available,

All
Capacity Better/Best
Shipped Efficiency
{10° RT/S yr) (10% RT/5 yr}
83 14.9
11.6 6.7
0.7 0.6
40.6 222

4 Best Regions

(10" RT/S yr)

038

006

1.33

0.25

0.04

023

0.46

0.75

0.13

2.83

100

0.36

0.19

.43

84

By
System

Type
(10° RT/S yr)

14.4
0.5

5.3
1.4

0.6

2
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Figure 3 GHP market potential as a fraction of projected 1996-2010 base technology capacity shipments in the four best
regions.
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Figure 4 GHP primary energy savings potential in the four best regions as a fraction of energy use in 2010 to operate
base technologies added from 1996-2010 if GHPs are not available.
End User Benefits 105 RT/S yr % 3 5-year periods), multiplied by market poten-

GHPs provide another option for end users to meet heat-
ing/cooling needs at lower cost. If all end users with 3-year
paybacks selected GHPs, about 1.4 to 2.9 million GHPs
(depending on the level of base technology subsidies) would
be in operation in the 4 regions by 2010, [Note: unit ship-
ments are estimated as the available market (Table 7—8.4
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tial fraction (Figure 3—0.12 to 0.25 range at a 3-year pay-
back), and divided by the average sized GHP placed (22 RT
average over the four regions)]. The availability of GHPs
provides a new end user technology option that can help
defer facility investments by utilities. Electric utilities in the
four regions are typically summer-peaking, and gas utilities
are typically winter-peaking, GHPs have the effect of



W —————r—

T T T T T r T r T . T

Wintoer
space heating equipment.

Notes:
Four regions are Northeast, Great Lekes, Northern Tier, and
|| Kansas/Kentucky. Indicated rebates subsidize purchase
of slectric equipment competitive 1o GHPs.
elactricity discounts subsidize owners of slectric

—  $200/RT rebate, winter electric discount
vvvvvvvv $100/RT rebata, winter electric discount
————  ZERO rebate, winter electric discourt | |
==== ZERO rebate [ZERO discount
0 1 1 L | L | i 1 i 1 L i | i 1 i 1 i 1 i 1 i
o 1 2 3 4 5 & T ] ] 10 1 12
SIMPLE PAYBACK HURDLE (year)

Figure 4
regions.

increasing load factors of both electric and gas utilities. By
so doing, GHPs should provide downward pressure on both
electric and gas rates compared to the case where GHPs are
not available.

Environmental Benefits

GHP potentinl primary energy savings fraction versus
simple payback hurdle is presented in Figure 4, The analysis
indicated that if all end users with 3-year paybacks selected
GHPs, about 8 to 18% (depending on the level of base tech-
nology subsidies) of primary energy use in 2010 needed to
operate base technologies added from 1996-2010 (if GHPs
are not available) could be saved. The denominator of the
primary energy fraction is defined as the energy used to gen-
erate electricity to operate the 1996-2010 base technology
additions plus the oil used to operate equipment at end user
sites. The numerator is defined as the denominator minus
electric generation and site oil decreases due to GHP plus
site gas increases due to GHP.

Lower primary energy use means less fossil fuel com-
bustion and lower atmospheric emissions of acid rain precur-
sors and global warming gases. Also, some types of GHPs
use refrigerants with zero stratospheric ozone depletion
potential.

Gas Utility Benefits

In residential applications in the four best regions, GHPs
use less gas on an annual basis than a condensing furnace
and electric air conditioner, except in Kansas/Kentucky.
However, GHPs serve to defend the space heating market
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Potential electric generation capacity addition deferrals by 2010 as a result of GHP adoption in the four best

from electric air-source and ground-source heat pumps that
use no gas, and from dual-fuel heat pumps that use less gas.
When new construction markets are defended from these
technologies, the gas company also typically benefits from
additional base loads, such as water heating, cooking, and
clothes drying. Lastly, since summer spot market prices for
gas are generally lower, the additional summer Joads can be
served with less expensive gas. When all of these factors are
considered, most local distribution companies (LDCs) in the
four regions would benefit from GHPs,

GHPs in the Northeast and Kansas/Kentucky should
have significant winter peak day benefits, but GHPs in the
Great Lakes and Northern Tier may be no better than (o
slightly worse than) condensing furnnces. The difficulty in
the far north stems from trying to pump heat out of subzero
outdoor air. The availability of GHPs in a ground-source
configuration would enable significant winter peak day ben-
cfits everywhere. The combination of lower winter peak day
requirements and new summer loads will raise LDC load
factors and increase revenues relative to facility investment.

Electric Utility Benefits

Potential electric generation capacity addition deferrals
by 2010, as a result of GHP deployment, are presented in
Figure 5. The analysis indicated that if all end users with 3-
year paybacks selected GHPs, about 3 to 6 GW (depending
on the level of base technology subsidies) of electric penera-
tion capacity could be deferred. Combination utilities that
distribute both electricity and gas may recognize deferral of
new electric generation investments as a benefit of GHPs.
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CONCLUSIONS

An analysis of residential GHP benefits is presented.
Simple payback comparisons with base heating/cooling
equipment are used (o estimate GHP market potential and
benefits. It is found that nearly 90% of the market potential
occurred in 4 of the 14 regions; therefore, market potential
and benefits are presented for the four best regions. Four
cases related to the level of subsidy of base technologies that
GHPs must compete against ire considered.

It is found that GHPs are potentially beneficial to end
users, society, gas utilities, and electric utilities. It is also
found that the level of benefits to be realized in each cate-
gory are strongly related to competing technology subsidy
levels. Subsidies to existing technologies limit GHP market
penetration and benefits,

As an example, GHPs competing against base tech-
nologies with $200 per RT rebates and rates that dis-
count winter electricity to all-electric or electric space
heating customers generate the following benefits at a 3-
year payback: (1) capture about 12% of the 1996-2010
high efficiency market, (2) serve about 1.4 million end
users by 2010, (3) defer about 3 GW of electric genera-
tion capacity additions by 2010, and (4) save about 8%
of the primary energy that would otherwise be needed to
operate base technologies placed between 1996-2010. If
the rebates and winter discounts are removed, the GHP
impacts and benefits approximately double. If GHPs are
subsidized (a case not examined here), the impacts and
benefits would be even larger.
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DISCUSSION

Sam Shelton, Professor, School of Mechanical Engineer.
ing, Georgia Institute of Technology, Atlanta: What was
the HVAC system technology that was assumed 1o he
replaced by the gas heat pump?

Patrick J. Hughes: As described in the Methodology sec-
tion of the paper, 14 base cases were considered—7 each for
new construction and replacements. The seven technologies
included electric air-source heat pumps at two efficiency lev-
cls, an electric air-source heat pump add-on to a gas fur-
nace, gas furnacefelectric air conditioner combinations at
three efficiency levels, and the electric ground-source heat

pump.
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