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PERFORMANCE AND ECONOMICS
OF EIGHT ALTERNATIVE SYSTEMS

FOR RESIDENTIAL HEATING, COOLING,
AND WATER HEATING IN 115 U.S. CITIES

E. A. Nephew
L. A. Abbatiello

ABSTRACT

This study updates the results of a previous report, ORNL/CON-52, to take into
account the effects of 1981 costs and technology on the performance and economics of
five electrically driven heating, ventilating, air-conditioning, and water-heating sys-
tems for residences. In addition, the present study extends the analysis to include
three fossil-fuel-fired systems. Current life-cycle costs and annual efficiencies are
presented for 115 cities in the United States for each of the following residential sys-
tems: (1) an electric furnace, central air conditioner, and electric resistance water
heater; (2) a high-performance air-to-air heat pump with electric resistance water
heater; (3) a high-performance air-to-air heat pump with desuperheater water heater;
(4) a minimum annual cycle energy system (ACES) of the brine-chiller type; (5) a full
ACES of the brine-chiller type; (6) an advanced gas furnace, central air conditioner,
and gas water heater; (7) an oil furnace, central air conditioner, and electric resis-
tance water heater; and (8) a pulse gas furnace, central air conditioner, and gas water
heater. Of the electrically driven systems, the full ACES is found to exhibit the
highest annual efficiency and the highest life-cycle costs for most regions of the
nation. The gas furnace system generally exhibits lower life-cycle costs than any of
the other residential heating, ventilating, and air-conditioning systems and yields rea-
sonably good annual efficiency.

1. INTRODUCTION

This study supplements ORNL/CON-52, Performance and Economics of the ACES and
Alternative Residential Heating and Air Conditioning Systems in 115 U. S. Cities, which com-
pared the efficiencies and life-cycle costs of five different electrically driven systems that
supply space heating, air conditioning, and water heating to a single-family residence.' In
the present study these costs and performance factors are calculated using January 1981
cost and technology data, and the new life-cycle costs of these systems in different U. S.
cities are determined. Comparing the 1979 and 1981 life-cycle costs of the electric heating,
ventilating, and air-conditioning (HVAC) systems will show how rising equipment and
power costs have affected the relative economics of these efficient systems.

The present study extends the HVAC systems comparisons to include three advanced
fossil-fuel systems that are commercially available or soon will become so: (1) a high-
efficiency, pilot-free gas furnace that has automatic venting, a central electric air condi-
tioner, and a well-insulated, energy-efficient gas water heater; (2) a vented floor furnace
operating on No. 2 heating oil, a central electric air conditioner, and an energy-efficient elec-
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tric water heater; and (3) a high-efficiency advanced pulse gas furnace, a central electric air
conditioner, and a well-insulated, energy-efficient gas water heater. This study will clearly
reveal the economic competitiveness of fossil-fuel systems vis-a-vis electrically driven sys-
tems throughout the United States.

The two-year period since the previous study (ORNL/CON-52) has been a time of rapidly
changing economic conditions, characterized by a 27% rise in the consumer price index and
sharp increases in all energy prices. In addition, deregulation is beginning to cause the price
of natural gas to rise in relation to other fuels. Because energy prices (in constant dollars)
are still in a state of flux, we present two types of life-cycle costs in this study. The first
type, average life-cycle cost, is based on the price a consumer must actually pay for energy.
The utility determines the price of energy from estimates of required revenues, averaged
over its old and new plants, needed to defray the fixed and variable costs of the utility and
to provide equitable profit. On the other hand, the marginal price is the price of energy
from new plants only, built at today's costs; this price is used in computing the marginal
life-cycle costs of the alternative HVAC systems.

This study differs slightly from the previous one in some details. The period of analysis
was increased from 20 to 25 years and the real discount rate was changed from 2 to
3.5%/year. Modifications were also made in the estimations of system performance, includ-
ing the use of higher insulation values for water heaters and higher Air-Conditioning and
Refrigeration Institute (ARI) ratings that reflect improved heat pumps and air
conditioners. 2

The sources of cost data are the same as those for the previous study. Materials and
labor costs for installation are obtained from publications of the R. S. Means Company, Inc.,
and energy costs are obtained from published government surveys.3 6 The prices of com-
ponents and equipment for the eight HVAC systems are obtained primarily from the Sears
Fall Winter 1980 Catalog, which contains readily verifiable prices and equipment available
throughout the United States.7 References to specific manufacturers, trade names, and dis-
tributors are for convenience and do not constitute endorsements.



2. METHODS OF HVAC SYSTEMS COMPARISON

2.1 Problem Definition

The energy services that the eight heating plants can supply to a single-family residence
vary widely. Two of the plants, the minimum and full ACESs, can supply space heating,
space cooling, water heating, and possibly refrigeration. The electric resistance and fossil-
fuel furnaces can supply only space heating. The air-to-air heat pump can deliver both space
heating and space cooling, and the heat pump with a desuperheater water heater can supply
space heating, space cooling, and water heating. To evaluate and compare such disparate
plants, a common set of deliverable energy services must be defined. For this study, these
services are space heating, space cooling, and domestic hot water production. Each home-
heating plant has auxiliary equipment to be used as needed for supplying these services. The
life-cycle costs and efficiencies of the overall systems are then calculated and compared.

The heating and cooling requirements of a single-family house depend on the quality of
construction, the climate, and the occupants' life-style. In this study, the computer program
MAD computes the monthly energy services required by a typical single-family house in dif-
ferent regions of the country.8 The reference house is typical of well-insulated dwellings
currently being built.' The MAD program, which uses data for the dwelling's location (i.e.,
solar intensity, outdoor air temperature, wind speed, and ground temperature) in computa-
tions of building loads and HVAC system energy consumption, has been verified by field
tests of conventional and advanced electric HVAC systems in a house in Knoxville,
Tennessee.

The reference house, for which MAD computes the heating and cooling loads, is a 167-m2
(1800-ft2), single-family, frame dwelling that has a thermal envelope of the type now
commonly being built to conserve energy. The floors and exterior walls are insulated to a
nominal thermal resistance of 3.35 m2 X °C/W, or 19.0 ft2 X °F X h/Btu (R-19). Half
of the roof area is over a cathedral ceiling and insulated to a thermal resistance of R-19.
The flat ceiling under the remaining portion of the roof area is insulated to a thermal resis-
tance of R-38. The windows and glass doors have double-pane glass, and the building is
equipped with storm doors. The hot water consumption rate is 300 L/d (80 gal/d),
corresponding to that of a typical family, and heat from lights and appliances is assumed to
be supplied at a rate of 1040 W (3548 Btu/h). Indoor temperatures are maintained at 21°C
(70°F) during the heating season and 25.5°C (78°F) during the cooling season. The major
assumptions affecting calculation of the building's thermal loads are given in Tables 1 and 2.

Table 1. Description of single-family reference house

Foundation (10.36 X 10.97 m) Full basement
Floor area (with mezzanine second floor), m2 167
Ceiling area, m2 107.3
Window area, m2 11.06
Floor (nominal thermal resistance), m2 X °C/W 3.35
Half ceiling area (nominal thermal resistance), m2 X °C/W 3.35
Half ceiling area (nominal thermal resistance), m2 X °C/W 6.70
Walls (nominal thermal resistance), m2 X °C/W 3.35
Window type Double glazed
Storm doors Yes
Heated garage No

3
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Table 2. Assumed building and occupancy
characteristics

Window-shading factor 0.42
Absorption coefficient, outside walls 0.78
Absorption coefficient, roof 0.87
Internal heat sources, W 1040
Air infiltration,' air changes/h 1.15
Number of occupants, adults/children 2/2

Winter
Indoor air temperature, OC 21
Occupant sensible heat emission, W/adult 87.9
Indoor relative humidity control None

Summer
Indoor air temperature, 'C 25.5
Occupant sensible heat emission, W/adult 64.5
Occupant latent heat emission, W/adult 58.6
Extraneous moisture sources (water), kg/d 2.27
Maximum indoor relative humidity, % 52

'Air infiltration normalized to 1.15 changes per
hour at conditions of 24 km/h wind speed and a
38.8°C temperature difference across the building
thermal envelope.

2.2 Computer Program MAD

2.2.1 Description

The MAD computer program for calculating the thermal loads of a single-family, frame
house and the annual energy consumed by its HVAC system in supplying standard ameni-
ties of space heating, space cooling, and water heating is detailed in ref. 8. The program cal-
culates the required capacities of eight different HVAC systems (five electric and three fos-
sil fuel) and their components for meeting the design-day loads of a specific house design
and local climatic conditions. Performance simulation models and economic analysis models
for each system are built into the MAD program enabling calculation of monthly power con-
sumptions, annual coefficients of performance (COPs), initial system costs, and life-cycle
costs. This report does not propose to detail all the algorithms employed in the program; the
methods and assumptions used in the calculation are briefly described here, and more
detailed information is given in the program listing in Appendix B.

2.2.2 Revisions

Several changes have been made in the MAD computer program since publication of
ref. 1.

ACES heat exchanger coil length. The computation of the ice bin heat exchanger coil
length in ref. 1 was based on the assumption that the thermal conductivity of the coil
material is approximately equal to that of ice. This assumption unnecessarily restricts the
choice of materials and precludes the use of inexpensive plastic tubing. Therefore, the coil-
sizing procedures of Subroutine ACECOS of MAD have been changed to allow the use of any
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arbitrary material (e.g., plastic or copper tubing). The program requires data for the ther-
mal conductivity of the material selected, the inner and outer diameters of the tubing, and
the tube's cost per unit length. This program revision increases by about 30% the calculated

length of plastic (but not copper) tubing required in the ice bin.
Storage bin height. The dimensions of the ACES ice storage bin are calculated in subrou-

tine DIGEST. In the current version of the program, the required height of the bin has been

*r ~ increased by 15 cm (6 in.) to provide free space between the water level and the underside of
the bin cover. This freeboard space allows room for anchoring the bin liner, as described in
the ACES design manual.9 This program change increases the calculated first cost of both
the minimum and full ACESs over that reported in ref. 1.

2.3 Systems Performance Simulation Models

This section briefly describes the performance simulation models used in the MAD com-
puter program for calculating the annual energy consumptions of the following HVAC
systems: (1) an electric furnace, central air conditioner, and electric resistance water heater;
(2) a high-performance air-to-air heat pump with an electric resistance water heater; (3) a
high-performance air-to-air heat pump with a desuperheater water heater; (4) a minimum
brine-chiller-type ACES; (5) a full brine-chiller type ACES; (6) an advanced gas furnace,
central air conditioner, and gas water heater; (7) an oil furnace, central air conditioner, and
electric water heater; and (8) a pulse gas furnace, central air conditioner, and gas water
heater. A more complete description of these systems is in ref. 1, and the MAD computer
program is listed in Appendix B of this report.

2.3.1 Electrical Systems Efficiencies

Resistance water heater. The electric water heater used with systems 1, 2, and 7 is

assumed to be in an unconditioned space of the building. The unit is a Kenmore Power Miser
10; it has a 200-L (52-gal) capacity and a pressure relief valve. The electric water heater is
described in ref. 7 (p. 1145), which states that the estimated annual energy cost of the unit,
for 450 gal/week of water and a 32°C (90°F) temperature rise, is $287 at an assumed power
rate of 4.97¢/kWh. Calculated from these data, the unit's efficiency is 89%. For the hot
water delivery rate, 318 L/d of 49°C water (80 gal/d of 120°F water), the electric water
heater's efficiency is 92%. The variability of water heater efficiency with hot water con-
sumption rate is obtained from ref. 10 (p. 31).

Central air conditioner. The air conditioners used with systems 1, 6, 7, and 8 are assumed
to be Sears Best Series air conditioners, described in ref. 7 (p. 1166). The efficiencies of the
central air conditioners and their prices and capacities are shown in Table 3.
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Table 3. Sears Best Series air-conditioning systems"

Cooling capacity Power EERb SEERC Priced
(kW)

kW Btu/h

6.7 23,000 2.20 10.5 9.8 1,129
8.1 27,500 2.70 10.2 9.9 1,279
9.4 32,000 3.20 10.0 9.6 1,379

10.0 34,000 3.35 10.1 9.6 1,479
10.7 36,500 3.75 9.7 9.3 1,509
123 42,000 3.90 10.8 10.3 1,679
13.8 47,000 4.60 10.2 9.8 1,779
16.7 57,000 5.80 9.8 9.2 1,879

10.2e 9.7 e

"Ref. 7, p. 1166.
bEnergy efficiency ratio at 35°C (95°F).
CSeasonal energy efficiency ratio.
dIn 1980 dollars.
eAverage.

The energy efficiency ratio (EER) of an air conditioner is defined as the ratio of its rate
of cooling at a given ambient temperature, in British thermal units per hour, to its rate of
power consumption in watts. Similarly, the seasonal energy efficiency ratio (SEER) is the
ratio of the total cooling delivered by the air conditioner, in British thermal units, to the
energy consumed by the unit, in watt hours, during the cooling season as a whole. [The
SEER is closely related to another performance index, the seasonal performance factor in
cooling (SPFC), which is the ratio of the total cooling to the total consumption, in consistent
units.] In Table 3, the average value of the SEER is about 95% of the average value of the
EER. This degradation occurs because of cycling losses and because the average ambient
temperature during summertime operation of the unit is less than 35°C (95°F), for which
the EER values are given. In this study, we assume that the air conditioner's SEER is 86%
of the EER at 35°C (95°F). Consequently, for systems 1, 6, 7, and 8, the SPFC is 2.55.

Heat pump. The heat pumps employed in systems 2 and 3 are typical split systems in
which the indoor coil is mounted within the fan unit. The heat pumps are available from
Sears, Roebuck and Company at various prices and capacities, as shown in Table 4.7 Table 4
also lists the steady-state heating coefficient of performance (COPH) of each unit at selected
ambient temperatures. These data are used by the MAD program to estimate the steady-
state and dynamic COPs of the units at other ambient temperatures. In the estimation pro-
cess, the heating COPs shown in Table 4 are averaged to obtain a figure of merit (FOM)
that characterizes the technology level of the heat pumps used in systems 2 and 3. This
FOM is used to renormalize a table of steady-state heating COPs versus the ambient air
temperature that is built into the MAD program. In this way, the COPH of the heat pump,
at any ambient temperature, can be obtained if the technology FOM of the unit is known.

Heat pump simulation model. A heat pump's seasonal performance factor of heating
(SPFH) is the ratio of the heating load delivered to a building during the heating season to
the electricity consumed by the heat pump during the same period of time. The delivered
load includes heat from the heat pump compressor and from auxiliary resistance heaters.



Table 4. Sears split-system heat pumps with an indoor coil and housing
for use with a fan unit and an outdoor coil, compressor, and fan unita

Cooling capacity Heating capacity EERb COPHC COPH Price
(kW) (Btu/h) (kW) (Btu/h) [35°C [-8.3°C [8.3°C

(95°F)] (17°F)] (47°F)]

7.2 24,500 7.2 24,500 7.5 2.0 2.8 1,199
8.5 29,000 8.8 30,000 8.3 2.0 2.8 1,329

10.1 34,500 10.6 36,000 8.0 2.1 2.9 1,479
11.7 40,000 12.3 42,000 7.7 2.0 2.7 1,549
14.1 48,000 14.4 49,000 7.5 1.9 2.6 1,899
17.0 58,000 18.8 64,000 7.2 2.0 2.7 2,459

7.7d 2.0d 2.75d

aRef. 7, p. 1174.
bEnergy efficiency ratio.
CHeating coefficient of performance. Data obtained from ref. 2, p. 167.
dAverage.

Auxiliary heat is needed when the outdoor temperature falls below the balance temperature,

the ambient temperature at which the heat output from the compressor just equals the

building heating demand. Below the balance temperature, the compressor alone cannot

maintain the building at a desired temperature, so the shortfall is supplied from resistance

heaters. The MAD program calculates, for successive time periods when the outdoor air tem-

perature is constant (temperature bins), the heating demand of the building, the amount of

compressor heat available, and the amount of resistance heating needed. These quantities

are totalled over all the temperature bins to obtain annual values used to compute the

ACOP of the system.

Heating mode operation. In calculating the heat pump energy consumption during the

heating season, MAD takes into account decreases in the capacity and COP of the unit

caused by outdoor temperature as well as degradations in steady-state performance caused

by frost buildup on the outdoor air coil and cycling losses at partial load operation. The

degradation in compressor heat output and in steady-state COP that results from frosting is

assumed to be 8%. An additional 15% reduction in steady-state COP is assumed to occur

when the heat pump operates at partial load factors by cycling on and off. (See ref. 11 for a

discussion of the dynamic performance of air-to-air heat pumps and the results of field tests

of dealer-installed units.)

For heat pumps equipped with desuperheater water heaters, it is assumed that only 15%

of the heat from the compressor can be used to produce domestic hot water. Auxiliary resis-

tance heating is used to meet any remaining demands for hot water.

Cooling mode operation. The seasonal cooling COP of the heat pump is calculated in MAD
by the expression

COPC = (FOM/2.88)(2.65)(DF) (1)

FOM characterizes the technology level of the selected heat pump, and 2.88 is the FOM of a

standard heat pump in the MAD program that has a steady-state COPC of 2.65 at 35°C
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(95°F). The degradation factor (DF) is estimated to be 0.86; it accounts for cycling losses
and for the heat pump's operation in the summer at an average ambient temperature lower
than 35°C. Equation 1 yields the seasonal performance of this study's Sears heat pumps;
this performance equals a SEER of 6.4 Btu/h of cooling output per watt of electrical input
to the heat pump. The calculated seasonal performance is in reasonable agreement with
measured values.11,12

ACES performance parameters. The ACES must be able to operate in a variety of modes
to meet changing load demands. Throughout the year the system is called upon to supply
space heating, space cooling, and water heating. The efficiency with which the system meets
these demands depends, in part, on whether the demand occurs during the ice phase or dur-
ing the supplemental phase of the annual cycle. The ice phase is that portion of the year
when the storage bin contains ice, so heating or cooling loads are met by generating or melt-
ing the ice in the bin. The supplemental phase occurs in late summer when the bin's latent
and sensible cooling capacity has been exhausted. Demands for space cooling must then be
satisfied by operating the compressor at night to reject heat from the storage bin, thereby
producing chilled water. During the day, the chilled water is circulated through the house
fan coil so that heat from the house is deposited in the storage bin. The COP of each of
these modes of operation must be known in order to predict accurately the annual energy
consumption of the system. Table 5 lists the values of the modal COPs used in this study.

Table 5. Modal COPs of the ACES as
established during comprehensive

field tests in Knoxville, Tennessee'

Space-heating mode 2.55
Water-heating mode 2.40
Space cooling by ice melt mode 19.00
Space cooling by chilled water circulation 10.00
Heat rejection from ice storage bin 2.05

aSee ref. 9, pp. 7-21 for a description of the
ACES operating modes and refs. 13-15 for
descriptions of the ACES field tests.

2.3.2 Fossil-Fuel Systems Efficiencies

Gas-fired water heater. The gas-fired water heater used with systems 6 and 8 is a 150-L
(40-gal) Kenmore Power Miser 10 fast recovery unit. This water heater (described in ref. 7,
p. 1147) has two-step ignition; a low input pilot comes on low and then jumps to high. The
unit is equipped with extra baffling to give it high heat transfer efficiency and to lower gas
consumption. According to the manufacturer, the annual energy cost of the unit delivering
hot water at a rate of 450 gal/week is $120, at a gas rate of 3.7¢/therm. The temperature
rise of the water is given as 32°C (90°F). From these data, the efficiency of the water heater
is 54% for a water delivery rate of 240 L/d (64 gal/d). The efficiency of the gas water heater
at other delivery rates is obtained by linear interpolation between the data listed in Table 6.
The efficiency of the gas water heater for the 300 L/d (gal/d) delivery rate assumed in this
study is 57%.
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Table 6. Efficiency of gas-fired water heater
as a function of the delivery rate

of water heated through a
50°C (90°F) temperature risea

Domestic hot water Appliance
delivery rate efficiency

L/d gal/d (%)

76 20 32.5
110 30 40.0
150 40 47.0
190 50 50.5
240 64 54.0
300 80 57.0
340 90 59.0

"Data from ref. 10, p. 33, normalized to
appliance efficiency of 57% at 240-L/d
(64-gal/d) delivery rate.

Advanced gas furnace. The gas furnace used in system 6 is a Sears pilot-free furnace that
has automatic power venting. A space-heating thermostat initiates burner operation, caus-
ing an air-aspirating blower and a gas valve to open. An electric spark ignites the flame and
the air-aspirating blower exhausts the waste gases through a vent pipe. When the burner
cycles to off, the blower stops running so that less heated air is lost from the building. The
heating efficiency of the fully loaded gas furnace is 80%, and the efficiencies of the partially
loaded furnace are shown in Table 7. Table 8 lists the heating capacities and prices of units
currently available.

Table 7. Assumed full and partial load
efficiency of advanced gas furnace

Kenmore-20, with power venting
and electric ignitions

Percentage of Furnace efficiency
full load (%)

0 55
2 59
5 65

10 68
15 70
20 72
50 75

100 80b

aPartial load efficiencies obtained
from ref. 16, pp. 2-43.

bFull load efficiency obtained from
ref. 7, p. 1160.
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Table 8. Kenmore-20 advanced gas
furnace capacities and pricesa

Heating capacity Priceb
kW Btu/h

18.8 64,000 745
24.6 84,000 775
29.3 100,000 815

aRef. 4, p. 1160.
bIn 1980 dollars.

Sears oilfurnaces. The oil furnaces used with system 7 are selected from the Sears units
available at the prices shown in Table 9. It is assumed that all the furnaces listed in Table 9
have the same heating efficiencies when operating at partial or full load conditions. In Table
10, the furnace efficiencies are shown as a function of load fraction. The MAD computer pro-
gram interpolates linearly between these data to obtain furnace efficiencies at arbitrary
load fractions.

Table 9. Capacities, efficiencies, and prices
of Sears oil furnaces'

Furnace heating capacity Full load Priceb
kW Btu/h efficiency

(%)

23.2 79,000 75.3 690
30.8 105,000 73.2 720
38.4 131,000 78.0 1,040
46.3 158,000 76.9 1,140

"Ref. 7, p. 1162.
bIn 1980 dollars.

Table 10. Assumed oil
furnace efficiencies

Percentage of Furnace heating
full load efficiency

(%)

1 30
5 50
6 55
8 58

10 60
15 61
20 62
50 64
85 67
91 68
94 69
97 72

100 75
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Pulse gas furnace. The pulse gas furnace used with system 8 is representative of those
expected to be marketed in the near future (e.g., by Lennox Industries, Inc.). It operates by
igniting small quantities of a gas and air mixture at a rate of 60 or more times per second.
Each pulse releases a small amount (about 1/2 Btu) of heat. As gas and air are admitted
into the combustion chamber, an electric spark ignites the mixture, causing a pressure
buildup that closes off the air and gas inlets. The combustion products are forced down a
tailpipe, creating suction that draws in air and gas for the next ignition.

At the same instant that the new fuel charge enters the chamber, part of the initial
pressure pulse is reflected back from the end of the tailpipe. It re-enters the combustion
chamber, causing the new fuel charge to ignite and continue the cycle. Once combustion is
started, it feeds on itself, allowing the combustion blower and spark igniter to be turned off.
The efficiency of the pulse combustion furnace generally ranges from 92 to 96%.

A disadvantage of the pulse gas furnace is that it produces up to 38 L (10 gal) of conden-
sate daily during normal operation in midwinter. Safe disposal of this waste product, which
may have a pH of 4.5 to 6.0, must be provided for in the system design.

We assume the efficiency of the pulse gas furnace (representative of expected market
developments) to be 93%, and the cost is $1125. Both quantities are assumed to be indepen-
dent of the heating output capacity of the furnace.

(
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3. ECONOMIC ANALYSIS

In this study, the alternative heating and cooling systems for residences are compared on
the basis of their life-cycle costs, defined as the present discounted value of all ownership
and operating costs associated with a system over some specified period of time, usually its
physical lifetime. Each of the eight space-conditioning systems is assumed to have a lifetime
of 25 years. (Major components may, of course, require replacement one or more times dur-
ing a period.) The value of each system at the end of this period is assumed to be negligible.
The discount rate used to calculate the present value is the opportunity cost of capital, that
is, the after-tax, after-inflation market interest rate. The value of the real discount rate is
assumed to be 3.5%/year.

The life-cycle cost concept provides a fair and convenient basis for assessing the potential
economic viability of alternative residential space-conditioning systems. The life-cycle costs
presented, however, are not intended to indicate the probable success of any of the systems
in the marketplace. Actual sales would depend on many other factors such as the availabil-
ity and future price of fuels, the size and hookup requirements of the space-conditioning sys-
tem, and the financial status, special needs, and objectives of the home builder or buyer.
These life-cycle costs will help to identify the economic and energy conservation potential of
promising alternative HVAC systems.

The average life-cycle costs are calculated using projected energy prices based on the
average production and distribution costs of the utility and on current actual prices to the
consumer in a given locality. It is to the homeowner's advantage to minimize these average
life-cycle costs by selecting the HVAC system that best meets his particular needs. Marginal
life-cycle costs would result if the annual energy needs were supplied by newly constructed
power stations, transmission lines, and synthetic fuel plants. These marginal life-cycle costs
represent the present value of the total national investment in new plant construction that
would have to be made to deliver the space-conditioning amenities to a single-family home.
That is, the analysis includes the costs of energy supply and distribution resulting from the
construction of new generating plants and distribution facilities today. Further information
on this total systems approach is given in ref. 17.

3.1 Average Life-Cycle Costs

The projected variations in energy prices for the next 25 years for electricity, heating oil,
and natural gas are shown in Table 11. These price projections, derived from forecasts by
Data Resources, Inc., are used in the present study only for estimating the present worth
'factors (PWFs) of each of the three energy sources.18 The PWF associated with 'each fuel
depends on the variation in time but not on the magnitude of the prices shown in Table 11.
Actual energy prices (as of the end of 1980) that apply in each of the 115 localities of the
study are listed in Appendix A.5' 6

13



14

Table 11. Projected national energy prices for
residential applications

In 1980 dollars. Based on price projections
in ref. 18

Year Electricity Heating oil Natural gas
(¢/kWh) ($/bbl) (¢/therm)

1980 5.06 33.60 34.71
1 5.30 39.52 36.16
2 5.36 39.35 37.32
3 5.38 39.49 40.70
4 5.40 40.35 44.12
5 5.35 41.27 47.77
6 5.41 42.73 52.18
7 5.47 44.19 56.59
8 5.54 45.65 61.00
9 5.60 47.11 65.41

1990 5.67 48.57 69.82
1 5.69 50.61 72.31
2 5.71 52.66 74.81
3 5.73 54.70 77.30
4 5.75 56.75 79.80
5 5.77 58.79 82.29
6 5.84 59.89 83.38
7 5.91 60.98 84.46
8 5.98 62.08 85.55
9 6.06 63.17 86.63

2000 6.13 64.27 87.72
1 6.20 65.37 88.81
2 6.27 66.46 89.89
3 6.35 67.56 90.98
4 6.42 68.65 92.06
5 6.49 69.75 93.15

PVa 94.06 848.47 1099.40
PWFb 18.59 25.25 31.67

'Present value.
bPresent worth factor.

3.1.1 Calculated PWFs

The present value (PV) of a unit of energy purchased annually, beginning in 1981 and

ending in 2005, is given by the relation

PV -25 P(j + 1980) (2)PV= Z
j- (1 + rdy

where P(j + 1980) is the price of a unit of fuel in year j + 1980, as listed in Table 11,

and rd is the annual real discount rate, or 3.5%. The factor PWF is then given by

PWF = PV/P(1980) , (3)

where P(1980) is the price of the fuel at the end of the year 1980.
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Applying Eqs. 2 and 3 to the energy price data given in Table 11 yields the following

PWFs: 18.59 for electricity, 25.25 for heating oil, and 31.67 for natural gas. These values

reflect the fact that the expected real escalation rates in heating oil and natural gas prices

are greater than for electricity. (As is shown in Sect. 3.2, a PWF of 16.48 would have

resulted for any fuel having a real annual escalation rate of zero.)

3.1.2 Empirical PWFs

The preceding calculated energy PWFs are based on projected energy prices and arbi-

trary values for the time period and the annual discount rate. Because the values these

parameters should be given in life-cycle cost analyses is in question, a recent study at Oak

Ridge National Laboratory-in which energy PWFs are determined directly, without speci-

fying either the system lifetime or the annual discount rate-is of particular interest.' The

study employs a hedonic price equation, in which different characteristics of a house have

their own implicit or hedonic price. The technique allows measurement of implicit prices of

goods; that is, the price is regressed on specified components, such as the annual energy bill,

and the coefficient of the particular variable is determined.

Johnson analyzed the 1978 selling prices of 1317 houses in the Knoxville metropolitan

area using a regression equation with 33 parameters.19 For the overall housing sample, a

utility bill coefficient of -20.73 was found; that is, an investment in an energy-saving dur-

able good resulting in a $1.00 reduction in the annual fuel bill will increase the market value

of the house and its contents by $20.73. In other words, the study suggests that buyers

respond collectively as though they implicitly accept a PWF for energy equal to 20.73. Using

disaggregated samples, the PWF was found to be 19.75 for new houses (166 units) and 16.64

for existing houses (1151 units). These empirical values for energy PWFs are in close agree-

ment with the calculated values used in this study.

3.2 Marginal Life-Cycle Costs

3.2.1 PWF for Stable Energy Prices

The marginal life-cycle costs calculated in this study are based on the assumption that

energy prices (in constant dollars) will eventually stabilize. That is, the real annual escala-
tion in energy prices will become zero as the supply base gradually shifts from scarce

toward abundant or renewable energy sources. The marginal life-cycle costs are calculated

from estimated prices of electricity, synthetic gas, and oil produced from coal conversion

processes. Because coal is plentiful in the United States, its price will probably stabilize and
remain constant in real dollars for some significant period of time. Assuming a zero real

rate of price escalation, the applicable equilibrium PWF is

N 1
PWF -- ,

j1 (1 + rdy

where N is the length of the study period in years and rd is the real annual discount rate.
Using the values assumed in this study, N = 25 and rd = 3.5%, the value of the
equilibrium PWF is 16.48.
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3.2.2 Prices of Electricity and Synthetic Fuels from Coal

The asymptotic price of the energy (electricity, gas, and oil) required by the eight
residential systems is estimated by assuming that each is produced from domestic coal
resources. The price of power from a coal-fired central power station and of synthetic fuel
from coal gasification and liquefaction plants can be estimated by the revenue requirement
technique. The basic financial assumptions of this technique are discussed in ref. 20, where
its application is illustrated. The revenue requirement is the price that customers must be
charged for services in order to compensate a utility for all expenditures associated with the
ownership and operation of its energy production and distribution facilities. The methodol-
ogy for estimating coal-based electricity, synthetic gas, and synthetic oil prices is shown in
Appendix D. Based on Sillin's plant capital, operating, and maintenance cost data, which
have been increased by 20% to account for inflation, the asymptotic energy prices in Table
12 are estimated.17

Table 12. Estimated asymptotic energy prices
In 1980 dollars

Form of Commercial $/106 Btu $/kWh
processed energy units

Electricity $0.085/kWh 24.90 0.085
Synthetic gas $0.815/therm 8.15 0.028
Synthetic oil $1.460/gal 9.54 0.033



4. RESIDENTIAL SYSTEMS

4.1 System 1-Electric Resistance Furnace, Central Air Conditioner, and
Electric Resistance Water Heater

This space-conditioning system is comprised of a fan unit with electric resistance
heaters, an air conditioner, a hot water tank, an air distribution system, and auxiliary
equipment. The initial installed cost of the system includes all expenditures for components,
materials, and labor. The cost of the air distribution system includes outlays for fabricating
and installing the ducts and for purchasing diffusers, boots, transitions, and returns needed
for connecting the fan unit into the system. Because field fabrication of ducts is necessary,
the costs of the ducts include materials and labor.

4.1.1 Equipment Costs

Fan unit. The fan unit contains the electrical resistance heating elements as well as the
indoor fan, control relays, and filter assemblies. The fan units are sold by Sears as a
separate item for use with heating-only systems, heating- and air-conditioning systems, or
with heat pumps (Table 13).

Table 13. Cost of
Sears fan units

Heating capacity Priceb
kW Btu/h

10.3 35,290 280
15.4 52.697 310
20.4 69,762 350
24.7 84,199 380
28.4 96,793 400
34.0 115,905 420

aRef. 7.
bIn 1980 dollars.

Air conditioner. The air conditioner is comprised of an indoor air coil and an outdoor
unit. The refrigerant lines and controls that must be provided are discussed in Sect. 4.2.1.
The size of the air conditioner, which is one of those in Table 3, is based on the design-day
cooling load of the house.

Controls. The basic control unit for the electric resistance heating system with an air con-
ditioner is a heating and cooling thermostat that is used with all system sizes and costs $48
(ref. 7, p. 1163). The control system wiring is included with other electrical costs, to be
described later.

Auxiliaries. The auxiliary equipment includes the refrigerant lines needed to connect the
indoor cooling coil to the outdoor compressor package and the electrical equipment and wir-
ing for installing the system. Materials and equipment include wire, circuit breakers, switch

17



boxes, and miscellaneous wiring hardware. Table 14 shows the cost of providing the refrig-
erant lines assumed in this study.

Table 14. Estimated costs of providing refrigerant linesa

Air conditioner cooling capacity Line length Costb
W Btu/h m ft

5,422 to 10,698 18,500 to 36,500 16 50 160

11,723 to 16,999 40,000 to 58,000 16 50 200

aRef. 7, p. 1167.
bIn 1980 dollars.

Wiring and hardware. Table 15 presents Sears catalog costs of the wiring and associated
hardware required to supply electrical services to system 1.

Table 15. Estimated costs of electrical
services wiring"

Heating capacity of unit Wiring costb
kW Btu/h

10.3 35,290 76
15.4 52,697 93
20.4 69,762 145
24.7 84,199 234
28.4 96,793 234
34.0 115,905 234

aRef. 7.
bIn 1980 dollars.

Water heater. The electric resistance water heater is a Kenmore Power Miser 10 unit
with a storage capacity of 200 L (52 gal) that employs two 3.8-kW staged heating elements.
The temperature recovery capability of the water heater is 65 L/h at 50°C rise (17.3 gal/h at
90°F rise) and 59 L/h at 56°C rise (15.6 gal/h at 100°F rise). The Sears price of the water
heater equipped with a pressure relief valve is $275 (ref. 7, p. 1145).

Air ducts. Table 16 presents the estimated cost of the air duct system as a function of the
space-conditioning system capacity. The data in ref. 1 (p. 18) have been updated to account
for the effects of inflation.

4.1.2 Installation Costs

Hot water storage tank. The hot water storage tank must be transported to the building
site where it is plumbed and electrically connected to the house wiring. Installation costs of
$170 are assumed for each hot water tank, regardless of its storage capacity.
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Table 16. Duct system costs as a function
of HVAC system capacity

HVAC (heating, ventilating, and air-
conditioning) system cooling capacity used

to size ducts for all systems except the
ACES, systems 4 and 5. Ducts for the minimum

and full ACES are sized according to the
system heating capacity

HVAC system capacity Duct costa
kW Btu/h

2.9 10,000 514
3.7 12,500 590
7.8 26,500 885

11.7 40,000 1,180
15.7 53,500 1,416
19.5 66,500 1,623
23.4 80,000 1,770
29.3 100,000 1,947
33.7 115,000 2,000

aTotal installed costs (in 1980 dollars) for
the ducts include costs for materials, insula-
tion, diffusers, boots, elbows, plenums, transi-
tions, supports, and labor.

Air conditioner. The estimated costs of installing a split-system air conditioner and

indoor fan unit are shown in Table 17.

Table 17. Estimated costs of installing
a split-system air conditioner

Cooling capacity of HVACa system Installation time b CostC
kW Btu/h (man-hours)

2.9 to 6.4 10,000 to 21,700 12 312
6.4 to 9.8 21,700 to 33,500 14 364
9.8 to 16.1 33,500 to 55,000 18 468

aHeating, ventilating, and air-conditioning.
bRef. 1, p. 18.
CLabor rate equals $26/man-hour, in 1980 dollars.

4.1.3 Maintenance Costs

Table 18 presents the maintenance and components replacement cost schedule assumed

for system 1. The data in ref. 1 (p. 20) have been updated to account for the effects of infla-

tion.
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Table 18. Schedule of annual maintenance costs for system 1

In 1980 dollars

Year Routine Refrigerant Electrical Hot water Total
service system system tank

1981 12 12
2 12 12
3 12 12
4 12 12
5 12 12
6 25 65 90
7 12 12
8 12 12
9 12 350 362

1990 12 12
1 12 12
2 25 65 90
3 12 125 137
4 12 12
5 12 12
6 12 12
7 12 12
8 25 65 350 440
9 12 12

2000 12 12
1 12 12
2 12 12
3 12 12
4 25 65 90
5 12 12

914 a

"Present value at an annual discount rate of 3.5%.

4.1.4 System 1 Costs for Knoxville, Tennessee

The reference house in Knoxville, Tennessee, can be used to illustrate the methods
described in Sects. 4.1.1-4.1.3 for selecting the sizes and costs of components for system 1.
The design-day loads of the house have been computed as 9529 W (32,513 Btu/h) for heating
and 6783 W (23,144 Btu/h) for cooling. The equipment, installation, maintenance, and energy
consumption costs of the system designed to meet these loads are shown in Table 19.

4.2 System 2-High-Performance Air-to-Air Heat Pump
with Electric Resistance Water Heater

This space-conditioning system is comprised of a high-performance air-to-air heat pump,
a fan unit, an air distribution system, an electric water heater, controls, and auxiliary equip-
ment. The installed cost of this system includes all expenditures for materials, components,
and installation. The fan unit contains the auxiliary resistance heating elements, as in sys-
tem 1, and its capacities and prices are listed in Table 13.
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Table 19. Estimated costs for system 1 in Knoxville, Tennessee

Item Basis of estimation Costa

Equipment costs

Fan unit Table 13, building design-day heating load 280
Air conditioner Table 3, building design-day cooling load 1,279
Controls Constant, fixed cost 48
Air ducts Table 16, system cooling capacity 907
Water heater Constant, fixed cost 275
Refrigerant lines Table 14, system cooling capacity 160
Electrical wiring Table 15, system heating capacity 76

Installation costs

Air conditioner Table 17, system cooling capacity 364
Hot water tank Constant, fixed cost 170

Maintenance costs

Present worth Table 18, based on 3.5% discount rate 914

Energy costs

Present worth $618.05 (FYC) X 18.59 (PWF) 11,490

Life-cycle cost 15,963

aIn 1980 dollars.

4.2.1 Equipment Costs

Heat pump. The refrigeration package is a typical split system in which the indoor coil is

mounted in the fan unit; available models are listed in Table 4. The size of the heat pump is

selected to meet the design-day cooling load of the house, and auxiliary resistance heating

capacity is provided to meet high heating demands.

Controls. The indoor thermostat for the heat pump must have two heating stages, a cool-

ing stage, and an emergency switch that activates the auxiliary heaters if the compressor

fails. An outdoor thermostat is required to activate supplemental heaters, improving system

performance. Table 20 lists the components and prices of the heat pump control system.

Table 20. Components and prices of the heat pump control system

Outdoor thermostat Fan unit capacity Pricea
(kW) (Btu/h)

0 to 10.3 0 to 35,260 0.00
10.3 to 20.4 35,260 to 69,758 32.00
20.4 to 34.0 69,758 to 115,906 53.00

Indoor thermostat (all heat pump systems), 45.00
two-stage heating/cooling

aIn 1980 dollars.
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Auxiliaries. Auxiliary equipment required for the air-to-air heat pump includes refrig-
erant lines and wiring to provide electrical services to the power components of the system.
The electrical wiring to the indoor fan unit must be capable of delivering the power rating
of the unit. The costs of the wiring are given in Table 15, and the costs of refrigerant tubing
for system 2 are given in Table 14.

Water heater. The water heater conventionally used with the air-to-air heat pump is an
electric-resistance-heated storage tank. The unit selected for system 2 is a 200-L (52-gal)
storage tank heated by two-staged 3.8-kW heating elements. Sears prices this unit equipped
with a pressure relief valve at $275.7

Air ducts. The duct system size is selected to accommodate the cooling capacity of the
heat pump, and its cost is estimated using the data in Table 16.

4.2.2 Installation Costs

The installation cost of the air-to-air heat pump system with an electric water heater is
assumed to be identical to that of a split air conditioner system and, therefore, is projected
according to the data in Table 17.

4.2.3 Maintenance Costs

System 2 requires routine service, refrigerant system repairs, and replacement (as
needed) of electrical components, the compressor, and the hot water storage tank. Routine
servicing for this system consists of filter changes, equipment inspection, and indoor coil
brushing. The estimated cost is about $25/year. Maintenance of the refrigerant system is
assumed to cost about $65 every six years, and replacement of electrical components (includ-
ing contactors, fan motors, and starting capacitors) is assumed to cost $140 in the thirteenth
year. The hot water tank is assumed to need replacement every nine years, at a cost of $350.
The compressor is assumed to need replacement at a cost of $710 every nine years. Table 21
gives the maintenance cost schedule assumed for system 2; the present value of the costs,
based on a 25-year period and a real annual discount rate of 3.5%, is $2162.

4.2.4 System 2 Costs for Knoxville, Tennessee

A reference house in Knoxville, Tennessee, is used to illustrate the methods described in
Sects. 4.2.1-4.2.3 for selecting the sizes and costs of components for system 2. The design-
day loads of the house are calculated to be 9529 W (32,513 Btu/h) for heating and 6783 W
(23,144 Btu/h) for cooling. The calculated annual energy consumption of the system is
13,206 kWh. The equipment, installation, maintenance, and energy consumption costs are
shown in Table 22.

4.3 System 3-High-Performance Air-to-Air Heat Pump
with Desuperheater Water Heater

This space-conditioning system is the same as system 2 (Sect. 4.2), except that a desu-
perheater heat exchanger and a water circulating pump are used to produce domestic hot
water.
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Table 21. Schedule of annual maintenance costs for system 2

In 1980 dollars

Year Routine Refrigerant Electrical Replace Replace Total
service system system compressor water tank

1981 25 25
2 25 25
3 25 25
4 65 65
5 25 25
6 25 65 90
7 25 25
8 65 65
9 25 710 350 1,085

1990 25 25
1 25 25
2 65 65 130
3 25 140 165
4 25 25
5 25 25
6 65 65
7 25 25
8 25 65 710 350 1,150
9 25 25

2000 65 65
1 25 25
2 25 25
3 25 25
4 65 65 130
5 25 25

2,162 a

aPresent value at an annual discount rate of 3.5%.

4.3.1 Equipment Costs

Desuperheater package. The cost of a 2.0-kW desuperheater package is estimated from

information provided by several independent manufacturers to be about $400, exclusive of
installation.

Hot water tank. The lower temperature recovery rate of a desuperheater water-heating
system requires the installation of a larger hot water tank than is normally used. This tank,

for residences, should have a capacity of at least 310 L (82 gal) to ensure a sufficient supply
of hot water at all times. The catalog price for this size tank is $335 (ref. 7, p. 1145).

4.3.2 Installation Costs

Installation of the desuperheater water-heating system requires additional plumbing and
additional electric wiring for system controls. The cost of materials and labor is estimated
to be $100 above the cost of the components.
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Table 22. Estimated costs for system 2 in Knoxville, Tennessee

Item Basis of estimation Cost a

Equipment costs
Fan unit Table 13, building design-day heat load 280
Heat pump Table 4, building design-day cooling load 1,199
Controls Table 20, indoor thermostat 45
Air ducts Table 16, system cooling capacity 843
Water heater Fixed cost for 200-L (52-gal) tank 275
Refrigerant lines Table 14, system cooling capacity 160
Electrical wiring Table 15, system heating capacity 76

Installation costs
Heat pump Table 17, system cooling capacity 364
Hot water tank Constant, fixed cost 170

Maintenance costs
Present worth Table 21, based on 3.5% discount rate 2,162

Energy costs
Present worth '$499.55 (FYC) X 18.59 (PWF) 9,287

Life-cycle cost 14,861

aIn 1980 dollars.

4.3.3 Maintenance Costs

The maintenance requirements of a heat pump equipped with a desuperheater water-
heating system differ slightly from those of conventional heat pumps because of the need to
descale and clean the desuperheater heat exchanger at regular intervals. In addition, the hot
water circulating pump will probably need to be replaced or rebuilt about every ten years.
The larger and more expensive hot water tank required by this system also adds to the
maintenance cost because the tank will need to be replaced about every nine years. Table 23
shows the maintenance schedule assumed for the heat pump with desuperheater water-
heating system. The present value of the maintenance costs, based on a 25-year time period
and a real annual discount rate of 3.5%, is $2468.

4.3.4 System 3 Costs for Knoxville, Tennessee

The equipment, installation, maintenance, and energy consumption costs of system
3-properly sized to meet the heating and cooling loads of the reference house in Knoxville,
Tennessee-are shown in Table 24.

4.4 System 4-ACES with Small-Size Storage Tank (Minimum ACES)

The concept of this space-conditioning and water-heating system has been described
extensively elsewhere. For details of system design and descriptions of operating experience
acquired during the field tests, consult refs. 1, 9, 13, 14, and 15. Briefly, the ACES uses an
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Table 23. Schedule of annual maintenance costs for system 3

In 1980 dollars

Year Routine Refrigerant Electrical Replace Replace Clean Total
service system system compressor water tank desuperheater

1981 25 25
2 25 25
3 25 25
4 65 65
5 25 25
6 25 65 75 165
7 25 25
8 65 65
9 25 710 410 1,145

1990 25 65 90
1 25 25
2 65 65 75 205
3 25 140 165
4 25 25
5 25 25
6 65 65
7 25 25
8 25 65 710 410 75 1,285
9 25 25

2000 65 65
1 25 25
2 25 25
3 25 25
4 65 65 75 205
5 25 25

2,468a

aPresent value at an annual discount rate of 3.5%.

electrically driven heat pump that extracts heat from water stored in an insulated under-
ground tank and delivers it to a building for use in space and water heating. The ice that is

formed in the storage tank (as heat is extracted) is used to provide air conditioning to the
building in the summer. In this manner, both the heating and cooling outputs of the heat

pump are used, and the resulting ACOP of the system is quite high.

4.4.1 Equipment Costs

The major components of the ACES are the heat pump mechanical package, the ice
storage bin, conventional equipment (such as air ducts, hot water tank, thermostats, etc.),
and, in some climates, a solar collector panel for melting ice generated in excess of summer
cooling needs. It is not yet possible to order from any commercial source the packaged com-
ponents required for constructing an ACES; the components must be assembled from sub-
components such as heat exchangers, pumps, compressors, and other commercially available
equipment. The solar collector panel and the ice storage bin must be built or assembled on
site. In this study, the costs of the solar collector panel and the ice storage bin are based on
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Table 24. Estimated costs for system 3 in Knoxville, Tennessee

Item Basis of estimation Cost'

Equipment costs

Fan unit Table 13, building design-day heat load 280
Heat pump Table 4, building design-day cooling load 1,199
Controls Table 20, indoor thermostat 45
Air ducts Table 16, system cooling capacity 843
Hot water tank Fixed cost for 310-L (82-gal) tank 335
Refrigerant lines Table 14, system cooling capacity 160
Electrical wiring Table 15, system heating capacity 76
Desuperheater heater and pump Fixed cost 400

Installation costs

Heat pump Table 17, system cooling capacity 364
Hot water tank Constant, fixed cost 170
Desuperheater heater and pump Constant, fixed cost 100

Maintenance costs

25-year present value Table 23, based on 3.5% discount rate 2,468

Energy costs

25-year present value $436.28 (FYC) X 18.59 (PWF) 8,110
Life-cycle cost 14,550

'In 1980 dollars.

estimated costs of materials and labor, and the costs of the heat pump mechanical package

and other system equipment are derived from estimates by some manufacturers of the prob-
able cost of the component when it is in full-scale production.

Heat pump mechanical package. The ACES mechanical package contains an indoor fan

unit, an outdoor fan unit, a compressor, a heat exchanger, and pumps for circulating brine

and hot water. The indoor unit is comprised of a fan and coils for heating and cooling, as

with conventional heat pump systems. The outdoor unit consists of a fan and a heat rejec-

tion coil. The compressor, heat exchanger, and pump package are major cost items of the

mechanical package. The cost of assembling an ACES mechanical package, using com-

ponents currently in quantity production but being sold for other applications, is shown in
Table 25 as a function of the heating capacity of the unit.

Table 25. Estimated cost of ACES mechanical package

Heating capacity Heating Estimated costa
COP

(W) (Btu/h)

7,180 24,500 2.55 2,950
9,964 34,000 2.55 3,130

13,189 45,000 2.55 3,500
17,584 60,000 2.55 4,000
21,981 75,000 2.55 4,450

'In 1980 dollars.
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Ice storage bin. Construction details for the underground storage bin are in refs. 1 and 9.

The ice bin is constructed from building materials such as sand, gravel, cement, reinforcing

rods, and liner fabric. The insulation is a closed-cell plastic foam suitable for use in wet
environments. Polypropylene ropes support the heat-set plastic tubing coils. In estimating
the cost of the bin, it is assumed that the bin is located beneath a garage floor, which serves

as the top slab of the bin. It is also assumed that the floor and two walls of the basement

can serve as an integral part of the bin structure, thus reducing its overall cost. Table 26

lists the unit costs used to price the ACES storage bin.

Table 26. Assumed unit costs for integrated construction of
ACES ice storage bins

Ice bin insulated on all surfaces to a thermal resistance value
of 7.05 (m2 X °C/W), or R-40. Costs in 1980 dollars

Item Unit costs
$/mZ Siftz

Floor insulation, 6 in.' 26.48 2.46
Foam-form walls, R-16 40.15 3.73
Block upgrade, to R-16 8.83 0.82
Supplemental insulation, to R-40 17.65 1.64
Top insulation, R-40 26.48 2.46
Hypalon liner 7.43 0.69
Footers 7.74 $/m 2.36 $/ft
Bin heat exchanger tubesb 2.62 $/m 0.80 $/ft

"Price of installed insulation, $0.41/bd-ft.
bCost of bin heat exchanger is $100 plus cost of tubing.

Solar collector panel. The panel considered for use with the ACES is an unglazed, continu-

ous, flat-sheet, corrugated plastic board, with flow channels through which the brine can

circulate. Ambient heat is collected by this type of panel only when the outdoor temperature

exceeds 0°C (32°F). The panel is commercially available for $48.01/m 2 ($4.46/ft2 ), exclusive
of installation, which requires that a support structure be provided for mounting the panel
on the house rooftop and that the panel be connected to the ice storage bin by insulated pip-
ing. The cost of rooftop installation of an unglazed panel is assumed to be $8.00/m 2

($0.74/ft 2 ), and the cost of installing the brine lines from the panel to the storage bin is
assumed to be $865.00 for each ACES requiring a solar panel.

Controls. The ACES controller actuates system components according to programmed

logic instructions that regulate the ice inventory. The cost of this item is estimated to be

about $320 (when produced in small quantities), including the costs of the integrated circuit
controller and all sensors and thermostats needed for the control system.

Brine lines. The brine lines for connecting the compressor and pump package to the ice
bin heat exchanger and solar panel are of PVC tubing that is insulated to prevent sweating.
The size of these lines depends on the heating capacity of the heat pump. The assumed costs
of the brine lines are shown in Table 27.



28

Table 27. Estimated costs of brine lines for ACES

System heating capacity Cost'
W Btu/h

0 to 13,335 0 to 45,500 240
13,335 to 21,981 45,500 to 75,000 360

"1980 dollars.

Electrical services. The estimated costs of wiring, circuit breakers, switch boxes, miscel-
laneous hardware, and installation charges for providing electrical services to the ACES are
shown in Table 28.

Table 28. Estimated costs of electrical services wiring

System heating capacity Cost'
W Btu/h

0 to 10,258 0 to 35,000 76
10,258 to 17,585 35,000 to 60,000 150
17,585 to 21,981 60,000 to 75,000 235

a1980 dollars.

Hot water tank. The 310-L (82-gal) tank used with the ACES costs $335.
Air ducts. Air duct sizes are based on the system heating capacity, and the cost of the

ducting system is obtained from Table 16.

4.4.2 Installation Costs

Mechanical package. Installing the heat pump mechanical package of the ACES requires
setting the indoor unit, outdoor unit, and compressor pump package and connecting the unit
to the rest of the system. The complexity of this job is similar to installing a conventional
heat pump. Table 29 lists the estimated costs assumed for installation of the mechanical
package.

Table 29. Estimated installation costs for the ACES mechanical package

Heating capacity Man-hours Cost"
W Btu/h (h)

0 to 7,180 0 to 24,500 12 312
7,180 to 10,111 24,500 to 34,500 14 364
10,111 to 21,981 34,500 to 75,000 18 468

"Labor cost assumed to be $26/h (in 1980 dollars).

Hot water tank. The cost of installing the ACES hot water tank is assumed to be $170.
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4.4.3 Maintenance Costs

The ACES maintenance requirements include routine servicing, heat exchanger cleaning,

refrigerant system servicing, electronic component replacement, brine and water pump

repair, ice bin servicing, and hot water tank replacement. Annual routine servicing consists

of filter changes, equipment inspection, and treatment of the water stored in the bin. The

brine-to-refrigerant and hot water heat exchangers should be cleaned at regular intervals,

and the refrigerant system charge should be checked and adjusted regularly. The electronic

circuitry may require replacement after about ten years, and pumps may need overhauling

every seven years. The types, frequencies, and costs of maintenance activities required by an

ACES are summarized in Table 30.

Table 30. Schedule of annual maintenance costs for system 4

In 1980 dollars

Year Routine Refrigerant Electrical Rebuild Ice bin Hot water Total
service system system pumps service tank

1981 25 25
2 25 25
3 25 25
4 160 160
5 25 125 150
6 25 65 90
7 25 180 205
8 160 160
9 25 410 435

1990 25 .125 150
1 25 25
2 160 65 225
3 25 240 265
4 25 180 205
5 25 125 150
6 160 160
7 25 25
8 25 65 410 500
9 25 25

2000 160 125 285
1 25 180 205
2 25 25
3 25 25
4 160 65 225
5 25 25

2432a

"Present value at an annual discount rate of 3.5%.

4.4.4 System 4 Cost for Knoxville, Tennessee

Using the methods described in ref. 9, the ice bin volume of a minimum ACES in Knox-
ville is calculated to be 13.52 m3 (477.29 ft3 ); the unit cost in Table 26 yields a bin cost of

$2464 (Table 31). The solar collector panel has an area of 14.63 m2 (157.44 ft2 ) and costs
$1684 (according to the data from Sect. 4.4.1).
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Table 31. Costs of minimum ACES ice bin, using integrated construction

In 1980 dollars

Item Unit cost Quantity Installed cost
($/m2) (m2)

Footers for two walls 7.74 $/m 4.71 m 36
Floor insulation 26.48 5.54 147
Two foam form walls 40.15 12.20 490
Two block wall upgrades 8.82 12.20 107
Four walls, supplied insulation 17.65 24.40 431
Top deck insulation, 15 cm (6 in.) 26.48 5.54 147
Plastic sheet liner 7.43 56.79 422
Bin heat exchanger coil 2.62 $/m 222.50 m 583
Bin heat exchanger fittings 100 $/set 1 set 100

Total installed cost of bin 2464

The methods described in Sects 4.4.1-4.4.3 for selecting the sizes and costs of system 4

components were applied to a reference house in Knoxville, Tennessee. The design-day loads

are calculated to be 9529 W (32,513 Btu/h) for space heating and 6783 W (23,144 Btu/h) for

space cooling. The calculated annual energy consumption of the minimum ACES in supply-

ing these loads, in addition to an annual load of 32,190 MJ for domestic hot water produc-

tion, is 8631 kWh. Based on a Knoxville power rate of $0.0378/kWh, the first-year power cost

is $326.61. Table 32 summarizes the equipment, installation, maintenance, and operating

costs of the minimum ACES in Knoxville, Tennessee.

Table 32. Estimated costs for system 4 in Knoxville, Tennessee

Item Basis of estimation Costa

Equipment costs

Mechanical package Table 25, heating capacity 3,130
Air ducts Table 16, system heating capacity 1,049
Hot water tank Fixed cost for 310-L (82-gal) tank 335
Ice storage bin Table 31 2,464
Solar panel, 14.63 m2 $865 + $56.01/m 2 1,684
Brine lines Table 27, system heating capacity 240
Electrical wiring Table 28, system heating capacity 76
Controller, sensors Fixed cost 320

Installation costs

Mechanical package Table 29, system heating capacity 364
Hot water tank Fixed cost for 310-L (82-gal) tank 170

Maintenance costs

25-year present value Table 30, annual discount rate of 3.5% 2,432

Energy costs

25-year present value $326.61 (FYC) X 18.59 (PWF) 6,072

Life-cycle cost 18,336

'In 1980 dollars.
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4.5 System 5-ACES with Full-Size Storage Tank (Full ACES)

The full ACES is identical to the minimum ACES except for the size of the ice storage
bin and the solar collector panel. The ice bin volume required for a full ACES is determined
by first calculating the amount of ice that can be formed (during winter operation in an
average weather year) and stored for use in summer air conditioning. This value is then
compared with the ice bin volume required to hold the calculated amount of ice needed for
summer air conditioning. The volume selected for the full ACES ice bin is the smaller of
these two quantities. If more ice can be generated and stored in the winter than is needed in
the summer, a solar panel must be provided in the ACES design to melt surplus ice as it is
formed. Calculation of the bin and panel sizes needed for a full ACES is detailed in refs. 1,
8, and 9.

4.5.1 Equipment Costs

The major components of system 5 are identical with those of system 4, and the estimate
of equipment costs is the same as that in previous sections.

Heat pump mechanical package. The design-day heating load is calculated for the given
climate, and a heat pump package having a heating capacity equal to or greater than the
design-day, peak hourly heating load is selected from Table 25.

Ice storage bin. The required volume of the full ACES ice bin is calculated using the pro-
cedures in refs. 1, 8, and 9. Integrated bin construction is assumed, and the cost of the
storage bin is determined using the unit costs listed in Table 26.

Solar collector panel. The panel area is calculated using the design procedures described
in ref. 9. The cost of the collector panel is estimated on the basis of the following assump-
tions: the unit cost of materials is $48.01/m 2, the unit cost of installation is $8.00/m 2, and
the installed cost of connecting brine lines is $865 for each ACES installation.

Brine lines. The cost of other brine lines depends on the heating capacity of the mechani-
cal package, and the installed costs are obtained from Table 27.

Electrical services. The estimated cost of providing electrical services (i.e., installing wir-
ing, circuit breakers, switch boxes, etc.) depends on the heating capacity of the mechanical
package and is obtained from Table 28.

Hot water tank. The 310-L (82-gal) tank costs $335 (ref. 7, p. 1145).
Air ducts. The size of the duct system is matched to the heating capacity of the mechani-

cal package, and its cost is obtained from Table 16.

4.5.2 Installation Costs

Mechanical package. Installation of the heat pump mechanical package is estimated to
require from 12 to 18 man-hours. The cost is obtained from Table 29.

Hot water tank. The cost of installing the full ACES hot water tank is assumed to be
$170.

4.5.3 Maintenance Costs

The maintenance requirements and schedule for the full ACES are assumed to be identi-
cal with those listed in Table 30 for the minimum ACES.



32

4.5.4 System 5 Costs for Knoxville, Tennessee

Using the design methods described in ref. 9, the volume of the ice bin for a full ACES at
Knoxville is 76.49 m3 (2701 ft3). The dimensions are obtained by assuming it has a square
cross section and a height of 2.44 m (8 ft). An additional 0.15 m (6 in.) of wall height is pro-
vided to give freeboard access above the water surface. The cost of the full ACES ice bin,
calculated using the unit costs listed in Table 26, is $5839 (Table 33).

Table 33. Cost of the full ACES ice bin, assuming integrated construction
In 1980 dollars

Item Unit cost Quantity Installed cost
($/m2) (m2)

Footers for two walls 7.74 $/m 11.20 m 87
Floor insulation 26.48 31.37 831
Two foam-form walls 40.15 29.01 1165
Two block wall insulation upgrade 8.83 29.01 257
Four walls, added insulation 17.65 58.02 1024
Top deck, 15-cm (6-in.) insulation 26.48 31.37 831
Reinforced plastic liner 7.43 116.29 864
Bin heat exchanger coil 2.62 $/m 259.57 m 680
Bin heat exchanger fittings 100 $/set 1 set 100

Total installed cost of bin 5839

A solar collector panel is not required for the full ACES in Knoxville because all the ice
generated during winter operation of the system is needed to supply air conditioning during
the summer.

The sizes and costs of other components of system 5 are the same as for system 4. The
calculated annual energy consumption of system 5 (while supplying building loads of 32,190
MJ/year for space heating, 24,605 MJ/year for space cooling, and 16,955 MJ/year for water
heating) is 6470 kWh. Based on a Knoxville average power rate of $0.0378/kWh, the first-
year power cost is $244.83. Table 34 summarizes system 5 costs for Knoxville, Tennessee.

4.6 System 6-Gas Furnace, Central Air Conditioner,
and Gas Water Heater

This space-conditioning system consists of an advanced gas furnace, a central electric air
conditioner, a gas water heater, an air distribution system, and associated auxiliary equip-
ment. The installed cost includes all expenditures for equipment and installation. Where
field fabrication of components is necessary (e.g., for the air ducts), the component cost
includes both materials and labor.

4.6.1 Equipment Costs

Advanced gas furnace. The advanced gas furnace is a Kenmore-20 furnace available from
Sears, Roebuck and Company. The unit, selected from Table 8, should have a heat output
rating equal to or slightly: greater than the design-day heating load of the building in a par-
ticular climate.
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Table 34. Estimated costs for system 5 in Knoxville, Tennessee

Item Basis of estimation Costa

Equipment costs

Mechanical package Table 25, heating capacity 3,130
Air ducts Table 16, system heating capacity 1,049
Hot water tank Price of 310-L (82-gal) tank 335
Ice storage bin Table 33 5,839
Solar panel Panel not required 0
Brine lines Table 27, system heating capacity 240
Electrical wiring Table 28, system heating capacity 76
Controller and sensors Fixed cost 320

Installation costs
Mechanical package Table 29, system heating capacity 364
Hot water tank Installation cost for 310-L (82-gal) tank 170

Maintenance costs
25-year present value Table 30, annual discount rate of 3.5% 2,432

Energy costs
25-year present value $244.83 (FYC) X 18.59 (PWF) 4,551

Life-cycle cost 18,506

aIn 1980 dollars.

Gas water heater. The water heater is a 150-L (40-gal) gas-fired unit available from
Sears, Roebuck and Company for $270. The unit, a Kenmore Power Miser 10, is described in
ref. 7 (p. 1147).

Air conditioner. The air conditioner is a Sears Best Series unit (Table 3). It should have a
cooling capacity equal to or slightly greater than the design-day cooling load of the building
in a particular climate.

Controls. The basic control system is a heating and cooling thermostat available from
Sears, Roebuck and Company for $26. The thermostat has a manual switch for constant or
automatic fan use and uses a five-wire hookup. The unit is described in ref. 7 (p. 1163).

Auxiliaries. The auxiliary equipment includes refrigerant lines connecting the cooling coil
to the compressor package, electrical components and wiring for installing the system, and
accessory items for installing the gas furnace. The cost of providing refrigerant lines,
obtained from Table 14, is a function of the system cooling capacity. The cost of providing
hookup for electrical services includes a 7.6-cm (3-in.) gas vent pipe that is 6.1 m (20 ft) in
length; a vent kit containing a ventilator top, store collar, roof flashing, and vent collar con-
nector; and a pipe collar, a filter rack, and filters. The total price of these accessory items,
obtainable from Sears, Roebuck and Company, is $90; prices of the individual items are
listed in ref. 7 (p. 1160). An additional $50 is allotted for installation of the accessories.

Air ducts. The duct system is sized to accommodate the cooling capacity of the air condi-
tioner, and its cost is selected from Table 16.
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4.6.2 Installation Costs

Hot water tank. The cost of installing the gas-fired water heater is assumed to be $170.
Air conditioner. The estimated cost of installing a split-system central air conditioner is

obtained from Table 17 on the basis of the system cooling capacity.

Gas furnace. The cost of installing the advanced gas furnace is assumed to be $50. Note

that an additional $50 for installing the gas venting and filtering system has already been

included in Sect. 4.6.1 under the subheading "Auxiliaries."

4.6.3 Maintenance Costs

Routine servicing is assumed to cost $12/year for filter changes and equipment inspec-
tion, except for the 6th, 12th, and 18th years, when the indoor and outdoor heat exchanger

coils require cleaning, thus raising the overall cost to $25. The air conditioner should be
inspected and its refrigerant charge adjusted every six years, at a cost of about $65 in 1980
dollars. Replacement of contactors, starting capacitors, and fan motors, at a cost of about

$125, is assumed to be required at the end of the tenth year. The hot water tank is assumed

to fail every nine years, requiring replacement. Labor costs for water tank replacement are

assumed to be $60, as compared with a $170 labor charge for initial installation. Table 35
shows the assumed maintenance costs and schedule for system 6.

Table 35. Schedule of annual maintenance costs for system 6

In 1980 dollars

Year Routine Refrigerant Electrical Water Total
service system system heater

1981 12 12
2 12 12
3 12 12
4 12 12
5 12 12
6 25 65 90
7 12 12
8 12 12
9 12 330 342

1990 12 12
1 12 12
2 25 65 90
3 12 125 137
4 12 12
5 12 12
6 12 12
7 12 12
8 25 65 330 420
9 12 12

2000 12 12
1 12 12
2 12 12
3 12 12
4 25 65 90
5 12 12

889a

aPresent value at an annual discount rate of 3.5%.
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4.6.4 System 6 Costs for Knoxville, Tennessee

The methods described in Sects. 4.6.1-4.6.3 for sizing and costing components were

applied to a reference house in Knoxville, Tennessee. The design-day loads are 9529 W

(32,513 Btu/h) for space heating and 6783 W (23,144 Btu/h) for space cooling. The annual

energy consumption is computed to be 727 therms of gas and 2783 kWh of electricity. The

estimated costs are shown in Table 36.

Table 36. Estimated costs for system 6 in Knoxville, Tennessee

Item Basis of estimation Costa

Equipment costs

Gas furnace Table 8, building design-day heating load 745
Air conditioner Table 3, building design-day cooling load 1,279
Controls Thermostat price 26
Air ducts Table 16, system cooling capacity 907
Water heater Price of 150-L (40-gal) Kenmore Power Miser 10 270
Refrigerant lines Table 14, system heating capacity 160
Electrical wiring Table 15, system heating capacity 76
Furnace accessories Price of vent pipe, filter rack, etc. 140

Installation costs

Air conditioner Table 17, system cooling capacity 364
Hot water tank Installation cost of water heater 170
Gas furnace Miscellaneous installation tasks 50

Maintenance costs

25-year present value Table 35, for all locations 889

Energy costs

25-year gas present value $266.63 (FYC) X 31.67 (PWF) 8,444
25-year electric present value $105.20 (FYC) X 18.59 (PWF) 1,956

Life-cycle cost 15,476

aIn 1980 dollars.

4.7 System 7-Oil Furnace, Central Air Conditioner,
and Electric Water Heater

This space-conditioning system consists of an oil furnace, a central electric air condi-

tioner, an electric water heater, and an air distribution system. The installed cost includes

all expenditures for equipment, materials, and installation. Where field fabrication of com-

ponents is necessary, as for the air ducts, the cost of the component includes both materials
and labor.

4.7.1 Equipment Costs

Oil furnace. The basement, upflow oil furnace is available from Sears, Roebuck and Com-
pany and is fully described in ref. 7 (p. 1162). The unit is selected from Table 9, which sum-
marizes the available prices and capacities, and should have a heat output rating equal to or

slightly greater than the design-day heating load of the building in the particular climate.



36

Electric water heater. The water heater is a Kenmore Power Miser 10 unit available for
$275. The 200-L (52-gal) water tank is described in ref. 7 (p. 1145).

Air conditioner. The air conditioner is a Sears Best Series unit selected from Table 3. It
should have a cooling capacity equal to or slightly greater than the design-day cooling load
of the building in the particular climate.

Controls. The basic control system is a heating and cooling thermostat available from
Sears, Roebuck and Company for $26. 7 The thermostat is the same as for system 6.

Auxiliaries. Auxiliary equipment includes the refrigerant lines from the cooling coil to
the compressor package (Table 14); electrical items such as switch boxes and circuit break-
ers, needed for installing the system (Table 15); and accessories associated with the oil fur-
nace. These accessories include a 1040-L (275-gal) oil tank and a venting system consisting
of a 15-cm (6-in.) pipe that is 6.1 m (20 ft) long. The oil tank is available from Sears, Roe-
buck and Company for $156, and materials for the venting system are available for $240.7

Air ducts. The ducts are sized to accommodate the cooling capacity of the air conditioner,
and the cost is derived from the data in Table 16.

4.7.2 Installation Costs

Hot water tank. The cost of installing the electric water heater is assumed to be $170.
Air conditioner. The cost of installing a split-system, central electric air conditioner is

obtained from Table 17.
Oil tank. The cost of installing the oil tank is assumed to be $200.
Vent pipe. The cost of installing the venting system is assumed to be $100.

4.7.3 Maintenance Costs

Routine servicing is associated primarily with the air-conditioning system, and major
component replacement on a periodic basis is limited to the water heater. It is assumed that
the maintenance costs and schedule of system 7 are identical with those of system 1.

4.7.4 System 7 Costs for Knoxville, Tennessee

The methods described in Sects. 4.7.1-4.7.3 for sizing and costing components of system 7
were applied to a reference house in Knoxville, Tennessee. The design-day loads are 9529 W
(32,513 Btu/h) for space heating and 6783 W (23,144 Btu/h) for space cooling. The annual
energy consumption is 1440-L (381-gal) of oil and 7493 kWh of electricity. The estimated
costs of system 7 for the Knoxville location are summarized in Table 37.

4.8 System 8-Pulse Gas Furnace, Central Air Conditioner,
and Gas Water Heater

This space-conditioning system consists of a pulse gas furnace, a central electric air con-
ditioner, a gas water heater, an air duct system, and associated auxiliary equipment. The
installed cost includes all expenditures for equipment and installation. Where field fabrica-
tion of components is necessary, such as for air ducts, the component cost includes both
materials and labor.
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Table 37. Estimated costs for system 7 in Knoxville, Tennessee

Item Basis of estimation Costa

Equipment costs

Oil furnace Table 9, building design-day heating load 690
Air conditioner Table 3, building design-day cooling load 1,279
Controls Price of thermostat 26
Air ducts Table 16, system cooling capacity 907
Water heater Price of water heater 275
Refrigerant lines Table 14, system cooling capacity 160
Electrical wiring Table 15, system heating capacity 76
Oil tank Price of 1040-L (275-gal) oil tank 156
Vent system 6-m (20-ft) chimney and accessories 240

Installation costs

Air conditioner Table 17, system cooling capacity 364
Hot water tank Installation cost of water heater 170
Oil tank Installation cost of oil storage tank 200
Vent system Installation of furnace and vent system 100

Maintenance costs

25-year present value Table 18, for all locations 914

Energy costs

25-year oil present value $446 (FYC) X 25.25 (PWF) 11,262
25-year electric present value $284 (FYC) X 18.59 (PWF) 5,280

Life-cycle cost 22,099

aIn 1980 dollars.

4.8.1 Equipment Costs

Pulse gas furnace. The pulse gas furnace does not represent any specific model commer-

cially available today; rather, it represents units that should be marketed soon. It is

assumed that the cost of a pulse gas furnace is $1125, regardless of its heating output capa-

city. The furnace, described in Sect. 2.3.2, is assumed to have an operating efficiency of 93%.

Other equipment. All other components, with the exception of furnace accessories listed

in Table 36, are identical to those already described for system 6. The sizing and costing

methods described in Sect. 4.6.1 also apply for system 8. The furnace accessories listed for

system 6 are not required for the pulse gas furnace system.

4.8.2 Installation Costs

The installation costs for system 8 are identical to those already described in Sect. 4.6.2
for system 6.

4.8.2 Maintenance Costs

The maintenance requirements for the pulse gas furnace system are identical to those
already described for system 6, except that an additional $100 is required in the tenth
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operating year to replace reed valves and the condensate pump of the pulse gas furnace. As

a result, the present value of the maintenance costs of system 8 over a 25-year period is

$960.

4.8.4 System 8 Costs for Knoxville, Tennessee

The estimated costs for system 8 at the Knoxville location are summarized in Table 38.

Table 38. Estimated costs for system 8 in Knoxville, Tennessee

Item Basis of estimation Cost"

Equipment costs

Pulse gas furnace Price of pulse gas furnace 1,125
Air conditioner Table 3, building design-day cooling'load 1,279
Controls Price of Sears thermostat 26
Air ducts Table 16, system cooling capacity 907
Water heater Price of 150-L (40-gal) Kenmore Power Miser 10 270
Refrigerant lines Table 14, system cooling capacity 160
Electrical wiring Table 15, system heating capacity 76

Installation costs

Air conditioner Table 17, system cooling capacity 364
Hot water tank Installation cost of water heater 170
Furnace setup Installation cost 50

Maintenance costs

25-year present value Table 35, plus $100 in year 10 960

Energy costs

25-year gas present value !$223.69 (FYC) X 31.67 (PWF) 7,084
25-year electric present value !$105.20 (FYC) X 18.59 (PWF) 1,956

Life-cycle cost 14,427

"In 1980 dollars.



5. RESULTS OF SYSTEMS EVALUATIONS

5.1 Description of Computer Output Tables

The estimated costs and performances of eight different HVAC systems in 115 U.S.
cities are listed in computer output tables in Appendix C. Table 39, which gives the results
of the evaluations of the eight heating and cooling systems for Knoxville, Tennessee, is an
example of these computer output tables. It has information about the climate, capacities
and costs of the HVAC systems, and their energy consumptions while they supply the
estimated building loads. Table 39 will be used to detail the broad categories of information
given in each of the tables of Appendix C.

5.1.1 Characteristics of the Locality

Table 39's heading identifies Knoxville as the city for which the eight HVAC systems are
evaluated and lists the prevalent prices of electricity, natural gas, and heating oil in that
area. It also lists the design ambient temperatures and the ratio of the total to the sensible
cooling load for the reference house in Knoxville. The design ambient temperatures are used
to calculate the design-day heating and cooling loads of the reference house that are given in
the table heading.

Estimations of building space-heating, water-heating, and space-cooling loads for the
reference houses are based on much more extensive, site-specific data than are shown in the
tables; these data include monthly values for average wind speeds, intensities of solar radia-
tion, and ground temperatures; dry- and wet-bulb air temperatures; and duration times, as
presented in ref. 21. A complete description of the weather data set required for each city
studied is given in ref. 8.

5.1.2 Building Thermal Performance

The house for which the MAD computer program calculates heating and cooling loads is
identified in Table 39 simply as a "167 sq m home, well insulated." The building specified in
the calculations is, in fact, the reference house described in Sect. 2.1.1, where major assump-
tions concerning the occupancy, construction, and operation of the building are detailed. A
building with high thermal integrity was used because independent cost/benefit analyses
have shown that such measures as providing storm doors, double glazing of windows, and
high insulation in floors, walls, and ceilings are economically justifiable on their own
merit.22 Thus, the choice of a particular home heating and cooling system should be made
under the assumption that prudent energy conservation measures relating to the building's
thermal envelope have already been taken.

The computer program calculates the house's design-day heating and cooling loads for
the climate of the given locality. Table 39 lists the calculated design-day loads for the refer-
ence house located in Knoxville, Tennessee, as 9529 W (32,513 Btu/h) for heating and 6783 W
(23,144 Btu/h) for cooling. The heating and cooling system for that house must be able to
supply these loads, so this requirement establishes the size and cost of the components of
each of the eight systems, as described in Sect. 3. Also calculated by the computer program
and listed in Table 39 are the monthly and annual requirements for water heating, space
heating, and space cooling; these demands for energy services must be satisfied by each of
the eight systems of the study. Table 39 lists the energy consumed by each system while
delivering these services to the building.
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Table 39. Sample computer output listing for systems evaluation
KNOXVILLE, TENNESSEE

167 SQ R HONE, WELt IrSOLATFD EL. (S/KWHR) - 0.0378, 0.0850 PPF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMHER
DESIGN BEATING LOAD (WAITS) = 9529. GAS (S/THERI)- 0.3667, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEMP. = -10 C 33 C
DESIGN COOLING LOAD (WATTS) = 6783. OIL ($/GAL.) - 1.1700, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.26

-_- ----- asa--..____... RE S- ._ __ ______
I 1___ ._.o _IL Bo ADS .__ .L____ .........._ _STE sEB_X ________ ________ __ - -- I

I WTER I SPACE I SPACE I (1) (2) (3) (4) (5) 1 (6) 1 (7) 1 (8) i
M OWTH I HEAT I BEAT I COOL I ELEC. I HEAT I BP I IIN. I FULL I G__ fS. . VE I___ !OILaNAS- _.gLULS _.AS FI tL.

I I I I I RESS. I PU.P I DS ACES I ACES I GAS ELEC. I OIL I ELEC. I GAS I ELEC.
. __.... I HJ I J I 1 J__ KUH _1_ KR1 IL KWHr I KJ - WH _ITHeBR I UHH I GAL _ I L T1M L I I

I JAN I 180e. 9171.I 0.1 3022.1 1909.1 1790.1 1220.1 1185.1 151.1 29.1 101.1 531.1 123.1 29. I
I FE1 3 1625.1 4345. 0.1 1936.1 1288.1 1203.1 801.1 759.1 99.1 17.1 61.1 468.1 81.1 17.

J_-AE R __/ _ 1i -_ _ l .1 _-t 0.1 1752L _114q1 1008.1 716.1 687.1 91.1 _151__ 54.t 485.1 75.1 15. 1
I APR I 1475. 1220.1 1079. 866.1 726.1 632.1 322.1 319.1 42.1 121.1 16.1 531.1 37.1 121. 1

NATY 1 1327.1 0. 2552.1 647.1 793.l 636.1 191.1 191.1 27.1 278.1 5.I 647.1 22.1 278. 1
I JON I 1128.L__ 0.1 4498.1 8031__ _95.l__ _ 96 . 679_ 196__ l2 -- .___490 _zL 83___1_J__19
I JUL I 1074.1 0.1 1120.1 965.1 1203.1 966.1 1123.1 214.1 18.1 667.1 0.1 965.1 18.1 667. I
I AUG I 1084.1 0.3 6145. 971.1 1209.1 962.1 1130.1 465.1 18.1 669.1 0.1 971.1 18.1 669. 3
1 sL P__ __ 1151 ___ O.1 3309.L_ 6_81_ 82..L. 647. 633.1 689.1 21.1 _ 3 60,21 2- 68 ____._ 1 ,__360. I

OCT 3 1364.1 1192.1 903.1 808.1 662.1 578.1 291.1 283.1 40.1 102.1 16.1 481.1 35.1 102. 1
NOV 1505.1 3658.1 0.1 1434.1 930.1 847.1 541.1 521.1 75.1 12.1 44.1 430.1 62.1 12.

L DEC I 1721.I 709 2.1___ ..O _.L___88,__ _sZlfll]. I 985_L 960 1- l---_ .2..l-__-_ a 0i_, - 0L_---_01x1-_- 22_,
l-_B__AL 1 , 1l__ .I _3219l 1___--6 05 l_lJ63331_l322 ._l 11501JL__ 8611l_ 2470J,__ 722.1I ._aZ 1 __ltl_293.l__ ...-- l.2 223

_ ____ ____ ____ ___ I__SYSTS FsPZAST COSTS ____ -- ---------- -- - ------ ------
I I J . ... .... I ______ _ ____COHMPONENTS COSTS,_ __ _ _ ______I TOTAL I

L-0. L-__COMHIEIIALE£ITR£igSYSTE__S _ F--______L-.g4It C, H.,. I CONTROL | IaxIT V-Il-.-_gLEI~--OUCTS I INSTALI|. CO ST, _ I
I 1EL. FURNACE oN ATEP HTE CETPI CI 280. T 1279. 1 48. I 236. 1 275. 1 907. I 534. I 3559. |
1 2 IHEAT PUMP WITH ELEC. PES. WATER HEATER I 280. I 1199. 1 45. 1 236. 1 275. 1 843. 1 534. 1 3412. 1
1 3 tHET PMP. DESPEPHEA R WATE PT EATB___ ... __.1-.t_. 1TR 145,EL L..6_36_L1 iL ._ .... 2
~,,l_.--lB~-e~hP-aieal-ff£LfSSefiGSSJSTSfiSJ .___I ~aL-EL,_P~lI£_BIM___EA _.Ao x8LI E...g._BE/TEE __.S£TS__39_7_L__^!IL
1 4 I!IN. ACES, BINR 13.5 S3 PANEL* 14.6 M2 1 3130. 1 2464. 1 1684. I 636. 1 335. I 1049. 1 534. I 9832. I
1 5 IFOLL CS. BrIN= 76.4 3 PNFNL__L 0O, _ 2__ _ 130. 1 5839. 1I 0. 1 636. 1 335. 1___10492__L-.. 534_. _l 15l23
I I FOSSIL FUtL EISE SYSTEMS -___________-I _ LR - L -L__A /C _AO. oI__LASI L_: L_. A __L._3 £ _-lBUST&Lli _TOTALLL
1 6 IGAS FUROACE GAS ROT FATEP, CENTRAL AC 1 745. 1 1279. 1 26. 1 376. 1 270. 1 907. 1 584. 1 4187. 1
I 7 OIL PUPNACE, EL. HOT WATFR, CENTPAL AC l 690. l 1279. 1 26. 1 632. 1 275. l 907. 1 834. 1 4643. I
1 __LLSE__GAS FURNACE_, GAS RV,_CENTPAL AC 1 1125. I 1279. I 26. 1 236. 1 __27_ _ 907. 1 584. 1 44_27. 1

____________ --- - ---- ___SXIISE COiHPAISONS -__ _________--______-__--________- __--_____-
I ~ I STSTEM I SAINT. 1ST YEAR I1ST YEAR I INCPEM. I ENERGY

M l EW CONSTRUCTION ALTERNATIVES I !FFIC. I PBESENT I ENERGY I ENERBY I FPIST I PRESEBT L_ ZE CSCLECOSS _
l I I (ACOP) 3 WORTH I COST I SAVING I COST I WORTH I AVERAGE 3IIAGINAL I

-O _________ .___________ I S I, _ S.I S I _s S .__-._ I S I
1 lEL. FURNACE AND WATER HEATEP, CENTRAL ACl 1.25 I 914. 1 618.05 1 REF. I REF. 3 11490. 1 15962. I 273j3. 1

I 2 IRPAT POUP WITH *'TC. RES. WATER HEATER i 1.55 1 2162. 1 499.55 I 118.50 1 -147. l 9287. 1 14961. l 24067.
l 3 IHEAT PUMP, DESUPEPHEATFRB ATER HRATER l 1.78 I 2468. I 435.26 1 182.79 3 413. I 8091. 1 14531. I 22553.
l 4 1HTW. ACES, BEI= 13.5 P3 PANEL= 14.6 M2 3 2.37 l 2432. 1 326.61 1 291.44 .6273. I 6072. 1 18336. 1 24355. l
l 5 IFOLL ACES, BIN= 76.4 M3 PANIL= 0.0 M2 1 3.17 1 2432. l 244.83 1 373.22 1 7964. 1 4551. 1 18506. 1 23018. 1
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5.1.3 HVAC Systems Efficiencies and Life-Cycle Costs

System efficiency. The annual efficiency of each system is listed in Table 39 as ACOP.
Taken from heat pump terminology, the term signifies the ratio, in consistent units, of total
energy services delivered by the system to the total energy consumed during the year. The
ratio exceeds unity because ambient heat is pumped from the environment by the heat pump
or central air-conditioning unit associated with each of the systems.

A unit of energy delivered to the lot line in the form of fossil fuel is assumed to be
equivalent to E units of energy delivered in the form of electricity. Under this assumption,

ACOP = (QHW + QSH + Qsc)/(EEFos + EELE) , (5)

where

QHW = annual energy delivered for water heating,

QSH = annual energy delivered for space heating,

Qsc = annual energy removed from house for space cooling,
EFOS = annual fossil fuel energy consumed by the system,
EELE = annual amount of electricity consumed by the system,

e = equivalency ratio of electricity to fossil fuel (= 1/3).

A perhaps more conventional definition of system efficiency is obtained by expressing
annual energy consumption in terms of fossil fuel rather than electrical units. Thus, from
Eq. (5), the system efficiency (SEFF) may be written

SEFF = (QHW + QSH + Qsc)/(EFos + EELE/E) * (6)

In this definition of system efficiency, the annual energy services are related to the primary
energy content of the fossil fuel before the occurrence of losses from steam-electric conver-
sion and power transmission. Equations (5) and (6) show that ACOP and SEFF are related:

SEFF = e X ACOP . (7)

The data of Table 39 are used to illustrate the calculation of the ACOPs of systems 6, 7,
and 8 by means of Eq. (5). The annual energy services supplied by the systems are 16,955 MJ
for water heating, 32,190 MJ for space heating, and 24,605 MJ for space cooling, or a total of
73,750 MJ. Applying the conversion ratio, 3.6 MJ/kWh, yields a value of 20,486 kWh for the
total annual energy services. The annual energy consumption and the ACOP of each of the
fossil-fueled space-conditioning systems are given in Table 40.

Life-cycle costs. Table 39 shows two sets of life-cycle costs for each of the eight space-
conditioning systems in Knoxville, Tennessee. The first set is based on the actual cost of
energy to residential customers in that city; these costs are estimated by escalating the 1980
energy prices of each city according to the projected real increases shown in Table 11. The
second set is based on estimated marginal energy costs that are assumed constant
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Table 40. Example calculation of annual coefficient of performance
for systems 6, 7, and 8

System Gas Oil Electricity ETOT ACOPO
No. (therm)' (gal)b (kWh)c (kWh)d (20,486/EoTr)

6 727 0 2,783 9,885 2.07

7 0 381 7,493 12,704 1.61

8 610 0 2,783 8,742 2.34

"0.1 X 106Btu/therm.
b140,000 Btu/gal.
C3,413 Btu/kWh.
dThe equivalency ratio of electricity to fossil fuel, e, is 1/3.
eAnnual coefficient of performance calculated by Eq. (5).

throughout the country. The marginal energy price represents the charge that would be
assessed the customer if users were required to pay costs associated with new generating
capacity, new production capacity, and new delivery systems. These asymptotic energy prices
are assumed to be constant (in 1980 dollars) because they are based on a relatively abundant
fossil fuel, for example, coal.

The first set of life-cycle costs measures the relative economics of the eight space-
conditioning systems from the customer's point of view. The system with the lowest of these
costs is the one the customer should select if he is financially able to do so and if the system
meets his other requirements. The second set of life-cycle costs measures the effectiveness
of each system in minimizing total capital investment from the entire nation's perspective.
These marginal life-cycle costs, because they include the costs both of new energy production
plants and of the space-conditioning systems, spotlight those systems that are beneficial to
the nation as a whole.

5.2 Life-Cycle Cost Components in Selected Cities

The breakdown of life-cycle costs into first costs, present value maintenance costs, and
present value energy costs is presented in Appendix E for all eight systems of the study and
in 115 U.S. cities. Figures 1 through 3 show detailed results of the analysis for three cities
representative of warm, moderate, and cold regions of the country. System 8, comprised of a
pulse gas furnace, a gas water heater, and a central electric air conditioner, is the preferred
system (from the viewpoint of minimum life-cycle costs) in all three locations. Interesting
features are as follows:

* Orlando, Florida (Fig. 1) - Except for the ACES, the first costs are nearly the same
for all systems and are much lower than for those of HVAC systems in northern cities
because the annual requirement for air conditioning greatly exceeds that for space
heating.
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*Knoxville, Tennessee (Fig. 2) - This city is typical of a broad region of the central

United States where the annual heating and cooling requirements are roughly the

same; the climate has 3000 to 6000 heating degree-days. Although the full ACES is the

most energy efficient, the pulse gas furnace system with electric air conditioning is the

economic winner and the system of choice where natural gas services are available.

*Minneapolis, Minnesota (Fig. 3) - Incentives to employ the natural gas system are

even greater here than in the Knoxville area because of the greater annual space-

heating requirements in this climate. System 8, the pulse gas furnace with electric air

conditioner, is clearly the system of choice in the northern regions of the country.
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Fig. 1. Life-cycle costs for all systems for Orlando, Florida, 1982, representative of a warm
climate. The numbers in parentheses are the system numbers. 3 units of fossil energy - 1 unit of
electrical energy. AC: central electric air conditioner; 12R: electric resistance water heater; A.S.: air
source; DSWH: desuperheater water heater, ACES: annual cycle energy system; GWH: gas water
heater.
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Fig. 2. Life-cycle costs for all systems for Knoxville, Tennessee, 1982, representative of a
moderate climate. The numbers in parentheses are the system numbers. 3 units of fossil energy 1
unit of electrical energy. AC: central electric air conditioner, I2R: electric resistance water heater;
A.S.: air source; DSWI' desuperheater water heater-, ACES: annual cycle energy system; GWH: gas

water heater.
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Fig. 2. Life-cycle costs for all systems for Knoxville, Tennessee, 1982, representative of a
moderate climate. The numbers in parentheses are the system numbers. 3 units of fossil energy = 1
unit of electrical energy. AC: central electric air conditioner; 12 R: electric resistance water heater;
A.S.: air source; DSWH: desuperheater water heater, ACES: annual cycle energy system; GWH: gas
water heater.
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Fig. 3. Life-cycle costs for all systems for Minneapolis, Minnesota, 1982, representative of a
cold climate. The numbers in parentheses are the system numbers. 3 units of fossil energy = 1 unit
of electrical energy. AC: central electric air conditioner; I2R: electric resistance water heater; A.S.: air
source; DSWH: desuperheater water heater; ACES: annual cycle energy system; GWH: gas water
heater.
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6. CONCLUSIONS

6.1 National Perspective of Preferred HVAC Systems

The computer output tables of systems evaluations in 115 U.S. cities, presented in Appen-
dix E, show distinct regional patterns in the preferred systems from the standpoints of sys-
tem efficiency and system economics. These broad patterns are discussed briefly in the fol-
lowing sections. To obtain systems evaluation results for a specific locality, see Appendix C.

6.1.1 Energy Conservation

The full ACES exhibits the highest efficiency of all systems in a broad area spanning the
central United States. The ACES yields slightly lower efficiencies, although it is still signifi-
cantly better than its nearest competitors, in regions north or south of the central region.
The ACES is highly efficient in the central region because of a favorable balance between
annual heating and cooling needs of the reference houses in such climates. This balance
allows a greater degree of interseasonal energy transfer by the system. The ACES performs
better than all other systems throughout the country except in the Deep South, where
annual cooling needs so greatly exceed annual heating needs that little interseasonal energy
transfer is possible.

The pulse gas furnace with a gas water heater and a central electric air conditioner, sys-
tem 8 of this study, provides a system operating efficiency rivaling that of the ACES in the
northern and southern parts of the country. The pulse gas furnace system is also a respect-
able ACES competitor even in the central regions of the country and will probably be the
system of choice in all locations where natural gas services are available at reasonable
prices. Furthermore, the system can be improved technologically by extending the pulse
combustion concept for use in water heating as well as space heating. Such an improvement
would significantly enhance both the performance characteristics and the relative economics
of the system.

6.1.2 HVAC System of Economic Choice

The estimated first cost of the ACES is high, more than twice that of a conventional
heating and cooling system in most parts of the country. In addition, although the annual
operating costs of the ACES are much lower than those of conventional systems, the ACES
life-cycle costs still exceed those of all other systems except system 7. (System 7 is
comprised of an oil-fired furnace with an electric water heater and a central electric air con-
ditioner.) Consequently, unless the first cost of the ACES can be significantly reduced,
which seems unlikely now, the system has scant market prospects in spite of its great poten-
tial for energy conservation.

Clearly, the economic winner in this systems comparison study is system 8-comprised of
a pulse gas furnace with a gas water heater and a central electric air conditioner. This sys-
tem exhibits markedly lower life-cycle costs, in most parts of the country, than those of all
other systems analyzed. The only exceptions occur in regions where anomalous pockets of
low electric power rates exist because of local factors, such as an abundance of hydroelectric
capacity. In many parts of the country, system 6, employing an advanced, gas-fired furnace
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with a gas water heater and a central electric air conditioner, is a close runner-up to system
8. Depending on the specific gas and power rates that apply, system 6 may be supplanted in
the economic ranking by one of the heat pump systems, systems 2 and 3.

Analysis of the heat pump systems shows that the increment in first costs caused by
adding a desuperheater is fully justified by the reduction it brings in life-cycle costs. Of the
electric systems, system 3 exhibits the lowest life-cycle costs in the northern part of the
country. In the South, there is little difference among the life-cycle costs of systems 1, 2, and
3. A somewhat surprising result of the evaluation is the rather close bunching of the life-
cycle costs of all systems. Generally speaking, the ACES and oil-furnace systems exhibit
high life-cycle costs, and the gas-fired systems exhibit low life-cycle costs. The overall
spread in life-cycle costs, however, is less than had been expected, and uncertainties in the
calculations may, in some cases, affect the relative rankings of the systems.

6.2 Future Prospects

This study was undertaken to determine whether increasing energy prices are causing
changes in the relative life-cycle rankings of new and conventional space-heating and -cool-
ing systems for residences. It was anticipated that the higher energy prices since completion
of a earlier systems evaluation study, reported in ref. 1, would improve the competitiveness
of such energy-conserving systems as the ACES. Unfortunately, the results of the present
study show that this did not occur: costs of equipment and installation have risen even more
rapidly than energy costs during the past two years. As a result, it now appears unlikely
that systems with high efficiency and high first costs can ever attain a significant share of
the market, even if energy prices continue to escalate. A more likely reaction by the residen-
tial consumer to excessively high energy prices will be to change his life-style. The practice
of centrally heating and cooling an entire single-family residence is likely to be sharply
reduced as the average American struggles to cope with the rising costs of energy, home
construction, food, and other necessities. Zone control, that is, heating and cooling only a
few rooms at selected times, offers an effective way to reduce fuel costs; this method is
likely to be used more often in the future.
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Table A.1. Power cost data for 115 U.S. cities

Electrica
Location Jan. 1, 1981 Gasb Oilb

($1000/kWh) ($106 /Btu) ($/gal)

Alabama
Birmingham 58.19 3.667 1.17
Montgomery 58.19 3.667 1.17

Arizona
Tucson 58.67 3.022 1.12
Phoenix 62.97 3.571 1.07
Yuma 63.14 3.478 1.04

Arkansas
Little Rock 51.48 3.667 1.17

California
Los Angeles 68.06 3.008 1.13
Merced 50.32 3.477 1.04
Oakland 50.32 3.098 1.12
San Diego 96.21 3.511 1.07

Colorado
Colorado Springs 34.46 3.022 1.12
Denver 56.68 4.281 1.07
Grand Junction 56.68 3.477 1.04

District of Columbia
Washington, D.C. 49.34 4.457 1.17

Florida
Apalachicola 64.09 3.685 1.19
Jacksonville 82.80 3.550 1.17
Orlando 53.01 3.667 1.17

Georgia
Atlanta 49.43 4.195 1.17
Augusta 49.43 3.685 1.19
Macon 49.43 3.667 1.17

Idaho
Boise 31.46 3.022 1.12
Idaho Falls 18.00 3.477 1.04

Illinois
Chicago 56.41 3.953 1.13
E. St. Louis 44.59 3.702 1.06
Urbana 48.08 3.702 1.06

Indiana
Fort Wayne 40.02 3.697 1.11
Indianapolis 40.07 3.663 1.14
South Bend 40.02 3.697 1.11

Iowa
DesMoines 54.60 3.697 1.11
Sioux City 60.57 3.697 1.11

Kansas
Dodge City 52.59 3.702 1.06
Topeka 50.66 3.697 1.11

Kentucky
Louisville 41.51 3.667 1.17
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Table A1. (continued)

Electrica
Location Jan. 1, 1981 Gasb Oilb

($1000/kWh) ($106 /Btu) ($/gal)

Louisiana
Lake Charles 47.72 3.667 1.17
New Orleans 45.45 3.550 1.17
Shreveport 35.58 3.667 1.17

Maine
Portland 62.86 6.319 1.18

Massachusetts
Falmouth 78.61 6.319 1.18

Michigan
Battle Creek 54.73 3.702 1.06
Detroit 55.72 4.034 1.13
Sault Ste. Marie 32.72 3.702 1.06

Minnesota
Duluth 50.81 3.697 1.11
International Falls 49.73 3.702 1.06
Minneapolis 57.97 3.697 1.11

Mississippi
Biloxi 56.28 3.685 1.19
Columbus 36.90 3.685 1.19
Jackson 63.05 3.667 1.17

Missouri
Columbia 53.96 3.702 1.06
Kansas City 61.17 3.032 1.13
Springfield 50.40 3.697 1.11

Montana
Billings 32.16 3.478 1.04
Great Falls 32.16 3.478 1.04
Missoula 32.16 3.478 1.04

Nebraska
Grand Island 61.11 3.702 1.06
Lincoln 45.14 3.697 1.11
North Platte 38.35 3.702 1.06

Nevada
Ely 40.41 3.478 1.04
Las Vegas 42.43 3.022 1.12
Winnemucca 60.15 3.478 1.04

New Jersey
Trenton 76.80 4.657 1.19

New Mexico
Albuquerque 74.91 3.022 1.12
Roswell 51.51 3.478 1.04

New York
Albany 46.54 4.657 1.19
Binghamton 49.99 5.319 1.18
Niagara Falls 46.54 6.319 1.18
Syracuse 46.54 4.651 1.19
Westhampton Beach 67.53 6.319 1.18
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Table A.l. (continued)

Electrica
Location Jan. 1, 1981 Gasb Oilb

($1000/kWh) ($106 /Btu) ($/gal)

North Carolina
New Bern 54.40 3.685 1.19
Greensboro 46.11 3.667 1.17

North Dakota
Bismarck 46.89 3.702 1.06
Grand Forks 43.02 3.702 1.06
Williston 46.89 3.702 1.06

Ohio
Akron 46.84 3.697 1.11
Columbus 62.41 3.633 1.14
Dayton 62.01 3.697 1.11
Toledo 64.24 3.697 1.11

Oklahoma
Altus 42.48 3.685 1.19
Oklahoma City 45.65 3.667 1.17
Tulsa 43.63 3.667 1.17

Oregon
Astoria 34.09 3.478 1.04
Medford 34.09 3.478 1.04
Portland 40.21 3.022 1.12

Pennsylvania
Middletown 26.10 6.319 1.18
Philadelphia 71.76 5.407 1.15
Pittsburgh 58.82 3.592 1.15
Wilkes-Barre 44.24 6.319 1.18

South Carolina
Charleston 51.09 3.685 1.19
Greenville 40.05 3.685 1.19
Sumter 50.72 3.685 1.19

South Dakota
Huron 61.97 3.702 1.06
Rapid City 58.26 3.702 1.06

Tennessee
Bristol 37.84 3.685 1.19
Knoxville 37.84 3.667 1.17
Memphis 38.79 3.550 1.17
Nashville 36.90 3.550 1.17

Texas
El Paso 72.48 3.550 1.17
Fort Worth 56.59 3.508 1.17
Houston 59.40 3.893 1.13
San Antonio 46.77 3.550 1.17

Utah
Salt Lake City 58.26 3.022 1.12

Vermont
Burlington 39.45 6.319 1.18
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Table Al. (continued)

Electrica
Location Jan. 1, 1981 Gasb Oilb

($1000/kWh) ($106 /Btu) ($/gal)

Virginia
Norfolk 64.32 3.667 1.17
Richmond 64.32 3.667 1.17
Roanoke 47.08 3.667 1.17

Washington
Moses Lake 18.00 3.478 1.04
Seattle 16.09 5.402 1.13
Spokane 20.02 3.022 1.12

West Virginia
Charleston 46.82 3.685 1.19
Elkins 47.03 3.685 1.19

Wisconsin
Green Bay 41.79 3.697 1.11
Madison 41.52 3.697 1.11

Wyoming
Casper 34.29 3.478 1.04
Cheyenne 26.70 3.478 1.04
Lander 34.29 3.478 1.04
Sheridan 27.22 3.478 1.04

aRef. 18.
bRef. 17.
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OT-ACES HOUSE-RODEL TWO-FOR ECONOMIC REPORT
1 1

30. .083 120. 1.
80. 80. 80. 80. 80. 80. 80. 80.

80.0 80.0 80. 80.
8. 1.1 40.0 37.0 37.0 0.8 0.4

15. 0.85 1.00 0.085 1.29
.1178 .0812 .00 25.
4.46 0.41 .80 4.0 6.0 6.0
0.00 0.00 0.00 2.55 19.0 10.0 2.05 2.40
0.0 0.0 0.0 0.0 0.0 0.0 2.75 2.00'
.95 1.0 0.0

3547.8 3547.8 3547.8 3547.8 3547.8 3547.8 3547.8 3547.8
3547.8 3547.8 3547.8 3547.8

49. 18. 47.5 4.5 709. 466. 657. 479.5
1155. .78 .87 20.53 31. 4.0

.42 1. 1. 70. 78.
8.0 1.15 16047.9

ROOF KIT 429. 0.0488 1.0
TIPE 8 IWLL 483. 0.0862 1.0
TYPE 2 WALL 1738.5 0.0487 1.0
DOOR 20. 0.25 1.0
WIbDOW 166.5 0.580 1.0
ROOF BEDROOM 594. .0252 .96
BOOF CONSOL! 132. .0252 .78
FLOOR 1155. 0.040 0.17
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KMOXVILLE, TENNESSEE C 35 49 83 59 980.
13. 92. .03784 3.667 1.17

KNOXTILLE,TN 201
131. 186. 285. 420. 446. 488. 474. 484. 383. 288. 202. 154.

9. 8. 11. 8. 7. 6. 6. 6. 6. 7. 6.
5 9 0. 3. 0. 3. 8. 1 201

10 14 3. 7. 0. 10. 12. 1 201
15 19 12. 20. 2. 34. 16. 1 201
20 24 14. 43. 18. 75. 20. 1 201
25 29 26. 33. 15. 74. 25. 1 201
30 34 40. 43. 33. 116. 29. 1 201
35 39 62. 57. 34. 153. 34. 1 201
40 44 51. 26. 66. 143. 37. 1 201
45 49 15. 11. 31. 57. 42. 1 201
50 54 12. 3. 27. 42. 44. 1 201
55 59 13. 2. 17. 32. 47. 1 201
60 64 0. 0. 4. 4. 49. 1 201
65 69 0. 0. 1. 1. 51. 1 201
70 74 0. 0. 0. 0. 0. 1 201

5 9 5. 1. 0. 6. 7. 2 201
10 14 11. 5. 8. 24. 10. 2 201
15 19 0. 3. 6. 9. 15. 2 201
20 24 10. 10. 3. 23. 20. 2 201
25 29 17. 12. 4. 33. 26. 2 201
30 34 33. 14. 6. 53. 30. 2 201
35 39 42. 20. 24. 86. 33. 2 201
40 44 44. 32. 29. 105. 39. 2 201
45 49 29. 47. 40. 116. 43. 2 201
50 54 9. 27. 44. 80. 46. 2 201
55 59 10. 25. 20. 55. 50. 2 201
60 64 14. 18. 27. 59. 54. 2 201
65 69 0. 6. 11. 17. 59. 2 201
70 74 0. 4. 2. 6. 61. 2 201
75 79 0. 0. 0. 0. 0. 2 201
25 29 9. 1. 0. 10. 25. 3 201
30 34 40. 16. 0. 56. 30. 3 201
35 39 62. 36. 17. 115. 33. 3 201
40 44 58. 46. 45. 149. 37. 3 201
45 49 38. 47. 46. 131. 41. 3 201
50 54 21. 35. 55. 111. 45. 3 201
55 59 15. 33. 36. 84. 51. 3 201
60 64 5. 17. 25. 47. 51. 3 201
65 69 0. 9. 12. 21. 54. 3 201
70 74 0. 7. 7. 14. 56. 3 201
75 79 0. 1. 5. 6. 59. 3 201
80 84 0. 0. 0. 0. 0. 3 201
30 34 4. 0. 0. 4. 32. 4 201
35 39 15. 4. 2. 21. 36. 4 201
40 44 22. 10. 11. 43. 39. 4 201
45 49 34. 18. 6. 58. 44. 4 201
50 54 39. 24. 22. 85. 47. 4 201
55 59 50. 33. 30. 113. 51. 4 201
60 64 41. 34. 50. 125. 56. 4 201
65 69 29. 45. 38. 112. 57. 4 201
70 74 6. 36. 42. 84. 58. 4 201
75 79 0. 30. 26. 56. 61. 4 201
80 84 0. 6. 13. 19. 62. 4 201
85 89 0. 0. 0. 0. 0. 4 201
35 39 3. 0. 0. 3. 39. 5 201
40 44 13. 4. 2. 19. 41. 5 201



60

45 49 0. 6. 14. 20. 45. 5 201
50 54 14. 2. 0. 16. 50. 5 201
55 59 41. 15. 10. 66. 54. 5 201
60 64 85. 29. 31. 145. 60. 5 201
65 69 77. 35. 34. 146. 62. 5 201
70 74 15. 49. 43. 107. 64. 5 201
75 79 0. 63. 54. 117. 66. 5 201
80 84 0. 38. 46. 84. 67. 5 201
85 89 0. 7. 14. 21. 69. 5 201
90 94 0. 0. 0O 0. 0. 5 201
45 49 5. 0. 0 . 5. 45. 6 201
50 54 18. 1. 3. 22. 49. 6 201
55 59 16. 10. 9. 35. 52. 6 201
60 64 16. 7. 9. 32. 57. 6 201
65 69 69. 14. 14. 97. 63. 6 201
70 74 106. 32. 46. 184. 67. 6 201
75 79 10. 51. 64. 125. 69. 6 201
80 84 0. 62. 44. 106. 69. 6 201
85 89 0. 54. 41. 95. 71. 6 201
90 94 0. 9. 10. 19. 71. 6 201
95 99 0. 0. 0. 0. 0. 6 201
60 64 2. 0. 0. 2. 62. 7 201
65 69 65. 6. 1. 72. 66. 7 201
70 74 146. 33. 45. 224. 69. 7 201
75 79 33. 62. 67. 162. 71. 7 201
80 84 2. 77. 65. 144. 73. 7 201
85 89 0. 53. 46. 99. 73. 7 201
90 94 0. 17. 23. 40. 73. 7 201
95 99 0. 0. 1. 1. 74. 7 201

100 104 0. 0. 0. 0. 0. 7 201
65 69 73. 5. 2. 80. 67. 8 201
70 74 139. 49. 63. 251. 70. 8 201
75 79 35. 62. 74. 171. 71. 8 201
80 84 1. 68. 53. 122. 72. 8 201
85 89 0. 51. 39. 90. 74. 8 201
90 94 0. 13. 13. 26. 74. 8 201
95 99 0. 0. 4, 4. 73. 8 201

100 104 0. 0. 0. 0. 0. 8 201
45 49 1. 0. 0. 1. 48. 9 201
50 54 16. 1. 0. 17. 51. 9 201
55 59 32. 7. 4. 43. 54. 9 201
60 64 52. 14. 15. 81. 59. 9 201
65 69 88. 34. 45. 167. 63. 9 201
70 74 46. 62. 49. 157. 65. 9 201
75 79 5. 44. 45. 94. 66. 9 201
80 84 0. 55. 40. 95. 67. 9 201
85 89 0. 23. 40. 63. 68. 9 201
90 94 0. 0. 2. 2. 70. 9 201
95 99 0. 0. 0. 0. 0. 9 201
35 39 11. 2. 0. 13. 36. 10 201
40 44 29. 6. 0. 35. 39. 10 201
45 49 42. 12. 9. 63. 44. 10 201
50 54 62. 36. 30. 128. 48. 10 201
55 59 73. 52. 49. 174. 52. 10 201
60 64 20. 35. 46. 101. 54. 10 201
65 69 11. 33. 48. 92. 57. 10 201
70 74 0. 43. 37. 80. 59. 10 201
75 79 0. 28. 24. 52. 61. 10 201
80 84 0. 1. 5. 6. 62. 10 201
85 89 0. 0. 0. 0. 0. 10 201
25 29 12. 2. 0. 14. 27. 11 201
30 34 39. 15. 8. 62. 31. 11 201
35 39 45. 18. 17. 80. 35. 11 201
40 44 46. 31. 24. 101. 39. 11 201
45 49 42. 39. 43. 124. 43. 11 201
50 54 40. 53. 57. 150. 48. 11 201
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55 59 5. 35. 48. 88. 50. 11 201
60 64 9. 32. 25. 66. 53. 11 201
65 69 2. 12. 14. 28. 55. 11 201
70 74 0. 3. 4. 7. 58. 11 201
75 79 0. 0. 0. O. 0. 11 201
15 19 4. 1. 0. 5. 16. 12 201
20 24 37. 9. 4. 50. 21. 12 201
25 29 40. 14. 18. 72. 25. 12 201
30 34 40. 42. 46. 128. 29. 12 201
35 39 53. 51. 47. 151. 34. 12 201
40 44 38. 53. 59. 150. 37. 12 201
45 49 13. 37. 33. 83. 41. 12 201
50 54 6. 13. 21. 40. 47. 12 201
55 59 9. 9. 10. 28. 54. 12 201
60 64 8. 7. 6. 21. 57. 12 201
65 69 0. 7. 4. 11. 59. 12 201
70 74 0. 5. 0. 5. 60. 12 201
75 79 0. 0. 0. 0. 0. 12 201

0 201
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C
C PROGRAM FOR MONTHLY ACES DESIGN--HAD
C
C WRITTEN BY
C H.L. BALLOU
C AND
C E.A. NEPHEW
C OAK RIDGE NATIONAL LABORATORY
C OAK RIDGE,TENNESSEE
C
C MODIFIED BY C.A. SADY MARCE 5,1981
C TO USE JANUARY 1981 COSTS.
C

CORMON/HPUOP/COPH (76), A!(12) ,ENGHP(12) ,CCOP,HCOP,SCOP
LOGICAL OPT1,OPT2
CO ! ON/DAT/RT(4) ,TICE(12),AREA(9),RAB,WB, RR,WR,HO,SP,GLASS,

) PANES,SUP,PSIDES.PDELT,TILT,TSW,TSSGAL(12) COPCHT,
> COPCBR,COPCHV,COPHT,COPIH,COPCW,COPBR,COPHW,EC,EF,ERB,
> ECB,EOF,EHE,OPT1,OPT2,COP4CO COP17,IPRT

COMON/BINS/CIT (10) ,ZONE, DD (2), ALAT,NIHV( 12) ,T (12,40),
> H(12,40,2),HBR(12),VAV(12),TA(12)),AB(12, 40),

ALONG, ELEV,ELECOSGASCOSOILCOS
CO MON/DIG/TVOL (5), PARE (5), SYSKV (5) , BTEP (12, 5), BLEAK (12, 5),

> PCOL(12,5),BICE(12,5),IRNT,TBLEAK(12),SILEAK(12),
> NOICE1! (5), NOICE (5) ,NTIRE

COHMON/ROUS/LABEL(50,5), XNS, ARCHG,VOLVAR(50,5) ,U (50) DT(50),
> HL (501 ,S!, A, UFLOOB,DCOOL,DHEAT,BCAP,PAN(12,15)

CORHON/QLOAD/SOL(12,10),SHG(12),QR(12),QC(12),QW(12),
> TITLE(18 ,SOP(12) ,N0F(12) I L( ,SO(12),TH(12),
> TG(12,7) ,DTH(7),HRSPAN(12),HFLOOR(12),CFLOOR(12)

COBHON/RICE/ISYS,RATEDCRATEFn,RATEKRWKFLAG, ESCSTCOLCSTINS,
> CSTCOI,THKSD,TRHKBT.THKTPRATETH,RATEGA,ETHELEBRTGAS,
> RBTOIL

DIMENSION HEAD(18)
COHON/iILE8/POINT (120,9),SABEC (89), NRC,CASENO

C
C THE FILE ON UNIT 8 WILL SAVE DATA FROM HAD RUNS TO BE
C MAPPED LATER. THE STRUCTURE OF THE FILE IS AS FOLLOWS:
C
C RECORD 1 LAST RECORD NO. USED, CASE NO. CONTAINED IN SET
C RECORD 2-31 CITY NAME, FIRST RECORD NO. REPEATED 4 TINES PER
C RECORD
C RECORD 32 POINTER, CITY NAHE(8A4), LATITUDE, LONGITUDE,
C RATIO OF TOTAL COOLING TO SENSIBLE COOLING,
C RATE OF ELECTRICITY, ISYS,
C VOLUME OF MIN. ACES BIN,
C VOLUME OF FULL ACES BIN, FLAG ON VOLUME,
C PANEL AREA OF KIN. ACES,
C PANEL AREA OF FULL ACES, FLAG ON PANEL,
C ANNUAL COP OF 5 SYSTEMS,
C ANNUAL ENERGY OF 5 SYSTEMS (KWH),
C SYSTEM COST OF 5 SYSTEMS,
C TOTAL PBESENT WORTH OF 5 SYSTEMS,
C SIMPLE PAYBACK PERIOD OF 5 SYSTEMS,
C SIMPLE PAYBACK RANK OF 5 SYSTEMS,
C 1ST YEAR FUEL COST OF 5 SYSTEMS,
C FUEL SAVINGS OF 5 SYSTEMS,
C AND LIFE CYCLE RANKING OF 5 SYSTEMS
C ( THE 5 SYSTEMS ARE I2R, HEAT PUMP/I2R,
C HEAT PUMP/DESUPEP. HIM. ACES, AND FULL ACES)
C
C REST OF THE RECORDS ARE REPEATS OF RECCRD 31 ABOVE.
C
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C JCL FOR GO STEP IS
C //GO.FT08P001 DD UNITSPDA,DSN-T. LB05929."ADXX,SPACE=(TRK,(20,2)),
C // DISP (NEWCATLG) ,DCB (RECFH=FBLRECL=680,BLKSIZE 12837)
C OR
C //GO.FT08F001 DO DSN-T.MLB05929.BADXX,DISP=(OLD,KEEP)
C

DEFINE FILE 8(600,680,E,NREC)
C
C IFILE8=0 MEANS FILE 8 NOT USED BEFORE
C

READ(5,450) IFILEB, CASENO
IF (IFILE8.EQ.0) GO TO 20

C
C READ II POINTER TABLE
C

J31=1
J2=4
DO 10 I=2,31
READ(8'I,500) ((POINT(J, K),K1.9),J=Jl,J2)
J1=J1+4
J2=J2+4

10 CONTINUE
C
C READ LAST RECORD NO. USED AND INITIALIZE NREC
C

READ(8'1,550) RLAST
NREC=INT (BRLST) +1
GO TO 40

C
C FIRST TIME FILE USED--INITIALIZE POINTER TABLE AND NREC.
C
20 DO 30 J=1.120

DO 30 K-1,9
POINT(J, K)=0.

30 CONTINUE
NREC=32

C
C READ IN DATA ABOUT HOUSE AND ICE TANK
C
40 CALL DATAIN

CALL PRTDAT
RCITYs0

C
C READ MONTHLY TEMPERATURE, WIND SPEED, AND INSOLATION DATA
C
C M = MONTH INDEX
C I = BIN INDEX
C T(M,I) = TEMPERATURE MIDPOINT OF BIN
C H(M,I, )= BIN DAYLIGHT HOURS
C H(1.I,2)= BIN NIGHT HOURS
C VB(M,I) = WET BULB AVERAGE
C TAT(M) = AVERAGE OUTDOOR TEMPERATURE (F)
C VAV(M) = AVERAGE WIND SPEED (HILES PER HOUR)
C HBR(M) = MONTHY INSOLATION
C
C
50 CALL BIN(HEAD,&5000)
C
C CALCULATE EARTH TEMPERATURE
C TG(M,1) = GROUND TEMPERATURE FOR TANK TOP
C TG(M,2) = GROUND TEMPERATURE FOR TANK BOTTOM
C TG(M,3) = AVERAGE GROUND TEMPERATURE FOR TANF SIDES
C TG(M,4) = INLET WATER TEMPERATURE
C TG(E,5) = GROUND TEMPERATURE (5 FT)
C

CALL EARTH (TAV)
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C
C COPOUTE INSOLATION ON SURFACES
C

CALL SUNLJ
C
C
C SOL (,1) S SOLAR HEAT GAIN THROUGH NORTH WINDOW (BTU/DAT*SQFT)
C SOL(H,2) = SOLAR HEAT GAIN THROUGH EAST WINDOW (BTU/DAY*SQFT)
C SOL(H,3) = SOLAR HEAT GAIN THROOGH SOUTH WINDOW (BTU/DAY-SQFT)
C SOL(M,4) = SOLAR HEAT GAIN THROUGH WEST WINDOW (BTU/DAY-SQFT)
C SOL(8,5) = INCIDENT SOLAR LUtX ON NORTH FACING WALL(BTU/DAY-PT**2)
C SOL(H,6) * INCIDENT SOLAR nFLU ON EAST FACING WALL (BTU/DAY-FT**2)
C SOL(H,7) = INCIDENT SOLAR FLUO O0 SOUTH FACING WALL(BTU/DAY-FT**2)
C SOL(1,8) a INCIDENT SOLAR FLUX ON WEST FACING WALL (BTU/DAY-FT**2)
C SOL (H,9) a INCIDENT SOLAR FLUX ON ROOF (BTU/DAY-FT**2)
C SOL(H, 10) = SOLAR FLUX ON RADIANT/CONVECTOR PANEL (BTU/DAY-FT**2)
C
C

DO 80, =1, 12
SHG () 0.0
SOP () -AREA (9) *SOL (1,9) *RAB/ ((RR*HO* 1.0) *8.0)
DO 80 J-1,4
SHG (H) =SHG () *l REA (J) SOL (d, J) *SF/8.0
SOP(H) =SOP(M) +AREA J+) *SOL(H, J+) *WAB/( (WR*HO 1.0) *8.0)

80 CONTIIUE
C
C PANEL CALCULATES SOLAR PANEL HEAT PICKUP
C

CALL PANEL
C
C LOADS USES UA OF THE HOUSE TO CALCULATE HONTHLY HEATING,
C COOLING, AND HOT WATER LOADS. LOADS ALSO CALCULATES
C DESIGN DAY HEATING AND COOLING LOADS.
C

CALL LOADS(650)
C
C DIGEST CALCULATES BIN SIZE. PANEL SIZE, AND ENEEGY CONSUOPTION
C

CALL DIGEST(&50)
C
C ENERGY CALCULATES ENERGY CONSUPTION OF NON-ACES SYSTEHS
C

CALL ENERGY
IF(IPRT.EQ.0) CALL PBTBSC(HEAD)
IF(IPRT.EQ.1) CALL PBTECO(HEAD)

C
C WRITE CITY DATA INTO FILE8
C

CITY=NCITY+ 1
WRITE(8'NREC,300) (SAVREC(J) ,J=1,89)

300 FORHAT(F5.0,8A4,21F8.2,59F8.0)
NWRT=NREC-1

C
C UPDATE POINTERS
C

DO 90 J=1,120
IN=J
IF(HEAD(1) .E.POINT(J,1)) GO TO 90
IF (HEAD(2) .N. POINT(J,2) GO TO 90
IF(HEAD'(3) .NPOINT(J,3)) GO TO 90
IF (HEAD(4) . NE.POINT(J,4)) GO TO 90
IF(HEAD(5) NE.POINT(J,5)) GO TO 90
IF(HEAD(6).NE.POINT(J,6)) GO TO 90
IF(HEAD(7).NE.POINT(J,7)) GO TO 90
IF(HEAD(8) .Q.POINT(J,8)) GO TO 110

90 CONTINUE
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DO 100 I11,8
POINT (NC ITY, I) HEAD (I)

100 CONTINUE
POINT (1CITT, 9) FLOAT (NREC-1)
GO TO 140

C
C CITY ALREADY IN POINTER TABLE-UPDATE POINTERS IN PREVIOUS RECORDS
C
110 PT1=POINT(IN,9)
120 IP=INT (PT1)

READ(8'IP,350) PT2
350 FORiAT(F5.0)
C
C FIND LAST POINTER
C

IF(PT2.EQ.9999.) GO TO 130
PT 1PT2
GO TO 120

C
C NWRT IS NUMBER OF RECORD JUST WRITTEN
C
130 PT=FLOAT (NWRT)

READ(8'IP,300) SAVREC
SAVREC(1) PT
WRITE(8'IP,300) SAVREC
PT=9999.
READ(8'NWRT,300) SAVREC
SVREC (1) PT
WRITE(8'NWRT,300) SAVREC

140 CONTINUE
GO TO 50

C
C WRITE RECORD 1 AND POINTER TABLE IN RECORD 2-30
C
5000 RLASTPLOAT (NREC-1)

WRITE(8'1,400) RLASTCASENO
400 FORMAT(36F10.0)

Jl 1
J2=4
DO 150 I=2,31
WRITE(8'I,500) ((POINT(J.K,.K=1,9).J=J1,J2)
J1=J1+4
32=J2+4

150 CONTINUE
STOP

450 FORNAT(I10,F10.0)
500 FORBMAT(4(8A4,F10.0))
550 FORPAT(F10.0)

END
BLOCK DATA
COaMON/HPURP/COPH(76),AUX(12),FNGHP(12 ,CCOP,HCOP,SCOP
COUMON/QLOAD/SOL(12,10) ,SHG(12),QH(12),QC(12),Q(12) ,

> TITLE(18),SOP(12), ON(12) XNFIL(12),SO(12) TH(12),
> TG(12,7),DTH(7),HRSPAN (12) ,HFLOOR(12) ,CFLOO (12)

COMBON/ENG/ENG(6,2) ,EU(6,2, 12) SYS,KSYS (6)
DATA COPH/3*1.28,5*1.51.36,51.50,51.68,5*1.92,5*2.18,52.42,

> 5*2.67,5*2.88,5-3.04.5*3.21,5*3.34,5*3.43. 5*3.50,
) 5*3.56,3*3.60/

DATA AON/'JAN '.'FEB '*.nAR *,'APR '.'MAT '.'JUN ','JUL ',
> 'AUG ','SEP ','OCT ','NOV ','DEC '/

DATA TH/744.,672.,7.44.,720.,744.,720.,744.,744.,
> 720.,744.,720. 744./

DATA NSYS/3/
END

SUBROUTINE AAHP(SIZE,TFOM,TIB,TMP,BH,BC,BW,H)
C
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C SBBROITINE AAHP CALCULATES THE ENERGY CONSUOPTION BY AIR-TO-AIR
C HEAT PUOP SYSTEHS
C

COHHON/HPURP/COPH (76) .AU(12) ,ENGHP(12) ,CCOP HCOP,SCOP
COHHON/ENG/ENG(6 2) .EU(6,2, 12) ,NSYS KSYS(6)
COMON/ELOAD/HPEUH(12) HPEUC (12)

DIBENSION CAP(76)
DATA CAP/3*10.0,5*10.5,5*12.5,5*14.6 517.5. 521.0,5*24.0.

1 5*27.5,5*30.555*34.0,5*37.0,5*40.5.5*43.5,5*45.7,
2 5*47.6,3*49.5/

C
NT - 0.7406*TRP-5.269+21.
IF (NT.LT.1) NT = 1
IF (NT.GT.76) NT " 76
HCOP = (TFOH/2.88)*COPH(NT)
COPC = (TFOB/2.88)*2.65*0.86
RPCAP-CAP(NT * (SIZE/30.5)*(1.0-EXP(-1.2*(TPOH- 1.2)))

C
C PERFORBANCE DEGRADATION FROM FROSTING AND CYCLING
C

I? (THP.GT.40.0) GO TO 10
HPCAP,= 0.92 * HPCAP
HCOP = 0.92 * HCOP

10 HPM! a HPCAP * TIM
C
C ENERGY USE BY HEAT PUMP WITH I2R WATER HEATER
C

HPO - HPHX
AUXX BH - HPMX
IF (AUXI.GT.0.0) GO TO 20
HPO = BH
AtIX = 0.0
RCOP HRCOP * 0.85

20 DEL - HPO/RCOP * AUXX * BW + BC/CCOP
HPEBH(M) = HPEUR(H) + HPO/HCOP + AUXX
ENGHP( ) = ENGHP(H) * HPO/HCOP * BC/CCOP + AUXX
EB(2,1,1) = OEU(21, ) * DEL
AUo(H) = AOX(M) * AUXX

C
C ENERGY USE BY HEAT PUMP WITH DESUPERHEATER
C

IF (BH.GT.BC) GO TO 30
C
C HEAT PUMP IN COOLING MODE
C

DSH = 0.15 * (BC*(COPC+1.0)/COPC)
DEL - BC/COPC + DSH/20.0 * (BW-DSH)
IF (BW.LT.DSH) DEL = BC/COPC * BW/20.0
GO TO 40

C
C RHAT PUMP IN HEATING MODE
C

30 HPO = ANN1(BH/0.85, HPHX)
TLD = BHBBW
IF (RPO.GT.TLD) HPO = TLD
AUXX = TLD-HPO
DSH - HPO-BH
IF (DSH.LT.0.0) DSH = 0.0
DEL HPO/HCOP + DSH/20.0 + AUXX

40 EO(3,1,!) = EU(3,1,M) * DEL
RETURN
END

SUBROUTINE ACECOS
C
C THIS SUBROUTINE CALCULATES COST OF ACES
C
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CO aMON/HPoUP/COPR (76) ,AUX(12),ENGHP(12) ,CCOP,HCOP,SCOP
LOGICAL OPT1,OPT2
CONfOW/DAT/HVT (4) .TICE(12 AREA (9) ,RAB,WAB,BR,R,HO,SF,GLASS,

> PANES,SUP,PSIDES,PDELT,TILT,TSVTSS,GAL(12),COPCHT,
) COPCB8,COPCH ,COPHT,COPIN,COPCO,COPBR, COPH, EC, ,FHB,
> ECB,EOPEHWOPT1,OPT2,COP47,COP17,IPRT

COMHON/DIG/TVOL (5) ,PAREA (5, SYSKW(5) ,BTEHP (12,5) .BLEAK(12, 5),
> PCOL(12,5) ,BICE(12,5) ,IUNTBLEAK(12).SILEAK(12),
> NOICEM (5) ,NOICEW (5), NTIME

COMHON/RICE/ISYS,BATEDCRATEFLRATEKW,.KPLAGYES,CSTCOL,CSTINS,
> CSTCOI,TSKSD,THKBTH,THKTP,BRTETH,RATEG&,RTNELERTBGAS,
> RBTHOIL

BEAL*4 INSCOS,aECCOS
CORHON/sCOSDAT/FANCOS (8), CNTCOS (8) , APCOS (8) , AXCOS (8),

> RWTCOS (8), DCCOS (8), INSCOS (8), SYSCOS (8),
> BECCOS (2) ,BIICOS (2) , PANCOS (2), COILFT (2)

COMMON/HOUS/LABEL(50,5) , nS, ACHG.VOL,VAR(50,5) , (50) ,DT(50)
> HL(50),S!MUA, ULOORDCOOLDHEAT,BCAPPAN(12.15)

DIHENSION ARECHP(2.6),DUCTS(2,9),C(11),CBIN(7)
DATA DUCTS/10000.,514.,

> 12500. 590.,
> 26500.,885.,
> 40000., 1180.,
> 53500. ,1416.,
> 66500., 1623.,
> 80000. 1770.,
> 100000. 1947.,
> 115000.,2000. /

DATA ABECHP/24500.,2950.,
> 34000.,3130.,
> 45000., 3500.,
> 60000.,4000.,
> 75000., 4450.,
> 115000.,5600./

(D) =CON-D*D* (ALOG (D/DOt /KI + ALOG (DO/DI /XKP)
DP (D) -D/XI-2*D* (ALOG(DO/DI) /XKP+ALOG(D/DO) /XKI)

C

C ACES COST
C

DO 200 IK=1,2
IF(IK.EQ.1) K=2
IF(IlK.EQ.2) K=1
DO 130 J=1,6
IF(DHEAT.LE.AMECHP(1,J)) GO TO 140

130 CONTINUE
PRINT 1600, DHEAT

1600 FORMAT("OEXCEEDED CAPACITY ON ACES MECH. PACKAGE IN',
> * SUBROUTINE ACECOS, DRFAT =','10.0)

C
C COST OF NECHNICAL PACKAGE
C
140 MECCOS(IK)=AMCHP (2,J)

DC APANECHP(1,J)
C
C ADD TO COST IF HIGH EFFICIENCY HEAT P9MP
C

IF(COPHT.GE.5.0) MECCOS(IK) =MECCOS(IK) +1360.
C
C ICE STORAGE BIN COST
C TAKEN PEOR R.S. SNOW CONSTRBCTION COST ESTIMATION
C
C C(1) z LINER MATERIAL AND INSTALLATION
C C(2) = FLOOR SLAB MATERIAL AND INSTALLATION
C C(3) = FLOOR INSULATION MATERIAL AND INSTALLATION
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C C(4) - TOP SLAB MATERIAL AND INSTALLATION
C C(5) u TOP INSULATION MATEBIAL AND INSTALLATION
C C(6) = FOAH FORN WALL (HATERIAL AND INSTALLATION)
C C(7) F ?OAI FORM SUPPLEMENTAL INSULATION (HAT. + INSTALL.)
C C(8) = BAR BLOCK UPGRADE TO FOA! FORM LEVEL
C C(9) = FOOTERS, MATERIALS AND INSTALLATION
C C(10) - EXCAVATION COST
C C(11) - COIL COSTS
C
C T=I DENOTES FREE STANDING BIN CONSTRUCTION
C T=0 DENOTES INTEGRATED TANK CONSTRUCTION
C

T-0.
C
C CBIN(1) = LINER COST
C CBIR(2) = FLOOR COST
C CBIN(3) = TOP COST
C CBIN(4) = WALLS COST
C CBIN(5) = FOOTERS COST
C CBIN(6) EXCAVATION COST
C CBIN(7) = COIL COST

C(1) .69
C(2) 1.47
C(3) CSTINS*THKBTR
C(4) =0.0
C(5) -CSTINS*TRKTP
C(6) 3.73
C (7) CSTINS*THKSD
C(8)=.82
C(9) =2.36
C(10) =.1076
C(11)=CSTCOI
HT=TICE(1)
u=SQRT(TVOL(K)/HT)

ABT=TVOL (K)/HT
HT = HT + .5
CBIN (1) C (1)* (HT+FT+W) **2
CBIN(2) =ABT* (C(2) *T+C(3))
CBIN1(3)=ABTM* C(4) *T+C(5))
CBIN (4) =2.*HT*W* ((C (6) +C (7)) *(T1.) -(C(7) +C(8) *(T-1.))
CBIN (5) =2. **C(9) * (T+ 1.)
CBIN (6) C (10) *TVOL (K) *T
CBIN (7) =0.0
IF(ISYS.NE.1) GO TO 170

C
C COIL COST
C

ECAP=OHEAT*(COPH (43) -1)/COPH (43)
ED=ECAP/TVOL(K)

C
C BIN VARIABLES FROM INPUT
C
C TB TEMPERATURE OF BRINE, F NOMINAL - 26.
C DI TUBE DIAMETER, INNER, INCHES NOMINAL - 0.85
C DO TUBE DIAMETER, OUTER, INCHES NOMINAL - 1.00
C XKP PLASTIC TUBE CONDUCTIVITY, BTU/HR/SQFT/F NOMINAL - 0.085
C XKI ICE THEEMAL CONDUCTIVITY, BTU/HR/SQFT/F NOMINAL - 1.29
C 0 ICE LOG DIAHETER OR LATTICE SPACING, FEET
C

TB - TICE(8)
DI = TICE(9)/12.0
DO = TICE(1O)/12.0
IKP = TICE(11)
XKI - TICE(12)

C
C CALCULATE LENGTH OF COIL IN BIN
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C
CON=(2.0*3.1416* (32.0-TB)) /D
01=4./12.

4 DO 150 KK=1,100
02=D1-?(D1) /D(D1)
IP(ABS(Dl-D2).LE.O.001) GO TO 160
D1=D2

150 CONTINUE
160 COILPT(K)=TVOL(K) / (D2*D2)

CBIN(7)=CSTCOI*COILFT(K) + 100.
170 SINCOS (IK) =CBIN (1) *CBIN (2) *CBIN (3) *CBIN (4) *CBIN (5)

> CBIN (6) .CBIN (7)
C
C COST OF SOLAR PANEL
C

PANCOS(IK)=PAREA(K)*CSTCOL
IF(P RE(K) .GT. O.0 PINCOS(IK)=PANCOS(+IK) +865.+

> PAREA () *.7432
C
C COST OF AUXILIARIES
C

A&XCOS(3+IK) =320.+240.
TI(DHEAGTGT.45500.) AUXCOS(3*IKR=AUXCOS(3+IK)*120.
IF(DHEAT.LE.35000.) AUXCOS(3+IK)=AUXCOS(3+IK)+76.
IF(DHEAT.GT.35000.0. ND.DH!AT.LE. f 00000) AUXCOS(3IK) =

> AUXCOS(3*IK)+150.
IF (DREAT.GT.60000.0.AND.DREAT.LE.115000.0) AUTCOS(3+IK)=

> OAUCOS(3*IK) 235.
C
C COST OP HOT WATER qEAT-82 GALLONS CAPACITY
C

HBTCOS(3+IK) =335.
C
C COST OF DUCTS
C

DO 180 J=1,9
I?(DCAP.LE.DUCTS(1,J)) GO TO 18;

180 CONTINUE
PRINT 1200,DCAP

1200 FORHAT('OCAPACITY ON DUCTS EICEEDFD IN SUBROUTINE',
> 'ACECOS, DCAP=',F10.0)

185 IF(J.EQ.1) DUCCOS(3*IK)=DUCTS(2,J)
I?(J.EQ.1) GO TO 190

C
C INTERPOLATE TO FIND COST
C

DUCCOS(3+IK)=DUCTS(2,J-1)*(DCAP-DUCTS (1,J-1))/
> (DUCTS(1,J)-DUCTS(1,J-1))*(DUCTS()CTS(2J)-2,J-1))

C
C INSTALLATION COST
C
190 INSCOS(3+IK)=170.

IF(DHEAT.LE.24500.) INSCOS(3IK) =INSCOS(3+IF) +312.
IF (DHEAT.GT. 24500.0. AND. DREAT.LE. 34500.) INSCOS (3+IF) =

) INSCOS (3+IK) *364.
IF(DREAT.GT.34500.) INSCOS(3+IK) = NSCOS(3+IK) +468.
SYSCOS (3+IK) =HECCOS (IK) +BINCOS (IK) +PANCOS (IK) *AUXCOS (3+I) +

> HWTCOS(3+IK)+DUCCOS(3.+IK) INSCOS(3+IK)
200 CONTINUE

RETURN
END
SUBROUTINE 9IN(HEAD,*)
COMRCN/BINS/CITY(10),ZNEDD (2),ALAT, INV(12)T (12,40),

> a(12,40,2),HBR(12) ,vAV(12),TX(12 ) ,B (12,40),
) ALONG, ELEV, LECOS, GASCOS,OILCOS

DIMENSION A(7),TH(12) .HEAD (18) ,HON(12)
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DATA HONW/744., 672.472.,7.,0.,744.,720.,744.,744..
> 720.,744.,720.,744./

C
C THIS SUBROUTINE READS THE DIN WEATHER DATA
C
C
C ALAT a LATITUDE
C ALONG t LONGITUDE
C ELEV = ELEVATION
C

BEAD(13,4,END=700) CITY, ZOqE,ALAT1,ALAT2,ALONG1,ALOWG2,ELEV
ALAT=ALAT1+ALAT2/60.0
ALONG=kALOI 1+ALONG2/60.0

C
C READ IN DESIGN DAY INFORMATION
C DD(1) = DESIGN DAY TEMPERATURE WINTEP(F)
C DD(2) = DESIGN DAY TEMPERATURE SUMMER(F)
C ELECOS = COST OF ELECTRICITY IN THE CITY
C GASCOS = COST OF NATURAL GAS
C OILCOS = COST OF HEATING OIL
C

READ(13.5) DD,ELECOS,GASCOS,OILCOS
C
C ADDITIONAL READS (BLANKS IN FILE TO ALLOW OOR MORE FIELDS)
C

READ (13,5)
READ (13,5)
READ (13,5)

C
C T (q,I)--AVERAGE TEMPEBATURE
C H(MI,1)--DAY HOURS (,I,2) -- NIGHT HOURS
C HBBR()--MONTHLr INSOLATION
C VAV() -- AVERAGE WIND SPEED (RPH)
C VB(M,I)--AVERAGE BET BULB
C

DO 10 f=1,12
NINV (R) =O
TAV(H))O.0
TH(H) 0.0
DO 10 1=1,40
T (, I) 0.

B (Mn,I) 0.
DO 10 J=1,2

10 H(MI,J)=0.
BEAD (13. 1) HEAD.NSET
RBAD(13,2) RBR,VAV

C
C CHANGE LANGLEY TO BTU/SQ PT
C

DO 20 M=1,12
20 HBR(M)=HBRI()*3.687
C
C BEAD IN BIN DATA
C
30 READ(13,3) (A(J),J=1,7) N, ST

IF(M.EQ.0) GO TO 40
WINV (M) =RINV () +1
I=NINV(M)
T(R,I)=(A(1)+A(2))/2.0
H(M. , 1) =A (4)
H(M.I.2) =A(6)-A (4)
TEST=A(3) +A(4 +A (5)
IF(TEST.NE.A (6)) GO TO 599
TAV (E)=TAV () T (,1.I) *A(6)
wB (,I) =A (7)
IF (WB(M.I) .GT. T(N,I)-1.) WB(M,I)=T(,rI)-1.
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Ts (M) TH (H) +A(6)
GO TO 30

C
C CALCULATE AIERAGE aONTHLY DRY BULB
C
40 DO 50 =-1,12

I?(TR(H).NE.H!ON (a)) GO TO 599
0 TAV (!)TAV(M)/TR(M)

C
C SORT INTO DECREASING ORDER

DO 100 S=1,12
N2NIN V(H)-1
DO 70 Ks 1,N2
N 1=I2-(K- 1
DO 60 Isl,N1
IF(T(M,I).LT.T(H,I.1)) GO TO 60
SAV=T (,I)
T (M.I)=T (B.1+ 1)
T(1,I+1) =SAV
SIV=WB (,I)
WB (M, I) =WB (1, 1 1)
WB(1,I+1) SAV
DO 60 J=1,2
SAV=H(N,I,J)
H(<,I,J) =f(M,I+ 1,J)
H(N,I+1,J) SAV

60 CONTINUE
70 CONTINUE
C
C INSERT BIN OF ZERO AT BEG AND END OF SONTH
C

IF(H(,1, 1).EQ.0.0.AN&D.H(5,1,2).EQ.0.0) GO TO 90
TO-P=T :, 1)-5.
N=NINV(H)
DO 80 J=1,N
I=N- (J-1)
T (MH,I+1) =T(M,I)
H(, I+1,1) =H(, I, 1)
H(,I+1,2) =H (,I, 2)
WB (, I+1) =WB (, I)

90 CONTINUE
NIN V(M)=NINV (I ) +1
T (, 1)=TOP
aB (, 1) TOP-1.
H (1, 1,1) s0.
1(M. 1,2) =0.

90 IF(H(B,NINV({),1).EQ.0.0.AND.R(, NIN () ,2).EQ.0.0) GO TO 100
WINV(m)=NINV ()+ 1
T(, NIN (M)) =T(,NIN V(H) -1) .5.
WB (,NINV(M))=T(M,NINV(.))-1.

100 CONTINUE
RETURN

599 PRINT 600,M,TeST,TR (M), (A(J), J=1,7)
STOP

700 RETURN1
C FORMATS
1 PORmAT(18A4,6X,I2)
2 PORPAT(12F5.0)
3 FORBXT(7F5.0,35X.I2,6X, 2)
4 FORMAT(10A4,A,46X,2F3.0,4X,2F3.0,4XF10.0)
5 FORPAT(8F10.0)
6CO ?ORMAT('0HISTAKE IN BINS MOTTH = ',I5,2F12.6/' '.7F10.2)

END
SUBROUTINE COST

C
C THIS SUBROUTINE CALCULATES COST OF AN 129 SYSTEM, HEAT PUMP
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C WITH r2R HOT ATER HBETERB. AID HEAT PUOP WITH DESUPESHEATER
C WATER HEATER.
C

COHNOW/RPUIP/COPF (76), 0( 12), EIGHP (12) ,CCOP,HCOP,SCOP
LOGICAL OPT1,OPT2
COROBON/DT/o'WT(4 ,TICE(12), 1R8EA(9) ,RaB,B, BE, ,W O, SF,GLASS,

> PAWES.SUP,PSIDBS,PDBLT,TILT,TSW,TSS.GAL(12),COPCHT,
> COPCBR,COPCHB,COPHT,COPIRH,COVPCaCOPBBRCOPRW,2C,EF,EHB,
) ECB. OP,EHWOPT1,OPT2,COP47,COP17,IPRT

COHNON/DIG/TVOL (5 , PRBE (5), SYSK (S),B TEEP (12, 5) * BLEK (12,5),
> PCOL(12,5),BIC2(12,5),IRB,.TBLEAK(12)S (12)SL 12),
> OICE (5), OrCEB(5),NTIHE

CON!OW/RICEfXSYS,IR&TDC, RATEFL.RTEKW,KWFLAG,YRS,CSTCOL,CSTINS,
> CSTCOI,THKSD,THKBT ,HKTP,BRATETR, RATBG&.RTlEE,RTHGAS,
> RT OIL

COIO/IHOOUS/LABEL (50,5). NS, RCBG. VOL. VAR(50,5) ,(50) .DT(50),
> HL(50) ,S,UoA,ULOORIDCOOL,DHEIT,BCAkP,PAR(12,15)

RBAL*4 INSCOS,HRCCOS
CORMON/COSDAT/FAICOS (8), CNTCOS (8), AHPCOS (8), 0ACOS(8),

> HwTCOS (8) ,DCCOS(8) ,INSCOS(8),SYSCOS (8)
> M eCCOS (2) , BICOS (2) .PANCOS (2), COILPT (2)

COMO N/BEG/ENG 6(6,2) E (6,2,12), SYTS,KSYS(6)
DIHE!SION FlA(2.6), LECRP(6) ,AIRCND(2.8),DOCTS (2,9), HETP(2.6),

> GASFOR( 2,3)OILFR (2,4), PCBFUR(2,3)
C
C PAN UNIT COST BASED ON SEARS CATALOG-WINTER 80
C

DATA FAN/35290.,280.,
> 52697.,310.,
> 69762., 350.,
> 84199.,380.,
> 96793.,400.,
> 115905.,420./

C
C ELECTRICAL SERVICE CO!PONENTS BASED ON SEARS CATALOG-WINTER 81
C

DATA ELECEP/76.,93.,145.,234.,234.,234./
C
C AIR CONDITIONER COST BASED Oi SEARS CATALOG-WINTER 80
C

DATA AIRCND/23000. 1129.,
> 27500.,1279.,
>/ 32000.,1379.,
> 34000.,1479.,
> 36500.,1509.,
> 42000.,1679.,
> 47000.,1779.,
> 57000.,1879./

C
C DUCT SYSTEB COST DEVELOPED FROR R.S. MEANS DATA
C

DATA DOCTS/10000.,514.,
> 12500.,590.,
> 26500. 885.,
> 40000., 1180.,
> 53500.,1416.,
> 66500. 1623.,
> 80000.,1770.,
> 100000..1947.,
> 115000.,2000./

C
C HEAT PURP COST FRBO SEARS CATALOG-WINTER 80
C

DATA HEATP/24500., 1199.,
> 29000.,1329.,
> 34500.,1479.,
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> 40000., 1549.,
> 48000., 1899.,,
> 58000.,2459./

C
4* ~ C CONVENTIONAL GAS FURNACE FROM SEARS CATALOG-VINTER 80

C
DATA GASFUR/64000.,745.,

> 84000..775.,
~> ~ 100000.,815./

C CONVENTIONAL OIL FURNACE COST FPBO SEARS CATALOG-WINTER 80
C

DATA OILFUR/79000. ,690.,
> -105000.,720.,
> 131000.,1040.,
> 158000.,1140./

C
C PULSED CO9MBSTION FURNACE
C

DATA PCBFUR/37200.,1125.,
> 55800.,1125.,
> 74400.,1125./

C
C AIR CONDITIONING FOR ALL SYSTEMS WITH ELECTRIC
C AIR CONDITIONER.
C

DO 40 J=1,8
IF(DCOOL.LE.AIRCND(1,J)) GO TO 50

.0 CONTINUE
PRINT 1100, DCOOL

1100 FORNAT('OEXCEEDED CAPACITY OF AIR CONDITION UNIT IN SUBBOUTINE'.
> 'COST. DCOOL=',F10.0)

50 AIRCONAIRCND (2,J)
AIRCAP=AIRCND(1,J)

C
C COST OF REFRIGERANT LINES FOR ELECTRIC AIR CONDITIONER.
C BASED ON SEARS CATALOG-WINTER 80
C

IF(DCOOL.LT.40000.) BEFPIG=160.
IF(DCOOL.GE.40000.0.AND. DCOOL.LE.58000.) REFRIG-200.
IF(DCOOL.GT.58000.) PRINT 1400, DCOOL

1400 FORMAT(eOCAPACITY ON AUXILIARY EXCEEDED, DCOOL='.F10.0)
C
C INSTALLATION COSTS FOR ALL SYSTEMS
C

INSTAL-170.
IF (DCOOL.LE.21700.0) FAC=312.
IF(DCOOL.GT.21700.0.AND.DCOOL.LE.33500.) FAC=364.
IF(DCOOL.GT.33500.0.AND.DCOOL.LE.55000.) FAC=468.

/ IF(DCOOL.GT.55000.) PRINT 1300, DCOOL
1300 FORNAT('OBICEEDBD CAPACITY ON INSTALLATION IN SUBROUTINE',

> 'COST. DCOOL=',F10.0)
INSTAL=INSTAL+FAC
DO 200 KK=1,NSYS
KGO=KSYS(KK)
GO TO (210,220.230,240,250,260), GO

C
C COST OF 12R STSTEM
C

210 KSW = 1
DO 20 J=1,6
JELE=J
IF(DHEAT.LE.FAN(1,J)J GO TO 30

20 CONTINUE
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PRINT 1000,DREAT
1000 FORMAT(tOEICEEDED CAPACITY OF FAN UNIT IN SOBBOUTIBE',

> 'COST. DHEAT-',F10.0)
C
C COST OF FAN UNIT AND CONTROLS
C
30 FANCOS(KK) =FAN (2J)

CNTCOS(KK)-48.
C
C COST OF AIR CONDITIONING UNIT
C

AHPCOS(KK) =AIRCON
DCAPSAIRCAP

C
C COST OF AUXILIARIES

AUXCOS (KK) =R EPRIG*ELECMP (JELE)
C
C COST OF HOT WATEP HEATER-52 GALLON CAPACITY
C BASED ON SEARS CATALOG-WINTER 80
C

HWTCOS(KK)=275.
C
C COST OF DUCTS
C

DO 60 J=1,9
IF(DCAP.LE.DUCTS(1,J)) GO TO 70

60 CONTINUE
PRINT 1200,DCAP

1200 FORNAT('OCAPACITY ON DUCTS EXCEEDED IN SUDROUTINE',
> 'COST, DCAP=',F10.0)

70 IF(J.EQ.1) DUCCOS(KK) =DUCTS(2.J)
IF(J.EQ.1) GO TO 80

C
C INTERPOLATE TO FIND COST
C

DOCCOS (K) =DUCTS (2,J-1) + (DCAP-DUCTS (1,J-1) )/
> (DUCTS(1,J)-DUCTS(1.J-1))*(DOCTS(2,J)-DoCTS(2,J-1 )

C
C INSTALLATION COST
C $170 FOR HOT WATER HEATER FPPO R.S.HEANS DATA
C FAN AND AIR CONDITIONER COST FROM KHASHAB
C.
80 INSCOS(KK)=INSTAL

SYSCOS (KK) =FANCOS (KK) +ARPCDS (KK) +CNTCOS (K) +AUXCOS (KK) +
> HWTCOS(KK) +DUCC(KK)NSC()ISCOS(KK)

GO TO 200
C____________________________

C
C HEAT POUP WITH I2R HOT WATER
C

220 DO 90 J=1,6
JELE=J
IF(DHEAT.LE.FAN(1,J)) GO TO 100

90 CONTINUE
PRINT 1000. DRHAT

C
C FAN COST
100 PANCOS(KK)=FAN(2,J)

DO 110 J=1,6
IF(DCOOL.LE.HEATP(1,J)) GO TO 120

110 CONTINUE
PRINT 1500.DCOOL

1500 FOREAT('OCAPACITY EXCEED¢D ON HFAT PUOP IN SUEROUTINF',
> 'COST, DCOOL=',F10.0)

-
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C HEAT PUMP COST
C
120 AHPCOS(KK)=HEATP(2,J)

DCAP-HBTP(1 ,J)
C
C ADD TO COST IF HIGH EFFICIENCY HEAT PUHP
C

IF (COP47.GE.3.1.AND.COP47.LE.3.8)
> AHPCOS (KK) AHPCDS (KK) +460.

IF (COP47. GT. 3.8.AND.COP47.LE.4.4)
> AHPCOS(KK)= AHPCOS (KK)+945.

IF(COP47.GT.4.4) AHPCOS(KK) AHPCOS(KK)+1360.
C
C CONTROL COSTS
C

CNTCOS(KK)=45.
IF (DEAT.GT. 35260.0.AND. DHEAT.LE.69760.)

> CNTCOS(KK) =CNTCOS(KK) +32.
IF (DHEAT.GT. 69760.0. AND.DHEAT.LE. 115905.)

> CNTCOS (K) =CTCCOS (KX)53.
C
C AUXILIARY COSTS
C

IF(DCOOL.LT.34500.0) AUXCOS(KK) =160.
I (DCOOL.GT.34500.0.AND.DCOOL.LE.58000.) AUXCOS (KK)-200.
AUoCOS (K) =AoXCOS (KK) +EL CHP (JELE)

C
C COST OF HOT WATER HEATER-52 GALLON CAPACITY
C

HWTCOS(KK)=275.
C
C COST OF DUCTS
C

DO 130 J=1,9
IF(DCAP.LE.DUCTS(,1J)) GO TO 140

130 CONTINUE
PBINT 1200,DCA?

140 IF(J.EQ.1) DUCCOS(KK)=DUCTS(2,J)
IF(J.EQ.1) GO TO 150

C
C INTERPOLATE TO FIND COST
C

DUCCOS(KK) =DCTS(2,J-1) + (DCAP-DUCTS (,J-1) )/
> (DUCTS(1,J)-DUCTS(1,J-1))*(DJCTS(2,J)-DUCTS(2,J-1))

C
C INSTALLATION COST
C
150 INSCOS(Kr) =INSTAL

SYSCOS(KK) =FNCOS (KK) AHPCOS(KK) *CNTCOS (KK) AUXCOS (KK) +
> HWTCOS(KK) +DUCCOS (K) +INSCOS (K)

GO TO 200
C_________ ____

C
C HEAT POMP WITH DESUPERHEATEP WATEP HEATER
C

230 DO 95 J_1,6
JELP=J
IF(DREAT.LE.FAN(1,J)) GO TO 10'

95 CONTINUE
PRINT 1000, DBEAT

C
C FAN COST
105 F&MCOS(KK)=PA&(2,J)

DO 115 J=1,6
IF(DCOOL.LE.HEATP(1,J)) GO TO 125
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115 CONTINUE
PRINT 1500',DCOOL

C
C HEAT PUMP COST
C
125 AHPCOS(KK)=HEATP(2,J)

DCAP=HEATP(1,J)
C
C ADD TO COST IF HIGH EFFICIENCY HEAT PUMP
C

IF (COP47.GE. 3. 1.AND.COP47.LE.3.8)
> AHPCOS(KK) =AHPCOS (KK) +460.

IP(COP47.GT.3.8.AND.COP47.LE.14.4)
> AHPCOS (KK)=AHPCOS (KK) +945.

IP(COP47.GT.4.4) AHPCOS(KR)=AHPCOS (KK)+1360.
C
C CONTROL COSTS
C

CqTCOS (KK) =45.
IF (DHEAT.GT.35260.0.AND.DHEAT.LE.69760.)

> CTCOS(KK) =CNTCOS (KK) 32.
IF(DREAT.GT.69760.0.AND.DHEAT.LE.115905.)

> CNTCOS(KK)=CNTCOS(KK)+53.
C
C A&XILIBRY COSTS
C $400 COST ON DESUPERHEATER PACKAGE BASED ON INDEPENDENT
C NANUFACTOB SELLING PBICE.
C

rF(DCOOL.LT.34500.0) AUXCOS(KK)=160.
IF(DCOOL.GT.34500.0.AND.DCOOL.LP.58000.) AUXCOS(KKR)200.
AJ COS (KK) =AXCOS (KK) +EL ECP (JLE)
AUXCOS(KR) AXCOS (KR) +400.

C
C COST OP HOT WATER HEATER-82 GALLON CAPACITY
C

HWTCOS(KK)=335.
C
C COST OP DUCTS
C

DO 135 J=1,9
IF(DCAP.LE.DUCTS(1.J)) GO TO 145

135 CONTINUE
PRINT 1200,DCAP

145 IP(J. EQ. 1) DUCCOS (KK) =DTCTS (2,J)
IF(J.EQ.1) GO TO 155

C
C TNTERPOLATE TO FIND COST
C

DUCCOS (K) =DUCTS (2,J-1) (DCAP-DUCTS (1,J-1) )/
> (DUCTS (1,J)-DUCTS(1,J-1))*(DUCTS(2,J)-DUCTS(2,J-1))

C
C INSTALLATION COST
C 1100 COST ON DESUPERHEATER PACKAGE BASED ON CONTRACTOPS ESTIMATE
C
155 INSCOS(KK)=INSTAL+100.

SYSCOS (KK) =FNCOS (KR) +AHPCOS (KK) +CNTCOS (KK) + AUXCOS (K) +
> HWTCOS (KK) +DUCCOS (KR) +INSCOS (KK)

GO TO 200
C

C CONVENTIONAL GAS FURNACE SYSTEM
C

240 DO 180 J=1,3
IF(DHEAT*I.5.LE.G&SFUR(1,J)) GO TO 190

180 CONTINUE
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PRINT 1600,DHEAT
1600 FORMAT (O0CAPACITY EXCEEDED ON GAS FURNACE IN',

> ' SUBROUTINE COST, DHEAT=',F10.0)
C
C GAS FURNACE COST
C
190 FANCOS(KK+2) = GASFUR(2,J)
C
C COST OF AIR CONDITIONING
C

AHPCOS(KK*2) = AIRCON
OCAP = AIBCAP

C
C COST OF CONTROLS
C

CNTCOS(KK+2) = 26.00
C
C AUXILIARY COSTS
C COST OF REFRIGERANT LINES AND COST OF CHIMNEY.
C

AUXCOS(KK*2) = REFPIG * 140.00
C
C COST OF ELECTRICAL WIBING
C

AUXCOS(KK+2) = AUXCOS(KK+2) * ELECMP(1)
C
C COST OF HOT W&AT!R RHTEB-40 GALLON CAPACITY
C

HWTCOS(KK+2) = 270.
C
C COST OF DUCTS
C

DO 310 J=1,9
IF (DCAP.LE.DOCTS(1,J)) GO TO 320

310 CONTINUE
PRINT 1200,DCAP

320 IF (J.EQ.1) DOCCOS(KK+2) DUCTS(2,J)
IF (J.EQ.1) GO TO 330

C
C INTERPOLATE TO FIND COST

0DCCOS(KKR+2 = DqCTS(2,J-1)* (DCAP-DUCTS(1,J-l )/
> ( DUCTS(1,J- DUCTS(1,J-1))*(DUCTS(2.J)-DUCTS(2,J-1))

C
C INSTALLATION COST PLUS 50.00 GAS HOOKUP CHAPGE
C
330 INSCOS(KK*2) =INSTAL + 50.

SYSCOS(RKK2) =FANCOS(KK*2)+AHPCOS(KK+2) +CNTCOS (KF2)+
> AUXCOS (KK2) +HWTCOS (KK+2)+ DUCCOS(KK+2)+INSCOS(RKK2)

GO TO 200
C ____________________________

C
C CONVENTIONAL OIL FURNACS SYSTEM

C
250 DO 360 J=1,3

tF(DHE&T*1.5.tE.OILFUR(1,JJ) GO TO 370
360 CONTINUE

PRINT 1700,DHEAT
1700 PORMAT ('OCAPACITY EXCEEDED ON OIL FURNACE IN',

> ' SUBROUTINE COST, DHEAT=',F10.0)
C
C OIL FURNACE COST
C
370 ?ANCOS(KK+2) = OILFUR(2,J)
C
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C COST OF AIR CONDITIONING.
C

AHPCOS(KF+2) AIRCON
DCAP = AIRCAP

C
C COST OF CONTROLS
C

CNTCOS(KK+2) = 26.00
C
C AUXILIAPY COSTS
C REFRIGERANT LINES, CRIRNEY, AND TANK.
C

AUXCOS(KK*2) = REFPIG*240.*156.
C
C COST OF ELECTRICAL WIRING
C

A1XCOS(KK*2) = AUXCOS(KK+2) + ELECNP(1)
C
C COST OF HOT LWATP HEATER-52 GALLON CAPACITY
C

HWTCOS(KK+2) = 275.

C COST OF DUCTS
C

DO 380 J=l,9
IF (DCAP.LE.DUCTS(1,J)) GO TO 390

380 CONTINUE
PRINT 1200,DCAP

390 IF (J.EQ.1) DUCCOS(KK*2) = DUCTS(2,J)
IF (J.EQ.1l GO TO 400

C
C INTERPOLATE TO FIND COST
C

ODCCOS(KK+2) = DUCTS(2,J-1)l (3CAP-DUCTS(1,J-1))/
> (DUCTS (1,J)-DUCTS(1,J-1))* (DUCTS (2,J)-DUCTS(2,J-1))

C
C INSTALLATION COST
C ADD COST OF CRIMNEY AND TANK INSTALLATION.
C
400 IISCOS(KK+2) = INSTAL * 100. * 200.
C

SYSCOS KK2) =FANCOS(KK+ A AHPCOS (KK2) +CNTCOS (KK*2) +
> AUXCOS (KX2) +HWTCOS (KK*2) DUCCOS(KK+2) INSCOS(KK+2)

GO TO 200
C
C
C PULSED CONBOSTION E'UPNAC SYSTEM
C

260 DO 410 J=1.3
IF (DHEAT*1.5.LE.PCBFUR(1,J)l GO TO 420

410 CONTINUE
C PRINT 1800,DHEAT
C1800 FORMAT ('OCAPACITT EXCEEDED ON PULSED COMBUSTION',
C > FURNACE IN SUBROUTINE COST, DHEAT=',F10.0)

1J=3
C
C COST OF PULSED COBOSTION FUORACE.
C
420 FANCOS (TK+2) =PCBFUR (2,J)
C
C AIR CONDITIONEB COST.
C
440 A4PCOS(KK+21 = AIPCON

DCAP = AIRCAP
C
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C COST OF CONTROLS
C

CNTCOS(KK*2) = 26.00
C
C AUXILIARY COSTS
C REFRIGERANT LINES AND ELECTRICAL WIRING.
C

AUXCOS(KK+2) = REFRIG + ELEC{P(1)
C
C COST OF HOT WATER HEATER-40 GALLON CAPACITY
C

HWTCOS(KK+2) = 270.
C
C COST 0' DUCTS
C

DO 450 J=1,9
IF (DCAP.LE.DUCTS(1,J)) GO TO 460

450 CONTINUE
PRINT 1200,DCAP

460 IF (J.EQ.1) DUCCOS(KK+2) = DUCTS(2,J)
IF (J.EQ.1) GO TO 470

C
C INTERPOLATE TO FIND COST
C

DUCCOS(KK+2) = DUCTS(2.J-1} (DCAP-DUCTS(1,J-1))/
> (n(DUCTS(1,J)-DUCTS(1,J-1)) *)(DCTS(2,J)-DUCTS(2,J-1))

C
C INSTALLATION COST
C ADD GAS HOOKUP - 50.00.
C
470 INSCOS(KK+2) = INSTAL + 50.00

STSCOS(KK+2) =FANCOS(Kr+2) +AHPCOS(KK+2) +CNTCOS (FK2)+
> AUXCOS(KK+2)+HWTCOS(KK+2) DUCCOS(KK+2) +IISCOS (KK+2)

200 CONTINUE
RETURN
END
SUBROUTINE dATAIN
LOGICAL OPT1,OPT2
COMHON/DAT/RWT (4) TICE(12) , AEA (9) ,RAB,WAB,RR, R,HO, SP,GLASS,

> PANES,SUP,PSIDESPDELT,TIIT,TSTSS,GAL(12) ,COPCHT,
> COPCBR,CDPCHR,COPHT.COPI ,COPCW,COPBR,COPHW, C, EF,EHB,
> ECBEOF,EHWOPT1.OPT2,COP47,COP17,IPRT

COMMON/BINS/CITY(10) ,ZONE,DD(2) ,ALAT,NINV( 12) ,T (12,40),
> H(12,40,2) ,HBR(12) ,TAV(12),TAV (12) ,WB(12,40),
> ALONG,ELEV, EL ECOS,GASCOS.OILCOS

COH1ON/HOUS/LABEL(50,5) ,XNS, ARCFG,VOL,VAR(50,- ),(50),DT(50),
> HL(50) ,SSM,U, UFLOOR,DCOOL,DHEAT,BCAP,PAN(12,15)

COMMON/QLOAD/SOL(12,10),SHG(12),QH(12),QC(12),CW(12),
> TITLE(18) ,SOP(12) .ON (12) ,XNFIL(12),SO (12),T ( 12),
> TG 12.7) ,DTH (7) ,RPSPAN (12) ,HFLOOR (12),CPLOOP(12)

CO'SON/RICE/ISYS,EATEDC,PATEFLPATEKg,KWFLAG,rESCSTCOL.CSTINS,
> CSTCOI,THKSD,THKBTM,THRTP,RATETH,RATEGA,PTMELE,RTHGAS,
> PETOIL

CO" ON/ENG/ENG(6,2) ,EU(6,2,12),NSYS,KSYS(6)
C
C INDPT DATA
C
C DD)(1) = DESIGN DAY TEmPERATURE WINTEP (F)
C DD(2) = DESIGN DAY TEMPERATURE SUMMHE (')
C DHEAT = DESIGN DAY HEAT LOSS WINTER (BTUH/HR)
C SIO = SUPPPESSION FACTOR FOR UA
C PSIDES = NUMBER OF SIDES PANEL FOE CONVECTION
C P9ELT = SOLAR PENEL EXCHANGER DELTA TEMPERATURE (F)
C TSW = HOUSE TEMPERATURE SETTING WINTER (F)
C TSS = HOUSE TENPERATURE SETTING SUMMER (F)
C AEA (1) = NORTH FACING WINDOW AREA (FTt*2)
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C AREA(2) = EAST FACING WINDOW AREA (FT**2)
C AR!A(3) = SOUTH FACING WINDOW AREA (FT**2)
C AREA () = WEST FACING WINDOW AREA (FT**2)
C AREA(5) = NORTH FACING WALL AREA (FT**2)
C AREA(6) = EAST FACING WALL AREA (FT**2)
C AREA(7) = SOUTH FACING WALL AREA (FT**2)
C AREA(8) s WEST FACING WALL AREA (FT**2)
C AREA(9) = EQUIVALENT FLAT BOOF AREA (FT**2)
C SF WINDOW SHADING FACTOR (CURTAINS, BLINDS, ETC.)
C WAB = WALL SURFACE ABSORPTANCE
C RAB ROOF SURFACE ABSORPTANCE
C TICE(1) = ICE STORAGE TANK HEIGHT (FT)
C TICE(2) = DEPTH BELOW GROUND SURFACE (FT)
C TICE(3) = TES TANK TOP R-VALUE
C TICE(4) = TES TANK SIDES R-VALUE
C TICE(5) = TES TANK BOTTOM R-VALUE
C TICE(6) a ICE PACKING FRACTION FOR BRINE CHILLER
C TIC (7) = ICE PACKING FRACTION FOR ICE MAKER
C TIC (8) a TEMPERATURE OF BRINE
C TICB(9) O DIAMETER OF PLASTIC TUBE, INNPF, INCHES
C TIC!(10) = DIAMETER OF PLASTIC TUBE, OUTER, INCHES
C TTCE(11) = THERMAL CONDUCTIVITY OF PLASTIC TUBE
C TICE(12) = THERMAL CONDUCTIVITY OF ICE
C GLASS = GLASS TYPE
C PANES - NO. OF PANES (SINGLE OR DOUBLE GLAZING)
C HO a OUTDOOR FILM COEFFICIENT
C RR = ROOF THERMAL RESISTANCE (FOR INSOLATION CALC.)
C WR = WALL THERMAL RESISTANCE (FOR INSOLATION CALC.)
C HWT(1) = HOT WATER TANK AREA (FT**2)
C HWT(2) = HOT WATER TANK U(BTO/HR*FT**2-F)
C HWT(3) = HOT WATER STORAGE TEMPERATURE (F)
C RWT(4)= HOT WATER DELIVERY EFFICIENCY
C IPRT = 0 GIVES BASIC OUTPUT
C IPBT = 1 GIVES ECONOMIC OUTPUT
C ISYS = 1 FOB BRINE CHILLER SYSTEM
C ISYS = 2 FOR ICE MAKER SYSTEM
C KSYS = BHICH SYSTEMS TO MODEL
C IF LEFT BLANK, WILL MODEL 2 ACES, HEAT PUHP WITH DESUPER
C WATER HEATER, HEAT PUMP WITH ELECTRIC WATER HEATER, AND
C ALL ELECTRIC SYSTEM
C = 1 ELECTRIC HEAT, A/C, AND WATER HEATER
C = 2 HEAT POMP WITH ELECTRIC WATER HEATER
C = 3 HEAT PUMP WITH DESUPER WATER HEATER
C - 4 GAS HEAT AND WATER HEATER AND ELECTPIC A/C
C = 5 OIL HEAT AND ELECTRIC WATER HEATER AND A/C
C = 6 PULSED COMBUSTION HEAT AND CONVENTIONAL GAS
C WATER HEATER AND ELECTRIC A/C
C RATED = DISCOUNT RATE
C RATEFL = ESCALATION RATE OF ELEC.
C RATEKW = RATE PER KILOWATT-HR OF ELEC.(INPUT 0
C TO PICK UP RATES FOR EACH CITY)

C YRS = LIFETIHE OF THE SYSTEH (YRS)
C CSTCOL = UNIT COST OF COLLECTOR
C CSTINS a UNIT COST OF INSULATION
C CSTCOI = UNIT COST OF COIL
C THKSD = SIDE INSULATION THICKNESS (IN)
C THBTM = BOTTOM INSULATION THICKNESS (IN)
C THKTP - TOP INSULATION THICKNESS (IN)
C COPHT - ACES HEATING COP AT 32 F TANK
C COPIHM ACES COOLING COP IN ICE MELT PHASE
C COPCW ACES COOLING COP IN CHILLED WATER PHASE
C COPHW - ACES COP FOR HOT WATER ONLY
C COPCHT = ACES COMPRESSOR COP HEATING PHASE
C COPCBR = ACES COMPRESSOR COP COOLING PHASE
C COPCHW = ACES COPRESSOR COP HOT WATER PHASE
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C COPBR a ACES COP FOR REMOVAL OF BIN HEAT AT NIGHT
C EC - ACES HEAT PUMP COMPRESSOR MOTOR (WATTS)
C EF = ACES INDOOR PAN COIL MOTOR (WATTS)

~4 C EBB = ACES HOT BRINE PUMP MOTOR (WATTS)
C ECB = ACES COLD BRINE PUMP MOTOR (WATTS)
C EOP = ACES OUTDOOR FAN MOTOR (WATTS)
C EIR - HOT WATEB CIRCULATING PUMP (WATTS)
C COP47 = COP FOB HEAT PUMP AT 47F
C COP17 = COP FOR HEAT PUMP AT 177

JA C

READ(5,190) TITLE
190 FORMAT(18A41

READ(5,180) IPRT,ISYS
180 ?ORBAT(5I10)

NSYS = 6
DO 15 K=1,6
KSYS(K) = K

15 CONTINUE
C
C READ HOT WATER TANK DATA
C

READ(5,200) RWT
200 PORMAT(9810.0)

READ(5,200) GAL
C
C READ ICE TANK DATA
C

RBAD(5,200) (TICE(I),I=1,7)
READ(5,200) (TICE(I).I=8.12)

C
C READ ECONOMIC DATA
C

READ(5,200) RATEDC,RATEFL,RATEKW,YRS
IlP(RATEKV.EQ.0.0) KWLAG=O
IF(RATEKW.NE.0.0) KVFLAGI1
READ(5,200) CSTCOLCSTINS,CSTCOI,THKSD,THKBTR, THKTP

C
C READ ACES COPS AND PUMP ENERGIES AND
C COPS FOR HEAT PUMP
C

READ(5,200) COPCHT,COPCBR,COPCHR,COPRT,COPIN,COPC',COPBR,COPHW
READ(5,200) EC, E,EHB,ECB,EOF,EHWCOP47,COP17
OPT1=.FALSE.
IF (COPHT.E. O.O.AND.COPIM.NE.0.O) OPT1=.TRUE.
OPT2=.FALSE.
IF(EC.NE..O.AND.EF.N. .D.EB.E.O..AND.ED.B.NE.E.O.0)

> OPT2=.TRUE.
EC=EC*3412.
EFP=F*3412.
EHB=ERB*3412.
ECB=ECB*3412.
EOF=EOF*3412.
EBH=ERH*3412.

C
C READ SUPPRESS FACTOR. NUMBER OF PANEL SIDES. AND PANEL SXCHANGER
C DELTA T.
C

RED (5,200) SUP,PSIDES,PDELT
C
C READ INTERNAL SOURCES
C

READ(5,200) SO
C
C READ DATA ABOUT HOUSE CONSTRUCTION
C

READ(5,200) (AREA(I), I=1.8)
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READ(5,200) AREA(9) ,WAB.RAB·R,RR,HO
BEAD(5,200) SF,GLASS,PANES,TSW,TSS
READ(5,200) XNS,ARCHG,VOL
NMSINS
DO 10 J=1,NS
READ(5,220) (LABEL(J,I) ,=1,5), (VAR(J,I),I1*1.5)

220 FORMAT(5A4,5F10.2)
10 CONTINUE
C
C CALCULATE HEAT LOSS (BTU/HR) BASED ON 50 DEGREE TEMPERATURE DIFFERENCE
C

SmaO.O
DO 40 J=1,NS
JAY=J

fR=0.0
DO 20 K=2,4
IF(VAR(JK).NE..00) UR=UR+1./VAR(J,K)

20 CONTINUE
0 (J) 1./U.R
IF(JIY.EQ.NS) GO TO 30
DT (J) VAR (J. 5) *50.
HL (J) =0 (J) *VA (J, 1 *DT (J)
SN=SH+HL (J)

30 IF(JAT.EQ.NS) UFLOOR-=(J)*VAR(J,1)
40 CONTINUE

RETURN
END
SUBROUTINE DIGEST(*)
DIMENSION -OLM(2), ENSUP(5) ,COPFAC(76)
COMMON/EDIG/ACESEU(12,2)
COHNON/HPIUP/COP (76) ,AIX(12),ENGHP(12) ,CCOP,HCOP.SCOP
LOGICAL OPT1,OPT2
CONHON/DAT/HWT (4 ,TICE(12) AREA(9) ,RAB,RAB,ER,iR,HO,SF,GLASS,

> PANES,SUP,PSIDES,PDELT,TILT,TSW,TSS,GAL(12),COPCHT,
;> COPCBRCOPCHW,COPHT,COPIM,COPCW,COPBR,COPHW, C, EF,EHB,
> ECBEOF,EHW,OPT1,OPT2,COP47,COP17,IPRT

COMMON/BINS/CITY (10) ,ZONE.DD (2) .ALAT,INV (12) .T (12,40) ,
> H(12,40,2),HBR(12),VAT(12),TAV(12) ,B(12,40),
> ALONG,ELEV,ELECOS,GASCOS,OILCOS

CONMON/DIG/TVOL (5), PAREA (5), SYSKI (5) ,BTEMP (12,5) .BLEAK (12, 5),
> PCOL(12,5),BICE(12.5) ,IRUN,TBLEAK(12),SILEAK(12),
> NOICE (5), OICEW(5) ,TIME

COMMON/HOUS/LABEL [50,5) ,XNS, ARCBG,VOL,VAR(50,5) , (50) ,DT (50),
> HL(50) ,SN,UA,UFLOOR,DCOOLDHEAT,BCAP,PAN(12,15)

COM HON/QLOAD/SOL (12.10),SHG (12) ,QR (2) QC 12) .OQW (12),
> TITLE(18) ,SOP(12),80N (12) ,XNFIL (12),SO(12) ,TH(12),
> TG(12,7),DTH(7) ,RRSPN(12),HFLOOR(12),CFLOOB(12)

COMNON/RICE/ISYS,RATEDCRATEFLRATEKW.KRFLAG,TRS,CSTCOLCSTINS,
> CSTCOI,THKSDTHKBTNTHKTP,RAT'TH,RATEGAP.TELE,RTNGAS,

> BTHMOIL
C
C THIS SUBROUTINE CALCULATES BIN SIZE, PANEL AREA, AND
C ENERGY CONSUMPTION FOR ACES
C
C TCAP = LATENT AND SENSIBLE ENERGY CAPACITY Ov BIN
C Q3IN = INSTANTOUS ENERGY CONTENT OF BIN
C QLK = BIN ENERGY LEAKAGE
C BIN = CHANGE IN ENERGY CONTENT IN ONE TIME INCREMENT
C
C SYSKW = TOTAL ACES ENERGY IN BTO
C ENSUP = SUPPLEMENTAL COOLING ENERGY IN BTU
C PAREA - PANEL AREA
C TVOL = BIN VOLUME
C ACESEU a MONTHLY ACES ENERGY IN BTU
C BTEMP MONTHLY AVZRAGE BIN TEMPERATURE
C BLEAK = BONTHLY BIN LEAKAGE IN BTU
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C PCOL - MONTHLY PANEL COLLECTION IN BTU
C

RT= TICE(3)
RS= TICE(4)
RB= TICE(5)
HT= TICE(1)

C
C TSYS=1 MEANS BBINE CHILLER ISYS=2 BEANS ICE MAKER
C

IF(ISYS.EQ.1) PF= TICE(6)
I?(ISYS.EQ.2) PF=TICE(7)
TrX = 45.0
ALPCV=1.0871
9LPHB=0.663
IF(OPT1) GO TO 20
IF(OPT2) GO TO 10

C
C CALCULATE EC, E,EHBECB
C

EC=0.3333*DHEAT
Er=0.06*DHEAT
ECB=0.018*DHEAT
EHB=0.025*DHEAT
EOF=0.0436*DHEAT
EHB=0.01*DHEAT
ALPCW= (0.754 *DHEAT+0.25 ECB) / (0.754*DHEAT-EF)
ALPH= (COPCHW*EC-0.25*EC )/(EC*(1.+COPC HW )

C
C CALCULATE COPS FRON MOTOR ENERGIES
C
10 COPHT=((1.+COPCHT) *EC*EF+EHB+0.75*ECB)/(EC+EPrEHB+ECB)

COPI=( 1.051 *HEAT-E)/ (EF+ECB)
COPCW=(0.754*DHEAT- E)/( E* ECB)
COPHV=EC*(1.+COPCHW)/(EC+ECB+EHW)
COPBR=(COPCBB*EC-0.25*ECB) /(ECECB+ERB+EOF)

C
C CALCULATE ACES COP ADJUSTMENT FACTOR FROM COPHT
C
20 J=32.0+11.5

ACOPF=COPHT/COPH (J)
DO 30 J=1.76
COPFAC (J) =COPH (J) *ACOPF

30 CONTINUE
C
C VHIN = VOLUME OF ICE FORMED IN 2 WEEKS IN JAN.
C

VIIN= (QH(1) +W(1)) .5*(COPFPC(43)-1.)/
> COPFAC(43)/(57.0*PF*144.)

C
IRUN=0
NTInE=4

C
C ------ …- -…------_______________________

C VOLM(1)= NFEDED ICE VOLUMF, VOLN(2)= FORMABLE ICE VOLUME

C
C

DO 100 J=1,2
VOLT (J) =1.0
DO 90 ITER=1,500
VTES=VOL (J)
TP=Vt!S/HT
SD=4. 0*SQT (VTES*HT)
TEM= 32.0
TCAP= 57.0*PF*VTES*(144. 0+TMX-32.0)}(1.-PF)*VTES*62.4*(TMX-32,)
TCAPL=57.0*PF*VTES* 144.0
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QBINsTCAP
DO 40 I"1,12

IF(J.-Q.2) M!8-I
IF7(.LE.0) Mu=+12
DO 40 JJ1,,NTIE
NT2 TE8+11.5
TCF- (TG(, 1)-TER)/BT
BCF- (TG(1,2)-TER)/RB
SCF- (TG( .3)-TEN)/RS
QLK= (TP*(TCF+BCP) SD*SCF) TH ()
BINs QLK (QR (f) +QV ()) (1.-COPFaCC(NT))/COPFAC(T) +QC() *

> (COPCV* 1.)/COPCW
BIN=BIN/NTI!E
IF(J.EQ.2) BIN--BIN
IF(BIN.LE.0.0) GO TO 40
QBIN. QBIN-BIN
TER=32.0+(QBIN-TCAPL)/(TCAP-TCAPL) *(T!-32.0)
IF(QBIN.LE.TC&PL) TEN-32.0
IF(TER.GT.45.0) TEN- 45.0
I?(TEB.LT.32.0) TEBN 32.0

40 CONTINUE
C FIPST ITERATION

IP(VTES.GT.1.0) GO TO 50
VOLM (J =VOL (J)+100.
GO TO 90

C CONTINUE TO MAKE VOLUME LARGEB IF QBIN IMPROVING
50 TF(QBIN.GT.0.0) GO TO 60

TOL (J)=VOL (J) +100.
GO TO 90

C CH&NGE IN SIGN OF QBIN-USE BISECTION TO FIND ROOT
60 VL=VTES-100

VR=VTES
70 ITES= (VL*VR) *0.5

VOLS (J) =VTES
TP=VTES/HT
SD=4.0*SQRT(VTES*HT)
TEN= 32.0
TCAP= 57.0*PP*VTES* (144. 0+TX-32.0 + (1.-PF * TES*62. 4*(TNX-32.)
TC&PL=57. 0*PF*144.0*VTES
QBIN=TCAP
DO 80 1=1,12
R=I
I'(J.EQ.2) !=8-I
I F(B.LE.0) N=K+12
DO 80 JJ=1,NTIRE
NT= TEM+11.5
TCFt (TG(,1) -TEN)/RT
BCF= (TG (,2)-TEK)/BB
SCF- (TG(a, 3)-TEN)/RS
QLK= (TP*(TCF+BCF) +SD*SCF) *TH (N)
BIN= QLK (QH () +QW ()) * ( 1.-COPFAC (NT))/COPFAC (NT) +QC ()*

) (COPCW+ 1.) /COPCW
BIN=BIN/NTIEN
I (J.EQ.2) BIN=-BIN
IF(BIN.LE.0.0) GO TO 80
QBIN= QBIN-BIN
TEB*32.0+(QBIN-TCAPL)/(TCXP-TC&PL)*(T!X-32.0)
IP(QBIN.LE.TCAPL) TEN-32.0
IF(TEM.GT.45.0) TEN= 45.0
IF(TER.LT.32.0) TEB- 32.0

80 CONTINUE
IP(VTES-VL.LE.VTES*.0001) GO TO 100
IF(QBIN.LE.0.0) VL=VT!S
IF (QBIN.GT.0.0) VP=VTES
GO TO 70
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90 CONTINUE
100 CONTINOE

VLM- VOL (2)
IF(VOLt(1).LT.VOLM(2)) VLM= VOLM(1)

C

C SOLAR PANEL OPERATION BEGINS AT MONTH ({MM1)

C
110 TP= VLM/HT

SD= 4.0*SQRT(VLM*HT)
TCAP= 57.0*PF*tVL*(144.+TIX-32.) +(1.-PF) *VLM*62.4*(TZX-32.)
TC APL=57.0P F* 144. 0O*i.L

TMNX= THX*11.5
C

11N=0
D0 120 M=1,12
TCy= (T (I, 1)-TMX )/BT
BCF= (TG (,2)-TMX )/RB
SCF= (TG(a,3)-TMX )/RS
QLK= (TP* (TCF+BCP) +SD*SCP) *TH (M)
BIN= QLK (QH (M) +QW ()) 1.-COPFAC (NTH)) /COPFAC (NTMI) *QC () *

> (CCOPC + 1.)/COPC
I (BIN.GT.0.0) MaM=

120 CONTINUE
C

C SIZE SOLAR PANEL AND COMPUTE ENEPGY CONSUMPTION

C
ARE= 0.0
IBUN=IRUN 1
NTINE=4

C
DO 150 ITER=1,100
ETOT= 0.0
?SUP= 0.0
TEN= TNX
QBIN=TCAP
Q1IN=TCAP
pULPAN=0.0
NOICEM(IRUN) = -1
NOICEI(IRUN) = 0

C
DO 140 1=1,12
n= MN+I
IP(H.GT. 12) N=N-12
BTEMP (, IRUN) =0.0
BLEA& (M, IBUN) =0.0
PCOL (H,IRUN) =0.0
BICE (N,IRUN) =0.0
ACESEU(M,IRUN) =0.0
00 140 JJ=, NTINE
NT= TEN*11.5
DT=TEM-30.5
TCF= (TG (, 1)-TEN)/RT
BCF= (TG (, 2) -TEN) /BB
SCF= (TG ({,3)-TEN)/RS
QLK= (TP* (TCFPBCP) *SD*SCI) *TH (N) /NTIM'
BIN - QLK+(QH(M) +QwV()) /NTIME*(1.-COPPAC {NT))/COPF&C (NT)

> QC (M) /NTI!E *(COPCW+ 1.) /COPCg
CMX= ARE*PN (N, MT) /NTIlE
COL=0.0
IF(BIN.LT.0.0) COL=AMIN1 (CNX,-BIN)
IF (COL.EQ.ClX) PFLP&N=FTILPPN+P&k(II(, T)/NUTIE
QBINI QBIN+BIN+COL
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I? (QBIN.LT.QNIN) QnIIsQBIN
gCOLsO.0
IF(Cl. NE.O. 0) ECOL-COL/CIX*(HRSPAN() /NTIHE*. 021*

> (AA X1(DCOOL,DHEAT)))
IF (QW (). LT.QR ()) ENERGY= (QH(H) +QW (N))/(NTIHE*COPFAC (N!T))+

> QC (H) /(NTIHE*COPIH) +ECOL
IF (QW () .GE. QH( )) ENERGYQOH () / (NTIHE*COPFAC (NHT )

> QW (N)/((TIME*COPHW)+ QC (n)/ (NTIHE*COPIH)+ COL
IF(QBIN.LT.TCAP.OR.QC(H).LE.0.0) GO TO 130

C
C SUPPLEMENTAL COOLING NODE
C

QBIN-TCAP
IF(l.EQ.O) QC(")=1.0

C THE ABOVE STATEHENT KEEPS OPTIHIZING COMPILER PROM CALCULATING
C TERHK TOO SOON AND GETTING DIVIDE BY ZERO

TERaK=ALPCW+QLK/(QC (H) /NTIE) -ALPHN* ( (Q ) * () +Q ) /QC ( ))
COPSC=(COPCW**(-1) +TEBRHKCOPBR** (-1)) **(-1)
ENERGY=QH () /(NTINE COPFAC(NtT)) +QW (N)/(NTIBE*COPHW)

> ECOL+QC (N) / (NTI E*COPSC)
ESUP- ESUP+QC({)/ (NTIHE*COPSC)

130 5TOT= ETOT+ENERGY
ACESEU(H IRUN) ACESEU (, IRUN) +ENRG
BTEHP(M, IRUN) TEH/NTIHE+BTEMP ( IRUN)
BLEAK (, IRN)= QLK+BLEAK (R,IRUN)
PCOL (,IRON)= COL+PCOL(B,IBUN)
IF(OBIN.GT.TCAPL) BICE(aIRUIN)O.0
I?(QBIN.LE.TCAPL) BICE(H,IRUN)=(TCAPL-QBIN)/(144.0*57.0)
IF (NOICEI(IOUN).LT.O.AWD.BICE(M,IRUN).GT.O.O0 NOICEB(IRUN)-0
IF (NCICEN(IRUN).EQ.O.AND.BICE(.,IRUO).EQ.O.O) NOICEW(IRUN) -JJ
IF (NOICEB(IRUN).EQ.O.AND.BICE(HIRUN).EQ.O.O) NOICEH(IRUB) NH
TEn-32.0* (QBIN-TCAPL)/(TCAP-TCAPL)*(TNX-32.0)
IF(QBIN.LE.TCAPL) TEN=32.0
IF(TEN.GT.45.) TER=45.
IF(TEB.LT.32.) TES=32.

140 CONTINUE
C

IP(ABS(QMIN/TClP).LT.0.0001) GO TO 160
Ir(VLR.EQ.VOLB(2)) GO TO 160
IF(FULPAN.EQ.O.0) GO TO 180
l E= ARE-QHINH/F LP&H

150 CONTINUE
C
160 SYSKW(IPRIN) ETOT

ERSUP(IRUN)= ESUP
PAREA(IRUN)= ARE
IF(PAREA(IRUIN).LT.10.0) PAREA(IUPN) =0.0
TVOL (IRON) =VLH

C CALCULATE HEAT LEAKAGE COEFFICIENTS AT 32 DEG TANK TEHP
DO 170 !=1,12
StLAK (l ((TTG (, 3)-32.0)/PS)*TH (T)
TBLEABK(N) ((TG (,1) -32.0)/RT+(TG({,2)-32.0)/RB)*TH ({)
SILEAK (N)=SILEAK(R)/1000.
TBLEAK () =TBLEAK (N)/1000.

170 CONTINUE
IF (IUN .EQ. 1) VLN =VNII
IF (IRN .EQ. 2) GO TO 190
GO TO 110

180 PRINT 310, CITY
310 FOPMAT(1'.,10A4,'FULL PANEL = 0')

RETURN1
190 RETURN

IND
SUBROUTINE EARTH(T)

C
C PROGRAR TO CALCULATE EARTH TEMPERATURE FROM AIR TEMPERATURE
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C ADAPTED PROM 'EARTH TEMPERATURE AND THERMAL DIFFUSIVITY AT SELECTED
C STATIONS IN THE UNITED STATES' BY T. KUSUDA AND P.R.ACHENBACH
C

^*i~ ~LOGICAL OPT1,OPT2
CONHON/DAT/HWT(4) ,TICE(12),AREA(9) ,RAB,WABBR,WR,HO,SF,GLASS,

> PANES,SUP,PSIDES,PDELLTTILT,TSWTSSGAL(12) ,COPCHT,
> COPCBR.COPCHW,COPHT,COPI.,COPCWCOPBR,COPHW,ECEFr,EB,
> ECBOF, EHW,OPT1,OPT2.COP47,COP17,IPBT

COBMON/QLOAD/SOL(12, 10) ,SHG(12).QH(12),QC(12).,Q(12),
> TITLE(18). SOP(12). BON(12. XNFIL(12 SO (12) ,TH(12),
> TG(12,7) ,DTH(7),HRSPAR(12) ,HFLOOR (12),CFLOO (12)

COMNON/LEAST/A, ,P
COR!ON/EQU/DT
DIMENSION T(12) ,MHR(12)
DATA NHR/74 ,672,744,720 ,744,720,744,744,720, 744, 720,744/
PI=3.141593
DO0.025

C
C LEAST SQUARE ANALYSIS FOR A.B,P
C

CALL LSS(T)
DT=SQRT(PI/(D*8766.))

C
C SELECT A DEPTH FOR INLET WATER SO THAT GROUND TEMPERATURE
C IS 36 OR ABOVE.
C

X-1.0
10 THR=O.O

Xa+X.5
IF(X.GT.40.0) GO TO 70
DO 20 K=1,12
THR=THR+HR (K)
TG (K,4) =ET(TR, X)
IF(TG(K,4).LT.36.0) GO TO 10

20 CONTINUE
DTH(14) t
NDTH=5
DTH(1)=TICE(2)
DT (2) TICE(2) *TICE (1)
DTH (3)=TICE (21 TICE (1)/2.0
DTH(5)=5.0

C
C CALCULATE EARTH TEMPERATURES AT DESIRED DEPTHS

DO 60 I=INDTH
THR=0.0
DO 50 K=1,12
THR=THR+BHR(K)
TG (K, I) ET (THR, DTH (I))

50 CONTINUE
60 CONTINUE

RHTURN
70 PRINT 100
100 FORNAT('OFAILED TO FIND DEPTH FOR INLET',

> ' WATER IN SUBROOUINE EARTH')
STOP
END
SUBROOTINE ENERGY
LOGICAL OPT1,OPT2
COHDON/DAT/HWT(4) ,TICE(12 .AREA (9), RB, ABRER, W. HO,SF,GLASS,

> PANES.STSP,PSIDES,PDELT,TILT,TSW,TSS.GAL(12) ,COPCHT,
> COPC PCHCOPHTCOPC ,CPC1 COPCTC OPBB, PCCOP HW, EC, E, EHB,
> ECB,EOF.,EHW,OPT1,OPT2, COP47,COP17,IPRT

COM'ON/PRACS/ANHEAT,ANCOOL,ANWATR,AULATN,RATIO
COMNON//PUoP/COPH (76) .AUX(12) ,ENGHP(12) ,CCOP,HCOP,SCOP
COHNON/HOUS/LABEL (50,5) ,XNS. ARCHG,VOL,VAR(50,5), U (50) DT(50),
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> HL (50) ,S.gA,UFLOORDCOOLDHEAT,BCAP,PAN(12,15)
COBOR/ENG/ENG (6,2) ,E(6,2,12), SYS,KSYS(6)
CONmOR/QLOAD/SOL(12,10),SHG(12),QH(12),QC(12),Q (12 ,

> TITLE(18),SOP(12) ,OI ((1,XNFIL(12),SO{12),TH(12),
> TG(12,7).DTH(7).RRSPAN(12), HFLOOB(12),CPLOO (12)

COMNOR/B.LOAD/PEUR (12), RPEUC (12)
DIBEBSION HPBEU (12)
DIMHESION PCBFR(3).ACSEER(2,8)
DIMENSION EFGH (2,7)

C
C CAPACITIBS OF FURNACE
C PULSED COMBUSTION

DATA PCBFOR/55000.,76000.,120000./
C
C EFFICIENCY OF GAS HOT WATER HBETER BASED ON G&L OSED PER DAY.
C

DATA EFGH/20., 32.5,
> 30.,40.0,
> 40. 47.0,
> 50.,50.5,
> 6., 54.0,
> 80.,57.0,
> 90., 59.0/

C
C SEASONAL EERBB6 EYFICIENCI RATIOS FOB AIR CONDITIONEBS
C BASBD ON SEARS CATALOG - WINTER 80
C

DATA ACSEER/23000. 9.8,
> 27500. ,9.9,
> 32000.,9.6,
> 34000.,9.6,
> 36500.,9.3,
> 42000. 10.3,
> 47000., 9.8,
> 57000.,9.2/

C
C THIS SUBBOOTINE CALCULATES THE ENERGY USED IN A NON--ACS SYSTEM
C
C ENG(I,J)aY&BRLY ENERGY OF TYPE J USED BY SYSTEM I
C BU(I,J,M)=BRERGY USED BY SYSTER I OF TYPE 3 IN aOUTHR
C

DO 10 Iu1.NSYS
DO 10 J-1,2

10 ERG(I,J) = OEO
DO 15 ll,NSYS
DO 15 l=1.12

15 EU(I,2.,) - OE0
C
C FIND SEER FOR AIR CONDITIONER
C

DO 25 J-1,8
IF (DCOOL.LE.ACSEER(1,J)) GO TO 35

25 CONTIOUE
J=e

35 CCOPIC - ACSEER(2.J)/3.412
CCOPAC = 2.55
KSW " 0
DO 100 KKlNSYS
KGO ' KSYS(KK)
GO TO (130,120,110,140, 150,160) KGO

C BEAT PUMP WITH DESUPERHEATBE WATEB HBATER
C
C ENERGY USE CALCULATION DONE IN AAHP SUBROUTINE
C
110 DO 50 s-!,12

ENG (3, 1) =IG (3, 1) *E (3, 1,1)
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50 CONTINUE
GO TO 100

C
C HEAT PUOP WITH I2R HOT WATER HBATER
C ENERGY oSE CALCULATION ALREADY DONE IN SUBBOOTIHE AAHP.
C
120 DO 60 0=1,12

ENG (2, 1) -EIG (2, 1) *EU (2, 1,H)
60 CONTIIUE

GO TO 100
C
C ELECTRIC HEAT WITH AIR CONDITIONER
C
130 DO 70 H-1,12

EU ( 1, 1,) :QH (n) +QC () /CCOPAC+QW (H)
EG ({1. 1) ENG (1, 1) +U (I, 1 B)

70 CONTINUE
GO TO 100

C
C GAS FURNACE AND WATER HEATER WITH ELECTRIC A/C
C
140 DO 210 f=1,12
C
C ENERGT USED BY FiA
C

EFAH z .011o*QH(H)
C
C FIND EBFICIENCY FACTOR FOR GAS HOT WATER HEATER
C
293 DO 295 J-1,7

IF (GAL(H).LE.EFGHW(1,J)) GO TO 298
295 CONTINUE

J=7
PRINT 1000,GAL(H)

298 IF (J.EQ.1) EFGH20=EFGHN(2,J)
IF (J.ME.1) EFGH20 - ETGH(2,J-1)*(GAL(H)-EFGHW(1,J-1))/

> (EFGHW (1,J)-EFGHW(1,J-1)) *(EPGH(2, J -EGHW(2.J-1))
EPGH20 - EFGH20/1E2

C
C CALCULATE ELECTRIC ENERGY USED BY SYSTEB
C

E .(4,2,!) PFAN + QC(Nf)/CCOPAC
ENG(4, 2) EU(4,2,H) * ENG(4,2)

C
C CALCULATE GAS ENERGY USED BY STSTE9
C

EU(4,1,05) - QgW(H/EFGH20 * EU(4.1,)
ENG(4,1) = ENG(4,1) + EU(4,1,)

210 CONTINUE
GO TO 100

C
C OIL FURNACE WITH ELECTRIC WATER HEATER AND A/C
C
150 DO 240 H=1,12
C
C ENERGY USED BY FAN
C

EFAN» .0114*QH(t)
C
C ELECTRIC ENERGY USED
C
320 BU(5,2,H) = EFAN + QC(M)/CCOPAC + QW(M)

ENG(5.2) = ENG(5,2) + EU(5,2,H)
C
C OIL ENERGY USED
C
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ENG(5,1) a ENG(5,1) + EU (5,1,)
240 CONTImUE

GO TO 100

C PULSED CORBUSTION FURNACE WIT9 CONVENTIONAL GAS WATER HEATING
C AND WITH ELECTRIC A/C
C
160 DO 250 K-1,3

IF (DHEAT*1.5E0.LT.PCBFRB(K)) GO TO 260
250 CONTIONUE
260 CAPPCB · PCBFUR(K)

BEPCB " .93B0
DO 270 s1,.12

C
C ENERGY USED BY ?AN
C

EFAN = .0114*QH(H)
HRSOP · QH(S)/CAPPCB

C
C PFID EFFICIEY FACTOR FOR GAS HOT WATER HEATER
C

DO 265 J-1,7
IF (GAL(l).LB.EFGHW(1,J)) GO TO 268

265 CONTINUE
J-7
PRINT 1000,GAL(N)

268 IF (J.EQ.1) EFGH20=EFGHi(2,J)
IF (J.NE.1 EFGG20 W EFGH(2,J-1)+(GAL(H)-EFGRW(1.J-1))/

> (EFGOH (1,J) -EFGR (1,J-1))* (BFGH (2, -EFG(2,) - 2,J-1))
!FGH20 - EFGH20/1E2

C
C ELECTRIC ENERGY USED
C

E0(6,2,») E EFAN + QC(R)/CCOPAC
ENG(6,2) , ENG(6,2) * E0(6,2,R)

C
C GAS ENERGY USED
C

BO(6,1,N) a QW(H)/EFGH20
IF (QH(H).GE.5E-20)

> EO(6,1,) a EU(6,1,H) * QH(N)/EFPCB
ENG(6,1) = ENG(6,1) * E0(6,1,)

270 CONTINUE
100 CONTINUE
1000 FORMAT ('OEXCEEDED UPPER BOUND FOR GAS HOT WATER',

>) EFFICIENCY CURVE IN SUBROUTINE ENERGY. GAL(M) =*,F10.2)
RETURN
END

SUBROUTINE LOADS(*)
CONION/ENG/ENG (6,2),EU(6,2,12) ,NSYS,KSTS (6)
COHON/BELOAD/HPEUH (12), HPEUC(12)
COHMON/HPOMP/COPH(76),AOUX12ENG(12)EG 2) ,CCOPHCOP,SCOP
COMSON/FRACS/ANHEATANCOOL, ANATR,ANLATN,RATIO
LOGICAL OPT1,OPT2
COHMON/DAT/HWT(4) ,TICE(12) ,AREA (9) ,RAB,WAB,RR,W,HO, SF,GLASS,

> PANES,SUP,PSIDES,PDELT,TILT.TS,TSS,GAL (12) COPCHT,
> COPCBR.COPCHW,COPHT,COPIM,COPCW,COPBR,COPH,BC, EF,EHB,
> ECB,EOF,EHW,OPT1,OPT2,COP47COP717,IPRT

COMMON/BINS/CITT(10),ZONE,DD(2) ,ALAT,NIV( 12) ,T(12,40),
> H(12,40,2),HBR(12),TAV(12),TAV(12),WB(12,40),
> ALONG, ELEV ELECOS,GASCOS,OILCOS

COMNON/DIG/TVOL(5),PAREA(5) .SYSKW(5),BTEMP(12,5).BLEAK(12,5),
> PCOL(12,5), BICE(12,5),IRUN,TBLEAK(12),SILEAK(12),
> NOICE (5) ,NOICEW(5),NTIME

COHBON/HOUS/LABEL(50,$5) .,S,ARCHG,VOLVAR(50, 5 ) ,0 (50),DT(50),
> HL(50) ,SM,UAUFLOOR,DCOOL,DHEAT,BCAP,PAN(12,15)
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COMHOV/QLOAD/SOL (12.10),SHG(12),QH (12), QC(12),QW (12),
> TITLE(18) ,SOP012) 0ON1(12) ,XWFIL(12 ,SO (12) ,TH(12),
> TG(12,7) .DTH(7) ,RSPAN (12) ,HFLOOR(12),CFLOOR (121

DIMENSION GASFUR(3) ,OILFUR (4) ,EFG (2, 8) ,EO (2,13)
*4 P~~~DIMENSION QBINH (2),QBINC (2)

C
C CAPACITIES OF FURNACES
C GAS

DATA GASFUR/64000.,84000.,100000./
C OIL

DATA OILFUR/79000. 105000.,131000..158000./
C
C EFFICIENCY CURVES BASED ON PERCENT OH TIME
C GAS FURNACE

DATA EFG/0.0,55.,
> 2.0,59.,
> 5.0,65.,
> 10.0,68..
> 15.0,70.,
> 20.0.72.,
> 50.0,74.5,
> 100.0,80./

C OIL FURNACE
DATA EFO/1.0,30.,

> 5.0,50..
> 6.0,55..
> 7.5,58.,
> 10.0,60.,
> 15.0,61.,
> 20.0,62.,
> 50.0,64.,
> 85.0,67.,
> 91.0 67.5,
> 94.0,69.,
> 97.0,72.,
> 100.0,75./

C
C THIS SUBROOTINE CALCULATES MONTHLY HOT WATER, HEATING,
C AND COOLING LOADS USING BIN WEATHER DATA.
C
C
C
C
C C1 = (3 PEOPLE * 200 BTU/PEBSON/HR / 1094 BTU/t OF WATER) * 0.5
C C2 - (3 PEOPLE * 200 BTO/PERSON/RR / 1094 BTU/t OF WATER) * 0.75
C WD = DESIGN HUMIDITY RATIO
C wI - INDOOR HUMIDITY RATIO
C WO - OUTDOOR HUMIDITY BATIO
C XNFIL a MONTRLY INFILTRATION
C QR = MONTHLY HEATING LOAD
C QC = MONTHLY COOLING LOAD
C QW = MONTHLY HOT WATER LOAD
C ANREAT = ANNUAL HEATING LOAD
C ANCOOL = ANNUAL COOLING LOAD
C ANLATNH ANNUAL LATENT COOLING LOAD
C ANUATR = ANNUAL HOT WATER LOAD
C ANPWHR = ANNUAL POWER FOR AIR TO AIR HEAT POMP
C CCOP = ANNUAL COOLING COP FOR AIR TO AIR HEAT PUMP
C HCOP = ANNUAL HEATING COP FOR AIR TO AIR HEAT PUMP
C SCOP = ANNUAL COP FOR AIR TO AIR HEAT POMP
C CCOPAC s ANNUAL CCOP FOR ELECTRIC AIQ CONDITIONER
C
C DD(1) 5 DESIGN DAY TEMPERPATOE, WINTER
C DD(2) = DESIGN DAY TEMPERATURE, SUMoER
C DHEAT - DESIGN DAY HEATING LOAD
C DCOOL s DESIGN DAY COOLING LOAD
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C SUP - SUPPRESSION FACTOR
C TSS - HOUSE TEHPERATURE SETTING,SUHBER
C TSW - HOUSE TEHPERATURE SETTING, WINTER
C UFLOOR - l (FLOORB)
C UA a UA (WALLS,IsNDOWSDSOORS AND CEILINGS)
C BCAP a BLOWER CAPACITY (CFP)
C ARCHG N OUHBER OF AIR CHANGES PER HOUR
C VOL NUMBER OF CUBIC FEET PER AIR CHANGE
C HPEUH(H) = HEAT PUMP ENERGY FOR HEATING AND AUXILIARY ENERGY
C HPEUC(H) ' HEAT POUP ENEBGY FOR COOLING
C AUI(H) t AUXILIARY ENERGT FOR HEATING
C
C

C1-(3.*200./109Q.)*0.5+5./24.
C2 (3.*200./1094.) *0.75+5./24.
PB-29.92
C ABCBG*VOL/.695
CALL PSY1(TSS,66..PB,WDV)

C
'C
C

CONSTt(1.08*ARCHG*TOL)/ (.69560.)
C
C
C CALCULATE UA AND DESIGN DAY LOADS
C

UA& (SH//50.) SUP
WIPNFCONST*(.15+.013*15.00. 005*(TSW-DD(1)|)
SIXNFCONST*(.15+.013*7.5+.005*(DD(2)-TSS))
DHEAT- (UA+4INP) * (TSW-DD (1)) +UFLOOR* (TSW-TG (1,5))
DCOOL= (U+SIN) * (DD (2)-TSS) -UFLOOB*(TSS-TG (8,5)) +SOP (8) +

> SRG (8) SO (8)
DCOOL=1. 3*DCOOL

C
C FIND GAS FURNACE CAPACITY
C

DO 2 K=1,3
IP (DHBET*1.5.LT.GASFOUR(K) GO TO 4

2 CONTINUE
K 3

4 CAPGAS=GASFUR(K)
C
C FIND OIL FURNACE CAPACITY
C

DO 6 a1.,3
IF (DHEAT*1.5E0.LT.OILFUB(K)) GO TO 8

6 CONTINUE
K 3

8 CAPOIL = OILFUR (K)
C
C ESTI ATE REQUIRED BLOWER CAPACITY (CPH)
C

CAPH= DHEAT/(1.08*(95.0-TS) )
CAPC= DCOOL/(1.08*(TSS-50.0))
IF(CAPC.GT.CAPH) CAPH=CAPC
B- (CAPH*25.0)/50.0
BCAPt 50*!

C
C ADJUST COOLING COP TO MODEL HEAT PUMP SPECIFIED BY USER
C IfTH 14 CYCLING LOSS AS CONSTANT.
C 2.88 IS COP IN ARRAY COPH AT 32 DEGREES.
C
C

COPBARB(COP17.COP47)/2.
CCOP-2.65*.86*COPBAR/2.88
ANPWHP=0.0
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&NATR=S0.0
ANHEATO0.0
BACOOL-0.0

ANLATSO0.0
DO 100 a=1,12

C
C HWT(1) = HOT WATER TANK SURFACE AREA
C HWT(2) OU-TILUE OF HOT WATER TANK INSULATION
C THT(3) = HOT WATER STORAGE TEMPERATURE
C

CON=231.*62.4/(24.*1728.)
QS=HWT(1) *HWT (2) * (HWT (3) -70.0)
R&TEB (G&L (H) *((HWT(3)-TG (,4)) *CON) QS)/HWT ()

C
C CALCULATE MONTHLY INFILTRATION COEFFICIENT (BTUH/F)
C

ZNFIL(H = CONST*(.15+.013*VAT () +.005*ABS(TAV(l)-TSW))
IP(XNFIL(H).EQ.0.0) GO TO 10
TGRND= TG({,5)
HFLOOB(H) OUFLOOR*( (TGRB DTS )/2.0-TSW)
CFLOOR () UFLOOR*((TGRND+TSS)/2.0-TSS)

10 UAT UA&+XNFIL(B)
C
C CALCULATE BALANCE TEMPERATURES
C

TBALHD-TS- (SOP (I) +SHG(N) +SO (M) *HFLOOR ())/UAT
TBALrHNTSW- (SO () +HLOOR (R))/UAT
TBALCDTSS- (SOP (H) *SHG(()*SO(M) *CFLOOR(M) )/UAT
TBALCN-TSS-(SO (N) +CFLOOR (M)) /UAT
ir(TBALCD.LT.65.) TBALCD=65.0
I (TBALCYN.LT.65.) TBALCYN65.0

C
AIRFLO-C*(.15+.013*VA () +.005*&BS(TAV(M)-TSS)
AUX () O0.0
HPEU B() =0.0
PEUC (l) 0.0

EBGHP (a) =0.0
QH () -0.0
QC(M) 0.0
QW (1) =0. 0
SLATD0O.0
SLATN0.0
SIZE=6000.*INT((DCOOL+6000.)/6000.)
IENDaNINV (H
DO 15 J=1,6

15 EU(J.1,.) = 0.0
00 80 11,IEND
CALL PSY1(T(M,I), (DI) ,PB,WO,V)
AIRtFUiAIRFLO/V
SATVH=.444*T (, I) 1061.
TIME = H(H,I,1} + * (,I,2)
BW = RATE*TIME

C
C CALCULATE HEATING LOAD FOR EACH TEMPERATURE BIN
C

DO 20 J=1,2
QBIRH(J) =0.0
QBIC (J) =0.0

20 CONTINUE
IT(Tt(.I).GT.TBALHD) GO TO 30
QBINH (1) = (T* (TSW-T (,I))- (SOP () +SHG() +SO (M +HFLOOE (n) ))
~~> <H(M,I,1)

30 IF(T(M,I).GT.TBALHN) GO TO 40
QBINH(21 (UoT*(TSW-T(H. I))-(SO (N)+HFLOOP (n))*) H(, I,2)

C
C CALCULATE COOLING LOADS &ND LATENT COOLING LOAD
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C OF EACH TENPERIATBU BIN
C
40 rt(T (.,I).LT.TBALCD) GO TO 50

QBINC (1) = (UAT*(T(H, I) -TSS) SOP(H) SRG () *SO (. ) *CFLOOR (H))
> *PR(,,I1)

I t=WO*C 1/AIRiLW
IF (WI .LE. 0D) GO TO 50
WLBHD-(WI-WD) *'AI8PR
SLATD-SLATD+ VLBE D* H ( , I, 1) * SATT
QBINC(1) =QBINC(1) +WLBHD*H(.IM, 1) *SATVH

50 IF(T(H,I) .LT.TBALCN) GO TO 60
QBInC (2) (UAT* (T (, I) -TSS) SO () +CFLOOR () )*H (R,1, 2)
WItWO+C2/AIRPLW
IF (WI .LE. VD) GO TO 60
WLBRN=(WI-BD) *AIR FL
SLATNHSLATN*WLBHH*H (R,I,2) *SATVH
QINC (2) =QBINC(2) ·gLBHB*H(r. I, 2) *SATVH

60 BBHQBINH(1)+QBINH(2)
Qs (!) =QH (n) *BH
DO 62 J=1,2
IF (QBIHH(J).LT.5E-20) GO TO 62
PCT=QBINH (J) /(C APGAS*{,IJ)) *1E2
DO 64 JK=1,8
iT (PCT.LE.EG(1,JK)) GO TO 66

64 CONTINUE
66 EGAS = EFG(2,JK-1)+(PCT-EFG(1,JK-1))/

> (PG(1,JK)-EFG (1,JK-1)) *(EPG(2,JK-EFG (2, JK-1) )
EFGAS = EFGAS/1E2
EU(4,1,,) = EtU(41,n) + QBINR(J)/PEGAS
PCT = QBINH(J)/(CAPOII*R(H,I,J))*1E2
DO 67 JK=1,13
IF (PCT.LE.EFO(1,JK)) GO TO 68

57 CONTINUE
68 EPOIL = EFO(2.JK-1)+(PCT-EFO(1,JK-1))/

> (EFO(1,JK)-EFO(1,JK-1))*(EP0O(2,JK -EFO (2,JK- 1)
EPOIL = EFOIL/1E2
EU(5,1l,) = EU(5,1,4) * QBINH(J)/EFOIL

62 CONTINUE
C PRINT 600, N,QR(n),QBINH
600 FPOBAT('0',I5,3Ft1.2)

BC = QBIIC(1)*QBINC(2)
QC (5) =QC ()l+BC

C
C CALCVLATE AIR TO AIR REAT PgOP ENERGY NEEDED
C

CAtL AAHP(SIZE,COPBAR,TINE,T (,I) ,BH.BCBNW,)
90 CONTINUE
C
C ZERO SMALL LOADS
C

IF(QC(H).EQ.0.0) GO TO 90
I{ (QH ()/QC ().LE.0.2) QH () =0.0
IF(QH(H).EQ.0.0) GO TO 90
IF(QC ()/QRH().LE.0.2) QC() =0.0

C
C MONTHLY HOT WATSF LOAD
C
90 QR(R) = PATE*TH(M)
C

IF (M .EQ. 8) DLT=SLATD+SLATN
C
C ANVUAL SUNS
C

ANPWHP=ANPWHP*ENGHP (R)
ANHEAT=ANHEAT+QH (M)
ANCOCL-ANCOO L+QC ()
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A WATR=ANuATR+Q (H)
ANLATN=A NLATN+SLATD*SLATN

100 CONTINUE
IF(ANHEAT.EQ.0.0) GO TO 110

,,^ a ~HCOPIANHEAT/ (ANPWHP-ANCOOL/CCOP)
SCOP (ANHEAT*ANCOOL+ANWATR) /(ANPWHP+A NVATE)

C CORRECT DCOOL TO ACCOUNT FOR ACTUAL LATENT COOLING NEEDS
IF(QC (8 .NE.0.0) DCOOL=QC(8) *DCOOL/(1.3*(QC(8)-DLT))
RATIO=ANCOOL/(A NCOOL-AILATN)
RETURN

r 110 PRINT 500, CITY
500 FORHAT('1',10A4,' HEATING LOADS ARE ZERO')

RETURN1
END
SUBROUTINE LSS(T)

C
C SUBROUTINE TO DO LEAST SQUARE FIT ON T TO GET A,B,P
C THIS IS USED IN COMBINATION WITH SUBROUTINE EARTH
C

COHMON/LEAST/AB,P
DIHENSION T(12)
PI=3.141593
TERMI=0.0
S NM=0.0
TERM2=0.0
DO 20 K=1,12
SrM =SUM+T(K)
WTH=PI* (K)/6.
TERM1=T(K) *COS (TH) *TERM1
TERNM2T (K) *SIN (WTH) +TERM2

20 CONTINUE
A=SUM/12.
8=-2/12.*SQRT(TERN 1*TER 1+TERM2*TERM2)
ARG=TERM2/TERM 1
P ATAN(ARG)
RETURN
END
SOBROUTINE PANEL
LOGICAL OPT1,OPT2
COHON/1DAT/HWT (T),TICE(12, AREA (9),RABWAB,RRWRHOSF,GLASS,

> PANES·,SUP,PSIDESPDELT,TILT,TSW,TSSGAL(12) ,COPCHT,
> COPCBR,COPCHW,COPHT,COPIH.COPCW,COPBR,COPHWBC,EFEHB,
> ECBEOF,EHW,OPT1,OPT2,COP47,COP17,IPBT

CORMCN/BINS/CITY(10),ZONE,DD (2) ALAT,NINV(12) ,T(12.40)
> H(12,40,2).HBR(12),VAV(12),TAV(12),WB(12,40),
> ALONG,ELEV,ELECOSGASCOS,OILCOS

COMMON/QLOAD/SOL(12,10),SHG(12).QH(12),QC(12),QW(12),
> TITLE(18) ,SOP(12) ,NR(12) ,XNFIL(12),SO(12),TH(12),
> TG(12.7),DTH(7),HRSPAN(12),HFLOOR(12),CFLOOR(12)

COMMON/ROUS/LABEL(50,5), NS,ARCRGOL.VAR (50,5), U(50),DT(50),
> HL(50),SN,hUA, ULOOR,DCOOL,DHEAT,BCAP,PAN(12,15)

C
C THIS SUBROUTINE CALCULATES SOLAR PANEL HEAT PICKUP
C
C PDELT = PANEL DELTA TEMPEBATURE
C PSIDES = NUMBER OF PANEL SIDES CONVECTIVE
C VAV(c) = WIND SPEED FOR RONTH M
C T(MI) = TEMPERATURE FORB ONTH N AND BIN I
C H(MI,I1) = BIN DAYLIGHT HOURS
C H(NI,2) = BIN NIGHT HOURS

DO 100 NT=1, 15
DO 100 M=1.12
PAN (M,NT) 0.
TNXT=NT+31+PDELT
I0 = 0.912+0.409*VAV(R)
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FRB 0.941-0.028*00
HBSPal (s) S0.0
DO 100 1=1,40
IP(T(8,I).LT.32.0) GO TO 100

DYT FR*(.93*SOL( ,10)/8.0*PSIDES*UU*(T(H,I)-TIXr)-15.0) *H (,I, 1)
IF(DT.LT.O.O) DYTO.0
IF (DY.GT.0.0) HBSPAN () =HRSPAN(M) H(8,I, 1)
DI- FR* (PSIDES*U* (T(HI) -TIT) -15.0) *H(,I, 2)
IF(DR.LT.0.0) DK-0.0
IF (DK.GT.O.0) RRSPAN (8) HRSPAN () H(BI,2)
PAN (,.T)- PANI(,NT)+DTYDK

100 CONTINUE
C

RETURN
2END
SUBROUTINE PRTDAT

C
C OUTPUTS INPUT DATA
C

LOGICAL OPT1,OPT2
CO8RON/DAT/HWT(4),TIC!(12),AREA (9) ,RAB. AB, R, WRO, SF,GLASS,

> PANESSUP,PSIDES,PDBLT,TILT,TSW,TSS.GAL(12) ,COPCHT,
> COPCBB,CDPCHW,COPRT,COPINCOPCW,COPBR,COPHW,BC,PF,EHB,
> ECB,EOF,EHW,OPT1,OPT2,COP47,COP17,IPRT

COHON/HOUS/LABEL (50,51 ,UNS, ARCEG,TOL, (R{(50,5) ,U (50,DT (50),
> 8L(50) ,S,OA,OUFOOR,DCOOL,DHEAT,BCAP,PAN(12,15)

COH OB/QLOAD/SOL(1G(2,10),SRG(12) ,Q(12)QC(12),Q(12),
> TITLE (18) ,SOP(12) ,ON(12), XNFIL(12),SO(12),TH(12),
> TG(12,7) ,DT (7),HRSPN (12),HPLOOR(12),CPLOOR(12)

COH0ON/RICE/ISYS,RATEDCRATE2L,RATEK, KIFLAG,TrS,CSTCOLCSTINS,
> CSTCOI.TRKSD, THKBT, THKTPBATETH,RATEGARTHELE, RTBGAS,
> RBTMOIL

C WATER TANK AND ICE TANK AND ECONO8IC DATA
C

PRINT 300, TITLE
It(ISYS.EQ.1) PRINT 310
IP(ISYS.EQ.2) PRINT 320
PBINT 330,HIT(1),TICE (1) ,ATEDC,RT (2) ,TICZ (2) ,ATB!NT,HT(3) ,

> TICE(3), ATEP, HT (4), TICE (4) ,YRS,TICE (5) ,CSTCOL,
> TTICZ(6) ,TICE (7) ,CSTINS,TICE(8) ,CSTCOITICE(10) ,TICE (9)

C
C COPS .ND PUnP ENERGIES
C

PRINT 340, COPCHT,COP47,TICE (11),COPCBR,COP17,COPCHW,COPHT,
> COPI, COPC, COPBR,COPH., EC, EEHB, ECBEOP, EH

C
C INTERNAL SOURCES
C

PRINT 350, NON,SO
C
C DESCRIPTION OF HOUSE
C

PRINT 360, (AREA(I),I=1,9) ,ABHO,RAB,GLASS,WR,
> PANES,RB,SF,SUP

PRINT 370, TSW,TSSVOL.ARCHG
PRINT 380. PSIDESPDELT

C
C PRINT SURFACES OF THE HOUSE
C

NS-XNS
IP(NS.EQ.0) GO TO 80
PRINT 390

S 1=NS-1
DO 40 J-lNS1
PRINT 400, (LABEL(J.I).I=,'5),(VAR(J,I),I1= 1,4U(J DTJ),T()

> tHL(J)
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40 CONTINUE
PRINT 410, SN
PRINT 420, (LABEL(NS,I ,I=15),(VAR(NS, I) ,I=1.4) ,(NS)
PBRINT 430, UFLOOR

80 RETURN
300 FORHAT(lH1,18A1)
310 FORBAT(OHOT WATER TANK',T50.'ICE TANK',T95.'IN-BIN HEAT PUOP'/)
320 FORMAT('OHOT WATER T&NSK,T50,SICE TANK'.T95,

> 'ICE MAKER HEAT PRUP'/)
330 FORBAT('0OATER TANK SURFACE AREA(FT*2) ',T35,F10.3,T50,

> 'ICE BIN HEIGHT(FT)',T80,F10.3,
> T95,'DISCOZNT RATE',T120.F10.4/
> ' WATER TANK U(BTO/RR*T**2)'*,T35,F10.3,T50,
> 'DEPTH BELOW SURFACE(T) ',
> T80,F10.3,T95,'BRAT PER KILO;WTT-HR',T120,F10.3/
> ' WATER STORAGE TERP (P)',T35,F10.3,T50,
> 'ICB BIN TOP R VALUE',T80,
> F10.3,T95,'ESCALATION RATE ELEC.',T120.P10.3/
> ' WATER DELITERY EFFICIENCY',T35,F10.3,
> TS0,'ICE BIN SIDE R VALUE',T80,
> F10.3,T95,'LIFETIHB (YRS)',T120,F10.3/
> 1,T0,.'ICE BIN BOT R VALUE',T80,?10.3,
) T95,'PABEL COST(S/SQFT) ,T120,F10.2,/
> 1X,T50,'ICE PACKING FRACTION*,T80,F7.3,F7.3,T95,
> 'INSULATION COST($/SQFT) 'T120,F10.3/
> 1I.T0S,'BRINE TEMPERATURE',T83.,6.2,*F',
> T95,'COIL COST($/FT) ,T120,F10.3/
> 1X.T95,'COIL OD(INCHES)',T120,F10.3,/
> lX,T95.'COIL ID (ICHES) ,T120,F10.3)

340 FORHAT(' COMPRESSOR COP CC(H)',T35.F10.3,T50,
> 'HEAT POUP COP 47F',T80,Fl0.3,
> T95.'COIL CONDUCTIVITY',T120,F10.3/
> ' COMPRESSOR COP CC(BR)',T35,F10.3,T50,
> 'HEAT PUMP COP 17F',T80,F10.3/
> 'COMPRESSOR COP CC(HW)',T35,F10.3./
> ' ACES HEATING COP(H)t,T35,F10.3/
> ' ACES COOLING COP (IM)',T35,F10.3/
> ' ACES C I COOLIG (CW)',T35,F10.3/
> ' ACES COP TOR NIGHT HEAT REMOVAL(H)',T36,F9.3/
> ' ACES HOT WATER COP(HW)',T35,F10.3/
> ' ACES COMPRESSOR MOTOR (BTUH)',T35,F10.3/
> ' ACES INDOOR FAN COIL MOTOR (BTUH)',T35,F10.3/
> ' ACES HOT BRINE PUP MOTOR(BTUH)',T35,F10.3/
> ' ACES COLD BRINE PTUP 1OTOR(BTUH) 'T35.F10.3/
> ' ACES OUTDOOR FAN MOTOR(BTUH) ,T35,F10.3/
> ' ACES HOT WATER PtUP(BTUH)',T35,F10.3/)

350 FORMAT('0',T23,A41{1(5X,A4)/' INTERNAL SOURCES ',12F9.0//
360 FORBAT('0DESCRIPTION OF HOUSE'/' ',T30,6X.'N',9X,'E',9X,

> 'S',9X,'W'/
> ' OVERALL WINDOW AREA' ,T30,4F10.1/
> ' OVEPALL WALL AREA',T30,4F10.1/
> ' ROOF ARA',T20,F10.3,T50,'WALL ABSORPTANCE',T80,F10.3/
> ' OUTDOOR FILE COEFF',T20,F10.3,T50,'ROOF ABSORPTANCE',
> T80,F10.3/
> ' GLASS TYPE',T20,F10.3,T50,'WALL THERMAL RESISTANCE',
> T80,F10.3/
> ' NO OF PANES',T20,F10.3,T50,'ROOF THERHAL RESISTANCE',
> T80,F10.3/
> ' WINDOW SHADING FACTOR',T20,F10.2,T50,
> 'U ADJUSTMENT FACTOR',T80,F10.2//)

370 FORBAT(' THERMOSTAT SETTING WINTEP',F10.0/
> ' THEBROSTAT SETIING SUMMER',F10.//
> ' HOUSE VOLUOE (FTS*3) ,6X,F10.2/
> ' AIR CHANGES PER BOUR',6X,F10.2/)

380 FOBRAT('OSOLAR PANEL: SIDES(CONVECTION)',3X,F10.0,5I,
> 'EXCHANGER DELTA T (F) ',F10.0/
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390 PORAT(' BUILDING HEAT',9X,*BAEA H-INSIDE U(SLAB) ,
> * H-OUTSIDE',2X.'UTOTAL) DELTA T HEAT LOSS*/
>) TRANSFER SURFACES (SQFT)',
> ********* (BT/BR/SQFT/DEG-P)********** (DBG-F) ,2X,
> '(BTU/RR) /2H0 )

400 FORKAT(' *,5A&4,8.2,2X,4(F8.5,2) ,P8.2,P10.2)
410 FORMAT(31/741'SUN - ',F10.2)
420 TORNAT(' 0,5A4,F8.2,2X,4 (8.5,2X))
430 FORNAT('O 0 (FLOOR) '.F10.2)

END
SUBROOTINE PRTBSC(HEAD)

C
C PRINTS THE SUMMARY PAGE FOR EACH CITY
C

COMRON/ENG/ENG (6,2), E(6,2,12),NSYS, SYS (6)
CONON/PNFDAT/A NZCOS (8) . FFCOS(8) , FPSAV (8) . FICDST (8),

> ?UELPW(8),TOTP()TP(8),TOTP(8),ANTOT(14)
REAL*4 INSCOSHECCOS
COHNON/COSDAT/FANCOS(8), CNTCOS (8) AHPCOS (8), &OXCOS (8),

> RHTCOS (8), DCCOS (8) ,INSCOS (8) , SYSCOS (8),
> NECCOS(2), BICOS(2),PANCOS(2),COILFT(2)

CONBON/EDIG/ACSEU (12,2)
CO.nON/ELOAD/HP BO (12) ,BPEUC(12)
CONBON/HPOBP/COPH(76) ,UX(12) ,ENGHP(12) ,CCOP,HCOP,SCOP
CO MON/FRACS/ANHEAT,ANCOOL, ANWATR,ANLATN ,RATI
LOGICAL OPT1,OPT2
COHMON/D&T/HWT(4) TICE(12) ,&RE (9) .RAB,AB, RR, WRHO.SFGLASS,

> PANES,SUPPSIDES.PDELT,TILT,TSI,TSSGAL(12),COPCHT,
> COPCBR COPCHN,,COPHTCOPIN.COPCU,COPBR,COPHWEC, EFEHB,
> BCB,EOFEBHW,OPT1.OPT2,COP47.COP17,IPRT

COHNON/BINS/CITY(10),ZO 2,DD(2)ALAT, NINT(12),T(12,40),
> H(12,40,2),HBR(12) ,Vt(12),TAV(12), B(12,40),
> ALOSG. ZLI, ELECOS. GASCOS,OILCOS

COMNON/DIG/TVOL (5), PAREA (5) ,SYSK (5) BT!BP(12,5) ,BLEAK(12,5),
> PCOL(12,5),BICE(12,5J ,IRUN,TBLElE(12),SILEAK (12)
> 1NOICEH (5) .NOICEW(5), NTI E

COMMON/HOOS/LABEL(50,5) XS ,ARCHG.VOLVAR(50,5) , (50) ,DT(50),
> HL(50) ,SH,UA&UFLOORDCOOLO,DHEAT,BCAP,PAN(12,15)

COBMON/QLOAD/S0L(12.10).SHG(12) QH (12,QC(12),QW(12 ,
> TITLE(18),SOP(12),ON (12),XIFIL(12),SO(12),TH(12,)
> TG (12,7)DTH(7) ,HRSPAN (12) ,HFLOOB (12),CFLOOR (12)

COHNON/RICB/ISYS,RATEDC.RATEPL.RATEKW,KyFLAG.YRSCSTCOLCSTINS,
> CSTCOI,THKSDTHKBT.,THKTP,RATETHRATEGAETHMELE, RTGAS,
> RTDOIL

COMMON/rILE8/POINT(120,9) ,SAVEC (89), NRC,CASENO
DIMENSION ANNUAL(3,5) ,TOTAL(7),PCOEF(12),HED(18),QHMN(12),

> QBUW(12), QCM (12) ,TYPE (6)
DATA TYPE/*BBIN','E CH','ILL *,'ICE '',!AKE,'RE '/

C
DO 10 L=1,3
DO 10 J1,IRUN
ANNUAL (L,J) =0.0

10 CONTINUE
If(KIFLAG.EQ.O) BATEKWZBELECOS
ALATALAT* 180./3. 1415927
BRITE(6,300) (CITY (I) .I=1,9) ,ALAT,ELET,RATEK, TITL!

300 FORNAT( 1.,9A4, X, LATITUDE ',FP8.2.2X,
> ·ELEVATION6= ,8.0,2, 'ELC.COST',F7. 4/1X, 18&4)

C
C PRINT TEMPERATURE SETTINGS AND DESIGN DAY INFORHATION
C

PANNHR=DHEZT/150.
WRITE(6,310) TSW,DD(1) ,DEAT,BCAP,RATIO,COPHT,COPI.,TSS,DD(2),

> DCOOLPANNHR,COPHW,COPCW,COPBR
310 FORMAT ( TSETW(F) F.8.0.2X· TDD (F) ,P8.0,2X, DDHL (BTUR) ='

> F8.0,2X, BCAP(CPF)= .F8.0.2X, COOL(T/Sit 'F7.4.2X.
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> 'COPHT'.,F7.2,2!,*COPIHN',F7.2/
> ' TSZTS(F) ',F8.0,2X,'TDDS(F)-',F8.0,2X,'DDCL(BTUH)"',
> F8.0.2X,'PAN (HRB)=',F8.0,2X,
> *COPH=-,4X,F7.2,2X,'COPCW-,F?7.2,2X,
> 'COPBBRt,F7.2)

WRITE(6,320) RON
320 FORMAT('OCLINATIC PARAMETERS:' ,T31,12(21,A4,21) , IX, ANNUAL'/)
C
C WRITE CIIMATIC PARAMETERS AND BUILDING LOADS
C

DO 20 K«1,7
TOTAL (K) -0.0

20 CONTINUE
DO 30 -1.,12
TOTAL(1) -TOTAL( 1) +VAV(H)
TOTAL (2) -TOTAL (2) *TAV (H)

30 CONTITUE
TOTAL (1) TOTAL(1)/12.0
TOTAL (2) -TOTAL (2)/12.0
DO 40 JK«1,12
IT-32.-30.5
PCOEF (JK) =PAN (JKIT) /1000.

40 CONTINUE
WRITE(6,330) VAV,TOTAL(1),TAV,TOTAL(2),

> (DTH(I),(TG(M I), B= 1,12)1.1, .4), TBLEAK.SILEAK,
> XNFIL.PCOEF

330 FORMAT('OAVERAGE WIND SPEED (MPH) ,'13P8.2./.
>* AVERAGE OUTDOOR AIR TEMP (F)*,13F8.2,/.
> ' TERP AT BIN TOP (',F4.0,') (F)',12F8.2,/,
> ' TEfP AT BIN BOT (,.F4.0.,) (F) ,12F8.2,/,
> e TEMP AT BIN SIDE (',P4.0.') (F)v.12F8.2,/.
> W'ATER INLET TERP (',F4.0,') (F),'12F8.2,/,
> ' BIN TOP-BOT LK32FP(BTU/SQFT)*,12F8.3,/,
>' BIN SIDE LEAK 32F(DBTU/SQFT)',12F8.3,/,
> ' INFILTRATION COBFF. (BTUH/F)',12F8.2/,
> PPANEL HEAT COEF 32F(MBTU/SQ)',12F8.2)

C
C WRITE PANEL HEAT PICKUP COEFFICENT TO UNIT 10
C

IF(ISYS.EQ.1) WRITE(10,340) HEAD
340 FORNAT(18A4)

IF(ISYS.EQ.1) WRITE(10,350) PCOEF
350 FORHAT(12F6.2)

DO 50 f=1,12
TOTAL (5) TOTAL(5) +QH(M)
TOTAL (6) -TOTAL (6)*QW(H)
TOTAL (7) -TOTAL (7) +QC (B)
QHHn(N)-QH(I(/1.0E6
QaWH (a) =QW (N) /1.0E6
QCaB () =QC ()/1.0E6

50 CONTINUE
00 60 JK-5,7
TOTAL (JK) =TOTAL (JK)/1.0E6

60 CONTINUE
WSITE(6,360) QHHB,TOTAL(5),QWMN,

> TOTAL(6) ,QCNH,TOTAL (7)
360 FORBAT('OBOILDING LOADS:'/,

> 'OSPACE HEAT (NMBTU)',13F8.2/,
> ' WATER BEAT (MfBTOU)',13F8.2/,
> ' SPACE COOL (MMBTU)',13F8.2)

C
C ECONOqIC CALCULATIONS
C
C PRESENT WORTH FACTORS

DC=1+RATEDC
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PL- 1 .+RATEPL
PWF1FL/(RATEDC-RATBL) * (1.- ( L/DC) **YRS)
IF (RATDC.EQ. RATEIL) PWIYRBS
PWI 18.59
PWFPG31.67
PWO-25. 25
PWPBEs16.48
PFHG-m16.48
PWFH016.48
DO 62 -H4,8
ANTOT()i 0.0

62 CONTITXE
DO 65 0=1,12
ANTOT(4) -AETOT (4)E +O (1, 1,) /3412.
AITOT (5) -ATOT(5) *+ (2, 1,M) /3412.
ANTOT (6) sNWTOT (6) +U (3, 1 ,H)/3412.
ATTOT(8)sATOT(8) +ACBSE (H, 1) /3412.
ANTOT(7) INTOT (7) ACBSEU (, 2)/3412.

65 CONTINUE
CALL COST
CALL ACECOS
CALL FIrCOS(PWF,PWFG,PWFO,PWHBE,PWFHG, PWFHO)
TENGHP0. 0
TOTAUX0.0
DO 70 -11,12
AU!X () IAOX ()/34 12.
NEGHP (H) BENGHP () /3412.
TOTAUXOTOTAUO AUOX(H)
TEBGHBPsEGHP (H +TENGHP

70 CONTINUE
C
C PRI8T AIR TO AIR HEAT PUHP COST AND PERFORIANCE
C

WRITB(6,370) ENGHP,TBNGHP,AUOTOTAUX,SYSCOS(21 , CCOP, PUELPW (2),
~> R~HCOP, AMZCOS (2) .SCOP,TOTPV(2)

370 FORBAT('OHNET PUHP COST AND PERFORHANCE:',/,
> 'OHEBT PUNP ENERGY USE (KWH)',12F8.2,P8.0,/,
>) STBIP HEAT (WH) ',12P8.2, 8.0,/,
>' SYSTES COSTS *,8.2,51, 'COOLtG COP ',P8.2,/,
) ' FUEL PRESENT WORTH ',F8.2,5', 'HEATIG COP ',P8.2,/.
> ' AINT. PRESENT DOBTB *,78.2,5,'ANNUAL COP ',.8.2/
> ' *,T92,'PRESENT WORTH a ',F8.2)

IS-ISTS*ISYS
r-ISS+2

WITE (6,380) (TYPE(I),I"IS,IE)
380 FORHAT('OACES DESIGN, COST, AND PERPORUANCE: ,2X,3A4)

DO 100 J-l,IRUN
IF(J.EQ.1) K-2
IP(J.EQ.2) Ks1
DO 80 B-1,12
BLEK (!, J) BLEAK (,J)/1 .0E3
PCOL (,J)sPCOL(H,J)/1.0E3
ABIUAL(1,) -ANNUAL (1,J) +BLEAK (,J)
&NNAL (2,Jk) =RNUAL (2,) +PCOL (H,J)

80 CONTINUE
rCOP (TOTAL (5 )+TOTAL (6) TOTAL (7)) *1.0E6/SYSKW(J)
COEIPTOTPN(2)/TOTPW (3+K)
STSK (J)0 SSK (J)/3412.
AUXHUT-AUXCOS(3+K) +HTCOS(3+K)

C
C CALCULATE PANEL HEAT PICKUP COEPF
C

DO 90 3-1,12
ITsBTEHP (B,J)-30.5
PCOBE (H) sPA (N, NT) /1000.

90 CONTINUE
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C
C PRINT ACES DESIGN PARAHETEBS
C

WRITE(6.390) (BLEAK{H,J) ,H ,12),ANNUAL(1.) ,
> (PCOL(H,J),.=1, 12),A NNUAL (2J),
> (PCOEBF( ) B,= 1.12), (BTE{P{(.J),=1,12),
> (BICEB(J), =1,12).TOL(J),AUXHBTINSCOS(3+K),
> ANZCOS (3+K) ,PAREA(J) , PNCOS (K) ,DUCCOS (3+*) .
> TOTPV(K+3) COILFT(J), fECCOS (K) ,SSCOS (3*K),
> NOICE {(J) .NOICEB (J) ,NTIBE,
>> SYSK({J),BINCOS(K), FUELPW(3*K) ,COEF.YCOP

390 FOR!AT('OBIN HEAT LEAKAGE (BTU) '.13F8.1,/,
> ' PANEL HEAT COLLECTION(RBTU) ',13F8.1,/,
> ' PANEL HEAT COEFP.(HBTU/SQT) ,12F8.2/,
> ' BIN ICE/WATER TEPERATURE(F)', 12F8.2,/,
> ' ICE INVENTOBY (FT**3) ,1218.2,/.
> ' BIN VOLUHE (FT**3) = *,F8.2,5X.SAUX. COST a ',8.2,5,
> 'INSTILLATION COST= ',F8.2,5X,'HAINT. P.WORTH- ',F8.2,/,
) ' PANEL AREA (FT**2) = '.F8.2,5X,*PANEL COST = ',F8.2,5X,
> 'DUCTS COST = ',F8.2,5X,'PRESENT WORTH 'F8.2,/
> ' COIL LENGTH (FT) - ',F8.2.51X,'HCH COST a ',FB.2,5X,
> 'SYSTEB COST = ',F8.2,
> 5S,'DATE ICE HELTED'.I3,',',I2.'/',I2,/
> ' ENERGY USE (KWH) = .,F8.2,5X,'BIN COST = ',?8.2,52,
> 'FUEL PRESENT WORTH ',F8.2,5X,'ECON COEFF. = ',F8.2/
> ' ANNUAL COP : ',F8.2)

100 CONTINUE
SAVREC(1) 9999.
DO 110 K=1,8
J=K+ 1
S&VREC(J) HEAD (K)

110 CONTINUE
S&AVBC(10) =LAT
SAVREC(11) ALONG
S&A EC(12) =RATIO
RETURN
END
SOBROUTINE PETECO (EAD)

C
C PRINTS A SUMMARY PAGE FOR EACH CITY
C

COMMON/PWFDAT/ANZCOS (8), FFCOS(8),FSAV(8) ,ICOST(8),
> FUELPW(8) ,TOTPI(8),TOTPa({8),ANTOT(14)

REAL* 4 INSCOS,NECCOS
COHHON/COSDAT/FANCOS (8),CNTCOS(8),ARPCOS (8) ,AUCOS 18),

> HWTCOS (8) , DUCCOS (8) ,INSCOS (8) , SYSCOS (8) ,
> aECCOs (2),BINCOS(2),PaNCOS (2), COILFT(2)

COMMHO/DIG/TVOL (5) ,PAREA (5) .SYSK (5) ,BTEHP(12.5) ,BLEAK(12, 5),
> PCOL(12,5),BICl(12,5) ,IRUN,TBLEAK(12),SILEAK(12),
> VOICsM (5), NOICE (5) NTIME

LOGICAL OPT1,OPT2
COIfON/D AT/HWT( .TICE(12 , AREA(9) ,RA.B,W B, RR, RHOSF,GLASS,

> PANES,SUP,PSIDZS,PDELT,TILT,TSW,TSS,GAL(12),COPCHT,
> COPCBR,COPCHW,COPHTCOPIH,COPCWCOPBR,COPHW,EC,BE,EHB,
> ECB,EF,WERH,OPT1,OPT2,COP47,COP17,IPBT

COMMON/HOUS/LABEL(50,5), XNS, ARCG,VOL.VAB(50,5) ,0(50) ,DT(50) ,
> HL(50),S S,UAUFLOOR,DCOOL,DHEAT,BCAPPAN(12,15)

COM ON/FRACS/ NHEAT, AICOOL, ANWATR, AnLATNBATIO
COMON/EDIG/ACESEU (12,2)
CORHON/ENG/ENG 6,2) ,EU(6,2,12) ,NSYS,KSYS (6)
COMHON/ELOAD/PEUoH(12), PEC (12)
COHMON/BINS/CITY(10) .ZONE,DD (2) ,ALAT, INV (12) .T (12,40),

> H(12,40,2),HBR(12),VAV(12),TAV(12),WB(12,40),
> ALONG.ELEV,ELECOS.GASCOS,OILCOS

COHON/BICE/ISS,BRATEDCRATEFL,BATEKW,KUFLAGYRSCSTCOL,CSTINS,
> CSTCOI,THKSDTHKBTNTHKTPRATETH.RATEGA,RETELRTHfGAS.
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C PRESENT WORBT FICTOR
C

DC-1. +RTEDC
FL I. +RTEL

C PFWPFL/(RATEDC-RTBFL) * (1.- (FL/DC) **tS)
C I (RATEDC.EQ.BATEFL) PWF-YRS

PwF - 18.59
PWFG = 31.67
PuPO = 25.25
PWFNBE16. 48
PFHG=G16.48
PFRO=-16.48

C
C ANNUAL TOTALS AND CONVERT TO METRIC
C

DO 10 8l1,14
10 ANTOT(H) a 0.0

DO 30 =1.,12
Q (B) =QW() * 1.0 55/1000.
QH () =QH ()* 1.055/1000.
QC (!) QC () * 1.0 55/1000.
DO 20 K-1,6

IF (KSYS(K) GE.1. AND.KSYS(K) .LE.3) EU(K, 1, ) BU (K, 1, 8)/3412.
IF (KSYS(K).GAB.4.AND.KSYS(K) .LE.6)

> EU(K,2, ) = EU(K.2,)/3412.
IF (KSTS(K)).EQ.4.OR.KSYS (K).EQ.6)

> BE(K,1,3) a EU(K,1,N)/1E5
IF (KSTS(K).EQ.5) EO(K,1,) EOU(K,1,)/1.4E5

20 CONTINUE
ACESE (N, 1) =ACE SE (, 1)/3412.
aCESEZU(,2) =ACESEU (8,2)/3412.

30 CONTINUE
DO 40 8S1,12
INTOT (1) ANTOT(1) *Q (I)
NTOT (2) - NTOT(2) +QH ()

aNTOT (3) =NTOT(3) +QC ()
ANTOT(4)=ANTOT(4) * EU{(1,1,)
ANTOT (5) -A1TOT (5) +EU (2, 1,H)
&NTOT (6) ANTOT(6) +EO (3, 1,H)
ANTOT (7) -ANTOT(7) +CESEU (, 2)
ANTOT (8) -ANTOT(8) +ACESEU (,. 1)
ANTOT (9) -ANTOT (9) +EU (4, 1 o,)
MITOT (10) AINTOT (10) +EU (4.2, M)
ANTOT (11) sANTOT (11) +E (5, 1, !)
AT (12) TOT 12) TOT (12) +E0(5,2,t)
AtTOT(13)1INTOT (13 +EU(61,. )
ANTOT (14) =ANTOT (14) +E(6,2, )

40 CONTINUE
DREAT-DREAT*.29307
DCOOL=DCOOL*.29307
DO 50 1-1,2
BTOL (I) =TVOL (I) *.0283
PANARE(I) -PABEA (I) *.0929
IF(PANARE(I .GT.84.) HAK(l) sSTAR
I? (PANARE(I) .LE.84.) XAK(I)= BLANK
NOTEO0
IF(PANRE(I) .GT.84) NOTEB1

50 CONTINUE
C
C CALCULATE ANNUAL COPS
C

ANCOP(1) 1000. * (ANTOT 1) +ANTOT(2) + ATOT (3))/(N TOT(4) 1 .055*
> 3412.)

AICOP(2) =1000.* (ANTOT (1)* ATOT(2) +ANTOT (3))/(&ITOT (5) *1.055*
> 3412.)

ANCOP(3) =1000.* (ANTOT(1) +ATOT (2) +ANTOT (3))/(&NTOT (6) *1.055*
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> 3412.)
ANCOP ({4)1000.*(ANTOT(1) +ANTOT(2)+ANTOT (3))/(ANTOT (7) *1.055*

> 3412.)
ANCOP(5)=1000.*(ANTOT(1) +ANTOT(2)+ANTOT(3))/(ANTOT(8)*1.055*

> 3412.)
C
C FOR FUEL FIRED SYSTEMS

ANCOP(6)=1000.*(ANTOT(1*)ANTOT(2) +ANTOT(3))/1.055/
> (ANTOT(9)*1E5/3.0+ANTOT(10) *3412.)

ANCOP (7) =1000. *(ANTOT(1) +ANTOT (2) +ANTOT (3))/1.055/
> (ANTOT(11)*1. 425/3.0+ANTOT(12)*3412.)

&COP(8) =1000.*(ANTOT(1) +ANTOT(2) +ANTOT(3))/1.055/
> (ANTOT(13)*1E5/3.0*ANTOT(14) *3412.)

C
C PRINT TABLE
C

PRINT 1000, (CITY(J) ,J=1,8) ,ATEKW,RTNELEPWF, PVFHE,DHEAT,
> BATETH,RTNGAS,PWFG,PWFNG,IDDIDIDD2,DCOOL,RATEA,RTHOIL,
> PWFO,PWiFPO,RATIO

C
C DESIGN AND PERFORMANCE
C
C

PRINT 2010
RX=3
DO 80 K=4,6
DO 80 L=1,5
KX=KX+1
FT T1(KX) = FOR1 (L, KSYS(K)-3)
FPT2(KX) = FORN2(L,KSYS(K)-3)
FNT3(KT) = FORN3(L,KSYS(K)-3)
!Tt4(KI) = FOR(4(L,KSYS (K)-3)

80 CONTINUE
FPT1(18) = FMT
FNT2(18) = FPT
?FT3 (18) = FMT
F!T4(18) = FMT
PRINT FMT1
PRINT 2014
PRINT FNT2
PRINT 2016
PRINT FNT3
PRINT 2018
PRINT FMT4
PRINT 1030
DO 90 B=1,12
PRINT 2020, NON(n),QV(M),QH(N),QC(M),

> (EU(I.1,,M),I=1,3),ACESEU(N,2),ACESEU (,1),
> ((U0(I,J.,),J=1,21 ,I=46)

IF (M.EQ.3.OR.0.EQ.6.OR..SEQ.9.OR.M.EQ.12) PRINT 1030
90 CONTINUE

PRINT 1040, ANTOT
C
C CHECK IF FULL ACES IS A VALID DESIGN (BIGGER THAN IIN. ACES)
C
C IF NOT-SET FULL ACES TO MIN. ACES DESIGN
C

IF(BYOL(1).GE.BVOL(2)) GO TO 210
BVOL (1) BVOL (2)
PANARE(1) P&NARE (2)
XAK (1) =XBAK (2)
MECCOS (2) =BECCOS(1)
BINCOS(2) BINCOS(1)
PANCOS(2) =PACOS (1)
AUXCOS(5) AUXCOS (4)
sTCOS (5) =HWTCOS (4)
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> RTHOIL
COIHOU/QLOAD/SOL(12,10) ,SRG(12) QH(12),QC(12) QW(12),

> TITLE(18) SOP (12), OFI (12) ,NFIL(12) SO(12),TB(12),
) TG(12,7)DT7)D ),SPA&(12),HLOOR(12),CrLOOR(12)

COHROR/FILE8/POINT(120,9),SAVREC(89), REC,CASENO
DIMRESICON HLOSS (12) , BOL (2 ,PARARE (2) ,TYPE (2),

> ANCOP (8),SKIND(2,2),X H!A(2) ,HAD( 18)
DINENSION FHTl (19) ,FAT2 (19) ,?FT3(19) ,FHT4 (19),

> FORI1(5,3),PORB2(5,3),POBH3(5,3),F!4OB(5,3)
DATA FT1 (1)/4 (' + /,pFT1(2)/4, T83/,

> FrT1(3)/4H, /,FRT1(19)/4R) /,
> FHT2(1)/4 ('+ /,F.T2(2) /4HT83/,
> FIT2(3)/4R, /PFHT2(19)/4H) /,
> FHT3 (1)/4R (' + /,FT3(2)/4H,T83/,
> ?FT3(3)/4R, /,FRT3(19)/4f) /,
> FHT4(1)/4 ('+ '/,FtPT4(2)/4H,T83/.
> FNT4(3)/4R, /.F!T4(19)/4H) /,
> FHT/4H I /

DATA FORB1/4t' ,4H (,4H6) .4H ,4H!1 ,
> 4H8 ,4H (.4R7) .4H ,41B ,

> 48H ,4H (,4H8) ,4H ,4I, /
DATA FORH2/4H* G,4HAS ?,4HURNA,4RHC ,.41. ,

> 4H' O,4IL F,4HURNA,4HCR ,4H1, ,
> 4H'PL,4HSE G,4RaS P,4RURN.,4Hl, /

DITA FORB3/4R' G,4RAS ,481 EL,4IEC. ,4HI ,
> 4' 0,4HIL ,4BI EL,4HEC. ,4HRI ,

> 4H' G,4HAS ,4H1 EL,4REC. ,4B1, /
DATA FORH4/4R'TRE.4HRBS ,481 K,4HWH ,481 ,

> 4H' G,4RAL ,4Rl K,4HH ,4H1, ,
> 4H'THE,4HRBS ,4.1 K,4HWH ,4H1 , /

DIMHESION DESC(10,6)
D&TA DESC/HREL. ,4H!RN,4HQ&CE ,4RAND ,4HWATE,4HR HE,

> 4RHTER,4g, CE, 4HNTRA,4HL IC,
> 4HHEaT,4H PU.,4HP W,.4ETH E.4HLEC.,4H RES,
> 4H. WA,4TER ,4RHAT,4HRE ,
> 4HREAT.4H PU,4RHP, D,4HESOP,4HERHE,4HATER,
)> 4H AT,4HER .4HEATE,4R ,
) 4RGIS ,4HFURR,4HRCE,,4H GaS,4 HOT,4E VAT,
> 4HE8, ,4HCEINT,4 qHAL , ,4AC
> 4HOIL ,4HFZRN,4RHCE,,4H EL..4H HOT,4H VAT,
> 4HR, ,4HCENT,4HRAL ,4AC ,
> 4HPULS.4HE GA,4HS FU,4HPNAC,4HE, G,4HAS H,
) 4HV, C,4HEITRB,4HAL A,4HC /

DATA SKIND/'BR.C,' ICBE *.'HILL , AKE*/
DATA BLANK/' '/,STAR/'* '/
TYPE(1) SKIND(ISS, 1)
TYPE (2) SKIND(ISYS,2)

C
C IF KVPtAGO OSE POWER COST OF PARTICULAR CITY
C

IF(KWFLAG.EQ.O) RATEKW=ELECOS
RATEGA=OILCOS
RAfETBHGASCOS/10.0
RTMEt-0. 0850
RTMGAS=O.8150
RTHOItL1.4600

C
C CALCULATE COST OF SYSTEHS
C

CALL ACECOS
CALL COST

C
C TEMPSRATURES CONVERTED TO METRIC

IODD1(DD (1)-32.)/1.8+0.5
IDD2= (DD (2)-32.)/1.8+0.5

C
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DUCCOS (5) DUCCOS (4)
INSCOS(5) =INSCOS (4)
SYSCOS(5) =SYSCOS (4)
ANTOT (81 &NTOT (7)
GO TO 100

100 CONTINUE
C
C SYSTEM COST
C
210 PRINT 1050

DO 215 J=1,3
PRINT 2060,J,(DESC(I,KSYS(J)) ,Il 10)
PRINT 1070, FPNCOS(J) , HPCOS(J) ,CNTCOS(J) ,AUXCOS (J),

> HWTCOS(J) ,DUCCOS(J) INSCOS(J) ,SYSCOS (J) BLAN
215 CONTINUE

PRINT 1030
PRINT 1100, BVOL(2),PANARE(2),XNAK(2)
PRINT 1070, NECCOS(1) ,BINCOS (1),P&NCOS(1) , OACOS(4)}.HTCOS (),

> DUCCOS (4),INSCOS(4) ,sYSCOS(4) ,ZI&a(2)
PRINT 1110, BVOL(1),P&NARE(1),XMAK(1)
PRINT 1070, BECCOS(2) ,BINCOS (2) ,PANCOS(2), AUXCOS(5) .HWTCOS (5),

> DCCOS (5) ,INSSCOS (5) SYSCOS (5) XHAK (1)
PRINT 1030
PRINT 2050
DO 217 J=4.6
JJ=J+2
PRINT 2060.JJ,(DESC(I,KSYS(J)),I1,10)
PRINT 1070, FANCOS(JJ),AHPCOS(JJ ,CNTCOS(JJ),AUXCOS(JJ),

> 8HWTCOS(JJ),DUCCOS (JJ),INSCOS(JJ) ,SYSCOS(JJ),BLANK
217 CONTINUE

PRINT 1030
C
C COMPARATIVE OWNING COST
C
218 CALL PWFCOS(PWF,PWFG,PWFO.PWF~E,PWFMG,PWFMO)

PRINT 1120
DO 225 J=1,3
PRINT 2060,J, (DBSC (I,KSYS(J) ) .=1,10)
IF (J.EQ.1)

> PRINT 1170, A.COP(1),ANZCOS(1),FFCOS(1),FUELPW(1),TOTPW(1),
> TOTPWH(1)

IF (J.NE.1)
> PRINT 1140, ANCOP(J) ,ANCOS(J ,?FCOS(J) ,FS&V(J),
> FICOST (J) ,FUELPW (J ,TOTPW (J) ,BLANKTOTPWN (J)

225 CONTINUE
PRINT 1150, BVOL(2),PANARE(2)
PRINT 1140, ANCOP(4) ,NZCOS(4) ),FFCOS(4) ,FFSAV(4) ,FICOST (4),

> FUOLP (4) ,TOTPW (4) ,AK (2) , TOTPWM (4)
PRINT 1160. BVOL(1) ,PNARB(1)
PRINT 1140, ANCOP(5),ANZCOS(5),FFCOS(5) ,FPS&V(5),FICOST 5),

> FUELPW{5) ,TOTPW (5) ,MAK(2) , TOTPN (5)
DO 228 J=4,6
JJ=J+2
PRINT 2060, JJ, (DESC (I, KSTS(J)) ,11,.10
PRINT 1140, ANCOP(JJ) ,ANZC OS (JJ),FCOS(JJ),FFSA&(JJ),

> FICOST(JJ), FUELPW(JJ) ,TOTP (JJ), BLANK,TOTPV (JJ)
228 CONTINUE

PRINT 1030
IF(NOTE.EQ.1) PRINT 1180

C
SAVE DATA TO WRITE ON UNIT 8 FOR LATER H&P WORK.

C
SAVREC(1) =9999.
DO 220 K=1,8
JK*+1
SAVRC (J) =HE&D ()
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220 CONTINUE
ALAT=ALAT 180./3. 145927
SAVREC(10) =ALAT
SAVREC(1) =ALONG
SAVR EC(12) RATIO
SVBBEC(13) =RATEK
SAVREC(14) = RATETH
SAVREC(15) = RATEGA
SAV EC (16) =FLOAT (IS S)
SAVREC(17) =BVOL (2)
SAVREC (18) =BVOL (1)
SAVREC(19) 1111.
SAVREC(20) =PANARE (2)
SAVREC(21) =PANARE(1)
SAVREC(22) =111.
IF (X!MK(2).EQ.STAR) SATR BC(19) =9999.
IF(XMAK(1) .EQ.STAR) SAVRBC (22)=9999.
DO 230 K=1,8
SAVREC(22+ K) =NCOP (K)
SAVREC(30+K) SYSCOS (K)
SAVREC(38+K) TOTPW(K)
S AVR EC(4 8+K) PICOST (K)
SAVREC (54+K) =FFCOS (K)
SAVREC(62+K) =FPSAV (K)
S&VREC(70+K) aTOTPW(K)

230 CONTINUE
DO 235 K=1.11
SAVREC(78+K) =ANTOT (3+K)

235 CONTINUE
RETURN

C
C FORMAT STATEMENTS
C
1000 FORMAT(1H1//'0',T9,984, /

> '0 167 SQ H HONE, WELL INSULATED',T46,
> 'eL. ($/KWHR) -'*,fP1..,0,,F7.4,4X,
> 'PBF ='.P6.2,,.','6.2,T101,
> 'DESIGN WEATHER: WINTER SUHERf',/,5X,
!> 'DESIGN HEATING LOAD (WATTS) =',F7.0,T46,
> 'GAS ($/THERM)=',F7.4,',',P7. o4,X,
> 'PWF =',F6.2.','.F6.2,T101,
> *OUTDOOR TEMP. "',I5,' C'.I6,' C',/,5X,
> 'DESIGN COOLING LOAD (WATTS) =*,F7.0,T46,
> 'OIL (S/GAL.) =',F7.4.',,PF7.4,4X,
> 'PWN =.,F6.2,'.',F6.2,T101,
> 'TOTAL/SENSIBLE COOLING ='*,6.2)

1030 FORMAT('+*,3X,127('_'))
1040 FORMAT(' I ANNUALIO,3 (8.0,' I).3(F7.0, Il ,

> 2(F8.0,'rI),5(F7.0,I ),F7.0," 1,./* ' 3X,127(_) ))
1050 FORMAT(O0',T50, SYSTfES FIRST COSTS'/'+*,3X,127( _')/

> ' I l',T51
> ,*I',T76,COOPONENTS COSTS, S',T121,.',.
> ' TOTAL ',T131,'l'/'+',T51,71 (') /
> 4X,'I NO.I CONVENTIONAL ELECTRIC SYSTEFS',
> T51,*'FAN UNIT 1',
> 'A/C, H.P.I CONTROL IAOXILIARYIW. HEATERI DUCTS I',
> ' INSTALN.I COST, S l''/*+,3X,127('_J')

1070 FORAT('*+.,T51,'',7(t8.0 I ) ,F8. 0 .O,A1,' *)
1100 FORSAT(' I I ANNUAL CYCLE ENERGY SYSTEMS (&CES)',

> T51,'1 IECH. P I ICE BIN I',
> ' PANEL IAUXILIARYIW. HEATEEI DUCTS I INSTALN.I',
> ' TOTAL, S1'/'+',.3,127('_ )/
> ' I 4 IMIN. ACES, BINlFP5.1,' H3 PANEL-=,F5.1, 22',A1)

1110 FORMAT(' I 5 IFULL ACES, BIN',F5.1,' B3 PANEL-',F5.1,
> ' f2'",A1)

1120 WORMAT(/'0',T50,'SYSTES CORPARISOS'/* +' ,3X,127 ('_)/
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> 4X,.'I IT51,91 SYSTEM I MAINT. I1ST YEAR I1ST t,
> 'YEAR I INCBEH. I ENERGY l',T131.'l'/
> 4X, ' I NEW CONSTRUCTION ALTERNATIVES',T51,
> 'I EFFIC. I PRESENT I ENERGY I ENERGY I FIRST I',
> ' PRESENT I LIFE CYCLE COST I'/
> +*',Tl11,21('_"),/,
> 4X,'' I',T51.'l (ACOP) I WORTH I COST I SAv'
) 'ING I COST I WORTH I AVERAGE IMARGINAL I'/
> I I NO. lT51,'l'.T6l14(*l $ )
> T101,'1', 2,2(4X,'$',4X. I'),4XS*,T1 T31,
> 'I ,/'+',3X,127('_'))

1140 FORNAT('+',T51,'I',F8.2,. I',F8.0.' 1',2(F8.2,' I').
> P8.0.' I',F8.0,' I',F8.0,A,1'l,F8.0, t I')

1150 FORMAT(' 1 4 IfIN. ACES. BIN=',F5.1,' 83 PANEL",FS5.1,
> * 12',T51,9 1')

1160 FORMAT(' 1 5 IFULL ACES, BIN=',F5.1,' 83 PANELI',F5.1,
> ' S2',T51.'1 )

1170 PORMAT('.+,T51,'l',F8.2,' I',P8.0,' l',F8.2,' I'.
> 2(' REF. 1'),2(F8.0,' I),F8.0., I')

1180 FORMAT('0*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN',
> ' ALTERNATIVE SUPPLEHENTARY HEAT SOORCE SHOULD BE USED,'
> ' IN THIS DESIGN.')

2010 PORNAT(/'0',T50',DESIGN AND PERFOPMANCE/'+",41X,126(*_')/
> ' 1'7X,7I'l',6X,'BUILDING LOADS',6X,
> ,'I'T73,' SYSTEM ENERGY CONSUBPTION,.T131, l'|/
,> +',T13.119(' _)/

> 4X,'1',7,X' I WATER I SPACE I SPACE I (1) I (2)
> 'I (31 (4) 1 (5) I')

2014 FORMAT(4K,'XI MONTH I HEAT I HEAT I COOL I ELEC. I HEAT',
> - ' I HP I HIm. I FULL I')

2016 FORMAT( +',T82,50 (') ,/,
> 4X, I'.,7X,'I'.T22,'|I,T31.'IT4#0,'l RES. I PUMP I,
> I DS I ACES I ACES I')

2018 FORiAT(14,'I',7 1X,l HN I NJ I fl I KWH 1',
> ' KWH I KWH I KWH I KWH I')

2020 FORMAT(X, ' I '2X,A4,' ' .3(F8.0, ') ,3(P7.0. '1 ) ,2 (F8.0, t).
> 5(F7.0,'I'),F7.0,' 1')

2040 FORMAT(' I ANNUALI',2(F7.2,' 1'),P8.2,' I',A4,4X,' I',
> 3(FP8.0,' I'). 5(F7.0. 'I') F7.0.. I ',/t'',3X,127 ('_')/
> I I ANNUAL COP',T81,'l',2(2tP7.2,6X,'l'),
> 2X,F7.2,6X,' I',
> /t+',3X,127(e_"))

2050 FORBAT(4X.'I I FOSSIL FUEL FIRED SYSTEMS',T51,
> 'I FURNACE I'.
> ' A/C I CONTROL IAUXILIARYIW. HEATERI DUCTS 1',
> ' INSTALN.I TOTAL, l'/'+,'3X1,127('_"))

2060 VORMAT (' I ',I1,' 1',10A4)
END
SUBROUTINE PSY1 (DB,WB,PB,,V)

C
C
c
C THIS SUBROUTINE WAS TAKEN FROM NBSLD BY T. KUSUDA.
C IT GENERATES DEWPOINT TEMPERATURE,VAPOR PRESSURE, HUOIDITY RATIO.
C ENTHALPHY, SPECIFIC VOLUME, AND RELATIVE HUMIDITY.
C

PVP=PVSF (VB)
IF (DB.LE.WB) GO TO 30
WSTAR0.622*PVP/(PB-PVP)
IF (lB.GT.32.0) GO TO 40
PV=PVP-5.704 E-4*PB* (DB-WB/1.8
GO TO 50

C
30 Pt=PVP

GO TO 50
C
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40 CDB- (DB-32.)/1.8
CWB* (WB-32.) /1.8
HL-597.31+0.4409*CDB-CWB
C«u0.2402+0.4409*WSTAR
BEI(WSTBR-CH* (CDB-CtWO)/HL)/0.622
PT=PB*XT/(1. +X)

50 VU0.622*PT/(PB-PT)
TY0.754* (OB*459.7) *(1+7000*W/4360)/PB
-.0.24*DB+(1061+0. 444*DB)*

I? (PV.LE.0) RETURN
IF (DB.NB.WB) GO TO 60
DP-DB
Rs-1.
RBTURN

C
60 CONTINUE
C PDPDPF(PV)

R PT/PTSF (DB)
RETURN

C
EWD
SBBROUTINE PWFCOS(PP,PWTG,PWro,PW.HB, PWHG,PWR1O)

C
C THIS SUBROUTINE C&LCULATZS PRESENT WOBTH AN1D LIP CYCLEB &RAKIG
C OF THE STSTBMS
C

CO!IHO/EG/BNG (6,2),EU(6,2,12), NSTS,KSTS (6)
RBEL*4 INSCOS,!!CCOS
CONON!/COSDAT/PANCOS (8),C DTCOS(8) ,AHPCOS (8), &IZCOS (),

> HWTCOS (8)1, CCOS(8),ISCOS (8) ,SYSCOS (8),
> aBCCOS(2) ,BIICOS (2) ,PANCOS(2),CD ILT (2)

CONlHO/PPWDAT/&NZCOS(8), FFCOS(8) ,FPSA1 (8),FIC3ST(8),
> FPBULPi(3),TOTPL(8),TOTPWH(8) ,AITOT(14)

CONNON/RBCE/ISYS,8RATDC. BRATL, RATE KW, KLAG, RSCST COL,CSTIUS,
> CSTCOITHESDTHIKBT ,THKTP, RATBTH, R ATBGA&, RTBB, TB S,
> BTHOIL

DIHBNSION DUN(9) ,rrCOS2(3),.ACOST(8) , PCOS (8) , CSH2 (3)
DAT1 UICOST/914.,2162.,2468.,0.0,0.0,

> 889.,914.,960./
C
C ANNUALIBZD &IINTENANCE COSTS

C USING ILL BLECTRIC SYSTEM AS BBEFRENCB SYSTEB
C

PVCBBL - ANTOT(4) * RATBKW
SYSRXF - SYSCOS(1)
DO 5 sKlISTS
F S (KSYS() .Q.1) GO TO 8

5 CONTIOUE
SYSRBF - SYSCOS(WSYS+1)
GO TO 9

8 SYSRBE " SYSCOS(K)
9 CONTITNUI
C

0D 10 Kt1,6
KK- K
IF (K.GT.3) KK-K+2

10 ANZCOS(KK) , ANCOST(RK)
C
C FOR ACBS SYSTEMS

1BZCOS (14) 2432.00
ANZCOS (5) 2432. 00

C
C 1ST TBSAR FUL COST (AVERAGE 6 lMRGINAL)
C

DO 20 Kl,5S
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FFCOS((K) =NTOT(3+K) *RATEKI
PFCOS (K) =A TOT (3+K) *BTMLE

20 CONTINUE
C
C FOR FUEL FIRED SYSTEES - 3 PER STUDY
C
C COST FOR FOSSIL FUEL
C GAS

FCOS(6) = aNTOT(10)*RATEKV
FFCOSM(6) = ANTOT(10)*RTIELE
FFCOS2(1) = ANTOT(9)*RATETH
FFCSM2(1) ANTOT(9)*RTMGAS

C OIL
FFCOS(7) & ANTOT(12)*RATEKW
FFCOSM(7) a ANTOT(12)*RTaELE
FFCOS2(2) = aNTOT(11)*RATEGA
PFCSM2(2) = ANTOT(11)*BRTOIL

C GAS PURNACE
FFCOS(81 AN aTOT(14)*RATEK
PFCOSM(8) = ANTOT(114)*RTELE
PFCOS2(3) ANTOT(13)*RATETH
FFCSH2(3)} AWTOT(13)*RTHGAS

25 KEND = 8
C
C FUEL PRESENT WORTH (AVERAGE AND MARGINAL)
C

00 70 K-1,KEND
FUELPW(K) FFCOS (K) *PHF
TOTPsN(K) = FFrOSM(K)*PWFpE

70 CONTINUE
FPELPP(6) = FUELPW(6) + FFCOS2(1)*PWFG
TOTPIM(6) - TOTPNM(6) + FFCSH2(1)*PWFMG
FFCOS(6) n FPCOS(6) + FyCS2(1)
FUOLPW(7) = FUELPW(7) + FFCOS2 (2) PWFO
TOTPNM(7) = TOTPVN(7) * FFCSH2(2)*PWFRO
FFCOS(7) - FFCOS(7) FPCOS2 (2)
FUELPB(8) - FUELPW(8) FFCOS2 (3)*PWFG
TOTPUM(8) = TOTPWN(8) * FFCSa2(3) *PWFMG
FrCOS(8) FPFCOS(8) + FFCOS2(3)

C
C 1ST YEAR FU"L SAVINGS
C

DO 30 K=1,KEND
FFSAV (K) =FFCREF-FFCOS (K)

30 CONTINUE
C
C INCRBEEWTAL FIRST COSTS
C

DO 40 K1,KEND
FICOST(K) a SYSCOS ()-SYSCOS(1)

40 CONTINUE
C
C
C TOTAL PRESENT WORTH
C

00 80 Kl1,KEND
TOTP(K -FUELPW (K)+SSCOS(K) +ANZCOS (K)

80 CONTINUE
C
C MARGINAL LIFE CYCL3 COST
C

DO 90 X1,KEZND
TOTPNM(KR) TOTPPWH(K) * SYSCOS(K) * ANZCOS(K)

90 CONTINUE
RETURN
END
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FUNCTION BT(TH,X)
C
C TH IS THE SUN OF DAYS SINCE JANUARY AND X IS THE DEPTH IN FEET.
C THIS FUNCTION IS US3D IN COMBINATION WITH SUBROUTINE EARTH.
C

COHMON/EQU/DT
CO!MON/LEAST/A,B,P
PI13.141593
IEXZP (- 1*DT*X)
BlG=2.*PI*(TH/8766.)-DT*X-P

ET=-A-BS (B) *1E*COS (ARG)
RETURN
END
FUNCTION PVSF (X)

C
C ****************************************************************«
C
C THIS FUNCTION HAS TAKEN FBOM NBSLD BY T.KUSUDA
C
C IT GIVES THE PARTIAL PRESSURE OF WATER VAPOR IN MOISTURE
C SATURATED AIR, IN HG.
C

DIMENSION A(6),B(4),P(4)
DATA A/-7.90298,5.02808,-1.3816E-7,11.344,8.1328E-3,-3.49149/
DATA B/-9.09718,-3.56654,0.876793,0.0060273/
T (X+459.688)/1.8
IF (T.LT.273.16) GO TO 10
Z=373.16/T
P(1) -A() * (Z-1.0)
P(2) -A(2) *'LOG10(Z)
Zl-A (4) (1.0-1.0/Z)
P(3)A(3)* (10.0 *Z1-1.0)
Z1a (6)*(Z-1.0)
P(4) - (5)* (1 0.0 *Z1-1.0)
GO TO 20

C
10 Z-273.16/T

P(1) B(1) *(Z -1.0)
P(2)-B(2)*&LOG10(Z)
P(3) B(3)*(1.0-1.0/Z)
P(4) -ALOG10 (B (4))

20 SUO-0
DO 30 1-1,4

30 SUONSUN+P(I)
PVSF-29.921*10. 0**SUN
REBBTURN

C
END
SUBROUTINE GLZE (IGLASST,ATD,AOAI)

C
C THIS SOBBOUTINE IS CALLED BY TRNSMT
C

DIMEBSION T(6),1(6),TD(6),&0(6 ,AI (6) ,A1(48),2 (48),103 (8),
> AI4(48),T5(48)

DATA 1/0.01154,0.77674,-3.94657,8.57881.-8.38135,3.01188,0.01636,
11.40783,-6.79030,14.37378,-13.83357,4.92439,0.01837,1.92497,
2-8.89134,18. 40197,-17.48648.6.17544,0.01902,2. 35417,-10.47151,
321.24322,-19.95978,6.99964,0.01712,3.50839,-13.86390,26.34330,
4-23.84846,8.17372,0.01406,4.15958,-15.06279,27.18492,-23.88518,
58.03650.0.01153,4.55946,-15.43294,26.70568.-22.87993,7.57795,
60.00962,4.81911,-15.47137,25.86516,-21.69106,7.08714/

DATA T2/-0.00885,2.71235,-0.62062.-7.07329,9.75995,-3.89922,
1-0.01114,2.39371, 0.42978.-8.98262.11.51798,-4.52064,-0.01200,
22.13036,1.13833,-10.07925,12.44161,-4.83285,-0.01218,1.90950,
31.61391,-10.64872,12.83698,-4.95199,-0.01056,1.29711,2.28615,
4-10.37132,11.95884,-4.54880,-0.00835,0.92766.2.15721.-8.71429.



59.87152.-3.73328.-0.00646,0.68256,1.82449,-6.95325.7.80647,
6-2.94454,-0.00496,0.51403,1.47607,-5.41985,6.05546,-2.28162/

DATA A03/0.01407,1.06226,-5.59131,12.15034.-11.78092,4.20070,
10.01819,1.86277.-9.24831,19.49443,-18.56094,6.53940,0.01905,
22.47900,-11.74226,24.14037,-22.64299.7.89954.0.01862.2.96400.
3-13.48701.27.13020,-25.11877.8.68895,0.01423.4.14384.-16.66709.
431.30484,-27.81955,9.36959,0.01056,4.71447,-17.33454.30.91781,
5-26.63898,8.79495,0.00819,5.01768.-17.21228,29.46388,-24.76915,
68.05040,0.00670,5.18781,-16.84820,27.90292,-22.99619,7.38140/

DATA AI4/0.00228,0.34559.-1.19908.2.22366,-2.05287,0.72376,
10.00123,0.29788,-0.92256,1.58171,-1.40040.0.48316,0.00067,
20.26017,-0.72713,1.14950,-0.97138.0.32705,0.00035.0.22974.
3-0.58381,0.84626,-0.67666,0.22102,-0.00009,0.15049,-0.27590.
40.25618,-0.12919.0.02859,-0.00016,0.10579.-0.15035,0.06487,
50.02759.-0.02317.-0.00015.0.07717.-0.09059.0.00050,0.06711,
6-0.03394,-0.00012,0.05746.-0.05878,-0.01855,0.06837.-0.03191/

DATA T5/-0.00401,0.74050,7.20350,-20.11763,19.68824,-6.74585,
1-0.00438,0.57818,7.42065,-20.26848,19.79706,-6.79619,-0.00428,
20.45797,7.41367,-19.92004,19.140969,-6.66603,-0.00401,0.36698,
37.27324,-19.29364,18.75408,-6.43968,-0.00279,0.16468,6.17715,
4-15.84811,15.28302,-5.23666,-0.00192,0.08180,4.94753.-12.43481.
511.92495,-4.07787,-0.00136,0.04419,3.87529,-9.59069,9.16022,
6-3.12776,-0.00098.0.02576,3.00400.-7.33834.6.98747,-2.38328/

L=IGLASS*6
K=L-5
DO 100 M=1,6

a-l 1
A(a) LA1 (K+N)
T (M) T2 (K+N)
A& (H) -AO3 (K+I*
AI() =AII4(K+N)
TD (H) =T5 (K+)

100 CONTIOUE
RETURO
END
SUBROUTINE SUNLJ

C
C LIU-JORDAN SUN DATA TABLE GENERATOR
C
C HOO = DAILY TOTAL EXTRATERRESTRIAL RADIATION ON A HORIZONTAL
C SURFACE FOR A GIVEN LATITUDE AND DECLINATION ANGLE
C &LAT = LATITUDE
C DEC = SOLAR DECLINATION ANGLE, RADIANS
C HALF - SUNRISE HOUR ANGLE. RADIANS
C EDV - RATIO OF AVERAGE INTEBSITY OP DIFFUSE RADIATION TO
C DAILY DIFFUSE RADIATION
C RTtV RATIO OF AVERAGE INTENSITY OF TOTAL RADIATION TO
C DAILY TOTAL RADIATION
C TLTCOS 3 COS OF INCIDENT AIGtE OF TILTED SOLAR PANEL
C TFCOS = COS OF INCIDENT ANGLE ON HORIZONTAL SURFACE
C SCOSTV COS OF INCIDENT ANGLE ON SOOTH WALL
C SWCOSVT COS OF INCIDENT ANGLE ON EAST OR WEST WALL
C

DIHENSION ANG(12),RTV(7) ,RDV(7 ),GHOUR(18).GET(7,18),RO(12)
C

LOGICAL OPT1,OPT2
COMONA/DAT/HaT(4),TICE(12) ,AREA (9),RAB,W Ba, RWR,HO,SI,GLASS,

> PANES.SUP.PSIDES,PDELT,TILT.TSWTSS,GAL(12) COPCHT.
> COPCBBCOPCHWCOPHT,COPIHfCOPCW.COPBB,COPH, BC, EERHB,
> BCB, EOFEHOPT1.OPT2,COP47,COP17,IPRT

COMION/BINS/CIT (10) ,ZON DD (2) ,ALAT,INV( 12) ,T (12,40),
> H(12,40,2),HBB(12), VA (12).TAV(12) ,B(12140),
> ALONG,ELEVELECOS,GASCOS,OILCOS

COMMON/QLO&D/SOL(12.10),SHG(12) ,QE(12),QC(12).,Q(12),
> TITLE(18 .SOP (12), SON (12) XIL (12) , SO (12) ,TH(12)
> TG(12, 7), DT (7) HRSPAN(12) HFLOOR (12) CFLOOR(12)
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DATA GHOUB/8.0,8.5,9.0,9.5,10.0,10.5,11.0,11.5,12.0,12.5,13.0,
> 1,,13.5, 14.0,14.5,15.0, 15.5,16.0,16.25/

DATA GRT/
1 0.197 , 0.164 , 0.103 , 0.034 0.0 , 0.00.0
2, 0.188 , 0.160 0.105 , 0.044 0.0 , 0.0 ,0.0
3, 0.180 , 0.155 0.108 0.052 0.0 0.0 ,0.0
4, 0.171 , 0.150 0.109 0.059 , 0.011 0.0 ,0.0
5, 0.165 , 0.145 0.110 0.065 0.020 0.0 ,0.0
6, 0.158 , 0.140 , 0.109 , 0.068 0.026 0.002 ,0.0
7, 0.152 , 0.135 , 0.108 , 0.072 , 0.032 0.005 ,0.0
8, 0.147 , 0.131 , 0.106 , 0.074 0.036 , 0.007 0.0
9, 0.142 , 0.128 , 0.105 , 0.076 0.040 0.011 ,0.0
1, 0.137 , 0.124 , 0.103 , 0.077 0.045 0.015 0.02, 0.133 , 0.121 , 0.101 , 0.078 0.048 0.019,0.003
3, 0.128 , 0.118 , 0.100 , 0.078 0.050 0.022,0.005
4, 0.124 , 0.114 , 0.099 , 0.078 0.052 0.026,0.008
5, 0.120 , 0.111 , 0.097 , 0.078 0.054 0.029,0.010
6, 0.117 , 0.109 , 0.096 , 0.078 , 0.055 , 0.032,0.013
7, 0.112 , 0.105 , 0.095 , 0.077 , 0.057 0.035,0.015
8, 0.109 , 0.103 , 0.093 , 0.077 , 0.058 0.038,0.018
9, 0.107 , 0.101 , 0.092 , 0.077 , 0.058 0.039,.019/

DATA R0/1.0315,1.0235,1.0103,0.9913.0.9757,0.9680,0.9680,0.9757,
> 0.9898,1.0087,1.0238,1.0318/

DATA ANG/-21.25,-12.92,-2.42,9.5,18.68,23.28,21.65,14.28,3.32,
> -8.25,-18.3,-23.23/

C
Pr3. 1415927
IGLASS=GLASS
ITYPE-PAIBS
TILT= (ALATl+20.0)*PI/180.0
ALAT=ALAT*PI/180.0

C
C

DO 1000 -1, 12
DO 10 K-1,10
SOL (.K) '0.0

10 CONTImUE
RBAR-HB (H)
DBC-ANG() *PI/180.0

C
AB--TAN (ALAT) *Ti (DEC)
HALF-ARCOS(AB)
HOO, 24.0*1442.0*Ro (B)/PI
ROO- (COS (ALAT)*COS(DEC) *SI (HALF +HALF*SIl (ALAT)*SIN (DEC)) *H8
HOUR124. 0*HA LF/PI
IF (HOR.LT.8.0.R.HOUR.GB. 16.25) PRINT 500

500 FORBAT(I1 IN SUBROUTIUE SOtJ,. THE HOUR OF SUNRISE,'
> ' OR SOUSET EXCEEDS THE LIHITS OF PROGRAB BECAUSE'/
> T THE LATITUDE IS GREATER THA THHE HOUR IS
> ' BEING RESET.')

IF(HOUR.LT.8.0) HOUR-8.0
IF (HOUR. G. 16.25) HOUR-16.2

C
SOU 10.0
SO82=0.0
DO 20 1-1,18
12-I
1I-1

IF(GROUB(I).GT.HOUR) GO TO 30
20 CONTINUE
C
30 DO 40 J1,7

V- (2*J-1)*PT/24.0
IP(W.GT.0.95*HAL?) GO TO 50
JAY-J
X- (GHOUR (12) -HOUR) / (GHOUR (12) -GHOUR (I1 )
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RTY(J) GRT(J,I2)- (GBT(J. I2)-GT (J, I)) *X
RD )DV - (PI/2 .) * (COS (W) -CDS (HLF) ) / (SIN (HALF) - ALF*COS (HALF )
IF (RDV(J) .LT. 0.0) RDV(J)-0.0
SOl -SUH +RTV (J)
SUoH2SUO 2+RD0 (J)

40 CONTINUE
C
50 DO 60 JtI,JAY

RT (J) =0.5*RT (J) /SUH1
IF (RTV(J) .LT.0.0) RTV (J) -0.0
RDV (J) 0.5*RDV (J) /SH2

60 CONTINUE
C

&KBABRHBAR/HOO
IF (&KBR.GT. 0.75) DBH0.167
I?(&KBAB.GT.0.75) GO TO 70
DH .4 171713-1.2034286*&KBAR
IF (DH.LT.0.0) DH-0.0
DH-OH+.78842857-.82857143*AKBAR
IF(DH.GT.1.0) DH=1.0

C
70 RHO-0.2

DO 200 J1.,JAT
= (2*J-1) *PI/24.0

TRCOS-COS (ALAT) *COS(DEC) *COS () +SIN ( LAT) *SIN(DEC)
BETA=ARSIN (THCOS)
PHISINICOS(DEC) *SIN (1)/COS (BETA)
PHI=ARSI (PHISIN)
TEST-COS (V) -TaW (DEC) /TAN (ALAT)
IF(TEST.LB.0.0) PHI*PI-PHI
SCOSV-O.0
IF (PHI.LE.1. 57079) SCOSV-COS(BETA) *COS(PHI)
GLaA&BS(PHI-1.570796)
ECOSV-COS (BETA) *COS (GAR)
TLTCOSsCOS (ALT-TILT) *COS(DBC) *COS (W) SI (ALAT-TILT) *SIN (DC)
IF(TLTCOS.LT.0.0) TLTCOS-0.0

C
TERHE-TV (J)-RDV (J) *DH
IF (DH.GT.0.98.O.0 TRBH.LT.0.0) TBR=O0.0

C
C CALCULATE THE HOURLY DIRECT, DIFFUSE, REFLECTIVE, AND TOTAL
C RADIATION ON SURFACES
C

EDIR- (WCOSV/THCOS) e8BAR*TERH
EDIFHBAR*RDV (J) *DH/2.0
BREP-HBAR*RTV (J) *RHO/2.0

BDRF-EDIF+BERF
SDIB- (SCOSV/THCOS) *RBAR*TER8
HDIR8HBAR*TEBR
HDRFsHBAR* (RD(J) *D8)
PDIR (TLTCOS/THCOS) *HBBR*TERB
PDI?-BBAB*RDV (J) *DH*(1.O0COS (TILT)) /2.0
PBEFRHBBRRT (J) * RBO* (1. -COS (TILT)) /2.0
SOL(N, 10) -SOL(H, 10) +2.0* (PPIR+PDIF+PRE?)
SOL (,91) SOL (1,9) +2.0*(HDIR+HDRF)
SOL (H.5) -SOL (H, 5) +2. O*EDF
SOL (H,6) -SOL (8, 6) *EDIR+2.0*EDRF
SOL (H,7) SOL (H. 7) +2. 0* (SDIR+DRF)
CALL TRBWST(SCOS, IGL&SS.ITTPETDRTDF)
S (, SOL (1SOL 8, 1) +2.0*EDRF*TDF
SOL (8,3) -SOL (H. 3) +2. 0*(TDR*SDIP+TDFB*DF)
CALL TRBNST (EWCOSVIGLASS,ITYPE,TDR,TDF)
SOL (H,2) -SOL (1, 2) +TDR*EDIR+TDF*EDRF*2.0

200 CONTINUE
C
C
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SOL (I, ) 4SOL (N, 2)
SOL (N,8 =SOL (M, 6)

1000 CONTINUE
C

BETURN
END
SUBROUTINE TRNSRT (.IGLASSITYPETDRTDF)
DIHENSION D(4),T(6),A(6) ,TD(6),AO(6),AI(6),C(10)
REAL RO, I

C ITYPE-NUIBEB OF PANES, 1-SINGLE GLAZING AND 2-DOUBLE GLAZING
C IGLASS IS AN INTEGEB FROM 1 TO 8 WHICH REPRESENTS ONE TYPE OF
C GLASS GIVEN IN TABLE A-7, PAGE 28A OF NBSLD HANDBOOK.
C 1--- K*L-0.05 (1/8 IN SHEET)
C 2--- K*L"0.10
C 3--- K*L-0.1 (1/4 IN BEG. PLATE)
C 4--- K*L0O.20
C 5--- K*L0. 40
C 6--- K*t.0.60
C 7--- K*Lt0.80 (K/% TRANS. H.A. PLATE)
C 8--- K*L-1.0
C D(1)"TDB FOR SINGLE GLAZING
C D(2) TDF FOB SINGLE GLAZING
C D(3)-TDR FOR DOUBLE GLAZING
C D(4)-TDF FOR DOUBLE GLAZING
C
C C(1)sTRANSNISSIVITY OF A SINGLE PANE FOB DIRECT RADIATION
C C(2)-TRANSHISSIVITY OF A SINGLE PANE FOR DIFFUSE RADIATION
C C(3)-ABSOBPTIVIT OF A SINGLE PANE FOR DIRECT RADIATION
C C(4)-ABSORPTIVITI OF A SINGLE PANE FOR DIFFUSE RADIATION
C C(5)-TBRANSBISSIVITY OF A DOUBLE PANE FOR DIRECT RADIATION
C C(6) TRANSNISSIVITY OF A DOUBLE PANE FOR DIFFUSE RADIATION
C C(7) ABSORPTIVITY OF INNER PAiE FOR DIRECT RADIATION
C C(8)-ABSORPTIVITY OF OOTEB PANE FOR DIRECT RADIATION
C C(9)A-BSORPTIVITY OF INNER PANE FOR DIFFUSE RADIATION
C C(10)=ABSORPTIITY OF OUTEB PAE FOR DIFFUSE RADIATION
C
C RI,RO,BRATHBRHAL RESISTANCE(INSIDEOOTSIDE,AND AIRSPACE)

RI-0.70
BO0.25
RA-1.0
CALL GLAZE(IGLASST,ATDAO, A)
DO 10 K-1,10

10 C (K) -0.0
DO 100 J-2.6
ETA-I**(J-1)
C(1) C(1) +T(J)*ETA
C(2) C(2) T(J)/(J+1)
C(3) C(3) *A (J) *ETA
C(4) C(4) +A/()/J+1)
C (5) sC (5) +TD (J) *ETA
C(6) C(6) +TD (J)/(J+1)
C(7) -C(7) *AI () *ETA
c (8) C (8) *AO (J) *ETA
C(9) -C(9) *AI (J)/(J+1)
C (10) C(10 AO(J) / (J1)

100 CONTINUE
C(1)-C(1) T(1)
C(2) (C(2) T(1)/2.0)*2.0
C(3) C(3) +(1)
C (4) - (C (4) +A (1) /2. 0) *2.0
C(S) -C(5) TD (1)
C(6) (C(6) +TD(1)/2.0) *2.0
C (7) C (7) *AI (1)
C(8) -C(8) +^0 (1)
C(9) =(C(9) +I(1) /2.0) *2.0
C(10)-(C(10) AO (1)/2.0) *2.0
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C
C DOOBLE-G.AZING

HI= (BO+R) /(RO+*B+RBI)
1 SO«RO/(RO+BRIR&)
D(3) -C(5) +o90C (8) +NI*C (7)
0 (4) =C (6) *+O*C (10) +NI*C (9)

C
C SINGLE-GL ZING

NO-RO/ (O+RI)
D(1) C(1) +WO*C(3)
D (2) C (2) +O (*C (4)
IF (ITYPI. EQ. 2) GOTO 200
TDRnD (1)
TDF=D (2)
GOTO 300

200 TDR-D (3)
TDF-D (4)

300 CONTIHNU
RETURN
END
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Table C.1. Calculated peformance and energy consumptions
for air-to-air heat pumps

Location SPFHa Heatingb Cooling'
Primary Auxiliary Total

Alabama
Birmingham 1.817 3,328 213 3,541 4,984
Montgomery 1.880 2,498 70 2,568 5,979

Arizona
Tucson 2.057 1,777 0 1,777 6,743
Phoenix 2.005 1,529 0 1,529 8,178
Yuma 2.096 1,004 0 1,004 9,087

Arkansas
Little Rock 1.837 3,774 56 3,830 5,295

California
Los Angeles 2.197 1,171 0 1,171 2,754
Merced 1.998 2,805 0 2,805 7,182
Oakland 2.193 2,461 0 2,461 1,425
San Diego 2.085 1,035 0 1,035 2,169

Colorado
Colorado Springs 1.618 7,621 3,141 10,762 2,107
Denver 1.614 7,465 3,114 10,579 2,112
Grand Junction 1.755 7,067 898 7,965 3,150

District of Columbia
Washington 1.788 5,788 978 6,766 3,282

Florida
Apalachicola 1.928 1,282 0 1,282 7,600
Jacksonville 1.962 1,309 0 1,309 7,523
Orlando 1.905 675 0 675 7,987

Georgia
Atlanta 1.820 4,093 376 4,469 4,078
Augusta 1.851 -2,999 104 3,103 5,432
Macon 1.898 2,534 55 2,589 5,699

Idaho
Boise 1.765 8,055 854 8,909 2,314
Idaho Falls 1.543 9,417 5,033 14,450 1,688

Illinois
Chicago 1.581 8,413 3,878 12,291 2,148
E. St. Louis 1.671 5,125 1,973 8,098 3,771
Urbana 1.552 7,701 4,248 11,949 2,875

Indiana
Fort Wayne 1.638 7,793 2,939 10,732 2,601
Indianapolis 1.654 7,130 2,335 9,465 2,960
South Bend 1.603 8,046 3,549 11,595 2,417

Iowa
Des Moines 1.501 7,870 5,298 13,168 2,732
Sioux City 1.465 7,999 6,014 14,013 2,920

Kansas
Dodge City 1.677 7,009 1,389 8,398 3,561
Topeka 1.636 1,977

Kentucky
Louisville 1.768 5,433 940 6,373 4,004
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Table C.1. (continued)

Location SPFHa Heatingb Cooling'
Primary Auxiliary Total

Louisiana
Lake Charles 1.901 1,648 0 1,648 7,310
New Orleans 1.891 1,375 0 1,375 7,182
Shreveport 1.882 2,926 60 2,986 6,044

Maine
Portland 1.573 8,579 4,339 12,918 1,443

Massachusetts
Falmouth 1.645 6,660 3,477 10,137 1,535

Michigan
Battle Creek 1.614 8,347 3,322 11,669 2,073
Detroit 1.582 8,417 4,117 12,534 2,097
Sault Ste. Marie 1.363 8,371 12,130 20,501 1,013

Minnesota
Duluth 1.292 8,474 15,905 24,379 953
International Falls 1.245 8,379 17,704 26,083 999
Minneapolis 1.400 8,751 8,319 17,070 2,074

Mississippi
Biloxi 1.877 1,758 0 1,758 7,344
Columbus 1.869 3,493 292 3,785 5,554
Jackson 1.879 2,806 95 2,901 5,833

Missouri
Columbia 1.666 6,167 2,023 8,190 3,690
Kansas City 1.710 6,366 1,179 7,545 4,044
Springfield 1.676 6,002 1,908 7,910 3,823

Montana
Billings 1.543 8,230 4,508 12,738 1,996
Great Falls 1.455 8,780 6,919 15,699 1,676
Missoula 1.647 9,232 3,447 12,679 1,504

Nebraska
Grand Island 1.548 8,852 3,618 12,470 2,874
Lincoln 1.495 7,537 5,042 12,579 2,856
North Platte 1.512 8,046 4,906 12,952 2,522

Nevada
Ely 1.530 9,178 5,435 14,613 2,011
Las Vegas 1.850 2,899 0 2,899 6,870
Winnemucca 1.651 8,343 1,876 10,219 2,727

New Jersey
Trenton 1.741 6,618 1,461 8,079 2,666

New Mexico
Albuquerque 1.839 5,303 251 5,554 3,555
Roswell 1.775 4,475 220 4,695 4,519

New York
Albany 1.478 6,927 6,267 13,194 1,827
Binghamton 1.462 7,397 7,688 15,085 1,413
Niagara Falls 1.504 7,244 6,729 13,973 1,793
Syracuse 1.567 8,232 4,062 12,294 1,901
Westhampton Beach 1.692 5,963 2,618 8,581 1,954
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Table C.1. (continued)

Location SPFHG Heatingb Cooling'
Primary Auxiliary Total

North Carolina
New Bern 1.904 2,823 54 2,877 5,767
Greensboro 1.797 4,524 427 4,951 3,725

North Dakota
Bismarck 1.324 9,314 11,592 20,906 1,908
Grand Forks 1.266 9,617 15,085 24,702 1,651
Williston 1.369 8,840 9,061 17,901 1,854

Ohio
Akron 1.622 8,018 3,112 11,130 2,018
Columbus 1.745 6,831 1,423 8,254 2,677
Dayton 1.677 6,611 2,150 8,761 3,140
Toledo 1.563 8,217 4,241 12,458 2,359

Oklahoma
Altus 1.757 4,786 304 5,090 5,253
Oklahoma City 1.753 5,166 579 5,745 4,893
Tulsa 1.747 4,979 509 5,488 5,069

Oregon
Astoria 1.950 4,793 1,123 5,916 358
Medford 1.896 6,035 50 6,085 2,355
Portland 1.968 5,440 140 5,580 1,366

Pennsylvania
Middletown 1.714 6,955 1,837 8,792 2,710
Philadelphia 1.767 6,568 1,332 7,900 2,578
Pittsburgh 1.528 6,550 4,906 11,456 1,991
Wilkes-Barre 1.576 6,578 4,043 10,621 1,926

South Carolina
Charleston 1.881 2,720 58 2,778 5,737
Greenville 1.861 3,746 188 3,934 4,002
Sumter 1.905 2,809 58 2,867 5,151

South Dakota
Huron 1.364 8,979 9,408 18,387 2,418
Rapid City 1.500 8,012 5,400 13,412 2,171

Tennessee
Bristol 1.790 4,915 627 5,542 3,227
Knoxville 1.842 4,435 419 4,854 3,637
Memphis 1.820 4,143 393 4,536 5,155
Nashville 1.744 4,730 846 5,576 4,090

Texas
El Paso 1.887 3,239 84 3,323 5,137
Fort Worth 1.854 3,150 84 3,234 6,650
Houston 1.884 1,627 0 1,627 8,046
San Antonio 2.002 1,269 0 1,269 8,062

Utah
Salt Lake City 1.725 7,408 1,697 9,105 2,376

Vermont
Burlington 1.450 9,022 7,245 16,267 1,504
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Table C.1. (continued)

Location SPFH" Heatingb Coolingc
Primary Auxiliary Total

Virginia
Norfolk 1.853 4,446 344 4,790 4,170
Richmond 1.838 4,520 362 4,882 3,853
Roanoke 1.825 5,172 609 5,781 3,250

Washington
Moses Lake 1.735 7,690 963 8,653 2,478
Seattle 2.013 5,903 476 6,379 1,029
Spokane 1.709 8,680 2,231 10,911 1,643

West Virginia
Charleston 1.751 5,422 872 6,294 3,186
Elkins 1.597 6,301 3,257 9,558 1,900

Wisconsin
Green Bay 1.401 7,669 9,517 17,186 1,693
Madison 1.488 8,760 5,886 14,646 2,129

Wyoming
Casper 1.535 9,185 5,281 14,466 2,017
Cheyenne 1.552 8,972 4,722 13,694 1,641
Lander 1.509 8,723 4,798 13,521 1,667
Sheridan 1.529 8,779 4,913 13,692 2,009

"The heating seasonal performance factor (SPFH) of the heat pump is
calculated in the MAD program using the performance simulation model
described in Sect. 2.3. The heating and cooling loads of the reference house,
described in Sect. 2.1, are calculated in MAD using characteristic climatic
data for each locality. The air-to-air heat pump assumed for all locations is
a middle-line model with Air-Conditioning and Refrigeration Institute rat-
ings of 2.0 at -8.3°C (17°F) and 2.75 at +8.3°C (47°F).

bAnnual heating mode energy consumptions (in kWh) of the heat pump
unit and the auxiliary resistance heaters are listed separately and as a sum.

'The annual energy consumption (in kWh) of the heat pump during cool-
ing mode operation is calculated under the assumption that the seasonal
performance factor for cooling (SPFC) is 1.88 at all geographical locations.
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The price of power produced in a newly constructed coal-fired steam plant and delivered
by an interconnecting power transmission and distribution system is estimated from the fol-
lowing data (Table D.1) and assumptions.

Table D.1. Electricity from coal-fired power station

In 1980 dollars

Cost and operating parameters Coal power plant Transmission system

Facility size 1000 MW
Facility cost $1.2 billion $540/kW
Fixed charge rate 17% 17%
Operating or capacity factor 70%
Annual operating and maintenance $48 million $48/kW
Unit fuel cost (coal) $30/ton
Efficiency 36% 90%
Fuel energy content 22 million Btu/ton

Annual energy output - (8760 h/year)(0.70 capacity factor)(106-kW capacity),

6132 X 106kWh/year.

Annual fuel cost - (6132 X 106 kWh/year)(34i3 Btu/kWh)(30 $/ton),
(0.36)(22 X 106 Btu/ton)

= $79.27 million.

Power cost - annual cost of power generation, transmission, and distribution,
annual amount of electric energy distributed

- 0.17(1200 X 106) + (48 X 106) + 0.17(540 X 108) + (48 X 106) + (79.27 X 106),
0.90(6132 X 106)

= $0.085/kWh.
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The price of synthetic gas produced in a high Btu gasification plant and delivered by a
conventional gas transmission and distribution pipeline system is estimated from the follow-
ing data (Table D.2) and assumptions.

Table D.2. Synthetic gas from coal gasification plant

In end-of-year 1980 dollars

Cost and operating parameters Synthetic gas plant Gas pipeline

Facility size 250 thousand ft3 /d
Facility cost $2.1 billion $900/1000 ft3

Fixed charge rate 17% 17%
Capacity factor 90%
Annual operating and maintenance $60 million $84/1000 ft3

Unit fuel cost (coal) $30/ton
Load factor 50%
Efficiency 60% 93%
Fuel energy content 22 million Btu/ton

Annual gas output - (365 d/year)(0.90 capacity factor)(250 million ft3 /d),

- 82.125 X 109 ft3 /year.

Annual fuel cost = (82.125 X 109 ftS/year)(1.093 X 106 Btu/1000 ft3 )($30/ton),
(0.60)(22 X 106) + (81 X 10 Btu/ton)

= $204 million .

Delivered gas cost - annual cost of gas production and delivery,
amount of gas delivered annually

-0.17(2325 X 106) + (81 X 106) + (204 X 106),
0.93(82.125 X 106)

- $8.91/1000 ft ,

= $8.15/million Btu,

- $0.815/therm
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The price of synthetic oil produced in a coal liquefaction plant and delivered by conventional
methods is estimated from the following data (Table D.3) and assumptions.

Table D.3. Synthetic oil from coal liquefaction plant
In 1980 dollars. Oil delivered by conventional

truck and rail delivery for 42¢/gal

Cost and operating parameters Synthetic oil plant

Facility size 50,000 bb/d
Facility cost $2.4 billion
Fixed charge rate 17%
Capacity factor 90%
Annual operating and maintenance $72 million
Unit fuel cost (coal) $30/ton
Efficiency 60%
Fuel energy content 22 million Btu/ton

Annual oil output - (365 d/year)(0.90 capacity factor)(50,000 bbld),

- 16,425,000 bbl/year .

Annual fuel cost - (16,425,000 bbl/year)(153,000 Btu/gal)(42 galbbl)($30/ton),
(0.60)(22 X 106 Btu/ton)

- $240 million .

Synthetic oil cost - 0.17(2400 X 106) + (72 X 106) + (240 X 106),
16,425,000

- $43.84/bbl,

= $1.04/gal.

Delivered oil cost - $1.46/gal.
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U'T-ACES ODUSE--MODEL THO-FOR ECONOMIC REPORT

POT WATER TANK ICE TANK T!-BIN HEAT PUMP

RATER TANK SURFACE AREA (FT**2) 30.000 ICE BIN HEIGHT(FT) 8.000 DISCOUNT BATE 0.1178
VAltE TANK OIBTU/E/R*T**2) 0.083 DEPTH BELOW SURBACEr(T) 1.100 RATE PER KILOATT-HR 0.0
HATER STORAGE TESP (F) 120.000 ICE BIN TOP R VALUE 40.000 ESCALATION RATE ELEC. 0.081
NATER DEIIVERY EFFICIENCY 1.000 ICE BIN SIDE R VTALD 37.000 LIFETIIE (YRS) 25. 000

ICE BIN BOT a VALUE 37.000 PANEL COST(S/SQFT) 4.46
ICE PACKING FRACTION 0.800 0.400 INSOLATION COST($/SQFT) 0.410
BRINE TEMPERATURE 15.00F COIL COST(S/FT) 0.800

COIL 00 (INCHES) 1.000
COIL ID(INCHES) 0.850

CCHPRESSOR COP CC(H) 0.0 HEAT PU P COP 47F 2.750 COIL CONDUCTIVITY 0.085
COMPRESSOR COP CC(BR) 0.0 HEAT PUMP COP 17F 2.000
CCNPPESSOR COP CC(HN) 0.0
ACES HEATING COP (H) 2.550
ACES COOLING COP (IN) 19.000
ACES COOLING COP(CNl 10.000
aCES COP FOP NIGHT HEAT PREIOVAI(H) 2.050
ACES HOe WATER COP(He) 2.400
ACRS CCHPRESSOR IOTOR (BTOU) 0.0
ACES INDOOR FAN COIL IOTOR (BTHU) 0.0
ACES HOT BP INE PIMP ROTOR(BTUN) 0.0
ACES COLD BRINE POMP IOTOR(BTUH) 0.0
ACES OUTDOOR FWN ROTOR(BTOq) 0.0
ACES HOT WATER PnOP(BTUN) 0.0

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
TNTERNAL SOURCES 3548. 3548. 3548. 3548. 3548. 3548. 3548. 3548. 3548. 3548. 3548. 3548.

00
DESCRIPTION OF HOUSE

N E S N
OVEPALL VINDCW AREA 49.0 18.0 47.5 4.5
OVEFALL NALL AREA 709.0 46F.0 657.0 479.5
RCCF AREA 1155.000 NALL ABSORPTANCE 0.780
OUTDOOR FIlM. COEFP 4.000 ROOF ABSORPTANCE 0.870
SLASS TTPE 1.000 WALL THERMAL RESISTANCE - 20.530
NO OF PANES 1.000 ROOF THEPMAL RESISTANCE 31.000
NINDOW SHADING FAC 0.42 U ADJUSTIENT FACTOR 0.95

THFRMOSTAT SETTING WINTEP 70.
THERMOSTAT SETTING SUnil"S 78.
HOUS VOLUME (FT**3) 16047.90
AIR CRANGES PER H0qR 1.15

SOLAR PANEL: SIDES(CONVECTION) 1. EXCHANGER DELTA T (F) 0.

BOILDING HEAT AREA H-INSIDE U(SLAE) H-OUTSIDE UTOTAL) DELTA T HEAT LOSS
TRANSFER SURFACES (SQFT) S********+ (BTU/HR/SOFT/DEG-F) *t******** (DEG-F) (BTU/HR)

ROOF KIT 429.00 0.0 0.04880 0.0 0.04880 50.00 1046.76
TYPE 8 WALL 483.00 0.0 0.08620 0.0 0.08620 50.00 2081.73
TTRE 2 VILL 1738.50 0.0 0.04870 0.0 0.04870 50.00 4233.25
nOOP 20.00 0.0 0.25000 0.0 0.25000 50.00 250.00
WINDOW 166.50 0.0 0.58000 0.0 0.58000 50.00 4828.50
RCOr BIEDOOM 594.00 0.1 0.02520 0.0 0.02520 48.00 718.50
ROOF COISOLE 132.00 0.0 0.02520 0.0 0.02520 39.00 129.73

SUN - 13288.46

FLOOP 1155.00 0.0 0.04000 0.0 0.04000

UA( LOOr) 46.20

: . * <> -* -'



BIRMINGHAM, ALABAMA

167 SQ M HOME, WELL INSULATED EL. (S/KWHR) = 0.0582, 0.0850 PHF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) = 8666. GAS (S/THERm)= 0.3667, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEMP. = -7 C 34 C
DESIGN COOLING LOAD (WATTS) = 7005. OIL (i/GAL.) = 1.1700, 1.4600 PHF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.26

..... ______ __ DESI GH_ AD PERFORMANCE___ ______________-_________
i J._BDILDING LOADS _-- __ _ SYSTEM ENERGY CONSOHPTION _----__ __---------- I
I WATER I SPACI I SPACE I (1) i (2) I (3) I (4) I (5) I (6) I (7) (8) I

I MONTH i HEAT I HEAT I COOL I ELEC. HEAT I HP I MIN. FULL I GAS FURNACE__ .OIL _FURNACE jPULSE GAS FURN. I
II I I I RES.I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. GAS I ELEC. I

1--- ..--J.-- L ...J I _J l____KLHIK___ _W_____ _ /_ ia---- -iTHEM SI _KW___Jg GAL_£i_KB_._£ _ia_1i_ _ _iL.K
I JAN I 1688.1 6143.1 0.1 2175.1 1404.1 1309.1 914.1 853.1 111.1 19.1 70.1 488.1 91.1 19. I
I FFE I 1516.1 3968.1 0.1 1524.1 1052.1 966.1 660.1 597.1 79.1 13.1 46.1 434.1 66.1 13. I
I aAR I 1582.1i 3068. 691.1 1367.1__ 960.1 855.1 553.1 517. 68.1 ___ 85.1 36.1_ 525.1__58.1__ 85. 1

APP I 1381.1 1087.1 1939.1 897.1 809.1 681.1 307.1 307.1 38.1 215.1 14.1 598.1 34.1 215. 1
I MAY I 1217.1 0.. 3868.1 768.1 951.1 777.1 463.1 201.1 25.1 421.1 4.1 768.1 21.1 421. I
I_ -Ju-l ___65___0_0._57__.1___923 -__l 9_. 1_ 938,, 1 054, ____071____18 627._ 1 0 .... ____ __923 i__._1±i___ 62_7_1

JI nL I 1017.1 0.1 7323.1 1080.1 1365.1 1122.1 1330.1 1097.1 17.1 798.1 0.1 1080.1 17.1 798. I
» AUG I 1027.1 0.1 7195.1 1069.1 1349.1 1111.1 1310.1 1362.1 17.1 784.1 0.1 1069.1 17.1 784. I

jSEP 1 10f6.1 0.1 4776.1 822., 1017.1 831.1 886,1 934.1 19.1 ___5201 1 ..____ 8 221__1___ 52_0._
I OCT I 1284.1 1027.1 2162.1 877.1 808.1 679.1 435.1 478.1 36.1 239.1 14.1 595.1 32.1 239. I
I NOV I 1411.1 3021.1 0.1 1231.1 898.1 802.1 499.1 447.1 65.1 10.1 36.1 402. I 54.1 10. I
- _ __DEC___16o. 109.1 ___1 856. 0. 1_ 796.___85. __ 109_ l___6.1_ 752. 704 9 2.1 5. _ _456. 462l ___76._1 5.___

I_A-H5L1 JI--159-. I_ 2-3-169J 3 3112. 1 _-- 3 129L4 6. 1-6- 7 -I 9162 72 7205.1 5 86j __3746 _ 277. 8167 -1 . 1 . 3746.

SYSTEMS FIRST COSTS _ _________________________________________ -
I ! I|j C O ~ f O N NT S COO______S_ ____.ONENT TS._ $ ___ __i TOTAL I
INO.I _CONVENTIONAL'ELECTRIC SYSTEMS ___FAN UNIT IA/C. H.P. I CONTROL IAUXILIARYl. . HATEJR__DUCTS _LISTAL.i1 _COST. i|

I 1 tEL. FURNACE AND WATER HEATER, CENTRAL AC! 280. | 1279. ! 48. | 236. i 275. 1 907. | 534. | 35!9. |
I 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER { 280. | 1199. I 45. i 236. | 275. I 843. { 534. | 34 12. 1
I 3 1HlbT PUMP. DESUPERBEATER WATER HEATER __ .280. __ 1199. 1___. 45._1_ 636.___335._L____ 435_._____6334_i___3972.-

---l _ ANNUAL CYCLE N GY SYSTES_ACEI___ _L_ ECH._P IC_BIN PANEL__PEL IAILIARYI__g ATERI__ DUCTS_ _I NSTALNRi_TTAI,_ l
I 4 IHIM. ACES, BIN= 9.7 q3 PANEL= 4.8 M2 1 3130. } 2117. I 1135. 1 636. ! 335. I 1049. 1 534. 1 8936. 1
J 5 IFULL ACES. BIN= 53.5 M3 PANEL= 0.0 M2 1_3130. 1 4711, __1 0. 1 636. 335,1_ 1049 . . _534.___!10395._j
i _I VOSSIL FUEL FIRED SYSTEMS I FORNBCEI A/C_ I CONTROLI _ I__LIA_ iW. _HEATEI _DUCTS INUSTATLN-IIOTA- L-_Il
I 6 IGAS FURNACE, GAS HCT WATPR, CENTRAL AC I 745. } 1279. I 26. [ 376. I 270. 1 907. 1 584. 1 4187. }
I 7 IOIL FUPNACE, EL. HOT WATER, CENTRAL AC I 690. I 1279. I 26. | 632. I 275. | 907. | 834. | 4643. I
1 _8 IPULSE GAS FURNACE_ GAS HW,_CENTRAL JC I_1125. 1 1279. 1 26.-. 236. I .. 270. 907.1 . 584_L_4427.

SYSTEM COMPARISONS
! I SYSTE- I MAINT. I1ST YEAR I1ST YEAR CEM. ENER I I

NEW CONSTRUCTION ALTERNATIVES I EPFIC. I PRESENT I ENERGY I ENERGY FIRST I PRESENT I__LI!FE CYCLE COST__i
(ACOP) WORTH COST SAVING I COST I WORTH I AVERAGE IARGINAI I

.1 i-saj___ _ __ ± 1 a________i I S i -$ } -- 1 i --- I.__. s L_ __ 1
1 IEl. FURNACE AND WATER HEATER, CENTRAL ACI 1.39 1 914. 1 845.51 I PEF. I REF. 1 15718. 20191. 24827.
2 IHEAT PUMP WITH ELEC. RES. WATER HEATER I 1.56 I 2162. I 753.35 1 92.16 1 -147. 1 14005. 19579. 23709.
3 NHEAT PUMP, DESUPEPHEATER WATER HEATER B 1.81 2468. 1 649.79 1 195.72 I 413. I 12080. 1 18519. 22082.
I4 tHIN. ACES, BIN= 9.7 M3.PANEL= 4.8 M2 I 2.21 I 2432. o 533.14 1 312.37 I 5377. I 9911. 1 21279. 24202.
5 IFULL ACES, BIN= 53.5 M3 PANEL= 0.0 M2 I 2.62 1 2432. 1 448.33 1 397.18 1 6836. 1 8334. 21162. 23620.
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 2.14 I 889. # 432.72 1 412.79 1 628. 1 10853. 1 15929. 18189.
7 |OIL FURNACE, EL. HOT HATER, CENTRAL AC I 1.69 1 914. 1 799.74 I 45.77 I 1084. 1 17028. 1 22585. 1 23670.

1 8 IPULSE GAS FURNBCEGAS HW, CENTRAL AC I 2.34 1 960. I 401.62 I 443.89 I 861 9868. I1__ 15255.-I- 17360.



MONTGOMEBY, ALABAMA

167 SQ H HOME, WELL INSULATED EL. (S/vfHR) = 0.0582, 0.0850 PBF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMNER
DESIGN HEATING LOAD (WATTS) = 7853. GAS (%/THERM)= 0.3667, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEMP. = -5 C 36 C
DESIGN COOLING LOAD (WATTS) = 7726. OIL ($/GAL.) = 1.1700, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.31

__ _D___________ __ _DESIGN AND .P ERFORNANCE _____ -

! I BOILDINGLOADS I ____.___ ____ _SYSTEM ENEiGY CONSUPTION -----------
WATER I SPACE H SPACE I (1) I (2) 1 (3) » (4) 1 (5) 9 (6) (7) I (8) I

IONTH I HEAT 9 HEAT I COOL 9 ELEC. I HEAT I HP I nIs. I FULL I GAS . UlNA~CE_ OIL FURNACE JIPULSS GA _FURN. I
I RES. I PUMHP DS ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I

l-- !-- -J_ I __M!J n__lI _WHr_-/l__Kai __L KNH -I__-WH _ITHERBaS-_I-__lW___GI_.AL_--i-K ___LTHEBIS_L~__K__l
JAN 1 1619.I 4847.1 0.1 1796.1 1188.1 1091.1 767.1 704.1 93.1 15.1 56.1 465.1 76.1 15. 9
P FEB I 1454.1 3092.1 0.1 1263.1 908.1 821.1 559.1 495.1 66.1 10.1 36.1 414.1 56.1 10. I

I MAR 1 1518.1 2262.1 862.1 1144.1 845.L 744.1 452.1 424.1 57.1 101___281_ 523.J__ 1 - 48j1 101.
I APR 9 1327.1 593;I 2459. 801.1 805.1 669.1 254.1 254.1 31.1 270.1 8.1 638.1 28.1 270. i

MNAY I 1199.1 0.1 4708.1 846.1 1042.1 848.1 872.1 208.1 22.1 513.1 2.1 846.1 20.1 513. 9
I Jo . I-N__ .2___2.I -__i 725.Ml1_.I __ 1279L_. 1 051I___ 12221__2_36.,1__1_71____733.L_____ .. A_1071---110___.I732_i
I JUL 1 980.1 0.1 8147.1 1160.1 1477.1 1229.1 1473. 1512.1 16.1 888.1 0.1 1160. 16.1 8e8.
9 AUG 9 989.1 0.1 8184.1 1166.1 1485.1 1237.1 1481.1 1522.1 16.1 892.1 0.1 1166.1 16.1 892. I
1 SEP _1051 5 ____ 0, 5689.!1 QI. _ 1134.iJ. 9291 1044.1 1082. 1 181 _620J 0. _ 91 ..____I.o_._ - J-6 20._l

OCT 9 1234.1 598.1 2685.1 801.1 814.1 676.1 523.1 558.1 29.1 294.1 9.1 637.1 27.1 254. 9
NOV I 1355. 9 2071.1 984.1 1059.9 797.1 698.1 375.1 346.1 51.1 114.1 26.1 490.1 44.1 114. 9

I__f_ _C __1 54___ 39 i 3 . ___2_L1 2__… 57 __.2_ 1L --__9331 645. __587.1 _ 79_ 1 J2 _1____ 46.1___441 66 .. 12
LJAN!u_ L-_ 15289 7_7_39.-- 40444. 1_3481iJ_ 1279.L_ 10923.1 9667.1 8_429.1 ___496.1__446!.Lf2! 08.. 431.1 4461. 1

SYSTEPS FIRST COSTS_______ -
i T~L---___- _ _ COMPONENTS COSTS._. $_________1 TOTAL I

I NO..I CONVENTIONAL _ LCTPIC SYSTES __ IFAN UNIT IA/C. H.P. I CONTROL I AUXILIARYIH.EATERI_ U CDOS I INSTA LN. COSIT. $
I 1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 280. | 1279. 1 48. | 236. I 2 7 5. | 907. | 534. | 3559.

| 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 9 280. | 1329. i 45. | 236. 9 275. | 940. 9 534. | 3639.
L-_3_IEAT pnP_.LD_.-ESSUEPERATEWAT_;R_HEATEP _L_ __280 _l_ 139. _ .__, l.___1636._ ____335. ___940_ __634. _J 4 199._1
L___Il__ANALCYC LL!!EaBG_ SYSTEMS_ C EgS ) E___ C. P.lI ICE BIN 1 PANEL IAUXILIARYIW. !HEATE DUCTS __JIM -AI_.L TQTAI.__L
{ 4 IMIN. ACES, BIN= 8.0 M3 PANEL= 3.8 H2 9 3130. | 1925. | 1078. 9 636. | 335. | 1049. 9 534. | 8687. |

J _5 IFULL ACES. BIN= 38.4 .L3 PANEL=-O.O __! _ 3130_._. I O9.[_____ I.._- ..3.____ _49. 534. L _ _1___102._._
S___ OSSLS FURNACE9 £/C__FI9T-E__ _ E» i__CO I---NTOL _AUXILTLBYiR,._HEATEl__DUCTS _l_STALa._l_TO"l!,_tl

9 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC | 745. | 1279. 26. 376. 2 270. 1 907. 584. | 4187.
7 OIL FUPOPNACE, EL. HOT WATER, CENTRAL AC J 690. | 1279. | 26. | 632. 9 275. I 907. 1 834. | 4643. |

L_8 IPULSE GAS FURNACE. GAS H ,_CENTRAL AC I 1125. I 1279. 1 26. I 236. I 270. __ 907. 1 584. L 4427.

___________-- ----- SSTEM COMEAISONS__ _____________________________________
9 9 I SYSTEM MAINT. 91ST YEAR 11ST YEAR I INCREM. I ENERGY 1

NPW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT ENERGY I ENERGY I FIRST I PRESENT __LIFE _CYCLE COST__
9 9 9 (ACOP) I WORTH COST SAVING I COST I WORTH I AVERA3BE ILARGINAL I

I NO. L. -__________ ____ ____ I I $ i --- I
9 1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 1.51 I 914. 1 784.48 1 REF. I REF. 1 14583. 1 19056. 9 23357. 9
9 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 9 1.59 9 2162. 1 744.44 9 40.03 9 80. 13839. 19640. 1 23722. 9
! 3 JHEAT PUMP, DESUPPRHEATER WATER HEATFR 9 1.86 I 2468. 635.62 9 148.85 1 640. 11816. 18483. 1 21968. 1

9 4 IMIN. ACES, BIN= 8.0 M3 PANEL= 3.8 M2 1 2.10 9 2432. 562.53 9 221.94 5128. 10457. 21577. 1 24661. 9
9 5 IFULL ACES, BIN= 38.4 H3 PANEL= 0.0 n2 9 2.41 I 2432. 490.48 294.00 1 6014. 1 9119. 1 21122. 1 23812. 9
1 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 2.18 889. 441.30 I 343.17 1 628. 1 10581. 1 15656. 1 17981.
9 7 1OI1 FURNACE. EL. HOT WATER, CENTRAL AC 9 1.75 914. 9 753.36 1 31.12 1 1084. 1 15647. 1 21204. 1 22827.
l-__.IPUILSE S .._i S__PACELGAS S._gc__ENTRHAL AC t 2,!-34 1 __9__ 60..___ 417.8_I 366 .70 --. __868L._. 9835. .i.15222 -.. 17430._l

*)^



TUCSON, ARIZONA

167 SQ M HOME, WELL INSULATED EL. ($/KWHR) = 0.0587, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) = 6321. GAS ($/THERM)= 0.3022, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEMP. = -1 C 39 C
DESIGN COOLING LOAD (WATTS) = 7214. OIL (S/GAL.) = 1.1200, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.02

------------______________ --- __-_--- - __ _DESIG NAND PERFOANCE--__ ________________ _______ __ ___ ___ _________ ______
I I U______ILDING _OADS_ _ __S_ __ _ _ _ YSTEM ENERGY CONSUMPTION _____________ _______

WATER SPACE I SPACE I (1) 1 (2) 1 (3) I (4) 1 (5) 1 (6) I (7) I (81 1
MONTH I HEAT I HEAT I COOL I ELEC. I HEAT I HP I MIN. I FULL I_GAS_FURNACE l__ OI_ j_FUNA__ E__IPLSE GAA_FlURN._

!~~I I~ |~I I I RES. I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I
_.___._.__J _ -J I NJ ____ I KWH ___KWH_L KWH I KWH I K_ H ITHERMS I__KWH _J GAL I KWH THERMS i. KI H I

I JAN 1544.1 3187.1 667.1 1387.1 953.1 843.! 594.1 525.1 70.1 83.1 38.( 512.1 58.1 83. 1
FEB I 1395.1 2579.1 842.1 1196.1 856.1 751.1 511.1 445.1 59.1 100.1 31.1 487.1 49.1 100. I

1__--M__l__ 160. L .___984 __1833_ __l56lS __931 ___790____!0 __ __402_ __52.L__206i ___5 .___612. ____44 1___2906._
I APP ! 1274.1 694.1 3198.1 895.1 912.1 755.1 442.1 270.1 31.1 351.1 10.1 704.1 28.1 351. 1
I MAY I 1144.1 0.1 4838.1 845.1 1057.1 880.1 890.1 732.1 22.1 527.1 3.1 845.1 19.1 527. I
I JULN___ 966,1 0. 1_6878.__1018.1 1286. 1091.1 1245.1 1261.1 16.1 _74 . _____0 1 1018.1____16.1 749-_1

JUL I 910. 0.I 7711.1 1093.1 1393.1 1172.1 1393.) 1411.1 15.1 840.1 0. 1093.1 15.1 840. I
I AUG I 910. 0.1 7241. 1042.1 1323.1 1099.1 1312.1 1331.1 15.1 789.1 0.1 1042.1 15.1 789. I
I__-P- 2____ __6L2 0_. __ 6092 3___923L_ _l5 L__ 976. __ 10992 ___117.1 .___ .16.1___56. .__. __,1 . .___23 ___6_ ___6 _

IOCT I 1143.i 0. 3830.1 735.1 917.1 767.1 718.1 735.1 23.1 417.1 4.1 735.1 19.1 417. I
INOV I 1268.1 1861.1 1620, 1046.1 830.1 708.1 333.1 318.1 47.1 192.1 24.1 535.1 40.1 182. 1
D__EC__j_ 1460. L 2857.1 93A1.1_ 1301 .__ 914.j 795.1 537.1 468.1 64.1 __110.L___ 34___ 516.___153. __10. I

I AlNNIL_ 14435.1 13161.1 45612.1 12635. 12529.1 10626.1 9477.1 9013.1 431.J 50111_ _17.1_9021.1_ _374,1__ 011_

SYSTEMS FIRST COSTS
I I 1i M.___ _ __ _____R____._CMPO-NENTSCOSTS___-___ ______--__________ _ OT A I
I NOl__ -CONVENTIONAl_, FLECTRIC SYSTEMS LFAN__ _TFAN ITlAZC., H.Pl_CONTROL_ LAUXILIAPYLW. _EATEL__DUCTS__-_INSTALN iCOST,_S_I
I 1 JEL. FURNACE AND WATER HEATER, CENTRAL ACI 280. I 1279. I 48. 1 236. 1 275. 1 907. I 534. 1 3559. I

2 IHEAT PUMP WITH ELEC. RES. WATER HEATER | 280. 1 1329. 1 45. 1 236. 1 275. I 940. 1 534. 1 3639. 1
__3 IHEAT PUMP. DESUPERHEATER WATER HEATER I _280. 1 1329. 1 45. 1 636. 1 335. 1 940. _1__ _634_-1--___4199_-1

I _ ANNUAL CYCLE ENEFGY SYSTES JACESI ___ MFCH.- P.1 ICE BIN_ _PANEL lIXILIARY_. HEATEP_ DUCTl_INS_ LNLI_TOTALji
1 4 MIN. ACES, BIN= 5.9 M3 PANEL= 1.2 M2 1 2950. 1 1638. 1 931. 1 636. 1 335. I 843. 1 482. ) 7816. I
1 5__IFULL ACES _BIN= 16.5 M3 PANEL= 0.0 M2 I 2950. 1 2499. 1 0. 1 636. I __ 335. 1 843. 1 _ 482. __ 7744.
l-___ FOSSIL FEL tFTRED SYSTEMS ]___ I FPNACE I A/C I CONTROL IAUXILIAYLW. _H_EAT_ER___D_CTS INSTALN. __TAL _$1

6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC | 745. I 1279. 1 26. 1 376. 1 270. 1 907. | 584. 1 4187. 1
1 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC | 690. 1 1279. I 26. i 632. 1 275. 1 907. I 834. 1 4643. I
1_-81PiLSE --_-GAS-FURNAC- _GAS_-HWCENTRAiAC ___ 1125 _1__ 1279._{ ____ 26.L_. . ._ _2___ 6..___270.___J 907. __ 584__ _4 427_l

__________ ___________ __-SYSTEM COMPARISONS__________ _____ ___ __
1 II~~~~~~~I SYSTEM I AINT. 1ST YEAR I1ST YEAR IHCREM. ) ENERGY

1 I NEW CONSTRUCTION ALTEPNATIVES EFFIC. I PRESENT ENERGY ENERGY I FIEST I PRESENT I _LIFE CYCL_ COST
1 1 1 (ACOP) WORTH COST SAVING I COST I WORTH I AVERAGE |MARGINAL I

1 EL. FURNACE AND WAlER HEATER, CENTRAL ACI 1.61 1 914. 741.32 1 REF. I REF. 1 13781. 1 18254. 22172.
2 1HEAT PUMP WITH ELEC. RES. WATER HEATER 1 1.62 1 2162. 1735.10 1 6.21 1 80. 13666. 19466. 1 23352.
3 1HEAT PUMP, DESUPERHEATER WATER HEATER 1 1.91 1 2466. 1 623.40 1 117.91 1 640. 1 11589. 1 18256. 21551.
4 IMIN. ACES, BIN= 5.9 M3 PANEL= 1.2 M2 2.15 1 2432. 1 556.03 1 185.29 1 4257. 1 10337. 1 20584. 23523.

1 5 JFULL ACES, BIN= 16.5 M3 PANEL= 0.0 M2 2.26 1 2432. 1 528.79 1 212.53 1 4186. 1 9830. 1 20007. 1 22802.
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 1 2.20 1 889. 1 424.36 1 316.96 1 628. 1 9594. 1 14670. 117890.
1 7 OIL FURNACE, EL. HOT WATER, CENTRAL AC 1.79 1 914. 1 719.28 1 22.04 1 1084. 1 14637. 1 20194. 122275.
JI 8 PULSE GAS FURNACE, GAS HW. CENTPAL AC_ _ 2.35 1 960. 1 407.06 1 334.26 1 ___8690. 1 9046._ 1 _144_33. _ 1__174 _



PHOENIX, ARIZONA

167 SQ N HOME, WELL INSULATED EL. (t/KHWR) = 0.0630, 0.0850 PHF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) = 5769. GAS (S/THERH)= 0.3571, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEMP. = 0 C 42 C
DESIGN COOLING LOAD (WATTS) - 8235. OIL (t/GAL.) = 1.0700, 1.4600 PPF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.03

_DESIGN AND PERFOBRAINCE
I PI .L... ____ BUILDING ADS I SYSTEM ENERGY CONSUMPTION - ----- _

I WATER I SPACE I S"ACE I (1) 1 (2) (3) 1 (4) I (5) I (6) I (7) 1 (8)
IONTH I HEAT I HEAT I COO I ELEC. I HEAT I HP I MIN. I FULL I GAS FURNACE__J_ OIL FPRNACE [PULSE GAS FURN._J

I I I I I RES. I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. |
I ......-- L--Jl.. __I_. _ __IJ- _ II. I H __lWH__iGALH_____ ! __LTERS_ LR.KY.._i---
I JAN I 1533.1 2989.1 746.1 1338.1 936.1 825.1 580.1 504.1 67.1 91.1 36.1 517.1 56.1 91. I
I FEB I 1382.1 2090.1 1073.1 1081.1 815.1 706.1 460.1 394.1 52.1 124.1 26.1 507.1 44.1 124. 1
iMA I __ 143! L 1 1507.1 2159.1__1051. i 906.1 762.1 35 1 52, \ 352. 45.1 _24_.1 20.1 637.1___ 39.1 _240. 1
I APR I 1224.1 0.1 3566.1 729.1 920.1 762.1 669.1 318.1 27.1 389.1 7.1 729.1 20.1 389. I
I MAY I 1068.1 0.1 5589.1 906.1 1135.1 952.1 1021.1 1033.1 19.1 609.1 2.1 906.1 18.1 609.
l JUN_ I___875. ._____O.1032,l _11181.___143. 1_.1238_, I _Ii _I__ 14601____ 15-1 . 1_ _ __1_8_- __ __O-_- 1 15-___875._

JUL 807.1 0.1 10093.1 1324.1 1716.1 1508.1 1809.1 1825.1 13.1 1100.1 0.1 1324.1 13.1 1100. I
I AUG I 810.1 0.1 9775.1 1290.1 1670.1 1460.1 1755.1 1772.1 13.1 1065.1 0.1 1290.1 13.1 1065.
I SEP 1 879.1 0.1 7090. 1017.1 _1293.1 1111.1 1285.1 1301.1 15.1 772z1 ... 0.1 _ 1017.1 15.1__ 772. 1

OCT 1 1081.1 0.1 4307.1 770.1 960.1 810.1 801.1 816.1 21.1 469.1 3.1 770.1 18.1 469. 1
NOV I 1230.1 1597.1 1945.1 997.1 833.1 706.1 395.1 407.1 43.1 217.1 21.1 559.1 37.1 217. 1

I_ Ep__ ___1440.L_ 2_ 831___94 . L_1_295, _ 914.L_ 796. _ 540.l1___ 46J_ 1__ 64j1__- 111 .1____351 ... _ 53.1 __ 11._1
1_NNQAL__16 1 0.__1 1103.1 __55317.1 12915.1 13528§.111638.1 111 11_ 0i6461,___395._ 16__0611_1__ l49.L__988_4.1 341. 6061. I

__- ___-___ -___-___ _ -__SYSTEMS FIRST COSTS ______ _ ___
5I I 1----_ -___ COMPONENTS COSTS. I __ ____ _ TOTAL I
I NO.! CONVENTIONAL ELECTRIC SYSTEMS IFAN UNIT IA/C. H.P.I CONTROL IAUXILIAYIW._ HEATEL DUCTS I INSTALN. COSTLL I
1 1 IEL. FURNACE AND WATEFR HATER, CENTRAL ACI 280. 1 1379. I 48. 1 236. 1 275. 1 1005. 1 534. 1 3757. 1
I 2 (HEAT POUP WITH ELEC. PES. WATTE HEATER I 280. 1 1329. 1 45. 1 236. 1 275. 1 940. 1 534. 1 3639. 1
I__3_1HET__PUMP,_DESUERHEATER ATR_ HEATER_ J__ 280. 1- 1329. ___45. 1 636. _ 335. _ 940. 1__ 634_. J_4 199. 1
L _I._ANNUalLCYCLE EN!RGY SYSTEM.S [ACES __ I MECH. P.I ICE BIN I PANEL. -AUXILIARY . _HEATERI __DUCTS I INSTALNI TOTAL. I$
I 4 IMIN. ACES, BIN= 5.6 H3 PANEL= 1.1 H2 5 2950. I 1583. 1 927. 5 636. I 335. | 843. 5 482. | 7756. |
J 5 IFULL ACES. BIN= 13.9 23 PANEL __0.0 _2__ _2950- _1 22Z77. L_ ___ ._1___ 636_1.t_____335_l._ _ 843. _ ___482 ____7523._L
l_ 1 _- OSSIL gL_L FIRED _SSTES _S _ __ ___ __A F_ _Cl ___I _ __L __COHTROLL_lAUOILIAYI_.L_HE ATEl__DUCTS__ INSTALN._ TOTAL_
I 6 IGAS FURNACE, GAS HOT RAIER, CENTRAL AC 5 745. 1 1379. 1 26. 1 376. 1 270. 1 1005. 1 584. 1 4385. 1
I 7 |OIL FURNACE, EL. HOT WATER, CENTRAL AC I 690. 1 1379. 1 26. 1 632. 1 275. 1 1005. 1 834. 1 4841. I
I 8 IPULSE GAS FURNACE, GAS H._ CENTRAL AC I 1125. I 1379. 1 26. I 236. 1 __270. 1005. ____84. _ __ 46_25,_

-_____-- _______- __ _ - ____-___ SYSTE_ COMPARISONS _________________________________ ___
I~~ ~~I 5 ~I 5SYSTEM I MAINT. I1ST YEAR 51ST YEAR I INCREM. I ENERGY I

NEW CONSTRUCTION ALTERNATIVES I EPFIC. I PRESENT ENERGY I ENERGY I FIRST I PRESENT I LIFE CYCLE COST__
I(ACOP) ORTH COST I SAVING I COST I WORTH AVERAGE SARGINALI

I NO.I _-- _ _____________ _l _ _ I SI J L $I _ _L_ I___ I
1 1 EL. FURNACE AND WATER HEATER, CENTRAL ACI 1.72 1 914. 1 813.26 1 REF. I REF. I 15119. 19790. 122763. 1
1 2 1HEAT PUMP WITH E.EC. RES. WATIR HEATER 1 1.65 1 2162. 1 851.88 1 -38.61 1 -119. 1 15836. 1 21637. 124751. I

3 IHEAT PUMP, DESUPERHEATER WATER HEATER I 1.91 1 2468. 1 732.85 1 80.42 1 441. 1 13624. 1 20290. 122969. 1
4 IMIN. ACES, BIN= 5.6 M3 PANEL= 1.1 M2 1 2.00 1 2432. 1 699.77 1 113.50 1 3998. 1 13009. 1 23196. 125754. I
5 IFULL ACES, EIN= 13.9 M3 PANEL= 0.0 H2 1 2.09 1 2432. 1 670.39 1 142.88 1 3765. 1 12463. 1 22417. 24868. I
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 2.24 1 889. 1 522.70 1 290.56 1 628. 1 11562. 1 16836. 19069.
7 SOIL FURNACE, EL. HOT WATRR, CENTRAL AC I 1.87 1 914. 781.84 1 31.42 1 1084. 1 15596. 1 21351. 123186.

1 -8_ lfpLS GAS FURNAC___GAS__HW,_CPNTRAL AC __ ___2.37 1 960 15__503.56 1_ 309- 0 1 ..._868 1 __955. 1 6541. 18660. 1:UR!&CEL GAS HWL> CE .___ _____ 70 I . 5. 6541 j. ______



YUMA, ARIZONA

167 SQ N HOME, WELL INSULATED EL. (S/KWHR) = 0.0631, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) = 5025. GAS ($/TRERM)= 0.3478, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEiP. = 2 C 43 C
DESIGN COOLING LOAD (WATTS) = 8564. OIL (S/GAL.) = 1.0400, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.03

----- -_-----------A_-- DESIGN-AND PERFORM______-ANCE-----------------------
i _____IBILDING _ OADS__ ___ __ ____ --_!_…__ _ -____ SYSTEM ENERGY CONSUMPTION ____________________
I WATER I SPACE I SPACE (1) 1 (2) 1 (3) 1 (4) I (5) I (6) I (7) I (8) 1

IONTH I HEAT I HEAT I COOL I ELEC. I HEAT I HP I KIN. I FULL 1_ GAS_FURNACE__ __OILFURNACE___ PILSE_ AS_FUBN,_
{~I I {I I I{ RES. I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I

1_____1 nJ I MJ _ MJ__ KWH I KWH_ KWH I KH I WH THERMS I _KWH___ GAL _1_W _HITIERSL_ KH_
I JAN I 1438.1 2284.1 967.1 1139.1 834.1 724.1 515.1 420.1 56.1 113.1 29.1 512.1 47.1 113. I
I FEB I 1304.1 1506.1 1493.1 944.1 773.1 657.1 328.1 328.1 43.1 167.1 20.1 530.1 37.1 167. I
1,_M__-__13621____91_ __ 2839L-1___ 9. L__56___ 428j.___ 367.1__ _ 6.1___ 312 ____13L___6____._32 ___2._
I APP I 1175.1 0.1 4078.1 771.1 962.1 797.1 756.1 758.1 24.1 444.1 4.1 771.1 20.1 444. I
I MAY I 1033.1 0.1 5370.1 872.1 1091.1 918.1 981.1 985.1 18.1 585.1 1.1 872.1 17.1 5e5. I
I JUN__ I -84L9-___ L_ 8111.1 11191_ 1435.1 1246.1 1459.1 1462.1 _ _14_L __8841__ 0.1 11191 ... 14 1_ 884. I
I JUL I 778.1 0.1 11044.1 1419.1 1849.1 1647.1 1973.1 1978.1 13.1 1203.1 0.1 1419.1 13.1 1203. I
I AUG I 771.1 0.1 109A8.1 1408.1 183. 1 1634.1 1959.1 1964.1 13.1 1194.1 0.1 1408.1 13.1 1194. I
IS_EP__1 _826. ____ .__ 81_89. __1122.1_ 1440 .1__j248 1__ 14751___14 1____4 1___892._ 1_... ____122 .1 ....4____92_1
1 OCT I 1007.1 0.1 4981.1 822.1 1026.1 863.1 917.1 921.1 18.1 543.1 1.1 822.1 17.1 543. I
I NOV I 1144.1 80.1 2370.1 800.1 767.1 643.1 464.1 467.1 31.1 261.1 12.1 579.1 27.1 261. I
J DEC I 1343.1 2060.1 1064.1 1061.1 789.L 680.1 472.1 373.1 52.1 1____221 27.1__495.-1_ 4 __ 3.1_ 122 _1
L ANNUALI 13030. _ 7574.1 61465.1 12420. 13709.1 11812.1 11726.1 11502.1 3 32. L_6720.1 107.1 10340. L___.9_4. t 20. _

___________ S____________ ___SYSSEIRTS___________SYSTMS FIRST COSTS
I I ____________COMPONENTS COSTS _______________OTAL I
I_NO. __ CONVFNTIONAL ELECTRIC SYSTES __ IFA__NTT IAZC,_LH.P.LCONT RL_iAUXIL ARYW _HEATER __DUCTS_--I-ISTALNHI_ -ST,_ _-
1 1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 280. I 1379. I 48. I 236. 1 275. ! 1005. I 534. I 3757. I
I 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER I 280. I 1479. I 45. I 236. 1 275. I 1060. 1 534. I 3909. I
1 3 IHEAT PUMP, DESUPERHEATER WATER HEATER _1 _280. 1 1479. I 45, 1 636. I 335. _ 1060. i 634___ 449.
I_ 1 ANNUAL CYCLF ENERGY SYSTEMS IACESL _ ___MECH._P. _ICE _BIN_ gPANEL__ AUXILIARY W._HEATER __DUCTS_ I_ NSALN. IOTAI ,_

4 IMIN. ACES, BIN= 4.6 M3 PANEL= 0.0 M2 1 2950. 1 1438. I 0. 1 636. I 335. I 843. I 482. I 6684. I
j__5_LULLACESL_BIN= 6.4 M3 PANEL= 0.0 M2 1 2950. t 1623. I 0. 1 636. 3___5._ ___843. _L _482. __6869. I

__ FOSSIL FUEL FIRED SYSTEMS ____ FUSRNACE I A/C I CONTROL _AUXILIARY IW. HEATERI DUCTS I INSTALK. -_TOTAL $j
I 6 IGAS FURNACE, GAS HOT WATFR, CENTRAL AC 1 745. 1 1379. I 26. I 376. I 270. I 1005. 1 584. 1 4385. I
I 7 lOIL FURNACE, EL. HOT WATER, CENTRAL AC I 690. I 1379. I 26. 632. 1 275. I 1005. 8034. I 4841. I
l_ 8_lPgLSE GAS FERNACEL GA S___W_CENTA_AC __j__ 1125. _3__1379_ _ _ 26 _j _ 236._ 270. _ 1005.__ 584. 1 46 25.

__ _ __ ___ ___ __ _ __ __ _SYSTEM COMPARISONS _____________ ___
II '_T I SYSTEM NAINT. 1IST YEAR lIST YEAR IINCPEM. ENERGY I

I I NEW CONSTRUCTION ALTERNATIVES I EFFIC. PRESENT I ENERGY I ENERGY I FIRST PRESENT I LIFE CYCLE COT I
{I ~~ I {~ ~(ACOP) WORTH ICOST I SAVING COST I WORTH I AVERAGE IARGINAL

_NO.-l_______________-------________ _____-____ __________ $___________l_-___L-__ ____ ___l $ l____1
1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 1.84 1 914. 1 784.19 { REF. I REF. 14578. 1 19249. 1 22069.
2 IHEAT PUMP WITH ELEC. RES. WATER HEATER B 1.66 1 2162. 1 865.58 1 -81.39 152. 1 16091. 1 22162. I 25274. 1
3 IHEAT PUMP, DESUPERHEATER WATER HEATER 1.93 1 2468. I 745.81 1 38.38 1 712. 1 13865. 1 20801. 1 23483.

1 4 INI. ACES, BIN= 4.6 M3 PANEL= 0.0 B2 1 1.94 2432. 1 740.40 I 43.79 1 2926. 1 13764. 1 22880. 1 25542.
5 IFULL ACES, BIN= 6.4 M3 PANEL= 0.0 M2 1 1.98 1 2432. 1 726.25 1 57.94 1 3111. I 13501. 1 22801. 1 25413.
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 1 2.29 1 889. 1 539.61 1 244.58 1 628. I 11539. I 16814. 19140.
7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.93 1 914. 1 764.16 1 20.03 1 1084. 1 14947. 1 20702. 1 22814.

O IPULSE GAS FURNICE, GAS HW. CENTRA ALC __2.38 1 960 _ __526.51_1_ 257.68____868 11125. _ 16710. __18946._



LITTLE ROCK, ARKANSAS

167 SQ H HOME, WELL TNSULATED EL. (S/KWHR) = 0.0515, 0.0850 PFU = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) s 9076. GAS ($/THEBR)= 0.3667, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEMP. = -8 C 36 C
DESIGN COOLING LOAD (WAITS) = 7613. OIL (S/GAL.) = 1.1700, 1.4600 PWP = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.30

_ _____ _ ___ _ -_------_ _- oFSIGli_ CP-B _LIE_____________________ __________-____-____-____-________
IE _ IS-QSD___ ____ _ I______ ! .- _ -_SIST___ TE_ 1S YCQF- ONS__PTION__ _ __ _ ________I I fl9L- DI1-1~E&...I,-I,,,-- ,,_rs!_BEE~~,oSPPr~LI,-,,___ - - - -_…---

I BWATER I SPACE I SPACE I (1) 1 (2) 1 (3) 1 (4) (5) 1 (6) 1 (71 1 (8)
ONTH HEAT I HEAT COOL ! ELEC. I HEAT I HP I HIN. I FULL J__ GS__FURNAC__l__ OL_IPUiRNAE__PULSE_GAS_FURNz_

I ~ I I SI I RES. J PUMP I DS ACES I ACES . GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I
I I__ SJ I .HJ- I J__ _I KWH I _YHJ__R H V I KWH I KWH ITHERBS I _KWH__I GAL _ KWH ITHER- S I KWH I
I JAN I 1725.1 6414.1 0.1 2261.1 1446.1 1325.1 947.1 887.1 115.1 20.1 73.1 500.1 94.1 20. 1
I FEB I 1551.1 4456.1 0.1 1669.1 1091.1 990.1 717.1 654.1 86.1 14.1 52.1 445.1 71.1 14. 1
iA__l1___16_13. 1__ 335. 1 0_ ___01__4021 _ _ 990.L_ 885.1 596 _______40__459 _____62.1__ _1 _1
I APR I 1397.1 1079.1 1613.1 864.1 761.1 646.1 303.1 303.1 39.1 179.1 14.1 567.1 34.1 179. 1

mAY I 1247.1 0.1 3831.1 764.1 940.1 769.1 462.5 200.1 24.1 417.1 3.1 764.1 21.1 417. 1
LJUN I- 1050.1 o0.1 6671.1 18 127 105 1211 219. 18. 27 __ 1018. 1279. 105 1 1____.1.1 2_727. l
I JnL 992.1 0.1 8616.1 1214.1 1549.1 1300.1 1557.1 1281.1 17.1 939.1 0.1 1214.1 17.1 939. 1

AUG I 1002.1 0.1 8264.1 1178.1 1500.1 1259.1 1497.1 1558.1 17.1 900.1 0.1 1178.1 17.1 900. I
1 _LE__1__/l069. L ______ l 4812 __82_1. 1__l015,1_ 883 l ___893___ 9481_ __19_.___5_24_ _____1 .----- i- i__1__8___52
I OCT 1 1280.1 1004.1 2013.1 854.1 780.1 659.1 410.1 458a1 36.1 222.1 14.1 578.1 32.1 222. 1

NOV | 1424. 3426.1 0.1 1347.1 948.1 847.1 539.1 490.1 71.1 11.1 40.1 406.1 59.1 11.
I DEC 1637..1 5515.. 0.1 1987.1 126 8.1 1157. 8 19. 779.1 102.1 __.17 . .___63 1_ 47 2 ___. 3 1 17. 1
I AN H A_15987.1_ 25329.1 35820.1_15380.1_13567.1 11724.1 9952.1 8327.1 615.1 3983J 1 301.1 8424 L___524.1 -- 39_83

__ _____ __ _ __ ___________-___ SYSTEMS FIRST COSTS _______________ ___ _____ __________.-___
5I | 1 ._I__ __ __ _ ___CON_-£-ONE NTS COSTS_$___________ _____I_1 TOTAI I
INOQ.1 CONVFNTIONAL ELECTRIC SYSTFMS ____1__ __UN NITLA/, .. I _CONTROL IAUXILIYiY. __HFATEI _DCTS__1_INSTALN. _OST _L_

1 IEL. FURNACE AND WAIER HEATER, CENTRAL ACI 280. 1 '1279. i 48. 1 236. 1 275. 1 907. 1 534. 1 3559. 1
5 2 IHEAT PUMP WITH PLEC. RES. WATIP HEATER I 280. 5 1329. 1 45. 1 236. 1 275. 1 940. 1 534. 1 3639. 1
1 3 .J EAT PMP. DESUPERHEATER WATER HEATER _1 _280, 1 1329. 1 45. 1 636. 1 35-5 . 1 Q..j--- .- j---A24199.

_I I ANNUOL CYCLE ENERGY SYSTEMS _ACE ___I MECHA P,. ICEBIN IPANEL_L.AUXILIAXl_ -_HEaTEl_ DUCTS___INTAL l__TOTAI,_t
4 ININ. ACES, BIN- 10.1 H3 PANEL= 6.0 H2 1 3130. 1 2171. 1204. 1 636. 5 335. | 1049. 1 534. | 9059. |

1_5.I aiL__AE&SL_IIN= 60.8 H3 PANEL= 0.0 n2 __ 3130. 1 5090. 1 0. 1 636.1 __3_5. 1 1049. t__ 534._1 10774. I
I . I FOSSILUEL FIRED SYSTEMS _____ FUO ACE I A/C I CONTROL I AUXILIABYIW __HEATERI_ DUCTS I INSTALN I _T2AL $1

6 IGAS FURNACE, GAS HOT WATFR, CENTRAL AC I 745. I 1279. I 26. I 376. 1 270. | 907. I 584. 1 4187.
7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC 1 690. 5 1279. 5 26. 5 632. 1 275. | 907. 5 834. | 4643. I

l-__ lPLSE GAS FaRNCE£_GAS_-Hl_CEBT_ AL_IC___ L 1125. 1 1279._1 26._1__ ....236 _..___70__ 1__907. __58_4. 1 442__ 7._

_ _ _______ ____ _ _ CO MSOSSYSTEn COnPABISONS __________ __ -_
1 5I SYSTEM MAINT. 1iST YEAR 11ST YEAR I INCREM. I ENERGY

I I NEW CONSTRUCTION ALTEPNATIVES I EFFIC. PRESENT ENERGY I ENERGY I FIRST I PRESENT I LIFE CYCLE COST I
5 5 5 (ACOP) WORTH COST 5 SAVING COST I WORTH | AVERAGE IAARGINAL |

IN I__ I _.. _ __1____ _ __,__1__ ....--- ....___. _ ....____--- ...---- ____1
I 1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 1.39 1 914. 1 791.77 REF. REF. 1 14719. 5 19192. 1 26017. 5
1 2 IREAT PUMP WITH ELEC. RES. WATER HEATER 5 1.58 2162. 698.43 5 93.33 80. 1 12984. 1 18784. 5 24805.

3 IHEAT PUMP, DESUPERHEATER WATER HEATEBR 1.83 2468. 603.57 1 188.19 1 640. 1 11220. 17887. I 23090.
4 ININ. ACES, BIN= 10.1 M3 PANEL= 6.0 M2 1 2.15 2432. 512.35 1 279.41 5500. 5 9525. 1 21015. 5 25432.
5 IFULL ACES, BIN= 60.8 N3 PANEL= 0.0 H2 1 2.57 2432. 428.69 1 363.08 7215. 1 7969. 1 21175. 5 24871.

1 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 5 2.14 889. 430.60 1 361.17 1 628. 1 10955. 1 16031. 1 18917. I
7 IOIL FURNACE, EL. HOT WA1ER, CENTRAL AC 5 1.71 914. 785.25 1 6.52 1 1084. 1 16939. 1 22496. 1 24587.

1 8 IP.LSE GAS FURNACE, GAS Hf. CENTRAL AC I 2.35 1 960. 1 397.18 1 394.59 1 __868. I _ 9897. I 15284. _1__lQqt4.



LOS ANGELES, CALIFORNIA

167 SQ M HOME, WELL INSULATED EL. ($/KWHR) = 0.0681, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMqER
DESIGN HEATING LOAD (WATTS) = 4935. GAS ($/THERM)= 0.3008, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEMP. = 3 C 31 C
DESIGN COOLING LOAD (WATTS) = 5048. OIL (S/GAL.) = 1.1300, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.06

------ ____------ ----- ___ ____ _DESIGN_AND PERFORMANCE_ __ ____
I J____]UILDING LOADS ___I ___SYSTEM ENERGY CONSUMPTION _____

I WATER I SPACE I SPACE I (1) I (2) { (3) ( (4) { (5) 1 (6) i (7) I (3) I
MONTH HEAT I HEAT COOL j ELEC. I HEAT I HP I MIN. FULL I GAS FURNACE__j OIL FURNACE IPULSE GA5 FURN.J

{ I I ! I RES. I PUMP I DS I ACES ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I
]--___a_ _i __E-_ i__I___H__/___AMW_ A H I ___£_ U_-_KWH___ITHE S_I__ KW I___l GA__ S KW

JAN 1 1469.1 2040. 438.1 1023.1 723.1 646.1 452.1 389.1 54.1 54.1 27.1 462.1 45.1 54. I
I FEB I 1346. 1 1575.1 408.1 856.1 625.1 562.1 386.1 324.1 45.1 49.1 22.1 423.) 38.1 49. I
LHAR 1 1479.1 1536.1 657.1 909.1 69 31 616,1 407.1 338. B 47.1 _76. 1___ 2L___487.__ 40. 1_ 6.._1
I APP 1391.1 1000.1 841.1 756.1 630.1 556.1 313.1 282.1 38.1 95.1 16.1 481.1 33.1 95. I
I MAY 1 1375.1 546.1 1307.1 676.1 640.1 550.1 238.1 238.1 31.1 144.1 10.1 526.) 28.1 144. I
I _JN__i. 1269.1 _____i ..._1870.1___55_6._6__ 646_. 1__ 59._ . 27__._1_ 174_.1___231__2041_____23 .556.1 1.___204.
IJUL I 1260.1 0. 3161.1 694.1 819.1 665.1 596.1 300.1 21.1 344. 0.1 694.1 21.1 344. I
I AUOG 1237.1 0.) 3232.1 696.1 822.1 667.1 608.1 623.1 21.1 352.1 0.1 696.1 21.1 352. 1
_SEP__ _1208.1 ___ 30831J__672.t__ 794.l 644.1 581.1 __ 59661___ 20.1 __336.__ Q 1 ____672_. 2___.21 __3 36.
I OCT I 1292.1 0.) 1866. 562.1 666.1 556.1 370.1 385.1 26.1 203.1 5.1 562.1 21.1 203. I
I NOV I 1309.1 904.1 1122.1 737.1 638.1 554.1 269.1 253.1 35.1 125.1 14.1 489.) 31.1 125. |
j___DCE_C 1_ -1418-1 __59 .... 644. 1- 9 251___ 92___690 i__40_61._ 0 __.___329j1-- J8. 1 _-- 23 __469._1....40 .____ _1
LAiNNALi--_J6954.__---9261.--__18631.1--9062.1--8385.1_J7167 L-_..895 __4230.1 _409.- 251__205 _ 1411 6. 91___361._209

SYSTEMS FIRST COSTS -…------- I------- ------------- - - ___--- _SIST- ----SISTS-____-_________ -_______- __- ______--- __-_--- - I
II I _ ___-__ _____ PO-NENTS--COSTS_i_-__ __--- _---- TOTAI

LNo1 .__ CONVEN1TION.AL_EL.ECTRICSYSTES_ I'FANO-T I A/C, H.P. CONTROL IAUXILIARYIW. HEATEBR DUCTS I__I:{STALN.l_COST,_I
I 1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 280. | 1129. S 48. { 236. I 275. I 811. 1 482. I 3261. I
I 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER | 280. | 1199. 1 45. { 236. | 275. { 843. { 482. | 3360. I
J__3 1_HEAT PUMPL DESUPERHEATER WATER HEATER L ___ 280. 1199,4____ ._L___ 636_ ___- 335l ...._843.- _ 582. 1 3920. 1
1 A.i__ NNUAL CYCLEE__ERGY SYSTEMS IACESL ... MECH- P.IICE BI _I___PEL__ IAILIARY ._ HEATE__ DUCTS _I_.INSTALN. lTOTAI,_Li
I 4 IMIN. ACES, BIN= 4.4 M3 PANEL= 1.0 M2 | 2950. | 1404. I 921. | 636. | 335. I 843. I 482. I 7571. I
__ 5_FULL ACES._BIN= 17.2 M3 PANEL= 0.0 H2__ 2950. I 2463. 1 _ . 636. ___335. 843 .--82--
JJ FOSSIL FUEL FIRED SYSTEMS __ ____NACEi__AC I__ COTREOL [_AXILIARI I W.H_HEATEEl_ CTS _ _i INSTAL N_TOIrAli_l
I 6 1GAS FURNACE, GAS HOT WATER, CENTRAL AC | 745. | 1129. ~ 26. { 376. I 270. | 811. | 532. | 3889. {
I 7 lOlL FURNACE, EL. HOT WATER, CENTRAL AC I 690. | 1129. I 26. | 632. I 275. I 811. | 782. | 4345. |

._8_IPULSE GAS FURNACE__ GAS HWU_CENTRAL AC 1125. I 1129. I 26. 1 236. 1 270. 811. 1 532. J_ 4129.

- ----- __-__ ------____ SYSTEM COMPISONS--- ------
I SYSTEM MAINT. 1ST YEAR 1ST YEAR I INCEM. ENERGY I I

NEW CONSTRUCTION ALTERNATIVES I EFFIC. PRESENT ENERGY ENERGY I FIRST I PRESENT J__LIE _CYCLE__COST__1
I (ACOP) I WORTH I COST SAVING I COST I WORTH I AVERAGE IMARGINAL I

I NO.± I -______ __ I --- I 1t I . I s_ I____ I i $ 1 -----__.L___ I
I1 El. FURNACE AND WAlER HEATER, CENTRAL ACI 1.35 1 914. 1 616.78 1 REF. I REF. 1 11466. 1 15641. 16870.
2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 1 1.46 1 2162. 1 570.66 1 46.11 I 99. 1 10609. 1 16130. 1 17267.
3 (HEAT PUMP, DESOPERHEATFE WATER HEATER I 1.70 1 2468. 487.80 128.97 { 659. 9068. I 15456. 1 16428.

4 IMIN. ACES, BIN= 4.4 43 PANEL= 1.0 2 2.49 2432. 333.18 283.59 ) 4309. 6194. 16197. 16860.
5 OFULL ACES, BIN= 17.2 M3 PANEL= 0.0 M2 ) 2.89 2432. 287.90 0 328.88 I 4448. 5352. 15493. 16066.
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 2.02 889. 263.20 353.58 I 628. 6502. 11281. 1 13157.
7 |OIL FURNACE, EL. HOT WATER, CENTRAL AC ) 1.45 914. 603.05 13.73 I 1084. 12272. 17531. 1 17784.

I-_8_LPULSEGASl _FURNCEGAS_HW_.CETRALAC ___[ _2. 1 8 _L 960. 1 248.83_ 367.24_1 .... 868.__ 6048. _ 11137. 12827. 1



MERCED, CALIFOBNIA

167 SQ M HOME, WELL INSULATED EL. (S/KWHR) = 0.0503, 0.0850 PeF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) = 6398. GAS ($/THERB)= 0.3477, 0.8150 PWP = 31.67, 16.48 OUTDOOR TEMP. = -1 C 37 CDESIGN COOLING LOAD (WATTS) = 6293. OIL (S/GAL.) = 1.0400, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.00

--_-_ --_ - _ _ -- --------- ---- _ - ------ !_!- _DSI..SGN… ANDPEO AN ...-.
I 1_ f BUILDING _LOADS _ 1 _ _ _ _ SYSTEM ENERGY CONSUMPTION

I I WATER SPACE SPACE I (1) I (2) 1 (3) I (4) (5) I (6) 1 (7) 1 18) IIONTH I HEAT HEAT ICOOL I ELEC. HEAT I HP I MIN. I FULL 1_ GAS_FURNAC __ _OIL_ FURACE _PULSE AS FUN. lI II I I RBES. PUMP I D I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS IELEC. I
1_ .! MJ _ '_J __ WH / 1_KW__I KWN I KH K KUH ITH ERM_ S l___KU _ J GAL I KWH _I TERMS II R H

JAN I 1723.1 4848.1 0.I 1825.1 1152.1 1046.1 761.1 716.1 95.1 15.1 56.1 494.1 78.1 15.I FFB I 1551.1 2927.1 0.1 1244.1 830.1 755.1 525.1 488.1 66.1 9.1 35.1 440.1 56.1 9. IlA 1__ 16__ __15 -- 236.- -__ 8.69 l__1-22 3-1__ 8h65.1__76 -- 1__ . --160.1 . _2. 11 _-_ . 3.
1

261 52I APP I 1348.1 1376.1 1892.1 963.1 823.1 695.1 325.1 325.1 42.1 210.1 18.1 585.1 36.1 210. 1I "AY I 1154.1 694.1 2935.1 833.1 838.1 695.1 412.1 252.1 29.1 322.1 11.1 642.1 26.1 322. IIJnN ! 924.1 0.1 4713.1 770.1 974. _3 826.1 868.J 176.1 18.1 _513. .1___70.1___ 5.1 _513.I JUL I 838.1 0.1 26204.1 3088.1 4119.1 3970.1 4634.1 4696.1 16.1 2855.1 2.1 3088.1 14.1 2855. II AUG I 844.1 0. C451. I1 828.1 1045.1 902.1 1002.1 1060.1 15.1 594.1 1.1 828.1 14.1 594. I__SP__P___934.. -1-______. l___4. 1 ___ ___9i2.1__ 756._1_ 779-1 832. 18 .12 15. .. 77191 1. 4__ -_I OCT I 1176.1 676.1 2528.1 790.1 782.1 652.1 497.1 544. 1 30.1 278.1 11.1 604.1 26.1 278.
I NOV I 1362.1 2658.1 0.1 1117.1 790.1 701.1 431.1 406.1 60.1 8.1 33.1 387.1 50.1 8.

DEC I 1611. J 4456.4 O.1 1686. 1__06 1.1 961.1 684.1 6 6 1 . 88.j 14. . 52 .__ 462.1 7_2. 14A NNnAtLI 150621 201731 4858 1.1 15081. 1417.14 12722.1 11399.1 10615 1 5391 356_1_ _255. 1_9541. _ 11 _5356._L

_____----- ___ ___------__S__ YSSTEIS FIRST COSTS__ ____ __________ _I I C __ ?COMPONENTS COSTS. PONE TOTAl II NO-1_ CONVE.NTIONAL EL FCTRIC SYSTEMS _ _1AN UNIT JAL, PH.p-L CONTROL_1AUXILI ARYfI_ AiE TEI __DUC T _ _1NSTAL_. _ _ OST_ _II 1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 280. I 1129. 48. 236. 275. 811. 482. 3261.
1 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER I 280. 1 1199. I 45. 236. 1 275. 1 843. 482. 3360.
I_31HlE _ATPCIlPl_DESUPERHEATER WATER HEATER 1 280. 1 1199. 1 45. 11 636. 1 335. 1 843. 1 582._ _ 3920Q1_ I ANNUAL CYCLP ENERGY SYSTEMS CES_ I ECH, . P. I ICE BIN /_ PANEL IAUXILIARYI WI.HEATER_ DUCT S INSTA-LN-.-I TOTAL._

4 IMIN. ACES, BIN= 8.2 N3 PANEL= 5.6 N2 2950. I 1858. I 1176. 1 636. I 335. I 843. 1 432. I 8280. I___5 rULL ACPS,__BIN- 145.9 M3 PANEL= 0.0 M2 _ 2950. _ 4189. 6-____-L. 1._33_5.L_ 335. 1--- 843 . 1 482. I 9434. I1 ____1__OSSIL FUEL FIRED SYSTEMS _ I FURNACE I A/C I CONTROL I AUXILIARY W. HEATEE DUCTS I NSTA LN. I LoT TA- _L
6 IGAS FURNACE, GAS HCT WATER, CENTRAL AC 745. 1129. 26. 1 376. I 270. I 811. I 532. I 3889. II 7 1OIL FURNACE, EL. HOT WATER, CENTRAL AC I 690. 1 1129. 1 26. 1 632. 275. 1 811. 782. 4345.

1 8_lPULSE GAS FURNACE, GAS_ H_CEFNTRA AC__ 1 _1125. __ 1129. __26. _ 236. 1 .._1___l___

SYSTEM COMPARISONS_
I SYSTEM I MAINT. I1ST YEAR 1ST YEAR INCEEM.I ENERGY I II NEW CONSTRUCTTON AITERNATIVES I EFFIC. I PRESENT I ENERGY ENERGY I FIRST I PRESENT L LIFE CYCLE COST

I I I (ACOP) WORTH COST SAVING COST I WORTH I AVERAGE IMA2GINAL I
IJ I ………----------… …------------ ---___ _ $_ I_ ___________ ------------ --- _---- I----…_---- -- __ ____11 1EL. FURNACE AND WATER HEATER, CENTRAL AC 1.54 1 914. 1 758.88 g REF. I REF. I 14108. 1 18283. 1 25301. 12 IHEAT PDUP WITH ELEC. RES. WATEP HEATER I 1.64 2162. 713.07 45.81 99. 13256. 18778. 25372.
1 3 IREAT PHUP, DESUPERHEATER WATER HEATER 1.83 i 2468. 640.16 118.72 659. 1 11901. 18288. 124208.

4 IMIN. ACES, BIN= 8.2 M3 PANEL= 5.6 M2 2.04 2432. 573.59 185.29 5 019. I 10663. 21375. 26680.1 5 IFULL ACES, IN= 45.9 N3 PANEL= 0.0 M2 2.19 2432. 534.15 224.73 6173. I 9930. 21796. 26736. 11 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 2.19 1 889. 456.85 302.03 628. I 10943. 15721. 19517.7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC g 1.79 914. 745.51 13.37 1084. 15627. 20886. 24765
_-8IPULSE GAS_ FRNACE. GAS HW. CENTRAL ACl_ _2.37 1 960. 1 428.11 1 330.76 1 868. i 10033. _1 5122-_ _871_8 _1



OAKLAND, CALIFORNIA

167 SQ H ONE, WELL INSULATED EL. ($/KH8R) = 0.0503, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) = 4832. GAS (S/THERM)= 0.3098, 0.8150 PUP = 31.67, 16.48 OUTDOOR TEMP. = 3 C 26 C
DESIGN COOLING LOAD (WATTS) = 3539. OIL (S/GAL.) = 1.1200, 1.4600 PVP = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.00

_ _________ -__________ DESIGNAND PBfPOAHNCE ________________P_______A ___C_
I OILDING LOADS ___ _SYSTEM ENERGY CONSUMPTION …_____ _____ ____…-
I WATER I SPACE I SPACE I (1) i (2) 1 (3) I (4) (5) 1 (6) I (7) I (8) I

MONTH HEAT I HEAT COOL I ELEC. I HEAT I HP I MIN. I FULL I GAS FURNACE _I_OIL FURNACE IPULSE GAS FUENN.
I RES. I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I

L ._----i__ _ -IJ--_ __- i .__I__- ____K…N-…-H.H__ I _-l--Kl --- a _ I__ HiGAL__- _H--_IT-THEM-Si_- Kw___I
I JAN I 1565.1 3508.1 0.1 1409.1 880.1 795.1 597.1 597.1 75.1 11.1 43.1 446. I 62.1 11. I
I FEB I 1426.1 2074.1 0.I 972.1 660.1 604.1 422.1 434.1 53.1 7.1 27.1 403.1 45.1 7. I
I MAR 1 1563.1 2195.1 _ 0.1 1044.L 735.1 665.1 448.1_ 471.1 57.1 ___7._J 28.1 44.__1.1 48. __ 7. 1
I APP I 1473.1 1870.1 593.1 993.1 722.1 641.1 394.1 405.1 51.1 71.1 25.1 480.1 44.1 71. I
I MAY I 1465.1 1623.1 798.1 945.1 719.1 630.1 363.1 370.1 48.1 92.1 23.1 499.1 41.1 92. I
L_-J _I - i__--___1.. 3i.. 931 1519. 1__804._ L__ !4;_714. _606. | 282.1 282. ._ L ___371_.__168..__.__4/._1 .... 21__!__18154_._
I JiL I 1368.1 862.1 1670.1 801.1 729.1 616.1 277.1 277.1 36.1 185.1 14.1 565.1 32.1 185. I
I AUG I 1353.1 671.1 1840.1 763.1 728.1 612.1 285.1 257.1 33.1 203.1 11.1 579.1 29.1 203. I
I SEP | 1325.1 _44_.1 1___ 996.1 710.1 716. 1_ 598.1 395.1 231.1 229.1 _219 _.11 587.1____27. 1__2 19. I
I OCT I 1412.1 704.1 1222.1 721.1 656.1 569.1 263.1 250.1 34.1 135.1 12.1 528.1 31.1 135. 1
I NOV I 1420. ) 1502.1 0.1 812.1 613.1 559.1 340.1 358.1 46.1 5.1 22.1 399.1 39.1 5. I
1__DE1C_i___ 2 1____304 2. 1____ . 1__ 2 6 __2i=L L __1 733 __ 529 .____...539.1___681 ...____10.1___3_8.___ 433.11 .... 56 ___.1 __jL
jI_NIN-I__12_58_ j9__194J2l.__ 9639._111_242j._ _68_0i_7628.1 4594. _ 4471jL__567_.1__1112.1___265.j__5906.j1 _ 485.1 1112. I

_-__----- ----- _-___SYSTEMS FIRST COSTS _ ______ ____ -
II I J!_____________--_ _COMPONENTS COSTS. _________-_ 1 TOTAL 1

I NO.L CONVENTIONAL ELECTRIC SYSTEMS IFAN UNIT IA/C. H.P.! CONTROL IAUXILIARYIW. HEATERI DUCTS__ I INSTALN. I COST $
I 1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 280. 1 1129. I 48. I 236. I 275. I 811. ! 482. I 3261. I
I 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER I 280. I 1199. 45. I 236. I 275. I 843. I 482. 1 3360. I
j__-3_-1HAT_ PUMP_DESUPERHEATER HATE EATER 280L 119 ____ 45_. __636. __335.__ _843. 1 582. _ 3920. [
1__I A2NUlAL fLC CLE ENERGY SISTSEMS (ACES) I MECH. P.I ICE BIN I PANEL IAUXILIARYIW. HEATERI DOCTS__ INSTALN._ TOTj ._
1 4 IMIN. ACES, BIN= 6.3 H3 PANEL= 3.6 M2 I 2950. I 1600. 1 1066. I 636. I 335. I 843. { 482. | 7911. I
I 5 IFULL ACES, EIN= 13.5 13 PANEL= 2.22 L__ 2950 l___ .82.1 _J_6____ 98 7 ._l ___636_i _1 ..__2.___1__ 843l __4 8426
I- -___OSSIL_L_ _ UEL_FIRED SYSTEMS . . .r___ A ___ ACE_I___ALC .CONTROL_I XILI_ RYi._HEATET__DCTS __ISTA.1i. 1_ TTA1 j_$
! 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 1 745. I 1129. I 26. | 376. I 270. I 811. I 532. 1 3889. I
I 7 (OIL FURNACE, EL. HOT WATER, CENTRAL AC I 690. I 1129. I 26. I 632. | 275. I 811. { 782. { 4345. {
I L8 IPULSE GAS FURNLACE. GAS HW._CENTRAL AC J _1125. 1 1129, I 26. [ 236. 1 270. { 811. 1__532._1___2.9.

SYSTEM COPARBISONS _-_------------------------------- ---
-! I I SYSTEM I MAINT. 1IST YEAR 1IST YEAR INCREM. I ENERGY I

I NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT ENERGY ENERGY I FIRST PRESENT L__LIE_ CCLE _COST__j
I I I (ACOP) WORTH COST SAVING I COST I WORTH I AVERAGE IMARGINAL I

I NO. )___ _j _______ AD_ AT… …I ___ } 9 ! ; I 5_______ __ ___ ___1 _..... 1 . 1
I ( EL. FURNACE AND WATER HEATER, CENTRAL ACI 1.14 914. 565.72 BEF. I REF. 10517. 14692. 19924.

I 2 (HEAT PUMP WITH ELEC. RES. WATER HEATER I 1.48 1 2162. 436.79 1 128.93 1 99. 8120. 13642. 17681.
3 IHEAT PUMP, DESUPERHEATER WATER HEATER 1.69 2468. 383.85 181.87 c 659. 7136. 13524. 17073.

14 1MIN. ACES, BIN= 6.3 13 PANEL= 3.6 M2 ! 2.8C 2432. 231.19 334.53 I 4650. 4298. 14641. 16779.
I 5 IFULL ACES, BIN= 13.5 13 PANEL= 2.2 M2 ! 2.88 2432. 224.96 340.76 I 5165. 4182. 15040. 17120.
{ 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 1.93 889. 231.70 334.02 I 628. 6606. 11384. 13955.
I 7 |OIL FURNACE, EL. HCT WATER, CENTRAL AC 1.35 I 914. 594.08 -28.36 6 1084. 13021. 18281. 19910.
L --8-iP-SEGAS-- ENACE-GASHWRCENIALAC_ I _2.20 2 ._1 960. j 206.20_1_ 359. 52 j 868. . 5799. __10888. t 131 61. I



SAN DIEGO, CALIFOBNIA

167 SQ N HONE, PWLL INSULATED EL. (S/KHR) = 0.0962, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER

I _ _-;- -- Bi^IOA -- - -- - -- t___ as __ _ _L___ S __ll__ . . ..{ ..... 6~I!ALDGOADS S E -- -- CON-S- O--NI I WATER I SPACEI SPICE (1) (2) (3) (4) I (5) (6) { (7) (8)I MONTH HEAT HEAT COOL I ELEC. H EAT HP MIN. FULL GSFURNAE.__I OIL FURNACE IPULSE GAS FORN. lj
9 9{ 9~ IBPS. PUMP DS ACES ACES GAS I ELEC. OIL I ELEC. GAS I ELEC. I

NJ I _ _ __ jMJ___ KWH HITERMS IWH I KJAN 1463.9 1803.1 0.1 907.1 665.1 604.1 424.1 356.1 50.9 6.9 25.1 412.9 43.9 6.I FEB 9 1340.1 1382.1 0.1 756.1 576.1 526.1 362.1 297.1 42.1 4.9 20.9 377.9 36.1 4.
.--_a-- -.....J- __72_ .. - .. ____...390._ ___808_____620_. ST__5_6_ 3'3. _ 3_.1 #q7______L I
1 M&R__I__1472~. .. 1284-i..... 3 1... 08 .... 564x _373..... 3!._44 .... .j .... 2. ...456....384.

I APR 1385.1 734.9 660.1 661.1 570.1 513.9 273.1 250.1 34.1 74.1 12.1 459.1 31.1 74.9 MAY 1370.1 369.1 947.9 586.1 564.1 498.1 213.1 213.1 28.1 104. 7. 485. 27. 104.t-*^{ ES Sig0hB %7.1 485.1 27.1 104. {I JUN 1265.._ _0_ 1398. 504._ 569.. 485.1 167.1 167.J _22, 152.1 2LI 50.--- 21 I 152.I
J|OL 1257.1 0.9 2550. 1 627.1 726.91 583.1 490.1 183.1 21.1 278.1 0.I 627.1 21.1 278. 1

I__--P__j- --- 27-7----...--3---_--___73___ __SYSTE CO 2iS___S17 1 ___535 .... ...____ _9&_____o3____ I.. 20zj___2_96OCT 9U1289.1 0.9 1727.1 546.1 627.9 524.1 346.9 363.1 23.1 188.9 2.9 546.1 21.9 188.9 NOV 9 1305.1 768.9 872.91 671.1 583.9 514.9 226.1 237.1 33.1 97.1 12.9 460.1 30.1 97.
I DECJ_ 1q13. 1 1427.9_-366.1 8 2 9

.L 618.1 560.1 378.1 303.1 44.1 44.j__--- 2j - 437. 1_ 38.1-_- 44. 1ANNUA 16 .1 26. 14673. 801 17641 4343.1 3 6 13 .[ 384. 1623.1 121 . 6068. ...295.j 162_1

N C CFIRISTCOST - I---------- ------------- - - - ---------
-C SCOTS. --- 1 2.1 -6 0 . 1 -- .- - - - I TOTA9L

1IL. FURNACE AND WATER HEATER, CENTRAL AC_ 280. 1129. 48. O. 236. 2 75. UC.T 482. 3261._ .
9 2 |HEAT POMP WITH ELEC. RES. ATER HEATER 280. 1199. 9 45. 236. _275. 843. 82. _ 3360. 1I1.3IEA k POMP. DESDPSERHEATEURWATER HEATER _ 280. 1 1199. 45 636. I.2 5L 843. 1 582. 1 3 9 - 0S I ANNUAL CYCLE ENERGY SYSTEMS__IAC!S ) ECH IEB PANEE L A L Y HBATER[ DUCTS..I.NSTAL. TT LS[

94 IMN. ACES, BIN= 4.1 N3 pANEL= 1.5 M2 2950. 1308. 950. 636. 335. 843. 82. 7504.
5 jJLLoACfS.IN= 20.4 M3 PANEL= 0.0n2 2950. 2597. 1 0. 1 636. -____335. 843. 3 482. 1 -743.-1 f0srL _FU FIR HHEDI SYSTEMS _ -- C-----LS-!-iC H----J.~__ I CONTROLIAUXILIARYIW. HEATERI DUCTS IINSTALN._OTA_. _I6 1GAS FURNACE, GAS HOT ATER, CENTRAL AC 745. 1129. 26. 376. 270. 811. 532. 3889.9 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC 690. 1129. . 26. 632. 275. 811. 82. 43 45.1_8_1PoLSE GAS FORNAHfCEGAS!W, CEHTRAAC--_--12 , 2 ____ 27680I3. m 8116 532 241 2I-I

SYSTEM I MAINT. JIST YEAR 11ST YEAR I INCREM. I ENERGY INEW CONSTRUCTION ALTERNATIVES EFFLC. PRESENT ENERGY I ENERGY I FIEST I PRESENT I IIFE_CYCLE COST_
(ACOP) WORTH COST I SAVING COST I WCHTH I AVERAJE IMARGINAL I

I 1 lEL. FURNACE AND WATER HEATER, CENTRAL ACI 1.30 9 914. 9 789.07 9 REP. I REF. 9 14669. 9 18844. 9 15664. 99 2 IHEAT PUMP WITH EtEC. RES. WATER HEATER 1.40 2162. 735.90 1 53.16 1 99. 13680. 19202. 16236.9 3 9HEAT PUMP, DESUPEPHEATER WATER HEATER 1.62 2468. 634.51 9 154.55 1 659. 11796. 18183. 15626.4 IMIN. ACES, EIN= 4.1 M3 PANEL= 1.5 M2 2.46 2432. 417.89 371.18 4243. 7768. 17705. 16021.95 -_ULL ACES, BIN= 20.4 M3 PANEL= 0.0 M2 2.96 9 2432. 9 347.63 441.43 4581. 9 6462. 16737. 15336.9 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 1.99 889. 291.01 498.06 628. 7174. 11952. 912210.{ 7 01L FURNACE, EL. HOT WATER, CENTRAL AC 1.38 914. 713.01 76.05 1084. 14115. 19375. 16665.J_8 _ ULSE GAS FURNACE. GAS Hn. CENTRAL AC I 2.14 11 960. 1I 277.38 511.69 I 53-68 .__6742. _q i.831. __12Q9_0.

SYSTEM COMPARISONS~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-



COLORADO SPRINGS, COLORADO

167 SQ n HONE, WELL INSULATED EL. (S/KHNR) = 0.0345, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) = 13069. GAS I(/THERB)= 0.3022, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEMP. = -18 C 31 C
DESIGN COOLING LOAD (WATTS) = 4481. OIL (S/GAL.) = 1.1200, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.00

_ __ __..._ DESIGN_ ND PERFORMANCE _ _____ ________ _ _________ ___ __ -_
I I 8UILDING LOADS ____I_ S___ STE ENERGY CONSUeMTION_ __ _ ______ L
I WHATER I SPACE I SPACE I (1) (2) 1 (3) {(4) 1 (5) 1 (6) 1 (7) I (8) 1

MONTH I HEAT I HEAT I COOL I ELEC. I HEAT I HP I MIN. I FULL I GAS FURNACE _ OIL FURNACE IPULSE_GAS FURN. i
1 I I I I RES. PUMP DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I

I _____ __I -J__ I __J___--___-. KWH _L_---R IH_ __K-_ -__I _ H _ _ --- HRS_I__K W__l_ GAL L_L__KWH__LLTHERS_i__ KWH___
JAN I 1867.1 11971.1 0.1 3844.1 2856.1 2796.1 1557.1 1557.1 189.1 38.1 131.1 557.1 153.1 38. 1
FEB 5 1730.1 9310.1 0.1 3067.1 2183.1 2115.1 1255.1 1255.1 152.1 29.1 102.1 510.1 124.1 29.

I MAR I 1899.1 9096.1 _ _0. 3054.1_ 2082.1_1993, 1 1251.1 1264._ 153.1 _29.1__100Q . __ 556.1__1242._ _29.
I APR I 1758.1 5375.1 0.1 1982.1 1350.1 1229.1 811.1 821.1 103.1 17.1 61.1 505.1 84.1 17. I
I MAY ! 1686.1 2631.1 1414.1 1353.1 1016.1 875.1 499.1 501.1 65.1 162.1 32.1 631.1 55.1 162. 1
LI -__I _ u 1500.1___ 79 1___2_6 i____95l l___ L__ 62. 30 1_ 3_o08_ _ l____3_ ____ ___2 93 1 -_ __ 7 __o 34.1 293.
IJUL I 1437.1 0.1 3613.1 793.1 964.1 797.1 340.1 219.1 28.1 394.1 4.I 793.1 24.1 394. 1

AUG I 1383.1 0.1 3339.1 748.1 912.1 756.1 639.1 209.1 28.1 364.1 5.1 748.1 23.1 364. I
_SEP____ 1356. 1 1469.1 2279. __1033. _._90,.__758. 1 457. 1 321. _ 44.1 253. "1 19. _630.- 1 _381 __ 253-.

I OCT I 1488.1 3909.1 945.1 1602.1 1093.1 962.1 551.1 560.1 79.1 115.1 45.1 529.1 65.1 115.
I NOV 1 1563.1 7844.1 0.1 2613.1 1725.1 1639.1 974.1 1002.1 131.1 25.1 87.1 459.1 106.1 25. 1
1_ DC_ _ _1756.1-__0206.1 ...._ 1__3323. L__2272i _21 99.1 1327 1_ 1343 1___165.___32 j1___113.1_ _520_1___13 .1____32__1
IL-NA! l__I- 12923--6688- __14251j_ 24363i 8268. L 16880.j1__ 9 9 6 8 _996 8 9359.j I- 1175 1751 -__11 1__147-1-962 l_17_1l.

__ _SYSTEMS FIRST COSTS__ _
I I __I _____ COMPONENTS COSTSS__ __ TOTAL I\ J ____ co__PljTs COSTS_ t _ _____ _ .______1 TOTAL 1

CL.J CONVENTIONAL ELECTRIC SYSTEMS IFAN OHIT IA/C. H.P.I CONTROL lAUXILIARYLW. HEATER_ DUCTS I INSTALN. I _OST, _ I
I 1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 310. I 1129. 1 48. 1 253. 1 275. 1 811. 1 482. 1 3308. l
1 2 IREAT PUHP WITH ELEC. RES. WATER HEATER | 310. 1 1199. 1 77. 1 253. 1 275. 1 843. 1 482. 1 3439. 1
1_3_IHEAT PUMP _D.ESUPEREATER_ WATER HEATE 3__10. __ 11.9 91 _9 _ 77. _ 653 ...___335 ____843.__ 582._1 3999._
j__ __ANUALCYCLE_ ENEGY SYSTHSEMSCS R_ _ _LC. P.I ICE BIN I PANEL _l AUXILIARYl . tEATER DUCTS I INSTALN. 1 OTAI,_Jl
1 4 IHIN. ACES, BIN= 17.2 M3 PANEL= 13.3 M2 1 3500. ( 2925. 1 1609. 1 710. 1 335. 1 1267. 638. 1 10984. 1
I 5 IFULL ACES. BIN= 35.3 M3 PANEL 10.1 2 2__1 3500._1_ 4039 1430. _1___ 7 1 0 _____335 ___1267 ____638. __11919._
1___ __ESSIL FL_PIRBF___ SYSTEMS _____I_ ___PU-_AC! E__ALC _ 1 NTROlAXILIARYW. __EATERl __DUCTS__l-INSTANITOTA,._4l1
1 6 IGAS FURNACE, GAS ROT WATER, CENTPAL AC | 775. 1 1129. | 26. 1 376. 1 270. 811. 1 532. I 3919. 1
5 7 JOIL FUPNACE, EL. HOT WATER, CENTRAL AC 690. 1 1129. 5 26. | 632. 1 275. | 811. 1 782. 1 4345. |
_8 IPULSE GAS FURPNCE, GAS HW,_ CENTRA AC I 11. 1 29. 1 26._ 236 . 270. 811. 1 -- 532. __L _______4129_

__--- ____ --- __- ___- __ -__ -- ___ -- _ SYSTE _COMP RISONS--___ ____________________
AI I ·----,----- 5 ~I SYSTEM I MAINT. t1ST YEAR 51ST YEAR I INCREM. ENERGY

NEW CONSTRUCTION ALTERNATIVES I EFFIC. 5 PRESENT I ENERGY ENEGY t FIRST PRESENT __LIFE CYCLE COST__
(ACOP) WORTH I COST 5 SAVING COST WORTH | AVERAGE IMARGINAL I

NO._ ________ __1__I I I l ____ I $__ I __I__ s __ _ I
1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 1.10 1 914. 1 839.56 1 REF. I REF. 15607. 1 19830. 1 38350.
2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 5 1.47 I 2162. 629.53 210.03 131. 11703. 117304. 1 31191.
3 IHEAT PUMP, DESUPERHEATER WATER HEATER 5 1.59 1 2468. 581.70 1 257.86 691. 10814. 17281. 1 30113.
4 IHIN. ACES, BIN- 17.2 N3 PANEL= 13.3 n2 1 2.69 1 2432. 343.51 496.05 1 676. 1 6386. 19802. 27380.
5 FULL ACES, BIN= 35.3 M3 PLNEL= 10.1 M2 1 2.86 1 2432. 322.52 517.04 8611. 5996. 20347. 1 27462.
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 1 2.02 1 889. 415.52 424.04 611. 1 12370. 17179. 1 23047.
7 |OIL FURNACE, EL. HOT WATER, CENTRAL AC 1 1.59 I 914. 1 1043.11 -203.55 1037. 24698. 29957. 1 32389.

l IULSE GIS FURBC GAS_ HBW_CEfTRAi. _C _ I __l 0 1 9,60_L__351.03 I 488.53 I __l2. I 0_328. 1 54 17. 204 62.



DENVER, COLORADO

167 SQ M HOME, WYLL INSULATED EL. (S/KWHB) = 0.0567, 0.0850 PUP = 18.59, 16.48 DESIGN WEATHER: WINTER SUMOME
DESIGN BEATING LOAD (WATTS) a 13514. GAS (S/THERH)= 0.4281, 0.8150 PUP = 31.67, 16.48 OUTDOOB TEMP. = -20 C 33 C
DESIGN COOLING LOAD (WATTS) = 4428. CIL (S/GAL.) = 1.0700, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.00

_-____ ___ __- ________ ___________ _ ESIGN_D PIBORANCE _ __ _ _ ____________ ___ _ --_____-___ ___
I _8UoILING LOADS _ _ ___ __G__SYSTEM__NlERGICONSPTION_ ______

I WATER SPACE I SPACE (1) 1 (2) (3) (4) (5) (6) I (7) 1 (8)
I ONTH I HEAT I HEAT COOL I ELEC. I HEAT I HP I MIN. I FULL I GAS_EURNAC___ OIL _FoUNAC__LiL ESE_GAS FUBi_l

I I I I IRES. I PHP I DS I ACES I ACES I GAS I ELEC. | OIL I ELEC. I GAS I ELEC. I
I ____ I NJ I NJ !J i__WI, KH .I _KI I KH KWH I KWH ITHERSS I KWH__I GALI KWH ITHEePS I KW __I
I JAN ! 1881.1 12208.1 0.1 3914.1 2894.1 2825.1 1586.1 1586.1 193.1 39.1 134.1 561.1 156.1 39. l
I FEB I 1742.1 9722.1 0.1 3185.1 2268.1 2198.1 1299.1 1299.1 158.1 31.1 107.1 515.1 128.1 31. I
IJn _l _I 190 .L___9_o 062 _.__ 6L3046_.J 2 L08. _ 1997. 1 1242.1 __126.L ,__ 153 _I___29 _._ ___100_557____J24 .__ __2._
I APR I 1747.1 4972.1 0.1 1866.1 1279.1 1161.1 762.1 774.1 97.1 16.1 57.1 501.1 80.1 16. I
I MAY I 1656.1 2245.1 1348.1 1231.1 947.1 816.1 451.1 453.1 60.1 154.1 28.1 614.1 50.1 154. l
I JON 1 1457.1 636.1 269 1.1_ 875. 879.1 729, 1 277.1 277.1 34.1 _295. 9-1 700.1___3. _1 295. 1

JI o 1384.1 0.1 3690.1 786.1 945.1 780.1 338.1 214.1 25.1 402.1 2.1 786.1 23.1 402. 1
l AUG I 1331.1 0. 3314.1 731.1 882.1 730.1 635.1 203.1 25.1 361.1 3.1 731.1 22.1 361. I
ISEP__l_ 1315_.1_ 1273.l_ 2228.1___962 t__ 85 6. 1 2 __ J22. _ 48. ___ 316 t Q __47 ___17o1 .__2_ 612.____ .. 35 24_._1
I OCT I 1462.1 3423.1 1014.1 1468.1 1020.1 890.1 499.1 508.1 72.1 121.1 40.1 527.1 59.1 121. 1
I NOV I 1554.1 7738.1 0.1 2581.1 1679.1 1589.1 966.1 994.1 130.1 25.1 86.1 456.1 105.1 25. 1
J DEC 1 1762.1 10193.1 __0.t 3321.1 2288.1 2208.1 1330.1 1347.1 165.1 1 _132..i112.1_ 522.1 133.1_ 3_2. 1

JANNUALI 19193.1 61471.1_14286.1 23965._1_8025.1 16646.1 9835.1 9232.1 1152.1 1751. 694.1 7083. L____946.1__1751 _1

__ __________ _ ___YisTES_ FIRSTCOSTS __ ____ _ ____ _________ ________________S___M ____F
I I J .. _______ __I .......COMPONENTSCOSTS________ - --____________ TOTAL I

1 O__.1CONVENTIONAL ELECTRIC SYSTEMHS___ ____lFAN.N_UjT aL&/C_ .P.I CONTROL _l5_LIIYW J. HEATER1 DUCTS I INSTALN _ _COSTjs
1 IEL. FURNICE AND WATER HEATER, CENTRAL ACI 310. I 1129. 1 48. 1 253. 1 275. 1 811. 1 482. 1 33C8. 1

1 2 IHEAT PU1P WITH BLEC. RES. WATER HEATER I 310. l 1199. 1 77. I 253. 1 275. 1 843. 1 482. 1 3439. {
1 3 IEAT PUP. DESUPER TE WTER HEATER TE HA I __ 310. 1 1199. 1 77. 1 653. 1 335. I 843,_1 _582-- _1-__ 3999-_1
I __ ANNUAL CYCLE ENFRGY SYSTEMS_IACES ___IMECH_.P._ICE BIN I PANEL_ IAXILIARY.I._HEATEEL_ DCT___l_INSTALNITOTAL,_
I 4 IMIN. ACES, BIN= 17.5 13 PANEL= 15.9 H2 I 4000. I 2972. I 1755. 1 830. I 335. I 1520. l 638. l 12049. l
__5 . ULL _ACES. IN- 37.4 H3 PANEL= 11.3 12 1 4000. 1 4180. 1 1499. 1 830. 1 335. _1520. 1___638. I _13002. _

I I FOSSIt FUEL_FIRED SYSTESS _ ._F ACE I P A/C I CONTROL AUXILIARYIW.__FATERI DUCTS I INSTALN._IOTAI, $1
! 6 IGAS FORNACE, GAS HOT WATER, CENTRAL AC { 775. 1 1129. 1 26. 376. 1 270. 1 811. I 532. I 3919. I
l 7 lOIL FURNACE, EL. HOT WATER, CENTRAL AC I 690. I 1129. I 26. 1 632. I 275. 1 811. I 782. 1 4345. {
I_8_IPULSE L AS FURNAC,_GAS_ . _CENTRAI_AC____ 1125.J_ 1129. 1 ___26.___ 1_ 236. _IL270_. ___81 .L_J _532. 1__41 29. 1

___________ -_s__ YSTEMCOLPARISONS _____ ____ __
I I , I SYSTEM I HAINT. I1ST YEAR l1ST YEAR I INCREM. I ENERGY

NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY ENERGY I FIEST I PRESENT I LIFE CYCLE COST L
I {I (ACOP) I WORTH COST SAVING I COST WORTH I AVERAGE IMARGINAL

I No,I I 1__ $ _L....J_,___ ._... ...___ _... I ___ _.__ __ _ __ ___ _ _1___1__-$ L-----1
I1 IEL. FUPNACE AND WATER HEATER, CENIRAL ACI 1.10 { 914. 1 1358.35 1 REP. I REF. 25252. 29474. 1 37793

2 IREAT PDUP WITH ELEC. RES. WATER HEATER 1 1.46 1 2162. 1 1021.67 1 336.68 I 131. 1 18993. 24594. 1 30850.
I 3 IHEAT PUMP, DESOPERHEATER WATER HEATER I 1.58 1 2468. 1 943.48 1 414.87 1 691. 17539. 1 24006. 1 29784.
I 4 IMIN. ACES, BIN= 17.5 13 PANEL= 15.9 H2 I 2.68 I 2432. 1 557.45 1 800.90 1 8741. 1 10363. 24844. 1 28258.
I 5 IFULL ACES, BIN= 37.4 M3 PANEL= 11.3 M2 I 2.86 I 2432. 1 523.24 1 835.10 1 9694. l 9727. 25161. 1 28365.
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC l 2.03 I 889. 1 592.34 1 766.00 1 611. 17461. 1 22270. 1 22731.
I 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.59 I 914. 1 1144.46 1 213.89 1 1037. 26224. 1 31483. 1 31889. 1
1 8 IPULSE GAS FURNACE, GAS HB, CENTRAI IC 2.40 I 960. 1 504.10 1 854.25 1 821. 1 14667. 1 19756._1 _20iQ 1

t»- 4



GRAND JUNCTION, COLORADO

167 SQ N HBOE, WELL INSULATED EL. ($/KWHR) a 0.0567, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) = 11941. GAS ($/THERM)= 0.3477, 0.8150 PIF = 31.67, 16.48 OUTDOOR TEMP. = -16 C 34 C
DESIGN COOLING LOAD (WATTS) = 5415. OIL ($/GAL.) - 1.0400, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.00

-_______________PESIGN AND PEFORA____C______
I I BUILING LOADS __ __ SYSTEM ENERGY CONSUMPTION _ --------- .
I I WATER I SPACE I SPACE I (1) 1 (2) 1 (3) I (4) I (5) I (6) I (7) I (8)

ONTH I HEAT I HEAT COOL I ELEC. I HEAT I HP I MIN. I FULL I GAS FURNACE__OIL FURNACE _IPULSE GAS FURN. J
I I I I I RES. I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. 1

!----l- _J -_l __-3J __i- lEwH__ J__E§__i__H_ _ t lKWHl___- _KWH I RMS_I__KWH___i__La____B__LHER_al____/H__L
I JAN I 1889.1 10858.) 0.1 3541.1 2362.1 2252.1 1435.1 1435.1 174.1 34.1 120.1 559.1 142.1 34. 1
I FEB I 1735.1 7996.1 0.1 2703.1 1787.1 1679.1 1100.1 1109.) 135.1 25.1 89.1 507.1 110.1 25. I
J R I 1861.1 6343.1 0. 2279.1 1473.1 1351.1 924.1 968.1 116.1 __2_0. _71.12 537. 1__96.1 __20.1
I APR ! 1669.1 3329.1 814.1 1477.1 1032.1 909.; 570.1 601.1 73.1 99.1 39.1 563.1 62.1 99. I
I NAY 1539.1 1312.1 2088.1 1020.1 900.1 757.) 352.1 352.1 44.1 232.1 17.1 659.1 39.1 232. I
I JUN _J 1322.1 __. 0.1 4315,1__ 837.L_ 1030_L 847.1 367.1 216.J 25.J1 __470.1 3.1 837.1__ 22.1__ 4 7_0_

IJ iL I 1241. 1 0.1 5437.1 937.1 1149. 952.1 1006.1 223.1 21.1 592.1 0.1 937.1 21.1 592. I
I AUG I 1205.1 0.1 4578.1 833.1 1016.1 840.1 858.1 206.1 21.1 499.1 1.1 833.1 20.1 499. I
l E_s -l__ 1224I .-- 6 .1- 3001.1 _ __836.___ 8581.__l7171 582..1 ___345.1 29___9 1 ___329._1 .. 9.1_ 669.1__ 27j 329. 1
I OCT 1 1408.1 2612.1 1074.1 1234.1 890.1 771.1 408.1 436.1 60.1 125.1 32.1 516.1 50.1 125. I
I NOV I 1537.1 6624.1 0.1 2267.1 1428.1 1318.1 816.1 887.1 114.1 21.1 74.1 448.1 93.1 21. I
J DEC I 1766.1 10639.1 _0.1 3446. 2301. 1_2195. 1353.1 1400.1 1369.1 I 34. i__1 17.. -5244._ 138.1___3
I._ANULI 6383294___50_3j2_31__1308.1 _141.Lj 6227.L 115_871 9771.i __8178.L__981l__2481l__1573l ___9i9_79i i 1 9.1i__2468. I

SYSTEMS FIRSTCOSTS _- ___- __-__---- ___-- ___- __- ________-_
-I I I ._..._-._...__ -COHPONENTS _CQSTSI___ -__1-_ TOTAl I
INol-q! CONVENTIONALELECTRIC SYSTEMS F__N_ _PA NIT IA/C, H.P.I CONTROL AUXILIARYIW. HEATERI DUCTS I INSTALN._JCOST, $ I
I 1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 310. I 1129. I 48. | 253. I 275. I 811. I 482. | 3308. I
I 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER I 310. 1 1199. I 77. 1 253. 1 275. | 843. I 482. 1 3439. I

LJ3 HEAT PUMP, DESUPEPRHETEAT_ATER_ HEATER _I _310.1- 1199 1 77._1____653. . 335. 843. 58 21. _3999.
l____1_INAL __C _CLE FNERGY SYSTEMS I _ACES . __ _ECH. PI_ ICE _BIN_l__ PANEL__iAUXILI ARYlW HEATERI __DUCT _S_ INSTALN.l_ IOTA_L_
I 4 IHIN. ACES, BIN= 15.8 H3 PANEL= 16.0 M2 1 3500. | 2767. I 1764. | 710. I 335. I 1267. I 638. | 10981. 1
J_ IFIlL ACES. EIN= 71.4 M3 PANEL= 4.4 N2 I 3_500. 1 5767, 1 1112. I 710. I 1335 .___1262_61..63_8.. 13329._1
i ! FOSSIL FUEL FIRED SYSTEMS __ _ FURNA__HCE J AE A/C L C__ ONTROL_ IAUXILARYl.__HEATE_[l DUCTS__ _INSTALNr.__TOTAi±_.JI L
! 6 IGAS FURNACE, GAS HOT WAlER, CENTRAL AC I 745. 1 1129. 1 26. 1 376. I 270. I 811. I 532. | 3889. |
I 7 (OIL FURNACE, EL. HOT WATER, CENTRAL AC I 690. I 1129. I 26. I 632. I 275. I 811. | 782. I 4345. |
I__8IPULSEGASFURRNACE, GAS HIB CENTRAL AC |__ 1125. 1 1129. I 26. i-- 236. I 270. I 811. I 532. I 4129. 1

-_____________________ ------SYSTEM COHPARISONS
I SYSTEM I MAINT. 1iST YEAR 1IST YEAR I INCRBE. I ENERGY I I

NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY I FIRST PRESENT i__LIFE CYCLE COST__.
I (ACOP) I WORTH I COST SAVING I COST I WORTH I AVEEAGE IMARGINAL

_ No. I I1__ I__ S 1 $_ I | _____-1 _$ _A.... $._.._ 1
I1 EL. FURNACE AND WATER HEATER, CENTRAL ACI 1.17 I 914. 1 1213.60 E REF. I REF. 1 22561. 1 26783. 1 34215.
2 IHEAT PUMP WITH ELEC. RES. WATER HEATER I 1.54 1 2162. 1 919.74 1 293.86 1 131. 17098. 1 22699. 1 28331.
3 IHEAT PUMP, DESUPERHEATER WATER HEATER I 1.71 I 2468. 1 826.82 1 386.78 1 691. 1 15371. 1 21837. 1 26901.
4 IMIN. ACES, BIN= 15.8 M3 PANEL= 16.0 M2 I 2.56 1 2432. 553.80 659.79 1 7673. 1 10295. 1 23708. 27100.
5 IFULL ACES, BIN= 71.4 M3 PANEL= 4.4 M2 I 3.06 I 2432. 1 463.55 1 750.05 1 10021. 1 8617. 1 24378. 1 27217.
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 2.07 I 889. 1 481.66 731.94 1 581.1 13415. 1 18193. 1 21428.

I 7 (OIL FURNACE, EL. HOT WATER, CENTPAL AC 1 1.62 I 914. 1 1025.70 1 187.90 1 1037. 1 23033. 1 28293. 1 29668.
i__8_IfUL1SE_1GAS__ FNCE1_GA9S_H6W_CE2T.IL AC_jl_-2_.39_i____ . I 425.30_1 78830 1 __821 . 11630_L_ 16719._1 19562. 1



WASHINGTON, DISTRICT OF COLUMBIA

167 SQ M HONE, WELL INSULATED EL. (S/KsHR) - 0.0493, 0.0850 PW? - 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) c 9373. GAS (S/THERM) 0.4457, 0.8150 PNF = 31.67, 16.48 OUTDOOR TEMP. = -9 C 35 C
DESIGN COOLING LOAD (WATTS) - 6781. OIL ($/GAL.) - 1.1700, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.24

... _... .....___ _ _Bs _C -- -Ea _---- Rffia ffi__-
I 1 ___...ING_tOiS_ ___ ______ _ _ I_____ I_ YSTEM _ENI_ __COSgoPTIO _I_____ _______

BATER SPACE I SPACE I (1) (21 (3) 1 (4) 1 (5) I (6) 1 (7) 1 (8) I
MONTH I HEAT I HEAT I COOL I ELEC. I HEAT I HP MIN. I FULL I _AS_ZuOL£g__l__ OL E CqRNA__c LPULSE_ _AfQ J I
I I I I I RES. I PUHP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I

I.-_ I MJ I qJ_ J KWH I KW I KH _ KIRHi I KHH I KWH ITHERMS I KWH__I_ L __ R ITHERMS I KWH I
I JAN I 1895.1 10258.1 0.1 3376.1 2228.1 2117.1 1366.1 1366.1 167.1 32.1 113.1 559.1 136.1 32. 1
I FEB 1 1715.1 e147.1 0.1 2740.1 1768.1 1668.1 1117.1 1117.1 136.1 26.1 91.1 502.1 112.1 26. I

LfAR__l_ _1800.1 __6466 .i_____0.l2__ 22 2 _1.46. _ 136L__ 932.1 ____ 9 J117l ___20 1.___73L___52.____ 96 1____20_
I APR I 1576.1 2738.1 784.1 1284.1 912.1 805.1 492.1 544.1 64.1 9.1 33.1 532.1 54.1 94. I
I MAY I 1420.1 857.1 2379.1 892.1 850.1 706.1 292.1 292.1 36.1 262.1 12.1 656.1 32. 262. 1
1 JUN _. 1201.1 _ 0.1 3976.1 7671__ 938.1_ 764.1 474.1 197.1 22.1 433.1_ 2.1 _767. __ 20.1_ 433. 1
I JUL 1 1131.1 0.1 5712.1 937.1 1160.1 945.1 1051.1 214.1 19.1 622.1 0.1 937.1 19.1 622. I
I AuG I 1127.1 0.1 5025.1 861.1 1060.1 860.1 933.1 204.1 19.1 547.1 1.1 861.1 19.1 547. I
L. SEP__ _1185.1 ..._____. ___3138 ___671 .___ 84_ 1__ _62 .1 __ _ __ 305.i__ __26 1___3__421__ .6 .__ _ 6 7 .___ 201___3 42_1
I OCT I 1404.1 1900.1 1188.1 1047.1 808.1 696.1 336.1 349.1 50.1 135.1 24.1 525.1 43.1 135. 1
I NOV I 1554.1 4328.1 0.1 1634.1 1054.1 958.1 601.1 654.1 85.1 14.1 50.1 446.1 70.1 14. 1
1 DEC I 1789.L _ 8856._____O. 1 2957.1 1903,1 1798.1 1169.1 .1209.1 147.1 28_.1 99.1 525.1 120.1 28. 1
I ANNUALl 17797.1 35501 22202.1 19461. 14993.1 13354.1 9367.1 7414.1 888.1 2557 1 504.1 7501.1__ 7401_ 2_55_1

_ ____ ___ ______SYSTEMS FIRST COSTS ______
I I L. .___________I -COMPONENTS COSTS, ___ ___ TOTAI 1

I NO. CONVENTIONAL EL'ECTRIC SYSTEMS _ __FIN _NIT li/C, H.P, ,L C _ TCOTOiL_ AXIIAi_HEATRI DUCTS__ N_SITL_N.IC_OST_, _l1
I 1 IFL. FURNACE AND WATER HEATER, CENTRAL ACI 280. 1 1279. 1 48. 1 236. 1 275. 1 907. 1 534. 1 3559. 1
I 2 IHEAT PUMP WITH ELEC. RFS. WATER HEATER I 280. 1 1199. 1 45. 1 236. 1 275. 1 843. 1 534. 1 3412. I
_I _IHEAT PqIHP D_ESUPERHEATFR WATER HEATER I 280. 1 1199. 1 45. 1 636. 1 __335. __843-, 63_._1 3972. 1
1 _L ANNUAL CYCL_E NERGY SYSTEMS (ACESL ___1_MiECH, P ICE BIN I PANEL IAUXILIARYIW_.HEATERI DUCTS T__L INSSTALNITAL.ITA, l
I 4 ININ. ACES, BIN= 15.1 !3 PANEL= 13.9 M2 1 3130. 1 2571. 1 1645. 1 636. 1 335. 1 1049. 1 534. 1 9900. 1
L__5_IFOLL ACES__BIN=_80.6_H3 PANEL= 2.0 M2__l _313-_ 6___6012. 9_75. j_ 636_____ 335. __1049. 1 __534. j 12671. 1
I _l._1...oslL lE BFIPRED YssTSTEMS -___I FOURNCE I A/C I CONTROL I gAXILIARY IW. HEATE I IC I WSTTAI 1
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC | 745. 1 1279. 1 26. 1 376. 1 270. 1 907. 1 584. 1 4187. I
I 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC I 690. I 1279. I 26. 1 632. 1 275. 1 907. 1 934. 1 4643. I
1 8 IPOLSE GAS FURNACE,_GAS_H__CENTRAl_AC _ _ 1125^_1 __129J- ___ _2_6.- ___2_ .__ 270. _ 90____7. _1____ 584. _ 42__7_

____--___- _ _ __ -_ --- __ SYSTEM COMPARISONS __ ___ ___
I I I- SYSTEM MAINT. 11ST YEAR 11ST YEAR I INCREM. I ENERGY 1
I t NEW CONSTRUCTION ALTERNATIVES I EFFIC. PRESENT I ENERGY I ENERGY I FIRST I PRESENT LIFE CYCLE COST I

1~~~I I I ~(ACOP) WORTH I COST I SAVING I COST I WORTH I AVERAGE IMARGINAL I
1-- O.-___ .. .II 1 .. I_- t ___ I_ __I___ __t__$ ____ _____l -_-_-- ____5. _.---$--_.

1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 1.19 1 914. 1 960.22 1 REF. I BEF. I 17850. 1 22323. 1 31734.
I 2 IHEAT PUMP WITH ELEC. RES. WATEP HEATER I 1.55 1 2162. 1 739.77 1 220.46 1 -147. 1 13752. 1 19326. 1 26576.
I 3 IHEAT PUMP, DESUPERREATER WATER HEATER I 1.74 1 2468. 1 658.90 I 301.32 I 413. 1 12249. 1 18689. 1 25147.
I 4 IMIN. ACES, BIN= 15.1 M3 PANEL= 13.9 N2 I 2.48 1 2432. I 462.18 1 498.04 1 6342. 1 8592. 1 20924. 1 25454.
I 5 IFULL ACBS, BTN= 80.6 M3 PANEL= 2.0 M2 1 3.13 1 2432. 1 365.82 1 594.40 1 9112. 1 6801. 1 21904. 1 25489.
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 2.07 1 889. 1 522.00 I 438.23 1 628. 1 14882. 1 19957. 1 20586.
I 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.61 914. I 959.83 1 0.39 1 1084. 1 21771. 1 27328. 1 28192.

8 I PULSE GAS FURNACE, GAS HW,_CENTRAL AC 1 _2.37 I 960. 1 455.89 1 504.33 1 _668. I 12788. 1 18175. ___18905. I



APPALACHICOLA, FLORIDA

167 SQ M HOME, WELL INSULATED EL. (S/KWHR) = 0.0641, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) = 6301. GAS ($/THERM)= 0.3685, 0.8150 PiF = 31.67, 16.48 OUTDOOR TEMP. = -1 C 33 C
DESIGN COOLING LOAD (WATTS) = 7372. OIL (S/GAL.) = 1.1900, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.45

__________________ ______ ___ DESIGN AND PRFMANCE ________________
II BUILDING LOADS _ ______ SYSTEM ENERGY CONSUMPTION __________
I WATER I SPACE I SPACE I (1) (2) I (3) I (4) I (5) I (6) I (7) I (8) I

MONTH I HEAT I HEAT I COOL I ELEC. I HEAT I HP M MIN. I FULL I GAS FURNACE_ I OIL FURNACE _IPULSE GAS FURN. I
IR I I { RES. | PUMP DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I

L _----__-.J- ?l-1- _.l.l--- f_ II_ L. . .. _ ___ __Kfll___i!S__ __l__ _.__ __L._B w Ea_i__lKH___il__
I JAN I 1487.1 2891.1 0.1 1216.1 872.1 783.1 553.1 477.1 65.1 9.1 34.1 422.1 54.1 9. I
I. FEB I 1345.1 1811.1 825.1 967.1 733.1 645.1 414.1 356.1 48.1 96.1 22.1 469.1 41.) 96. 1
JlMAP 1 1422.1 1113.1 1341.1 850.1 732.1 629. 305. 305. ___ 0.1 __150._ 15.1 545. ... 35. 1 50. 1
I APR I 1262.1 0.1 2991.1 676.1 818.1 665.1 379.1 190.1 24.1 326.1 3.1 676.1 21.1 326. 1
I MAY I 1160.1 0.1 5773.1 951.1 1178.1 954.1 1054.1 1070.1 20.1 629.1 0.1 951.1 19.1 629. I
1-JN____204._____ _0___7798..1.2__J8.1_1432. i l8.i 1___ 6_142_l 17. l 850._ _ 0 1128 1.1 850.

JUil 962.! 0.1 9196.1 1269.1 1627.1 1373.1 1653.1 1669.1 16.1 1002.1 0.1 1269.1 16.1 1002. I
I AUG I 959.1 0.1 9152.1 1264.1 1619.1 1366.1 1646.1 1663.1 16.1 997.1 0.) 1264.1 1.,.1 997. I
I SEP _[ 993.__ 041 7417.1_ 1084.1 __1373.1 1131.1 1342.1 1359.1 17.1__898. 1 __ .1 1084,___17.1 808. I
I OCT ! 1149.) 0.) 4165.1 773.1 954. 785.1 776.1 791.1 22.1 454.1 3.1 773.1 19.1 454. I
I NOV I 1247.1 907.1 1953.1 811.1 749.1 628.1 392.1 405.) 34.1 216.1 12.1 562.1 30.1 216. I
L-__DEc__l___31__11___273. _ ___9 103.__ _ 796_.__ .70 _ J__ 472jL_ ___38A4 _4.__ .. ___..___ 17.___ ___487. ____46._i___94._l
j--A-UAll--i404.1__ 8-8895.i-1-108.1_1207 _2882 840J 0392.1 10091. 370. 5629£ 1-17.i 9630.- 3 - 56j29J.

SYSTEMS FIRST COSTS ______ ____ _

| | J___ _ __________I __ COMPONENTS COSTS, S __ _______ TOTAL 1
J NO. I CONVENTIONAL ELECTRIC SYSTEMS |FANUNIT IA/C. H.P.I CONTROL I AOXILTYlW. HEATERI DUCTS | INSTALN. COST, $ 1
I 1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 280. I 1279. 1 48. 236. 1 275. 1 907. { 534. 1 3559. I
I 2 IHEFAT POUMP WITH FLEC. RES. WATER HEATER I 280. I 1329. I 45. | 236. I 275. | 940. ) 534. 1 3639. |
I_3_I.HEAT_PMlP_DESUP EHEATER NATE BHE AE 1 2__ 80.2 i_ 1329.I1 __ __45. 636. 335. j____940. i__ 634. __ -199. 1

j1-~~~A4NJNAL CYCLiE~ ENEGY~SYSTEMS_.(AC SEa IMECH.P.I ICE BIN I PANEL 1AOXILIARY I.__HEATERI DUCTS I NSTALN. LTOTA _,._
I4 IMIN. ACES, BIN= 5.4 M3 PANEL= 1.2 n2 | 2950. I 1592. I 933. | 636. { 335. I 843. I 482. | 7771. |

5 ]{FULL ACES. BTN= 15.6 H3 PANEL= 0.0 212 _ 2950. - 2435._I 0. 6__ 36_. . 335. I 8143. ___ 482_ ___7681._1
L I_ __!FOSSIL_ FELFIRED__SYSTEMS - FU_____ RNACE_I_ a/C _I__CONTROLJ AUXILIARYI_. HEAIETEI DUCTS INSTALN:.L TQTAL_
! 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC | 745. I 1279. I 26. | 376. | 270. ) 907. { 584. { 4167. {
I 7 lOIL FURNACE, EL. HOT WATER, CENTRAL AC ) 690. ) 1279. ) 26. 1 632. [ 275. I 907. 1 834. 1 4643. I

J__8 PULSE GAS FURNACE _GAS HW,_CENTRAL. AC 1 1125. I 1279. I 26. I 236. 1 270. _I 907. 1 -_584. _44__ _42_7_.1

___----__-----------------------------_--- SYSTEM COMPISONS___- - - - - - - --________________________________________ ______
I SYSTEM I MAINT. l1ST YEAR 1IST YEAR INCREM. I ENERGY

NEW CONSTRUCTION ALTERNATIVES ) EFFIC. I PRESENT ENERGY I ENERGY I FIhST I PRESENT __LIFE_CYCLE_CO__ST__J
If I (ACOP) ) WORTH COST ) SAVING I COST PWORTH AVEREAGE I ARGI NAL

_I__ __I_____-___ __ .1___ _ S___r _ J __S - 1 -____--$ ... I ._- - 1 1 . . ___.___.___LLI
1 )EL. FURNACE AND WATER HEATER, CENTRAL AC) 1.72 1 914. 1 773.77 1 REF. I REF. I 14384. 1 18857. 21385.
2 IHEAT PUMP WITH ELEC. RES. WATER HEATER I 1.61 1 2162. 1 825.61 1 -51.83 1 80. 1 15348. 21149. 23846.
3 (HEAT PUMP, DESUPERHEATER WATER HEATER I 1.91 2468. 1 694.73 79.04 1 640. 12915. 1 19582. 21851.
4 IMIN. ACES, BIN= 5.4 M3 PANEL= 1.2 2 2.00 2432. 1 666.04 107.74 4213. 12382. 1 22585. i24761.
5 IFULL ACES, BIN= 15.6 13 PANEL= 0.0 M2 ) 2.06 2432. 1 646.73 127.04 4 4122. 12023. 1 22135. 124248.
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 2.25 889. 1 497.07 276.70 28. 11024. 1 16100. 17929.
7 |OIL FURNACE, EL. HOT WATFR, CENTRAL AC I 1.85 914. 1 756.37 17.40 1084. 14988. 1 20545. 21 1861.

__8 LSE GAS FURNAC_GAS__HWL CENTRALAC___ ____234_i___60 __ 482.42_ __291.35 . _ _868. _ 1_ 10560. __1 15947. _ 17706.



JACKSONVILLE, FLORIDA

167 SQ n HOME, WELL INSULATED EL. (S/KWHB) ) 0.0828, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUHYEB
DESIGN HEATING LOAD (WATTS) - 6117. GAS (S/THERN)= 0.3550, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEMP. = 0 C 34 C
DESIGN COOLING LOAD (WATTS) = 7683. OIL (S/GAL.) = 1.1700, 1.4600 PPW = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.40

______ ___ _____ __ -_ _ES-----IGN_AND_PBRFOR8ANCE ___ --__- -______ _ __ _ _______
I I___BILDaG LOS ______ ____ S_ _____ST______ s L!EGIaE_ COSNsPT.ON _________ ____ ___

I I NATER SPCE SPACE SP I (1) (2) 1 (3) I (4) I (5) I (6) I (7) I (8)
I ONTH HEAT NEAT I COOL 1 ELEC. I HEAT aHP I HIN. I FULL 1__G S_ ORNCE__L_QL_£_NCE LP___ELSE _G&S EOBRN. i

I 1i I I m UPES. I PMP I DS I ACES I ACES I GAS I ELEC. I OIL ELEC. I GAS I ELEC. I
I ___. NJ I NJ _I !J____ _ KWH I _SWH 1 KWH I KWH I KWH ITHERIS I KWH _1 GAL KWH ITHERIS f KW JH L
I JAN 1 1469.1 2825.1 660.1 1265. 889.1 791.1 559.1 477.1 63.1 81.1 34.1 489.1 53.1 81.

I Ep ! 1322.1 1603.1 1233.1 947.1 761.1 658.1 361.1 337.1 44.1 139.1 20.1 507.1 38.1 139. I
1__ l I_ 1 139__3 _126l _ l_ _ 17 922.2-1 - 21_ _7 - 6 6_ _ 324. -___ 324.1L__ 41.1 --__193.1 _ 16.1 __ 5801 3.__ 193. 1
I APR 1 1237.1 0.1 2987.1 669.1 826.1 681.1 473.1 187.1 26.1 325.1 5.1 669.1 21.1 325. I
1 MAY I 1143.1 0.1 5526.1 919.1 1139.1 924.1 1010.1 1020.1 20.1 602.1 1.1 919.1 19.1 602. I
I JUN 1 998.1 _ __ .1 7172 .1 059.1 1338.1 1095.1 1297.1 1307.1 17.1 _-78 _1 0-1_ 1059.1_ 17.1 _7e1. I
I JnL I 967.1 0. 8854.1 1233.1 1577.1 1325.1 1593.1 1605.1 16.1 965.1 0.1 1233.1 16.t 965. I
I AUG 1 973.1 0.1 8761.1 1225.1 1565.1 1313.1 1577.1 1590.1 16.1 954.1 0.1 1225.1 16.1 954. I
I-sEP-__ _109. 1_____ 1__ .73481. __JQosj__13657L 1_m,8 _ 3_39-__1__-J39.__1!7 1___8Q. 1___OL-__Q!s.l ___17 80._1 1__-Q _1

I OCT I 1163.1 0.1 4070.1 767.1 956.1 777.1 759.1 770.1 23.1 443.1 4.1 767.1 19.j 443. 1
I NOV 1 1252.1 1048.1 1822.1 837.1 750.1 635.1 369.1 379.1 36.1 202.1 14.1 550.1 32.1 202. I
1I JECE _ 1408.1 2508.1 _722.1_. 1166.1 83 9.1_ 745.1 509.1 422.1 58.1 87.1 30.1 478.L_ 49.1_ 87. 1
I ANNnA I 14335.L 9248.1 50887.1 12095.1 12814.110751.1 10161.1 9760.1 377.1 573.1 _ 124.1 9555.1___3331 5573. 1

~_ ____________________-_ _ _ _ SYSTflS S FIRST COSTS ____ _ ___ _____ __ -- --
1 I 1-__ ._ ___-__ __ _ COMPONENTS COSTS_-_$------ __________ . ___ - TOTAI
LNaOJi. CONVENTIONAL_ ELECTRIC _ STES__ IFA UNITlAC H-P.i CSONTROLYSTEA XILIAYW_ HEATE__ DCTS _ INSTJALNLCOST_$

1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 280. 1 1279. 1 48. I 236. 1 275. I 907. 1 534. 1 3559. 1
I 2 1HEAT PUMP WITH ELEC. PES. WATER HEATER I 280. 1 1329. I 45. 1 236. 1 275. I 940. I 534. 1 3639. I
1 3 JHEAT PUoP. DESUPERHEATER WATER HEATER I _280. 1 1329. I 45. I 636. I _335. 1 940._1_ 634.___ 4199._
1 I ANNOAL CYCLE ENERGY SYSTPMq_ ACESSL _" ECH. P.I ICE BI LIPANEL IAUXILIARYI. HEATEI DUCTS j INSTALN. _T OTA~I, _

4 IHIN. ACES, EIN= ~.3 13 PANEL= 1.0 M2 1 2950. 1 1572. 1 921. I 636. { 335. 1 843. 1 482. I 7739. 1
1 5 L FL ACES, BIN 12.3 B3 PANEL= 0.0 H2 1 2950. 1 2181. I 0. 1 636. 1 7335. 1 8I43_s 82. 1 7427. 1

LJ IFOSSIL FUEL FIRED SYSTMS ___ a __/__ I . _ONTOL_jAUILIARYiW._ HEATE L__DUCTS__jIMSTAIL. TOTA
I6 IGAS FURNACE, GAS HOT VATER, CENTRAL AC I 745. 1279. 1 26. 1 376. 1 270. 1 907. 1 584. 1 4187. I

I 7 IOIL FURNACE, EL. HOT WATER, CENTRAI AC 1 690. 1 1279. 1 26. 1 632. 1 275. 1 907. I 834. 1 4643.
I 8_P LSE GAS _ FO!B ACP, GAS HW,_CENTAI AC 1 1125. I 1279. I 26. i 236. I _2 ____907 1 __ 584. ___ 4427. 1

___ __________________SY___TMs T____________ cIPI_____________ __ .__.
\I I SYSTEM I HAINT. 1ST YEAR 1IST YEAR I INCREN. I ENERGY l 1

1 1 NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY ENERGY FIRST I PRESENT I__LIFE_CYCLE_COTT__
I I (ACOP) WORTH COST SAVING COST 1 WORTH I AVERAGE IMARGINAL I

I ! O.__ __ ____ o __ I $ $ ____s I I __ .ii L.____.
1 1FL. FURNACE AND WATER HEATER, CENTRAL ACI 1.71 1 914. 1 1001.48 REF. REF. 1 18618. 1 23090. 121416.

1 2 1HEAT PUMP WITH ELEC. RES. WATER HEATER 1 1.6 1 2162. 1 1061.00 1 -59.51 1 80. 1 19724. 1 25525. 23750.
I 3 IHEAT PUMP, DESOPEPREATER WATER HEATER 1.92 2468. 1 890.16 1 111.32 1 640. I 16548. 1 23215. 21726.

4 IMIN. ACES, BIN= 5.3 M3 PANEL= 1.0 M2 2.04 2432. 841.34 1 160.14 4180. I 15641. 1 25811. 24404.
5 FULL ACES, BIN= 12.3 !3 PANEL= 0.0 H2 g 2.12 2432. 808.17 1 193.32 3868. 1 15024. 1 24883. 123531.
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 1 2.24 889. 1 595.20 1 406.28 1 626. 1 12814. 1 17890. 117943.

1 7 OIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.84 914. 1 935.92 1 65.57 1 1084. I 18363. 1 23920. 21918.
-II8 PLSE ! GAS_ FUPe CE_GS_HS,_CIENTAL_AC___L__ _234 1_ 960.1 579.53_L_ 21L95_i___ .68._l_ 12318. _1 17705.,_ 17661J.

-! I
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ORLANDO, FLORIDA

167 SQ I BON!, WELL INSULATED EL. ($/KIHR) - 0.0530, 0.0850 PPF " 18.59, 16.48 DESIGN WEATHER:. INTER SUMNER
DESIGN BBETING LOAD (WATTS) = 5195. GAS (S/THER4)- 0.3667, 0.8150 PUF = 31.67, 16.48 OUTDOOR TEMP. = 2 C 26 C
DESIGN COOLING LOAD (WATTS) - 4999. OIL (S/GIL.) - 1.1700, 1.4600 P0F - 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.39

1____ l__ LOS _______ ____-ERGY CONUPaOs -N ------ --- ------ ,,-
I ATER I SPACE SPACE (1) (2 (2) 3) (4) (5) (6) I (7) I (8) 1

HONTH I HEAT I HEAT COOL I ELEC. I HEAT I HP I NIN. I FULL I J S_£ RNAL__"_°I _EQ SACE _IAELa__1E GAsfsULl.
I I I I ERES. I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I

I _ I HJ I J Itj I RBH I _aH _ KH I KBH I KWH _ITHERS I KWH _I GAL I KWH ITHERHS I KHIl I
JAN I 1371.1 1484.1 1415.1 947.1 782.1 672.1 388.1 321.1 44.1 159.1 19.1 540.1 38.1 159. 1

1 FEB 1242.1 1235.1 1412.1 842.1 712.1 608.1 299.1 299.1 38.1 158.1 16.1 503.1 33.1 158. I
1 AR _1322SL____.70Ql__ 235 l __ .21. __8A 0 __i6i, l 364. 1 4551 _ 321 __l- 25_8 ___ o 10.1 ____27.1___AI 2i58_

I APP 1 1203.1 0.1 3584.1 725.1 882.1 718.1 668.1 662.1 22.1 390.1 2.1 725.1 20.1 390. I
I NAY 5 1137.1 0.1 5361.1 900.1 1111.1 908.1 979.1 972.1 19.1 584.1 0.1 900.1 19.1 584. 1
I JUN 1 1012.1 _ 0.1 7002.1 1044.1 1316.1 1078.1 12 1 1256.1 17.1 _7_631_ 0.1 1044 J__ 17.1 _763. I

JUL I 987.1 0.1 8290.1 1177.1 1500.1 1245.1 1491.1 1482.1 16.1 903.1 0.1 1177.1 16.1 903. 1
AUG I 982.1 0.1 8360.1 1184.1 1509.1 1254.1 1503.1 1494.1 16.1 911.1 0.1 1184.1 16.1 911. I

ISEP____ 996. ____..... _ 702.2-__1_042 1__1315, .__ 107QL. 1269J__26QLL_. .1___ 1 7 651__ _§5 _- __l__142I ____J1_2 _765._1
OCT I 1118.1 0.1 4845.1 838.1 1033.1 838.1 891.1 882.1 19.1 528.1 1.1 838.1 19.1 528. 1

I NOV I 1181.1 0.1 2760.1 629.1 792.1 657.1 525.1 518.1 26.1 301.1 7.1 629.1 20.1 301. 1
I DEC _. 1 i31J . 120 4.1 1622.1 876.1 759. 647.1 334.1 327.1 39.1 181.1 16.1 546.1 ___34.1_ 181. I
I ANNUAI. 13872.1 4627.1 54025.1 11025.1 12514.1 10364.1 9976.1 9927.1 307.1 5900 1L_ 71 9754.1 278_1_ 5990_.

___________ _FI___§YSTlS FIRST COSTS ______ -
_ _I _______ _PIPSI COS$S COMPONENTS COSTS,_. SOI _ TOTAI

I NO.I CONVENTIONAL ELECTRIC SYSTEMS .. IAN UNIT lA/C H.PL CONTRO L IAUIILIAY.L _ HEATERI_ DDCTS__I IHSTALN COST.__i
I 1 lEL. FURNACE AND WATER HEATER, CENTRAL ACI 280. 1 1129. I 48. 1 236. I 275. 1 811. | 482. 1 3261.
1 2 IHEAT POUP WITH ELEC. RES. WATER BEATER I 280. 1 1199. 1 45. I 236. | 275. 1 843. 1 482. 1 3360. 1
1__3 fEAT PUNP._DESUPERHEATFR WATER HEATER 1 _280. ! 1199. I 45. I 636. 1 335. 1 843. I __582. I _ 3 20.
I I ANNUAL CYCLE ENERGT SYSTEMS lACES) I NECH. P. ICE BIN I PANEL IAUXILIARYl ._ HEATERI _DCTS Ij INST.ALN. T5OTAI. s
I 4 (HIN. ACES, BIN= 3.5 N3 PANEL= 0.0 H2 1 2950. 1 1322. 0 0. i 636. i 335. 1 843. 1 482. 1 6568. 1

1-5_ I LL ACES. BIN=__3._5 N3_ PAEL -__-0---.2_ 2I __1 1322 ..... ___636_ l __3_0 6361___ 83_5__ 482. _6568. 1
I __ I _L- OSSL_FEL_FIP_ _SYSTENs _I FUR NA C E I A/C I CONTROL I AUXILIARYI ._HEATEt DUCTS I I.STALN.I TOTAL. $1
1 6 IGAS FURNACE, GAS ROT WATER, CENTRAL AC 1 745. 1 1129. 1 26. 1 376. 1 270. | 811. | 532. 1 3889. 1
1 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC I 690. 5 1129. 1 26. 1 632. 1 275. 1 811. 1 782. 1 4345. 1
1 8 IPU SE GAS FURNACE. GAS H ,_CETRAL_ C 1_ 1125;5. 112 12 L _ 26. 1___ 2 ___ .270. l_ ___11.____532. 4__129.

______ __ __ _ __ SSTsTECOPARISONS. ____ ______ ___-S
I II SYSTE I MAINT. 1IST YEAR 11ST YEAR I INCREN. I ENERGY I
I I NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY I FIRST I PRESENT J LIFE CYCLE COST I
I I (ACOP) I NORTH I COST I SAVING I COST I WORTH I AVERAGE IMARGINAL I
i__-____o_____.__ _-__- .___. .s...LtI__ ..__.$_.1_-____.L___.___.__._l _-i.
1 1 JEL. FURNACE AND WATER BEATER, CENTRAL ACI 1.83 1 914. 1 584.42 1 REF. I REF. I 10864. I 15040. 1 19619.
I 2 IHEAT PHUP WITH ELEC. RES. WATIE HEATER I 1.61 1 2162. 1 663.38 1 -78.96 1 99. 1 12332. 1 17854. 1 23052.
1 3 IHEAT PUMP, DESUPERBEATER WATER HEATER I 1.94 1 2468. I 549.41 35.02 1 659. 1 10214. 1 16601. 1 20906.
5 4 ININ. ACES, BIN- 3.5 N3 PANEL= 0.0 H2 1 2.02 I 2432. 1 528.81 1 55.61 1 3306. 1 9831. 1 18830. 1 22974.
1 5 IFULL ACES, BIN= 3.5 13 PANEL= 0.0 12 1 2.03 2432. 1 528.81 1 55.61 1 3306. I 9831. 1 18830. | 22974.

6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 1 2.26 1 889. 1 425.21 1 159.21 1 628. 1 9375. 1 14154. 1 17162.
7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.88 1 914. 1 600.19 1 -15.77 1 1084. 1 11711. 1 16971. 20632.

1 8 IPULSE GAS FHiJCBL GS _W._CTgML C _ 2.- 4 1 960. 1__i1 4.66_l_1 _169__77 ._L_ 68__L___9_.2 _l_ 14l30_,__1_! 6_

t. A , .



ATLANTA, GEORGIA

167 SQ H HOME, WELL INSOLATED EL. ($/KNHB) U 0.0494, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMOER
DESIGN HEATING LOAD (WATTS) - 8704. GAS ($/THEBRH) 0.4195, 0.8150 PVF - 31.67, 16.48 OUTDOOR TEMP. = -7 C 33 C
DESIGN COOLING LOAD (WATTS) - 6635. OIL (S/GAL.) - 1.1700, 1.4600 PUP - 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.26

-i__ _-- __-_ __fii _ _ __SlgN AND PEBFHFI_ N lIA____ __I________ _____
1 __LD.!G _otP.!_ ---_ ._ 1._=_ _ .___.__._._. SXilEc_lEPJ SI_£SJ sPTIO o_ . ________ __1L

I I TER I SPACE I SPACE (1) I 2) 1 (3) (4) I (5) I (6) I (7) I (8) I
I MONTH I HEAT I HEAT I COOL I ELEC. I HEAT I HP I IN. I FULL L__AESfIQACB__ OIL LNUItCELlPaLE_A__ fSELl_1

I ~I I IB I RES. I POUP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I
1_ - -_I J _ J I J_ I KWH - SWHj _ 1 WNH I rWH i R"H ITHEBHS I UiH _I GAL Il H LTEB N _ _IKW L
I 1A I 1753.1 7370. 0.1 2534. 1637.1 1535.1 1049.1 994. 127.1 23.1 83.1 510.1 104. 23. I

I FEB I 1578.1 5149.1 0.1 1869.1 1216.1 1122.1 790.1 733.1 96.1 16.1 59.1 455.1 79.1 16. 1
i__A__ _1651 -___423_9.1__ ________1636__1o_.^1_ 995. I 687. __ 6421, ____85 ___1_3 _ 49,l___1A2 ____J:_1___Jl_1
I APR I 1447.1 1538.1 1423.1 984.1 809.1 692.1 347.1 346.1 46.1 160.1 19.1 562.1 40.1 160. I
I MAY I 1312.1 0. 3244.1 718.1 883.1 722.1 199.1 199.1 27.1 353.1 5. 718.1 22.1 353. 1
I JnL I 1123. 0.J1 4909.1 847.1 104.0.1 844.1 907.1 202,1_ 19.. _3 5L__ Q. 847.8.1 1 9. 1 535. 1
I JuLt 1073.1 0.1 6191.1 973.1 1213.1 991.1 1133.1 215.1 18.1 674.1 0.1 973.1 18.1 674. I
I AUG I 1079.1 0.1 6257.1 982.1 1225.1 1006.1 1147.1 963.1 18.1 682.1 0.- 982.1 18.1 682. |
I SFE__I_.__11 36L _____ O__ 3953i___7461_ 9116.1__749. 743. | 79 L ___921.5Li1___ 431-_ 9 __ __ .___,- .____I_9 __4i.
I OCT I 1336.1 1345.1 1606.1 920.1 779.1 663.1 340.1 387.1 - 41.1 179.1 18.1 550.1 36.1 179. I
I NOV I 1465.1 3436.1 0.1 1362.1 947.1 852.1 532.1 495.1 71.1 11.1 40.1 418.1 59.1 11. 1
t DEC I 1669.1 6206.1 0.1 2188.1 13998.1 1297.1 889.1 858.1 111.1 _20.1 71.1 483. __ 91.1 20. 1
I ANNoALI 16622.1 29283.1 27584.1 15758.1 13164.1 11467.1 8764.1 6829.1 680.1 3098 1 346.1__77J6_l___5_.5.1__L 30 ._

______ _ __ _S STrE_ FIST_ CoST__________ ____ _________ _---______ ______-------- -----__
I___ _I !1_____ _ __ CoQONENTS_CQTS2_ __ ___ ______________ 1 TOTAL I
o_. 1-CoVaETIONAL ELCTRIC S-ST1ES g___ 1AN BL/T Z£q,_Xo, OTBOXL |t XILIARJl1,_HEATE__ DOCTS___INSTLN.jL_COST _l_

I 1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 280. 1 !129. 1 48. 1 236. 1 275. 1 811. 1 534. 1 3313. 1
1 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 1 280. 1 1199. 1 45. 1 236. 1 275. I 843. 1 534. 1 3412. 1
1 3 ILEAT POHP. DESUPERNHgTER WATE TER E TE _ 280. I 1199. I 45. 1 636. 1 335. 1 843.____16-_4. 1 _I _ 392. _
! I ANOL CYCLE ENERGY STISTES_IACSL I___ EC..I ICE BI_ I P-iHL I-AUILIRAnW. _HEATERL_ DJCTS__I_INSTALNI_TOTTl._ A
I 4 ININ. ACES, BIN- 11.3 a3 PANEL- 6.2 N2 1 3130. 1 2250. 1 1214. 1 636. 1 335. 1 1049. 1 534. 1 9148. 1
I 5_IFULL ACES,_BIN= 68.3 H3 PANEL= 0.0 N2 1 3_130. I 5413 0. I . 636. I _335, 1049. I _ 534. 1 11097. I
! I FOSSIL FUEL FIRED SYSTEffS I C ONTHOL I AOILIARYI. . ___ __TA / A__¶ _$1. ___J. FOSSIL POEL PI^EC syrSTegS ________ I FOBCE J A/C I COMTBlOL 1 iILIIYIE IE a__DTS I I ST AL .1TOTALA.$
I 6 IGAS FURNACE, GAS RCT WATER, CENTRAL AC I 745. I 1129. 1 26. 1 376. I 270. 1 811. 584. 3941.
I 7 IOIL FBBRNCE, EL. HOT IATER, CENTRAL AC I 690. I 1129. I 26. I 632. I 275. I 811. I 834. 1 4397. I
LalEIPUSE GSE __PBACE._GS HlEAL_SC _EI. GCS_1H__ 1125._. 1.. __ 26_1 _2 __l__584 1 4181.

_______________ ___________________ 2SYISTEM CO PAIWISONS _______I___236_____ ______
I I I SYSTEM I HINT. 11ST YEAR 1ST YEAR I INCBE. I ENERGY I I

I NEW CONSTRUCTION ALTERHNTIVES I EFFIC. I PBESENT ENERGY I ENERGY I FIST I PRESENT I LIFE CYCLE COST I
II I (ACOP) I ORTH COST SAVING COST WORTH I AVERAGE INARGINAL

L _ __ _ ____ _____ I I _ I ___ _I_ $.. L .. __ I __ .._ _ _ L_______ 1_____
I1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 1.30 1 914. I 778.91 1 REF. I REF. 14480. 1 18707. I 26301.

2 IHEAT POUP WITH ELEC. RES. WATER HEITER B 1.55 1 2162. I 650.69 1 128.22 1 99. I 12096. 1 17670. 1 24014.
I 3 IHEAT P"IP, DESUPERHEATER WATER HEATER B 1.78 1 2468. I 566.82 1 212.09 1 659. I 10537. 1 16977. I 22503.
1 4 IHIN. ACIS, BIN- 11.3 N3 PANEL- 6.2 H2 1 2.33 1 2432. I 433.22 1 345.69 1 5835. I 8054. I 19633. I 23857.

5 IFULL ACBS, BIN- 68.3 H3 PANEL- 0.0 H2 2.99 1 2432. I 337.58 1 441.33 1 7784. I 6276. I 19805. I 23096.
I 6 IGAS FURBCE, GAS HOT WATER, CENTRAL AC 2.10 1 889. I 438.29 1 340.62 1 628. I 11878. 1 16708. I 18300.

7 IOIL FOBNICE, EL. HOT WATER, CENTRAL C I 1.64 1 914. I 786.36 1 -7.45 1 1084. I 17316. 1 22627. I 24447.
1 8IPULSE GALSFURNACS GAS a H. CBBTBRL AC I 2834 1 960. I 394.29 1 384.62 I 868. I 10484. I 15625.-I 122._



AOGUSTA, GEORGIA

167 SQ H HOHE, WELL INSULATED EL. (S/KINR ) - 0.0494, 0.0850 PNF - 18.59, 16.48 DESIGN WEATHER: WINTER SOBEBR
DESIGN HEATING LOAD (WATTS) - 8070. GAS (S/THERB)- 0.3685, 0.8150 PIP - 31.67, 16.48 OUTDOOB TEMP. = -6 C 35 C
DESIGN COOLING LOAD (WATTS) - 7412. OIL (S/GAL.) * 1.1900, 1.4600 PiUF 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.30

DESIGN AND PEBFORMANCE_
I I BUILDIIG lOADS I _ __- . SSTEF BLBRGI CONSUMPTION __

I WATR I SPAC I SPIACE (1) 1 (2) (3) 1 (4) 1(5) I (6) (7) 1 (8) I
ONTH I HEA T HEAT COOL I ELEC. I HEAT HP I lIN. I FULL I GAS FURNACE__I OL_FgRNACE IPLSE LAS_.ZH.I I

| ~~I I I |I I RES. PUHP DS ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS ELEC. I
I .- J I_ HJ- __ __ 1_I_ __IL_ _B_ _ _L.K I WIB _TH BI IL A KL. _GI _ lTE__H__i GAL _l _TIl__[ii__L
I JAi 1 1658.1 4879.1 0.1 1816.1 1212.1 1117.1 776.1 712.1 94.1 15. 56.1 476.1 77.1 15. I
I FEB I 1486.1 3377.1 0.1 1351.1 951.1 863.1 590.1 530.1 71.1 11.1 39.1 424.1 59.1 11. I
j MAR I 1551.1 2787.1 848. 1 1297.1 935. 1 826. 1 518, 485.1 64.1 10.1.1 33.1 532._l__ 54._ 101 I
I APR I 1357. 1042. 2135.1 899.1 824.1 690.1 302.1 302.1 37.1 236.1 14.1 613.1 33.1 236. 1
I MAY 1 1231.1 0.1 4206.1 800.1 995.1 820.1 639.1 204.1 24.1 458.1 4.1 800.1 20.1 458. 1

lJ_ l__josL . ....1._-___ 1_ 61.Q2A __967.__ll.21l__1001 __ 1126.1 458, , 18__ l. _. 673_, __ _01___967L____a1__l I__ I
I JUL I 1019.1 C.l 7785.1 1131.1 1434.1 1190.1 1409.1 1452.1 17.1 848.1 0.1 1131.1 17.1 848. 1
I AUG I 1032.1 0.1 7346.1 1087.1 1373.1 1139.1 1334.1 1379.1 17.1 800. 0.1 1087.1 17.1 800. I
I SEP I 1090.1 500.1 50 854.1 1059.1 872.1 934.1 975.1 19.1 _511 ____11 854.1 181,_ 55 1
I OCT I 1281.1 1114.1 2352.1 922.1 847.1 712.1 467.1 504.1 37.1 260.1 15.1 616.1 33.1 260. I
I NOV I 1399.1 2948.1 832.1 1298.1 922.1 816.1 478.1 445.1 64.1 100.1 35.1 489.1 53.1 100. I
L_ DE__ 15871J__ 4532 1.___ .- _!1700I1_1 _ 1. 4 _105 . 709.1 __ 667 .___881___ _1_1__ 52_. 4___551____3 7.___1 4_

QIgA LI 15749.1 __2_680._3674. 1_J4 123t_12910.1_ 1199.1 9282.1 i 112J1 550-__4069,1__ 250 1 8444.1 473.1 4069. 1

....-. ___ LSIST rzS IRT Cos TS
I 1___I I._._ COMPONENTS COSTS. S __ I TOTAL I

I NO.I CONVENTIONAL ELECTRIC SYSTEMS IFAP ONIT IA/C. H.P.I CONTROL IAOXILIARYI#. HEAtERI DUCTS I INSTALN.1 COST. I
I1 lEL. FORNACE AND WATER HEATER, CENTRAL ACI 280. 1 1279. 1 48. 1 236. 1 275. I 907. 1 534. 1 3559. 1

I 2 IHEAT POHP WITH ELEC. RES. WATER HEATER I 280. 1 1329. 1 45. 1 236. 1 275. 1 940. I 534. 3639.
_3 .lHEiT PHp_!ESPUPHBAHTETR WAtRTE_ EATR _ 280. 1 1329, 1_ 45 L 636._ ____3_5L_L___q40. 1 _ 634_ _. 4199. I

LII ANNUAL CYCLE EERGY SYSTEHS (ACES) I HECH. P.I ICE BIN I PANEl IAUXILIARYI. HEATEBI DPCTS I INSTALN.I TOTAL, I$
I 4 1IN. ACES, BIN= 8.1 H3 PANEL, 4.4 H2 . 3130. 1 1945. 1 1109. 1 636. 1 335. 1 1049. 1 534. 1 8738. 1
I 5 IFULL ACES. BIN= 44.E3,__PAEL=__Q0L2. _ 2 _1 3130_. 4 216. i __ __Q-. 1 36._L___35 ._ 10__ 5 _4_ L __.29900.
IL 1FOSSIL. i _FlRED_ SSTTEMs_ ____ _ LBAC -I A I COIIRBOL BLUXILIAYIL._-E&EBL_ DUCTSI -I__is ^ _!L OTALA
I 6 IGAS FURNACE, GAS HOT WAIER, CENTRAL AC I 745. 1 1279. I 26. 1 376. 1 270. 1 907. | 584. I 4187. I
I 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC I 690. 1 1279. 1 26. 1 632. I 275. 1 907. I 834. 1 4643. I
I 8 IPOLSE GAS FURNACE. GAS HW. CENTRBL AC I 1125. 1 1279. I 26. 1 236, 1 270. 1 907. 1 __584._1_ 4427. 1

______ .__._____ST-Rs--_OlS-S___ ___ _ …__-_ -__ --______________-
|~~~~I I |I SYSTEM I lAINT. 1ST YEAR I1ST YEAR I INCRE. I ENERGY I I

I I NE CONSTRUCTION ALTERNATIVES I EPFIC. I PRESENT ENERGY I ENEBGY I FIRST I PRESENT L_ IiEC L EQOST
~~~I |~~I I (ACOP) I WORTH I COST I SAVING I COST I WORTH I AVERAGE INARGINAL

I RO.I I _ S I JS I t I tI I S I S_ _ -_ I
1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 1.44 I 914. 1 698.12 I REF. I REF. I 12978. I 17451. I 24257.
2 HIBET PUMP WITH BLEC. RES. WlATER EATER 1.57 2162. 638.16 1 59.95 80. 11863. I 17664. I 23886.
3 IHEAT POUP, DESOPERHEATEB WATER HEATER I 1.83 I 2468. 548.64 1 149.47 640. 10199. 16866. 1 22215.
4 Iai. ACES, BIN- 8.1 M3 PANEL- 4.4 M2 1 2.19 1 2432. 1 458.83 1 239.29 1 5179. I 8530. I 19699. I 24173.

I 5 IFULL ACES, BDsI 44.4 M3 PANEL- 0.0 12 I 2.51 1 2432. 400.99 I 297.13 1 6341. 1 7454. 1 19787. 1 23696.
1 6 G16S FURNACE, GAS ROT WATER, CENTRAL AC 2.15 1 889. 1 403.94 1 294.18 1 628. I 10162. 15238. j 18168.
I 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC 1.71 1 914. 1 715.23 1 -17.11 I 1084. 15280. 1 20837. I 23407.
I -ljIPULS6E rLLu . GRAC S a. l-CE IBL iC I 2.34 1 960. I 375_.30_1 2286I. 82 _lI _ 2 a_ 14642. 1 17435. I

fr. ° ','



MACON, GEORGIA

167 SQ N HOME, WELL INSULATED EL. (t/KBHR) - 0.0494, 0.0850 PWF - 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) = 7848. GAS ($/THERM)- 0.3667, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEIP. = -5 C 36 C
DESIGN COOLING LOAD (WATTS) - 7830. OIL (S/GAL.) = 1.1700, 1.4600 PBF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.32

----_--- _-_--__D& _-_____itDESGN__ arPtB _____ _ ____-__ __ _ _____-_ __________
1 -_- _ ILDIXGL _OA _ _s______ _ __S ___- - -SSTEM ENERGY CONSUMPTION_ _____ __ _ _ _-_

I 1WATER I SPACE I SPACE (1) 1 (2) 1 (3) I (4) I (5) 1 (6) 1 (7) i (8)
MONTH I HEAT I HEAT I COOL I ELEC. I HEAT I HP I MIN. I FULL I G S__FORACE__I OIL FURNACE __ILS__ _GS FE.,_l
I I I I I RES. I PUMP I DS I ACES I ACES I GAS ELEC. I OIL I ELEC. I GAS ELEC.

I I MJ I J I W__Jl R1 KH I _H ! KHH I KWH I KWH ITHERNS I KWHL___IL __L _ KWH LTHERMS I KeH I
IJAN I 1604.1 4850.1 0.1 1793.1 1167.1 1060.1 768.1 703.1 92.1 15.1 56.1 461.1 76.1 15.

FEB { 1445.1 3222.1 0.1 1296.1 905.1 814.1 571.1 508.1 68.1 10.1 38.1 412.1 57.1 10. I
IAR__ I S1JL _l.2_- 243a___778. __1_7._ 8 5 _I_ 75 I_____ 71___1 _44 ___59,__91__.92.I_ _291 ___9 .51_ l ..i__._501___92._1
I APR I 1337.1 753.1 2164.1 816.1 784.1 651.1 268.1 268.1 33.1 238.1 10.1 609.1 30.1 238. I
I MAY I 1220.1 0.1 4585.1 838.1 1035.1 847.1 851.1 208.1 23.1 499.1 2.1 838.1 20.1 499. I
I JnN I 1051, 1-- o 1 6313 __980.L 1226.1 1003.1 1149.1 701.1 18.1 _688.1 0.1 980.1_ 17.1 _688. 1
I JUt 1008.1 0.1 7769.1 1127.1 1429.1 1180.1 1407.1 1444.1 17.1 846.1 0.1 1127.1 17.1 846. I
I AUG I 1013.1 0.1 7627.1 1112.1 1409.1 1171.1 1383.1 1422.1 17.1 831.1 0.1 1112.1 17.1 831. I
I_SP I_l-1 59 1___ 10__ 53031__._87.L_108 i__889 1_ 976.1 __ 1013lj,.__ 191___57_8,1____1 1____7l_ --___18l.__ 578,_l
I OCT I 1236. 790.1 2393.1 823.1 796.1 663.1 473.1 506.1 32.1 263.1 11.1 607.1 29.1 263. I

NOV I 1347.1 1560.1 1622.1 984.1 825.1 703.1 298.1 366.1 44.1 182.1 20.1 556.1 38.1 182.
J_DEC I 1529.1 4100.1 _0.1 1564.1 104q.1 944.1 661.1 584.1 8 1,1 __131i_ 48. _ _438. 1 _6 7 __ 13. 1
^ NNUl__L_15367.1 17688.1 38552. 13383.1_12556.1 10679.1 9277.1 8164.1 502, 14256.1 216.1 8525. ___ 4361 4256-_1

_ _ ______ ______ __ ______'_____STES FIRST COSTS ____ _ _ _ _ _
1 I 1 ~~__I_~__ ___ __ _ _CCNPONENTSCOSTS_|S_____ __ _ ___!__~_~___ J TOTAL |

I_NOI_ COVENTIONAL ELECTRIC SYSTEMS __FA NIT LA/C, .HPI CONHTL IAJUXLLIkY!W._ HEATEi_ DUCTS S_ _INSTALNl_ COST_
1 IEL. FURNACE AND WATEB HEATER, CENTRAL ACI 280. 1 1279. 1 48. 236. I 275. 1 907. I 534. 1 3559. I
2 IHEAT PUMP WITH ELEC. RES. WATEF HEATER I 280. I 1329. 1 45. 1 236. 1 275. 1 940. 1 534. 1 3639. I

1 3 IHEAT PUMP DESUPERHETER WATER HEATER T _280. 1 1329. 1 45. I 636. 1 335. i _940. I 634 1__ 4199.
I I ANNUAL CYCLE ENERGY SYSTgES_IACESL ___I _ ECH_. P_IC _J_BIN I PANEL__lAqI LIAIWRlw ___EAEBL DQDT__s- ISTALL. I__QOTAz_LI
I 4 IMIN. ACES, BIN= 8.0 B3 PANEL- 3.7 M2 1 3130. I 1923. 1 1072. 1 636. | 335. { 1049. 1 534. 1 8679. I
1 5 IFULL ACES.BIN= 37.8 M3 PANEL= 0.0 12 1 3130. 1 3855, 1 0, 1 636. 1 _ 3_35. 1_1049. 1 534. 1 9539. 1
I I FOSSIL FUEL FIRED SYSTEMS I FURNACE I A/C I CONTROL IAUXILIARYIWLHET ERI DUCTS IINSTALNI TOTAL,

6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 745. I 1279. 1 26. I 376. 1 270. I 907. I 584. 1 4187. |
7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC I 690. I 1279. I 26. 1 632. 1 275. 1 907. I 834. 1 4643. I

I 8IPOLSE GAS FURNAC_,_GAS_ HW,_CENTRAlAC__1 _1125 1 1279. 1 __ _6_ 1 23_6,.____.270___ _907._1 584. 1 4427- 1

_________ ____________ _SYSTEM COMPARISONS _ ___
t S I SYSTEM I MAINT. I1ST YEAR l1ST YEAR INCREM. I ENERGY

NEW CONSTRUCTION ALTEPNATIVES I EFFIC. I PRESENT ENERGY I ENERGY I FIRST I PRESENT I LIFE CYCLE COST
~I ~~~I ~~I (ACOP) WORTH COST SAYING I COST WORTH I AVERAGE IMARGINAL

NO -_ _._ _____ _I t$ I ____--_ ---.- _1 _ _-$_.-.--_.-l---i _ ---
I 1 IEL. PURNACE AND WAIER HEATER, CENTRAL ACI 1.49 I 914. 1 661.51 1 REF. I REF. I 12297. i 16770. | 23219.

2 IHEAT PUMP IITH ELEC. RES. WAT1R HEATER I 1.58 1 2162. 1 620.66 1 40.84 1 80. 1 11538. 1 17339. 1 23390.
3 IHEAT PUMP, DESUPERBHATER WATER HEATER I 1.86 1 2468. 1 527.85 1 133.66 1 640. I 9813. 16479. 1 21625.
4 IIN. ACES, BINl 8.0 M3 PANEL- 3.7 M2 1 2.14 1 2432. 1 458.54 1 202.96 1 5121. I 8524. 1 19636. 1 24106.
5 IFULL ACES, BIN- 37.8 N3 PANEL- 0.0 M2 1 2.44 1 2432. i 403.54 1 257.96 1 5980. I 7502. 1 19473. 1 23407.

I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 2.17 1 889. 394.52 1 266.99 1 628. I 9743. 1 14819. 1 17782.
I 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.73 1 914. 1 673.71 1 -12.20 1 1084. I 14205. 1 19762. 1 22687.
J1 IPULSE GAS FURNACE. GAS HW. CENTBRA AC I 2.34 I 960. I 370.19 I 291.32 I 86. I__8972. 1 _14i. 1__1702.Qt_



BOISE, IDAHO

167 SQ H BOHB, WELL INSULATFD EL. (S/KWRB) - 0.0315, 0.0850 PUP = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) . 11727. GAS (S/THERM)s 0.3022, 0.8150 PUP = 31.67, 16.48 OUTDOOR TEMP. = -15 C 34 C
DESIGN COOLING LOAD (WATTS) - 5486. OIL (S/GAL.) - 1.1200, 1.4600 PHF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.00

DESIGN AND PERFORHANCE
I 1 BOILDING LORDS __I _SYSTEM ENERGY CONSUMPTION __
I NATFR I SPACE I SPACE I (1) 1 (2) (3) I (4) I (5) 1 (6) 1 (7) I (8)

MONTH I HEAT HEAT I COOL I ELEC. I HEAT I HP IN I. I FULL I GAS FURNACE L OIL FURNACE IPULSE GAS FURN. I
~I 1 ~~I I I I RES. I PUMP I DS { ACES I ACES GAS I ELEC. I OIL I ELEC. I GAS I ELEC.

I -_ .J_ ___£ I J __1 _- J____.- Li-I -KH _l_ B I K 1 L__H .IT Bsal-S .LI__K l__._ G.i L _L_.__[__LTHJIfiS__lS_ _-
I JAN 1883.1 11513.1 0.1 3722.1 2492.1 2367.1 1502.1 1502.1 182.1 36.1 126.1 560.1 149.1 36. 1

FEB I 1730.1 8371.1 0.1 2806.1 1808.1 1683.1 1132.1 1150.1 140.1 27.1 93.1 507.1 114.1 27. I
_I BR I 1870.1 6851.1 0.1 2423.1 1538.1 1409.1 973.1 1002.1 123.1 _22.1 _771 541.1 101._1 22. 1

I APR 1 1701.1 4092.1 0.1 1609.1 1092.1 981.1 646.1 664.1 84.1 13.1 47.1 485.1 70.1 13. I
I »AY 1 1601.1 2375.1 1318.1 1248.1 945.1 817.1 456.1 459.1 60.1 151.1 29.1 596.1 51.1 151. I

l__J N__ 1_4Q I ____ l z___ 28_47. ___926i.1__ 910. L 749.1 293t_._ 29321 _ 35.1___31. l __I !iL___203,.1 -- 3____2l-__ ._
I JUL 1 1340.1 0.1 4965.1 913.1 1133.1 929.1 576.1 228.1 26.1 541.1 3.1 913.1 22.1 541.

I AUG 6 1303.1 0.1 4159.1 815.1 1014.1 832.1 783.1 212.1 26.1 453.1 5.1 815.1 22.1 453. 1
I SEP I 1306.1 12125.1 2361.[ 960. J 8661 725.1 471.1 311.1 39.1 261. 1 16.1 624.1_ 34.1 _ 261. 1
I OCT I 1468.1 3509.1 0.1 1383.1 965.1 854.1 491.1 519.1 73.1 11.1 41. 419.1 60.1 11. I
1 NOV I 1568.1 7187.1 0.1 2432.1 1527.1 1412.1 873.1 935.1 122.1 23.1 81.1 458.1 99.1 23. 1
L _EC___ 1774.1 _10675. L __ 0,1__3_59 __. 1_9,. 2054. 1 1360. 1 i 139.1_ 1701___34 1_ . .__ __ 27_ ___138_ ,___ 34_
I ALNAiI__ 89.L 56611__565J.__22695 .A16 48 L 14 .1 955 ___8661 __J79J 1_Qq4 i__6 481 .__7J. 1 _ 892. L1884. I

_ _ ____________ _ _ _ ___ ______ ______ __ SYSTEgS FIRST COSTS_ _
1 I 1 COPONENTS £OSTSj-______-- _ _____ _____--------- TOTAL

I O_. _CO2NVENTIONAL ELECTIC SSNTE 0 _____L __m £LAC. HPS QOiNTOL lAUILIiRlJWE£ATE _H E CTS l INSTl lCOSTAl
I1 EL. FURNACE AND WATER BEATER, CENTRAL AC( 310. 1 1129. 1 48. 1 253. 1 275. i 811. 1 482. 1 3308. 1

1 2 IHEAT PU4P WITH ELEC. RES. WATER HEATER 1 310. 1 1199. I 77. 1 253. 1 275. 1 843. 1 482. 1 3439. 1
1 3 IHEAT POUP. DESUPERHEATER WATER HEATEB __ 310. I 1199. 1 77. 1 653. 1 335. 1 _843. I___582_. I 3999.
I I ANNHIL CCLE ENERGY SISTEMS SCES__. I ACHT. _P. ICEJLI PAEL _IAlXIIIAUXII.IE; _tEATERI_ DU£TS _ _ISNSTALNl T-TL,_l
1 4 1INI. ACES, BIN= 16.6 13 PANEL= 24.7 12 1 3500. 1 2813. 1 2246. 1 710. 1 335. 1 1267. 1 638. 1 11509. 1
1 5 g L! ACES_ BIH=N 45 M PANEL= 10.8 2 ._ 3500. 1 4655. 1 1468. 1 710. 1 3_35. 1 1267. 1 638. 1 _12573. 1

I FOSSIL PUEL FIRED SYSTEMS _I FUlLACE A/C I COTROL I AUILIiARY1.__eATEI DUCTS I _STAL. ITOITA.
1 6 IGAS FURNACE, GAS HOT IATER, CENTRAL AC 1 745. 1 1129. 1 26. I 376. I 270. 1 811. 1 532. 1 3889. 1
1 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC 1 690. 1 1129. 1 26. 1 632. 1 275. 1 811. 1 782. 1 4345.
IlQ__IPlO SE GAS FORNAC£E,__. S_ _CENTAAC___ 11 25- 1 _112 __ 26_. 236_____2 _ ___ 811_1532 L_.4129. 1

____ ____ _____SYSTE1_COMPA RISONS _____ __
I1 | 1~ 1 ~I SYSTEM I NAINT. 1lST YEAR lIST YEAR I INCBEM. I ENERGY I

| I NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY I FIRST I PRESENT I LIFE CCLE COST I
1 1 9 (ACOP) I WORTH I COST I SAVING I COST WORTH I AVEBAGE IMARGINAL |

O..l_ ___ _ _....i I _ ____ _4 ____ _ ___---__-__ i_____.-.--.---i--i .-- A-_.-. _.I
1 IEL. FURNACE AND WATER HEATER, CENITRL ACI 1.12 1 914. 1 713.98 1 BEF. I REF. 1 13273. 17495. 36013. 1

1 2 IHEAT PUMP WITH ELEC. BES. WATER HEATER 1 1.54 1 2162. 1 518.68 1 195.30 1 131. 1 9642. 1 15243. 1 28696.
1 3 IHEAT PUMP, DESUPERHEATEB VITEB HEATER 1 1.71 1 2468. 1 465.93 1 248.06 1 691. 1 8662. 1 15128. 1 27213.
4 IMIN. ACES, BIN= 16.6 03 PANEL- 24.7 H2 1 2.65 1 2432. 1 300.58 1 413.40 1 8201. 1 5588. 1 19529. 1 27325.
5 IFULL ACES, BINt 48.5 H3 PANEL= 10.8 12 1 2.93 1 2432. 1 272.48 1 441.51 1 9265. 1 5065. 1 20071. 1 27138.
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 1 2.04 I 889. 1 385.43 1 328.56 1 581. 1 11431. 16209. 21913.

1 7 1OIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.58 1 914. 1 950.57 1 -236.58 1 1037. 1 22504. 1 27763. 1 30862. 1
1 8 IPULSE GAS FURNACE. GAS HW. CENTRAL AC I 2.39 I 960. 1 328.86 1 385.13 1 821. 1 9639. 1 172..._.-_ - 2109__

t:,^

\ ,* *



IDAHO FALLS, IDAHO

167 SQ H HONE, WELL INSULATED EL. (S/K8HN) = 0.0180, 0.0850 PwF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) = 14999. GAS (S/THERBM) 0.3477, 0.8150 PIF - 31.67, 16.48 OUTDOOR TEMP. = -23 C 31 C
DESIGN COOLING LOAD (WATTS) - 4397. OIL {(/GAL.) - 1.0400, 1.4600 PUF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.00

DESIGN_AND PERFORMANCE_____
J BUILDING LOADS I____ ___ SYSTEH ENERGY CONSU.~PTION ______
I WATER I SPACE SPACE I (1) {(2) ( 3) 1 (4) (I 5) (6) I (7) I (8)

NONTH HEAT I HEAT COOL I ELEC. I HEAT I HP I IN. I FULL I GAS FURNACE__ OIL FURNACE IPULSE GAS FjUN. I
RES. I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL | ELEC. I GAS I ELEC. |

....... 1 NJ ____M!_ { _ M__I__K-_.I_ KRH__I__ FRH ! KH 1_i__ s__1 _ H _IT Ms _ KH__l_ 1 _S GAL __ s_ H WTHMs _H__I
I JAN I 1827.1 15304.1 0.1 4759.1 3710.1 3660.1 1892.1 1892.1 231.1 48.1 166.1 556.1 186.1 48. I
I FEB I 1707.1 11611.1 0.1 3700.1 2688.1 2624.1 1472.1 1472.1 182.1 37.1 127.1 511.1 147.1 37.
I BAR I 1926.1 10441.1 _0. 1 3435.1 2310.1 2222.1 1363.1_ 1362.1 171.1 __33.1__115.1 568.1 138.1 33. 1
I APPR 1857.1 5534.1 0.1 2053.1 1351.1 1238.1 813.1 813.1 106.1 18.1 63.1 533.1 87.1 18. 1
1 MAY 1 1869.1 3358.1 1032.1 1565.1 1121.1 985.i 589.1 589.1 78.1 123.1 39.1 642.1 65.1 123. 1
1_Jo7__ 1 336.1__ 189473I__ 18i0 __.1205_L 987__ 839_ 4___- 4221___ __422. ._ 561___202L- 24 1____684. __ __48.__1 __202 _1
I JUL I 1709.1 0.1 3486.1 854.1 1069.1 876.1 249.1 249.1 38.1 380.1 10.1 854.1 28.1 380. I
I AUG I 1639.1 931.1 3142.1 1056.1 1033.1 852.1 337.1 337.1 41.1 345.1 13.1 801.1 37.1 345.
I SEP__ 1554.1 2235.1 1958.1 1266.1 _1011.1_ 859.1 385.1 385.1 58,1 _20.1 27.1 652.1__ 49.1 220. 1
1 OCT I 1614.1 5233.1 0.1 1902.1 1283.1 1165.1 655.1 654.1 99.1 17.1 59.1 465.1 80.1 17. I
I NOV I 1609.1 8930.1 0.1 2928.1 1935.1 1853.1 1013.1 1012.1 147.1 28.1 99.1 475.1 118.1 28. 1
1__ EC__!__ 1741.1 14796.1 0.1 _ 4594 .1 342 1..1 _3Q 1 1765._I 1765. _I224.1 ...._ ___ 61 .__531. i___l___l_ 47._l
IlANNUALI__20788.1 _8026 l__11418.1 29317 L _21918i2 05531 109561__ 10952 .L 1431.1 __198.__903zj__7273.1__1J64. 1_1498. I

_^_ _ ~____ _ __ ___ ___ SYSTEMS FIRST COSTS _________ ___
I I { C(M c ONEPONTLES C OST PSS____ _ ______ _______ TOTAL I

J NO.1L CONVENTIONAL ELECTRIC SYSTEMS I--_____ _I - AN gNITl/C. Hl. P I_CToQRO L lAXILIAYl.._HEATEEi__DUCTS__I_INSTAL_,_iCOS.__
1 IEL. FURNACE AND WAIER HEATER, CENTRAL ACI 310. I 1129. 1 48. 1 253. 1 275. 1 811. I 482. 1 3308. I

1 2 IHEAT PUMP WITH ELEC. RFS. WATER HEATER 1 310. 1 1199. 1 77. 1 253. 1 275. 1 843. 1 482. 1 3439. 1
JI_3_IHAT PgHPxDESDPEPER EATER WTEIR HEATER 1 310. 1199. 1 77. 1 653. 1 335. I__ 843. 1 _582. i 3999. i

1 _ANNULt CYCLE ENERGY SYSTEMS (ACES) _ I IECH. P.I ICE BIN IPANEL tAUXILIARIW1. HEATER DUCTS I ISTALN. I TOTAI,
I 4 IINI. ACES, BIN= 21.3 M3 PANEL= 70.2 H2 I 4000. 1 3309. 1 4799. 1 830. I 335. 1 1520. 1 638. I 15431. 1
I_ 51-_ LL ACES_BIl=_21. M3 PANEL_ 70.2_M2__1_ 4000 _I 3309,_ _4799. 1__ 830._ __1 335_._ 1_520. __638. 1 15431. 1
L---I__-EOSIL_ L_IREIED _SYSTEMS _I FURNACE I A/C I CONTROL IAUIILIARYI. HEATERI DUCTS I _ NSTALN. TOTA LI.
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 775. 1 1129. 1 26. I 376. 1 270. 1 811. 1 532. 1 3919. I
I 7 lOIL FURNACE, EL. HOT WATER, CENTRAL AC 1 690. 1 1129. I 26. 1 632. 1 275. 1 811. 1 782. 1 4345. I
I 8 IPLSE GAS FURNACE _GAS HWS CENTALAC _ _1 11_25,_ ___129,1 ..1.261. _ 236._ 1 -270. .____811. ___ 532. L__ 4129._1

_____S__________ YS TEM CRISONS ___ __ _
1 ~~~~I~ ~I SYSTEM I MAINT. liST YEAR I1ST YEAR I INCREM. I ENERGY

I I NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY I FIRST PRESENT ILIrE CYCLE COST
I I I (ACOP) WORTH I COST SAVING I COST WORTH I AVERAGE IMARGINAL I
o- _ __ ____._______ ____ ___..__.. ___ 1_ __ _1 __ ___- __ __ _... __ ... 1..____ .... .. ___ -- i--_. __
1 IEL. FURNACE AND WATER HEATER, CENTRAL AC! 1.07 914. 1 527.71 I REF. I REF. 9810. 14032. 1 45290.

I 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER I 1.43 2162. 1 394.53 1 133.18 1 131. 7334. 12935. 1 36304.
I 3 IHEAT PUMP, DESUPERHEATER WATER HEATER B 1.52 1 2468. 1 369.95 1 157.76 1 691. 1 6877. 1 13344. 35257.
I 4 IHIN. ACES, BIN= 21.3 M3 PANEL = 70.2 M2 I 2.85 2432. 1 197.20 1 330.51 1 12123. 1 3666. 21529. 33209.
I 5 IFULL ACES, BIN= 21.3 M3 PANEL= 70.2 M2 2.85 2432. 197.20 1 330.51 1 12123. 1 3666. 21529. 1 33209.
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 2.02 889. 1 524.61 1 3.09 1 611. 16262. 21070. 26130.
I 7 1OIL FURNACE, EL. HOT WATER, CENTRAL AC 1.59 914. I 1070.22 1 -542.51 1 1037. 26151. 31410. 37179.
1 8 IPULSE GAS FURN&ICj GAS HW,_CENTRAL AC___ I _.43 I 960. I 431.61 I 96.10 I 821 13316. I 18__406-__ __228_ J 1._



CHICAGO, ILLINOIS

167 SQ I HOEB, WELL INSULATED EL. ($/KWHR) - 0.0564, 0.0850 PUF - 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) * 14228. GAS ($/THERM)- 0.3953. 0.8150 PUF = 31.67, 16.48 OUTDOOR TEMP. = -21 C 33 C
DESIGN COOLING LOAD (WATTS) - 5661. OIL (S/GAL.) - 1.1300, 1.4600 PWF - 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.21

-~~ _LOADS_______ -SGDESIG! AND PERFORMANCE __
I I BUILDIN6 LOADS I . SISTEB EBNRGY CONSUOPTO__ __ _ __ ____

WATER I SPACE I SPACE I (1) 1 (2) (3 I (4) I (5) I (6) I (7) 1 (8) I
MONTH I HEAT I EAT I COOL ELEC. I HEAT I HP I HIM. I FULL I GAS FORAC __I OIL FORNACE IPULSE GAS lURN. I

~I |I I I I RES. I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I
__ _......_"J___ I ___ J___-___'__i--__5W ! __i[_ _ B W __IRSH I_ l H__LTHEB__Si K__ "___i_ G L_t_i_.HlI__rg!ii__Ei jL__

I JAN I 1851.1 14941. 0.1 4665.1 3425.1 3362.1 1837.1 1837.1 227.1 47.1 162.1 561.1 183.1 47. 1
I FEB I 1729.1 12057.1 0.1 3830.1 2708.1 2627.1 1522.1 1529.1 188.1 38.1 132.1 519.1 152.1 38. I
I HAR 1 1915.1 10203.1 0. 3366.1 2193.1 2075.1 1339.1 1351.1 168.1 32.1__Jj13& _564.1 136.1 _32. 1
1 APR 1 1784.1 4856.1 0.1 1845.1 1225.1 1108.1 731.1 736.1 97.1 15.1 56.1 511.1 79.1 15. I
I MAY I 1717.1 2120.1 1199.1 1197.1 924.1 805.1 437.1 438.1 59.1 137.1 26.1 615.1 50.1 137. I
LJI.I___ 6I __26.1 _ __ 32421___ 778__ .55L 784.1 _22L_ 224L_ _1 32__ j l__3_54L__ 6. 7781____51_ _J4. _
I JUL I 1451.1 0.1 4583.1 902.1 1090.1 876.1 552.1 235.1 25.1 499.1 1.1 902.1 24.1 499. 1
I AUG I 1380.1 0.1 3845.1 802.1 972.1 789.1 733.1 216.1 26.1 419.1 3.1 802.1 23.1 419. I
I SEP I 1337.1 1050.1 1656.1 844.1 _ 741.1 636.1 351.1 283.1 38.1 18 .1 14.1 555.1J_ 33.1 184. 1
I OCT 1457.1 2975.1 0.1 1231.1 884.1 788.1 427.1 434.1 66.1 9.1 36.1 414.1 55.1 9. I
I NOV I 1529.1 8299.1 0.1 2730.1 1739.1 1636.1 964.1 989.1 137.1 26.1 93.1 451.1 110.1 26. I
_1DEC_ __ 17261__ 134551_ __. _0.__417._L_2 97 0_ L2887.1J 1613.1 1613.1 j207 1____4 3 1__ 47. ___522.1 __166.1__ _43.

1 A!UAL__2OL 191 . 69956.1 _1432.1_2_6407s 19832.1 18374.1 10732.1___9885 .1 1270._1 180_ 5.1 _788.L__7194.j 1036.1 1805. 1

_________ ____ _ _ __ ______ _ _ SYSTEMS FIRST COSTS ______ _ _____
|I ~ ~ - -I I COMPONENTS COSTS , S ____ __ TOTAI I

I NC.l CONVENTIONAL ELECTRIC SYSTEMS IFAH UNIT IA/C. H.P.I CONTROL IAUXILIARYI _. HEATERI DUCTS I INSTALN_.I COST. $ I
I 1 IEL. FURNACE AND WATER HEATER, CENTRAL ICI 310. 5 1129. ) 48. 1 253. 1 275. | 811. I 482. I 3308. I
I 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER I 310. I 1199. 1 77. 1 253. 1 275. 1 843. 1 482. 1 3439. 1
I 3_1HEAT PUHDEDESUPEREATER WATE__HEATER __i 3 _3 l__ 1199._ 1 _ 77_I_ .65_....335_J 3. 1 _ 582. I _3999. 1
I ___.__NUAL CYCLE ENE.GY STSTES (ACESI I IECH. P.l ICE BIN I PIAEL IAUXILIARYII. REATERI DUCTS I INSTALH.I TOTAL. tl
1 4 tMIN. ACES, BIN= 20.8 R3 PANEL= 76.3 M2 1 4000. I 3238. 1 5140. I 830. 1 335. 1 1520. 1 638. I 15701. I
I 5 IFOLL ACES. BIN= 45.6 _3 PPEL= 46._9 H2 __ 4Q000 _J__4660., _ 3492. ____830. __ 335._ ___520.__1 638. 1 15474. 1
I _l_ ?OSSILEQeLnaIRED _SSTEMS--__ ______ J FURACE I A/C I_COITBROLAIAXI IABYIl.HEA.TEM-iL_ S__ __!STALS ,_TI AIL

6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC | 775. I 1129. I 26. I 376. | 270. | 811. I 532. I 3919. |
I 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC I 690. I 1129. 1 26. 1 632. 1 275. 1 811. 1 782. 1 4345. I
1 8 IPULSE GAS FORNACE. GAS HW,_CENTRAL AC 1125. 1 1129. I 2. 1 236. 1 _27_0. H. _ 811. 532 -- _ I- 4129--

__ S YSTEM COPl_ I______ SO
-I~ I~ - ---------I- SYSTEM I MAINT. 1 ST EAR 1ST IR ICRE ENERGY | I

N Ei CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERGI I FIRST I PRESENT I_LIFE_CYCLE COST I
|~~I I~ I~ {(ACOP) I WORTH I COST I SAVING I COST I WORTH AVERAGE IMARGINAL I

I NO.1 ___I J. I . I S I I I I . I II I } I
I 1 |EL. URRNACE AND NATER HEATER, CENTRAL ACI 1.09 1 914. 1 1489.61 RBEF. I REF. I 27692. 1 31914. 1 41213.
I 2 HIEAT PUMP WITH BLEC. RES. WATER HEATER B 1.46 1 2162. 1 1118.70 | 370.91 I 131. 1 20797. 1 26397. 1 33381. I

3 IHEAT PUMP, DESOPERREATER WATER HEATER I 1.57 1 2468. I 1036.50 1 453.11 1 691. I 19268. 1 25735. 1 32206. I
1 4 11iN. ACES, BIN- 20.8 M3 PANEL= 76.3 12 1 2.69 I 2432. ) 605.36 1 884.24' 1 12393. 1 11254. 1 29387. 1 33166.

5 IFULL ACES, BIN= 45.6 M3 PANEL- 46.9 M2 1 2.92 1 2432. 1 557.63 1 931.98 1 12166. I 10366. 1 28272. 1 31753.
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 2.03 1 889. 1 603.78 1 885.82 1 611. I 17790. 1 22598. I 24392.

7 OIL FURNACE, EL. HOT WATER, CENTRAL AC 1 1.61 1 914. I 1295.85 1 193.75 1 1037. I 30017. 1 35277. 1 34288.
l.oiLtSE GAs AFO!iAcE._GAL__SC TBAL AC _1 __.22 __ 960. 1 _511.1997_ 978.iLa1_ _8A1. 1 1485,8. 1 19947. 1 21527. I

tN i2



EAST ST. LOUIS, ILLINOIS

167 SQ M HONE, WELL INSULATED EL. ($/HRRR) , 0.0446, 0.0850 PRF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMHEB
DESIGN HEATING LOAD (WATTS) " 12124. GAS (S/THBER=) 0.3702, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEMP. = -16 C. 35 C
DESIGN COOLING LOAD (WATTS) = 6955. OIL (t/GIL.) = 1.0600, 1.4600 PRF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.24

-___ _~______ ________________DESIGN AN o FO_ _ N___. ------_P_- -- _ _ ___-___
I i_._.Bg!LD______ o _____ ___ _ SX.STE ElBGY CONSlTiON____ _ I

I WATER SPACE I SPACE I (1) (2) 1 (3) 1 (4) 1 (5) I (6) i (7) 1 (8) I
MONTH I HEAT I HEAT I COOL I ELEC. I HEAT B HP I HIN. FUPLL JI _GS_ URNAC__I O!LfRNACE _IPULSE-_GASF PLII

I I I I ~RES. I PUEP DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I
__I ._1 J L _ I HJ ! 1 KWHl KVH I KWH I KwH ITHRH S I _KW9_ I GAL _1 _ KHL__JHEEHS I KWH_I

I JAN { 1920.1 12016.1 0.1 3871.1 2746.1 2659.1 1563.1 1563.1 189.1 38.1 132.1 571.1 154.1 38. 1
FEBR 1743.1 9986.1 0.1 2980.1 1999.1 1905.1 1213.1 1221.1 147.1 28.1 99.1 513.1 121.1 28. |

iAR_1___l 832. L 9 __6983.L ____0_ 2449. _ 158 ._1472 ,. j 991. 1__ .J. I _ 12 .. ..1____22 1___79 . 1___ 31 ___1 02. 1____.22_
I APR 1 1600.1 2494.1 888.1 1234. 903. 795. 467. 532. 61.1 105. 30.1 549. 52. 105. |

MAY I 1433.1 655.1 2698.1 874.1 878.1 728. 277.1 277. 33.1 296.1 9.1 694.1 31.1 296. {
I JON I 1201.1 0.1_ 4675.1 843.1 1035.1 843.1 541.1 207.1 21.1 _509 1 __ 1 J. _ 843.1 _20.1 5 09. 1

JUL { 1120.1 0.1 6378.1 1006.1 1256.1 1031.1 1171.1 223.1 19.1 695.1 0.1 1006.1 19.l 695. {
AUG I 1109.1 0.1 6042.1 966.1 1205.1 993.1 1115.5 217.1 19.l 658.1 1.1 966.1 18.1 658. {

l_SEP__L_ I116 7-1 _____ . ..__ 356 ____ 0. _ 89 __ _ 669, 1___ __ 1 1__2 5. _ _381,1 __ 6__6- 1___706 _1 _ _1 3e 1. _1
OCT I 1392.1 1812.1 1326.1 1034.1 817.1 705.1 325.1 336.1 49.1 150.1 23.1 537.1 42.1 150. {

t NOV 1 1554.1 5458.1 0.1 1948.1 1260.1 1166.1 710.1 787.1 99.1 17.1 62.1 449.1 81.1 17. 1
I DEC I 1802. 1 10311.t _ 0. 3365.1 _2258.1 2159.1 1329.1 1375.1 166.1 _33. 114.1 533.1 __135.__ 33. 1
I ANNUALI 17872.1 48715.1 25508.1 21277.1 16836.1 15190.1 10372.1 7964.1 953.1 2933.1__556.1 7898 1___7_941__ 2933 _1

_ _____----_--- __- _SYSTEMS PIBRS COSTS _ _ _ ___ __________ _ ________-_________ __--_
\!I ACO IOA__C _ IT5 __ l NT - --. ____ _COPON ENTS COSTS_$__ --- _ _ _ ___ _-_I TOTAI I

I_NOl- CONVENTIONAL ELECTRIC SYSTEMS ___NI___ .P_IL,.LI CONIICL IUXILIA .R __HEiTE CT__S__L STALN CST_
I1 IEL. FURNICE AND WATER HEATER , CENRAL ACI 310. { 1279. 1 48. 1 253. 1 275. 1 907. 1 534. 1 3606. 1

I 2 IREAT PUMP WITH ELEC. RES. WATER HEATER B 310. 1 1199. 1 77. 1 253. 1 275. 1 843. 1 534. 1 3491. 1
1 3 IHEAT POMP DESUPERHEHTER WATER HEATER _310. 1 1199. _ 77. I 653. 1 335 . 843. 6_____64. 4051._
I I ANNUAL CYCLE ENETGY SYSTEMSIACES)___ ECH. P.I ICE BIN-I _ -I--PANEL. I -IA I ---L_H&EA- -I__-B-CTlI-NA-LNI-T-A-ii

4 l(IN. ACES, BIN= 17.3 R3 PANEL= 20.8 M2 1 3500. 1 2882. 1 2031. 1 710. 1 335. 1 1267. | 638. 1 11363. I
J_5_jlFUL ACESLBIN=_ 97.5 M3 PANEL= 1.7 12_ 1 3500. 1 6931. I 960. 1 710. 1 _335. 1 1267. 1 638. 1 14 342.
J__ FOSSIL FUEL FIRED SYSTEMS I_ FURNACE 1 A/C I CONTROL I AXILIARY I. HEATERI__ DTS INSTALN.I TOT&I l,_
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC { 745. 1 1279. 1 26. 1 376. 1 270. 1 907. 1 584. 1 4187.
I 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC 690. 1 1279. 1 26. 1 632. 1 275. 1 907. 1 834. 1 4643. 1
I___8-ULSE__AS__ _NACE,__GAS___H_CENTRACL_A__ 125.1___1279._ __26 1 236. ___-__20_ _ _907_L__ 584 1 4427. I

___s______ ____SYSTEM COPAISONS___ ____ ______
- -I -I SYSTEM I NAINT. 1ST YEAR 1ST YEAR I INCREM. I ENERGY

NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY ENERGY FIRST I PRESENT LIFE CYCLE COST I
5~ 5~I 5 ~I (ACOP) I WORTH I COST SAVING I COST WORTH I AVERAGE 11ARGINAL

IL-JOi _ I ___ ! ! ... ..____ __ _ _______ ___. ______ _ ______
I 1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 1.20 1 914. 948.74 RBEF. I REF. 1 17637. 1 22157. 1 34325.
I 2 IHEAT PUMP WITH ELEC. RES. WATIR HEATER 5 1.52 1 2162. 1 750.71 1 198.03 1 -115. 1 13956. 5 19609. 1 29237.

3 IHEAT PUMP, DESUPERHEATER WATER HEATER ! 1.68 1 2468. 1 677.30 1 271.44 1 445. 12591. 19110. 1 27796.
4 IHIN. ACES, BIN- 17.3 H3 PANEL- 20.8 P2 1 2.47 I 2432. 1 462.48 1 486.26 1 7757. 1 8598. 1 22393. 1 28324.
5 IFULL ACES, BIN= 97.5 M3 PANEL= 1.7 M2 I 3.21 1 2432. 1 355.13 1 593.61 1 10736. 5 6602. 1 23376. 1 27930.
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 1 2.09 1 889. I 483.55 1 465.19 I 581. 1 13603. 1 18679. 1 21983.
7 )OIL FURNACE, EL. HOT WATER, CENTRAL AC 1 1.65 1 914. 1 941.54 1 7.19 1 1037. 1 21429. 1 26985. 29998.

1 8 IPOLSE GAS F!BRACE. GAS B, CENTRAL AC I 2.39 1 960, 1 424.62 1 524.12 1 821. 1 11737. 1 17124. I 20156.



URBANA, ILLINOIS

167 SQ N HOBE, WELL INSULATED EL. (t/KIHR) - 0.0481, 0.0850 PBF = 18.59, 16.48 DESIGN WEATHER: WINTER SUEEBR
DESIGN BEATING LOAD (MATTS) - 13299. CAS (S/THERm) - 0.3702, 0.8150 PIF = 31.67, 16.48 OUTDOOR TEBP. = -19 C 33 C
DESIGN COOLING LOAD (WATTS) - 6208. OIL (S/GAL.) = 1.0600, 1.4600 PUF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.19

_ _ DESIN_AIRD PERFORaANCE ____-_____C
! I BUILDIN_ G LOADS _____I__ - SYSTEM ENERGY CONSUPTIN _ _
I WATER I SPICE I SPACE I (1) I (2) (3) 1 (4) (5) I (6) (7) (8)

ONTH I HEAT HEAT I COOL I ELEC. I HEAT I HP I SIN. FULL I GAS FURNACE I OIL FURNACE IPULSE GS FURN. I
|~I I g~BI I RES. I PUOP DS I ACES I ACES I GAS I LEC. I OIL I ELEC. GAS I ELEC. I

L _..... _ ._ __ J - _ - .J__I I _L _ H_JU_ J KH I t__ 1 ITHEB S .I W H__j1 GAL_.L_ RH_ LTERBS__I li I
I JAN I 1853.1 15610.1 0.1 4851.1 3684.1 3632.1 1936.1 1936.1 236.1 49.1 169.1 564.1 190.1 49. I
I FEB I 1729.1 12078. 0.1 3836.1 2739.1 2668.1 1538. 1544.1 188.1 38.1 132.1 519.1 152.1 38. 1
I MARp 1901.1 9487.1 0.1 3164.1 2074.1 1963.1 1262.1 289 159.1 30.1 105.I1 558. 1 128.1 _ 30. 1
I APR I 1751.1 3991.1 0.1 1595.1 1110.1 996.1 635.1 647.1 84.1 13.1 46.1 499.1 70.1 13. 1
I MAY I 1661. 1221. 1966.1 1015.1 906.1 768.1 354.1 354.1 45. 218.1 16.1 680.1 40.1 218.
_JN 1__ l5__ __ ___ _ 0. _3842t.1____823A_ _1000.o-__810.1 224,1___ 22 _. 8. __41_91.____-4_ __8231J ___241__ 419._

I JUL 1368.1 0.1 5016.1 927.1 1127.1 906.1 765.1 232.1 23.1 546.1 1.1 927.1 23.1 546. 1
I AUG I 1300.1 0.1 4977.1 903.1 1106.1 900.1 933.1 223.1 23.1 542.1 1.1 903.1 22.1 542. I
1 SEP I 1274.1 682.1 2750.1 843.1 844_. 699.1 543.1 339. 31.1 302.1 10.1 656.1_ 28.1__02.
I OCT 1412.1 2629.1 897.1 1220.1 871.1 763.1 401.1 263.1 61.1 106.1 32.1 498.1 50.1 106. I
I NOV I 1507.1 7682.1 0.1 2553.1 1630.1 1528.1 907.1 960.1 129.1 24.1 86.1 443.1 103.1 24. 1
1_ lC__1_ 720 .. I__13383._ _ 0 _._ 1__96,L_.2992.1_± 2916, ! 1632.1 1_ 64it:i 205.LJ___42-.__146. 1 ___ 520-i.___6_5.l.__._42_
LAE!ulLl 1 8931. L66764_ 1 9447.1 25925_ 200838 1854.1 11131. _ 9659.11213. _ 23 30.J__748.1__7589.1__ 995._ 2330. I

___ ___________ _ __ _ ____ _ _-___ _ SYSTEfS FIRST COSTS _
I I CI _ COMPONENTS COSTS, SI TOTAI I

I NO.I CONVENTIONAL ELECTRIC SYSTEMS IAIN A NIT IA/C. H.P.I CONTROL IAUXILIARYI . HEATERI DOCTS I INSTALN.1 COST. S I
1 EL. FURtNCE AND MATER HEATER, CENTRAL ACl 310. I 1129. 1 48. I 253. I 275. I 811. I 482. I 3308. I

I 2 IHEAT PUMP WITH ELEC. RES. WATIR HEATER I 310. I 1199. I 77. 1 253. I 275. I 843. I 482. I 3439. 1
I3 IEAT PUP,. DESUPERHEATB iWATER_ EATER _310. 1 1199. 1 _77. 1_ 65,3_1___35^_1 _843. 1 58_2. __ 3999 1
_1_ NAL CCLE EEG S STSE0S ACESC) _ _IECH. P.l ICE BIN I PANELlAUIILIABYI1. HEATERI DUCTS I INSTALN.I TOTAl. $t

I 4 111N. ACES, BIN= 21.7 M3 PANEL= 42.6 12 I 4000. I 3241. I 3253. I 710. 1 335. I 1520. I 638. I 13696. 1
j15 ILL ACS. BIN= 64A.9_3 PAEfli 18.5 2 I__I 000, _ 5550, _1903. 1___710. _ ..__335_1__ 1520._1___ 638._ J_14655._

… -__1_-I gSSI. P LE D_ SYT S______ -I P CE I I 2__£IL .A XILIRI ._HEATE L.__DPUCTS__IIiiIAL.TOTI_11
I 6 IGAS FURNBCE, GAS HOT WATER, CENTRAL AC 775. 1129. I 26 I 376. I 270. I 811. I 532. I 3919. 1
I 7 lOIL FURNACE, EL. HOT IATER, CENTRAL AC I 690. I 1129. I 26. l 632. I 275. l 811. I 782. I 4345. 1
1 8 IPULSE GAS FURNACE. GAS UH._CETBRA& AC 1 1125. I 1129. 1 26. i 236. I 270. I 811. 1 __532_1__ 4129._

________ _____!__I_-____ _XSTa-_ISQ_ __T _____________ ____________ _ ... _.
I I I SYSTEM I MAINT. I1ST YEAB 1ST YEAR I INCREM. ENERGY I

I I CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY I FIRST I PRESENT _I _LIE_CI_C__QST__1
I I( (ACOP) I OBRTH I COST I SAVING I COST I NORTH AVERAGE IMARGINAL
I NOO. ____I _ _ I S I I _ I S I S I I

1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 1.13 I 914. I 1246.48 I REF. I REF. I 23172. 27394. 1 40538.
I 2 1EAT POUP WITH ELEC. RES. WATIR HEATER I 1.45 1 2162. I 965.57 I 280.91 I 131. I 17950. 1 23551. 1 33732.

3 IHEAT PUMP, DESUPERHEATER MATEB BEATER I 1.57 I 2468. I 891.84 I 354.64 I 691. I 16579. 23046. 1 32450.
4 18IN. ACES, BIN- 21.7 13 PANEL= 42.6 H2 1 2.62 I 2432. I 535.16 I 711.31 I 10388. I 9949. 1 26077. 31720.
5 IFOLL ACBS, BINR 64.9 83 PANEL- 18.5 12 I 3.02 I 2432. I 464.39 I 782.09 I 11347. I 8633. 1 25720. 30617.
6 IGAS FURBACE, GAS HOT MATER, CENTRAL AC 2.06 I 889. I 560.95 I 685.53 I 611. I 16300. 21108. 24359.

I 7 lOIL FURNACE, EL. HOT WATER, CENTRAL AC 1.64 I 914. I 1157.65 I 88.82.1 1037. I 26801. 1 32060. 33885.
I 8 IPLSB GAlS FBNCE. GAS HS. CENTAUL C I _2.A2 I 2_60. I 480.48 1 766,00 1 ___L821t 13751.._ 1 18841. 21121L.

\ '-~~~~~~~~~~~~~~,.. · " ;



FORT WAYNE, INDIANA

167 SQ N HBOE, WELL INSULATED EL. ($/KAHR) = 0.0400, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUBlER
DESIGN HEATING LOAD (WATTS) - 13292. GAS ($/THEBBR= 0.3697, 0.8150 PBF = 31.67, 16.48 OUTDOOR TEMP. = -19 C 32 C
DESIGN COOLING LOAD (WATTS) - 5651. OIL (S/G.L.) - 1.1100, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.16

--- n_---_-_-_______S_--.„T-.- _- _ _ SlGgjipjoe iABC__ __ ___________A?_ ______ ___________
I l….....__.BIL DIN._ LaoDS___ I __________-STE__lEG_ CN SUM PTIOR ____________ _

I WATER I SPAC I SPACE I (1) (2) 1 (3) I (4) I (5) I (6) I (7) 1 (8) 1
ONTH I HRET I HEAT I COOL I ELEC. I HEAT I HP I MIN. I FULL l__GAS__fqURAc_--__i OIL _Pa _IA _ LIUISE-_G_s_Ap..NI

1 !I I I RES. I POUP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. 1
A_. --- LBj-- --- J ! , I. !W.1_{IiaRp lS i K! I NJ I K__ I KWH Ii Kio NI KWH ITHERMS i KWH GAL I KW ITHERS j KWi
I JAN I 1866.1 14016.1 0.1 4412.1 3165. 3094. 1769.1 1769.1 216.1 44.1 153.1 563.1 174.1 44.
I FEB I 1734.1 10623.1 0.1 3433.I 2342.1 2250.1 1382.1 1394.1 170.1 34.1 117.1 515.1 137.1 34. I
1_jR__ 1___18_9i. ___i9 1__ 0.1_3080. __20111. I2__291 __I 1232.1 262 L__1551 ____29.1__I2 5561___ 125.1 29. _1
I APR I 1743.1 4186.1 0.t 1647.1 1140.1 1024.1 657.1 672.1 87.1 13.1 49.1 498.1 72.1 13.
I MAY I 1651.1 1741.1 1472.1 1102.1 898.1 774.1 392.1 392.1 52.1 166.1 22.1 624.1 45.1 166. I
L_JU__jI 1446.1 _ 0, .1 3510.1 784.1 956.1 78!.1 21. 1 219.1 29.1 382.L__5.1 784.L ___ 24.1 _382. 1
1 JUL I 1366.1 0.1 4823.1 905.1 1099.1 880.1 738.1 229.1 24.1 525.1 1.1 905.) 23.1 525. I
I AUG I 1306.1 0.1 4490. 852.1 1041.1 846.1 845.1 217.1 24.1 489.1 2.1 852.1 22.1 489. I
_5sEP__ i 12L7. ____798.11__261_ 1__862,L _ 8_JL.l 69 7 __ 515.L _2217l1 _ 33__286i___! 11. ___6431_ 30._3 i___2e6._i
I OCT I 1431.1 3034.1 701.1 1317.1 910.1 803.1 442.1 456.1 67.1 86.1 36.1 4894.1 55.1 86. 1
I NOV I 1527.1 7808.1 0.1 2593.1 1628.1 1524.1 938.1 995.J 131.1 25.1 88.1 449.1 105.1 25. 1
L Dc_l. 1739. 1 11888,1 __,J1 3786.1 2582.1 2485.1 1480±1 517.il 187.1 38:.) 130.]L_ 2hj__ 15 0.1 3_.- l
I AlNA !lI__18994.1 63282.1 17595.1 24773.1 18613.1 17058.1 10608.1 9390:1 1174.1 2117,1 714.1 7394. 1__961._1 2117. j

_______STEMS IST COSTS________________________________________
I I ! 1 _ ._____Co !g ET QT _i_____N__ _ __ - _______- j TOTAL I
I .oI-_ -CONVENTIONAL_ ELECTRIC_SYSTEHS … A_____I ___C. I CH RONTROLHATE1 DITSIL B IYNS_HTENTERST D T_
I 1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 310. 1 1129. 1 48. I 253. I 275. I 811. I 482. 3308. I
I 2 IHEAT PUOP WIIH ELEC. PES. WATER HEATER I 310. I 1199. I 77. I 253. I 275. I 843. I 482. I 3439. I
1 3 IHEAT POP.DgESUPERRBATFR WATER HEATER _310. 1 1199. 1 77. 1 653. 1 335. 3843.____ 5 82 _ L__3999._1

,_iAINIHJAL CYCL.E FNE.G_ SYSTE3S_ NCES _I _L HB_P._ICE BJI I_L_PAaEL__l _XILIaI LW. HEATERL_ D__uCTS__l_IBTSTiLNI_T.TAilI
1 4 IRIS. ACES, EIN- 19.7 M3 PANEI= 40.2 12 I 4000. I 3111. I 3117. I 710. I 335. 1 1520. I 638. I 13430. 1
1_5 flZL CES._BI1= 16.:9 a3 PANEL= 17.3 B2 I 4000. I 5168. I 1836._1 710. 1 33 5. | 1520. 1 __63_1 206. 1
JI_ - OSSITPleL FIRED SYSTES ____ FURNACE I A/C I CONTROL JAUhI A LTAYIW. HEATEJ DUCTS__ I NSTALN. 1 AOTL. Si
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC j 775. I 1129. I 26. I 376. 1 270. I 811. 1 532. 1 3919. I
I 7 lOIL FURNACE, EL. HOT WATER, CENTRAL AC I 690. I 1129. I 26. I 632. 1 275. I 811. I 782. I 4345. I
L_-8_IPULS _GAS_1 PRUACJ,_HGS_ HB, CENTRALAC _Lj 1125ll __I 129 I .2__.___26 L_ 236 _1____2 . ___811 _L__ 532. I 4 12 9 I_1

__SYSTCOMIPARISONS -- ___ __ __
I II SYSTEM MAINT. 1iST YEAR 1IST YEAR INCREM. I ENERGY I
I I NEW CONSTRUCTIO ALTERBHNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY I FIRST I PRESENT i LIFE CYCLE COST 1
I I I (ACOP) WORTH I COST I SAVING COST I WORTH I AVERAGE IARGIAL I
Lo______________I __ _ 1 ___!_ L_.--lI-- -- lt--
I 1 EL. POFURNICE AND WATER HEATER, CENTRAL ACI 1.12 1 914. 1 991.43 1 REF. REF. I 18431. 1 22653. 1 38925.

2 (HEAT PUMP WITH ELEC. RES. WATER BEATER I 1.49 1 2162. I 744.87 246.55 1 131. 1 13847. 1 19448. 1 31673.
I 3 IHEAT PUMP, DESUPEBREATER WATER HEATER j 1.63 1 2468. 1 682.65 1 308.78 1 691. 1 12690. 1 19157. 1 303E1.

I4 |H11. ACES, BIN- 19.7 M3 PANEL= 40.2 B2 1 2.62 I 2432. 1 24.52 1 566.91 1 10122. 1 7892. 23754. I 30722.
5 IFULL ACES, BINB 56.9 M3 PANEL= 17.3 52 I 2.95 1 2432. 1 375.80 1 615.63 1 10898. 1 6986. 1 23624. 1 29792.

I 6 IGAS FUORAC], GAS HOT WATER, CENTRAL AC I 2.04 I 889. 1 518.68 1 472.74 1 611. 1 15318. 1 20127. 1 23539.
I 7 tOIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.62 1 914. 1 1088.61 1 -97.18 1 1037. 1 25517. I 30776. 1 32800.
I 8 IPULSl GAgIJURNAC. GAS R. CENTRAL C _1 2.41 1 960. I 439.95 I 551.48 I 821. 1 12825. 1 17914._1_ 2060 _1



INDIANAPOLIS, INDIANA

167 SQ N HOME, WELL INSULATED EL. ($/KIHR) - 0.0401, 0.0850 PpF - 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER

DESIGN HEATING LOAD (WATTS) - 12814. GAS (S/THER )- 0.3633, 0.8150 PPF - 31.67, 16.48 OUTDOOR TEMP. = -18 C 32 C

DESIGN COOLING LOAD (WATTS) - 5980. OIL (S/GAL.) = 1.1400, 1.4600 PIF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.22

-_ __ DESIGN AND PERFORMANCE _B_________---

I -I BUILDING IOADS II- _ SYSTEH ENERGY CONSUMPTION 1

I I WATER I SPAC! SPICE (1) I (2) ! (3) I (4) I (5) I (6) I (7) 1 (8) I

I ONTH I HEAT I HEAT I COOL IELEC. HBEAT I BP I BIN. PFULL I GAS FURNACE_ QI OIL FRNACE IPULSE GAS FYUN, I

I I I I I RES. I PUMP DS I ACES I ACES I GAS I ELEC. OIL | ELEC. I GAS | ELEC. I

...._ J _J J _ g__l___ I__ I pBH I KH I K i a____ls m--w-£-"- - aGA _LLH_.SLT MS __I__W .

I JAN 1 1901.1 12869.1 0.1 4103.1 2881.1 2798.1 1655.1 1655.1 202.1 41.1 141.1 569.1 163.1 41.1

I FEB I 1744.1 9577.1 0.1 3145.1 2103.1 2004.1 1276.1 1286.1 157.1 30.1 106.1 515.1 127.1 30. I

I MAR I 1869.1 8164.1 0.1 2787.1 180 1693.1 1123.1 11 69.1 141.1 -- 26.1 91.1 545.1 114. 26. 1

APR I 1674.1 3489.1 0.1 1434.1 1035.1 923.1 577.1 604.1 76.1 11. 41.1 476.1 63. 11. I

I AY 1 1544.1. 1351.1 1653.1 9844.1 84q4.1 719.1 350.1 350.1 45.1 184.1 17.1 613.1 39.1 184. 1

__6. 411. 816.1 80 214. _ 214. .25.__ ° __4_L__ L _8 16. 1___ 2 1 _ _48-I

I JUL I 1246.1 0.1 5418.1 936.1 1150.1 930.1 1008.1 223.1 21.1 590.1 0.1 936.1 21.1 590. I

I AUG I 1212.1 0.1 4993.1 881.1 1081.1 882.1 931.1 213.1 21.1 544.1 1.1 881.1 20.1 544. I

1 SEP I 1233.1 0.1 292. 1 662.1 842.1 696.1 569.1 293.1 29.1 319,. 8.1 662.1 1.1 1

IOCT I 1420.1 2656.1 916.1 1232.1 881.1 771.1 408.1 429.1 61.1 108.1 32.1 503.1 51.1 108. I

I NOV I 1549.1 7173.1 0.1 2423.1 1538.1 1440.1 883.1 949.1 123.1 23.1 81.1 453.1 99.1 23. I

DI DC _ 1779. 11 ___. 0.1 3571. 2L24 06. 23061 1407._ 1456_ 4 jI1 7 1771___35i __1 22a.L__529.1___124 __ __5_

I JNi lij 18i49
7 .j__i 635 J 1__023.1-22976_ .17564 . 15970.1 10401.1 88411 1i079. L_2601__ 6142. _74981 _882.1 2360. 1

_ _ __ _ _ __ _ _ _ _ _ _. _s___ _Ys_.~T 3 Es F.s_ _COSTS ._SYSTEMS .UST COSTS CO---_ ---- --- --------------------

-I I !------------_I_ C M PO BNE TS C OST _ $ ____ _ TOTAl I

_i°1. CONENTILONL ELECT IC SY TEgS __ _ IFAN UNIT IA/C. H.P.I CONTROL IAUXILIARYIW . HEATEI DUCTS I INSTALN . COST.

I IEL. FURNACE AND WATER HEATEB, CENTRAL ACI 310. 1 1129. 1 48. 253. 275. 811. 1 482. 3308.

! 2 1HEAT PUMP WITH ELEC. RES. WITER HEATER I 310. I 1199. I 77. I 253. I 275. 1 843. 482. 3439.

1 3 IHEAT PUMP. DES PEQREAiER WATER HATER I 310. __1 99. 1 77__ 653._1 33 5._ _ . 1 582. 1_--399-1

~1~.. E_ C A!_±PI I ~IJ!Cy1E R PEANE tOXILL.RY_ .CTYSl DUCTS- EINST ALN .TOTL_, $I

1 4 lMIN. ACES, BIN= 18.3 M3 PANEL= 26.5 M2 I 3500. 1 2991. I 2351. 1 710. I 335. I 1267. 1 638. 1 11793. 1

15 IFULL ACES. BIN 70.3 M3 PANELS 8.4 M2 3500. 1 5772. 1 1333. 1 710. 1 335. 1 1267. 1 __638.1_ 13556_i.

*j I FOSSIL FUEL FIRED SYSTEMS _ _li _ NC I L/C I NT8OL .AXIIkARY-I !ATERI DCTS _ INST AL i.TOTiL,

I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 775. I 1129. 1 26. 376. 270. 1 811. 532. 1 3919.

1 7 10IL FURNACE, EL. HOT WATEP CENTRAL AC 690. I 1129. I 26. I 632. 1 275. I 811. I 782. 4345.

I_ 1.ULSE GAS F ._SN.C GAS HR. CENTRAL AC 1125. I 1129. 1 26. 1 236. -270. 1 _ 811. 1 532. 1 4129. _

________ _- _SYST h!_C-P-IsO aS ___ _- ___ _ _ _ _ _ ___ _ _ _--------…--- ------ …-
SYSTEI I MAINT. I1ST YEAR lIST YEAB INCPEM. I ENERGY I

I NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY FIRST I PRESENT I_ _LI C CCST _.

I (ACOP) I WORTH I COST I SAVING I COST I WORTH I AVERAGE IMARGINAL

! 1.o, I _ _ ___ s I . I I IL___ A I 5 I A$.
I1 IEL. FURNACE AND WATER HEATER, CENTRAL ACt 1.15 I 914. I 920.64 RBEF. REF. I 17115. 21337. 1 36407.

2 IHEAT POUP WITH ELEC. RES. WATER HEATER I 1.50 1 2162. I 703.81 1 216.83 131. I 13084. 18685. 30205.

I 3 IHEAT PUHP, DESUPERHEATER WATER HEATER I 1.65 1 2468. 1 639.90 1 280.74 691. I 11896. 18363. 28837.

4 IBIN. ACES, BIN- 18.3 H3 PANEL= 26.5 H2 I 2.53 1 2432. 1416.76 1 503.88 8485. 1 7747. 21972. 28794.

5 IFULL ACES, BIN 70.3 13 PANEL- 8.4 B2 I 2.98 I 2432. 1 354.26 1 566.38 1 10248. 1 6586. i 22574. 28372.

I 6 IGAS FURNACE, GAS HOT ATER, CENTRAL AC I 2.04 I 889. I 486.53 I 434.11 611. I 14172. 18980. 22605.

7 IOIL FURNACE, EL. HOT WATER, CENTPAL AC I 1.62 1 914. I 1032.89 I -112.25 1037. 1 24079. 29339. 31222.

1 M 8 IPLS8 GAS EURBICE. GAS H,_CEI AL &C _.__. .0 I 96. 1 44182_l 505.66 L___821.^_ 110._ 1995. 1 20241, 1



SOUTH BEND, INDIANA

167 SQ a HONE, NELL INSULATED EL. ($/KHNR) 000.00 0.0850 PPF = 18.59, 16.48 DESIGN WEATHER: WINTER SOUMER

DESIGN HEATING LOAD (WATTS) - 13078. GAS (S/THERM) 0.3697, 0.8150 PUP = 31.67, 16.48 OUTDOOR TEMP. = -18 C 32 C

DESIGN COOLING LOAD (WATTS) a 5472. OIL (S/GAL.) = 1.1100, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.16

___…__ _ I____ I PBBFQBCB______E CONSPTI-- -------------------

I 1- ___.5DIIG SLD _G__-_ __ __ ._.SYSTE!_fEL a CONSui_PIo _ ____ _ I
IW RITER SPACE SPACE (1) 1 (2 1 (3) 1 (4) I (5) (6) (7 (8) 1

MONTH I nEAT I HEAT I COOL I ELEC. I BEAT I HP I BIN. I FULL JI ___GAS _ jR OITL FA£___ _lPOLSB_GAS_ Fajl
| I I I I RES. I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL ELEC. I GAS I ELEC.

n- J I HJ I J I NKH I KWH I KWH I K6H I KNH ITHERNS I KWNH__1 GAL I KWH ITHERMS I KHl I

I JAN I 1860.1 15081.1 0.1 4706.1 3462.1 3405.1 1861.1 1861.1 229.1 48.1 164.1 565.1 185.1 48.

I FEB 1 1736.1 11394.1 0.1 3648.1 2541.1 2458.1 1457.1 1472.1 180.1 36.1 125.1 518.1 145.1 36.

__aAR__l_ 1914.1 _ 975_1.1 __ .1_3241_213, L_2024.1 1288.1 _ 1306.1 162. 1 __311_._ 8 1 J__5621___ 13.____ _31 _

I APR 1 1773.1 4562.1 0.1 1760.1 1189.1 1075.1 699.1 709.1 93.1 14.1 53.1 507.1 76.1 14. I

I NAY I 1694.1 1861.1 1481. 1149.1 930.1 804.1 410.1 410.1 55.1 167.1 23.1 638.1 47.1 167. I

I JUN I 14951 _ 0.1 3168.1 760.1 938.1 769.1 219.1 219.1 32.1 345.1 6.1 760.1___ 25.1 _ 345.

I JUL 1 1415.1 0.1 4359.1 868.1 1048.1 844.1 529.1 228.1 25.1 475.1 2.1 868.1 24.1 475.

AG I 1347.1 0.1 4342.1 847.1 1032.1 839.1 820.1 219.1 24.5 473.1 2.1 847.1 22.1 473.

I SEP ! 1313.1 899.1 23547.1 870L 823.1 687.1 471.1 279,1 35.1 259.1 -12.1__ _623.___lx 311-- 259.

OCT - 1443.1 2925.1 650.1 1284.1 886. 782.5 42 9.1 438. 65. 80. 35. 481. 54. 80.I

I NOV I 1527.1 7624.1 0.1 2542.1 1582.1 1474.1 904.1 936.1 129.1 24.1 86.1 448.1 103.1 24.

I DEC .1732 1 1215.1 __ l1 40411 27S4.L 27Q8, 1 59 i 157_4|__199.1 41.1 1 140._1 5221 159.- 41. 1
JJ_ NUjAJ 19248.1 66913.- 1t63-7.1 25717 t 19360.1 17870.1 10658.1 9651. 1227.1 1993.1 755.1 7340.1__1002,. 1993, I

_ SYSTEMIIRST COSTS ___

I ! / COMPONENTS COSTS. 6 _I TOTAL I

I NO.1 CONVENTIONAL ELECTRIC SYSTEMS --_ __. IH I AA/C. H-.P.I COHTOL _lUILIARI J. -HEATL -DUCTS I - STALN. LC

I1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 310. I 1129. I 48. 253. I 275. 1 811. 1 482. 3308. !

2 IHEAT PUMP WITH ELEC. RES. WATER HEATER I 310. I 1199. 1 77. 253. I 275. I 843. 482. 3439.

_ 3 JAT PU. ES IRHBEATER ATER HEATER I 310. 1 119 77 653. 335. 1 _ _ 3. 1 582. 1 3999. 1

NNUAL CYCLE ENERGY SYSTEMS (ACES) _j IECH. P.ICE BIN I PA I IL lAOUXILIARYIW. qATERI DUCTS I INSTALN. TO . $

4 IMIN. ACES, BIN= 21.0 M3 PANEL= 52.8 M2 I 3500. 1 3186. 1 3824. 710. 1 335. 1 1267. 638. 13461.

L_5_. 1ULLLACES._B_ I _N- .543=_kLEL- _. _1I 3_Q_ 13500. 1 835. -I __329. 1 710 ._ ___335 1 1267. 1 638. I 13615.

_ . . .__FoSSIL YULIRED SYSTEMS _ I . FURACEI A/C I CONTRL1 IAXIIARYII. _HEATEI DUCTS I INS---TALN-I TO__aI, SL

6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC | 775. 1 1129. 1 26. 1 376. I 270. 1 811. I 532. 3919.

7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC | 690. 1 1129. 1 26. 632. I 275. 1 811. 5 782. 4345.

8 IPULSE GAS FUR _E, _GAS B._ CENTRALAC _ I _12__ _ . 1 12. 1i . .1_1____6i- 36. i _ _270 _ _ _81._ I___532_ L_ __41i29-_

_ __ __ _ __SISTEM coP!RILsoN:. -_------ ------ -----
-_-I ! - - -- - -I SSYSTEM I aAINT. IST YEAR 1lST YEAR INCREM. ENERGY I

NE CONSTRUCTION ALTENATIVES EFFIC. I PRESENT I ENERGY IENERGY FIRST I PRESENT I LIFE CYCLE COST I
(ACOP) OBRTH I COST SAVING COST I ORTH | AVERAGE IMARGINAL |

L~O- I ~ ... ____I ___ i S 1_ ---- I--- .I __L-__I --- .--- IL__1

1 IEL. FURNACE AND WATER HEATER, CENIRAL ACI 1.11 1 914. 1029.19 B REF. REF. 19133. 23355. 140246.
2 IHEAT PUMP WITH ELEC. RES. RATER HEATER 5 1.47 1 2162. 774.78 254.41 131. 14403. 20004. 32720.

3 IBEAT POUP, DESUPERHEATER WATER HEATER T1.59 l 2468. 715.14 314.04 691. 13295. 19761. 131499.

1 4 IIN. ACES, BIN- 21.0 3. PANEL- 52.8 N2 I 2.67 1 2432. 426.53 602.66 1 10153. 7929. 23822. 30822.

5 IFULL ACES, BIN= 50.4 H3 PANEL= 26.1 N2 I 2.95 I 2432. 386.24 642.95 10307. 7180. 23227. 29566.

1 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC ) 2.04 1 889. 1- 533.47 495.72 611. 15852. 20660. 1 24083.

I 7 lOIL FURNACE, EL. HOT WATER, CENTRAL AC 1 1.61 1 914. ) 1132.18 1-102.99 1 1037. 1 26631. 1 31891. 1 33715.

I 8 I P.PULS GAS FURNAC1_. IS GIL D C TBlA A i __2.2 i 960, I _-L50.a l_ 578,97 1___ 21. _l__1315-_l_1 30_4_l__ 21_Q0



DES MOINES, IOWA

167 SQ I HONE, WELL INSULATED EL. (S/KIHR) - 0.0546, 0.0850 PPF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) - 14704. GAS ($/THERB)- 0.3697, 0.8150 PIF - 31.67, 16.48 OUTDOOR TEMP. = -22 C 33 C
DESIGN COOLING LOAD (WATTS) = 6181. OIL (S/GAL.) - 1.1100, 1.4600 PPF - 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.20

_--T §_-z'JOAO--_---D_ _DESIGNl _D P EFORBANCE CE -- -_ _ ----- ________ _
1 1 _--BBIN_ tI"-10i___ _.l_ _ ,1 ._... _____ ___YSTE8 EjGlgY CQBPTIgC____TI _ _________ I

I IS r WATER I SPACE SPACE I (1) (2) I (31) ( I (5) ( 6) I (7) 1 (8) 1
I ONTH HBEAT I HEAT I COOL I ELEC. I BEAT I HP I KIN. I FULL I GAS_ZFQBNACE_1_ OIL FaHqAC; _jLULsS_GAS FUiI

I I I I I RES. I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I
!J I RJ I I NJ I JIJ__ -I RW I 6WH I _KRWH I 1KW II KH I THERMS I KH_1 G_ L__ KWH ITHEOHS t KWH_

I JAN 1839.1 16871.1 0.1 5198.1 4116.1 4076.1 2065.1 2065.1 251.1 53.1 182.1 564.1 203.1 53. 1
I FEB I 1726.1 12627.1 0.1 3987.1 2953.1 2891.1 1592.1 1602.1 195.1 40.1 137.1 520.1 157.1 40. I
I RlR__1 1917.I 1 036. _ _ 0.1_ 7_07. _.229 ._ 2189. I 1357j__ 1380.1 170.1 33.1 1141- 565. 1 _ 1371 ____3-

I AP I 1788. 4358.1 0.1 1707.1 1175.1 1058. 679.1 689.1 90.1 14.1 50.1 510.1 74.i 14. 1
I MAY I 1717.1 1344.1 1612.1 1026.1 884.1 759.1 369.1 369.1 48.j 180.1 17.1 657.1 42.1 180. I
1 J 1N I 15171 0. l 3668.1 8211 989.1 805.1 229.1 229. 1 28.1 400.1 3.1 821.1 __25.1 _ 00. I
I JUt 1 1432.1 0.1 5253.1 970.1 1178.1 941.1 614.1 243.1 24.1 572.1 1.1 970.1 24.1 572. 1
i AUG 5 1352.1 0.1 5094.1 931.1 1136.1 916.1 956.1 231.1 23.1 555.1 1.1 931.1 22.1 555. 1
l SEP l_ 1!302L__ -_. 1I O _ 2l0 __ eIs1 __ 7770_1_ 6L426U1_ _ 27. _12-1 ____ _ ___11_.! 22_3_ 12_ _28 .l25_91____ 30.1__ 28 _.i
I OCT 1 1423.1 2760.1 780.1 1247.5 878.1 774.1 413.1 421.1 63.1 94.1 33.1 489.1 52.1 94. I

l NOV I 1500.1 8230.1 0.1 2703.1 1744.1 1643.1 952.1 993.1 136.1 26.1 92.1 443.1 109.1 26. 1
I DEC l 1704.1 13785.1 __0-1 4303.1 _3125.1 3055.1 1670.1 1675.1 210.1 44!1 150z_ 5171 169.1 44 1
1 ANNUALI 192201. _715 2. 184179.1 27119.1_2124.1 19755.1 11323.1 10208.1 1273.1 2239.1 794.1 7578. 10_45.1 22_39.

_ ______________ ____| SL§_STEM_____S IRST COST_ 1
C lc i'1u 5:TKES §I----j---- ------ TOTAL I

NO-L__C £NVETIO2NAL LJCTRIC SYSTEMS __ ___l-- EN_ IT_i/C. H- PL_CQoNTROLlAUXILIjARY I _HEATENR_ DUCTS _iSHTALINiCOSTQ _
I1 IEL. FURNACE AND WATER BEATER, CENTRAL ACI 310. I 1129. i 48. 253. 1 275. 1 811. l 482. 1 3308. l
1 2 lHEAT POUP WITH ELEC. RES. WATIR HEATER I 310. 1 1199. 1 77. l 253. 1 275. 1 843. l 482. 1 3439. l
1 3 IHEAT PUMP. DESUPERHEATER WATER HEATER 1 310. 1 1199. 1 77. 1 653. 1 335. 1 843. ___582. _1 _ 32. l
I J 1 ANNUAL CYCLE ENERGY SYSTES_ LCS L___j M ECH._ P I CE BINl PAiEL L AUXILIII_,L__EATEI _ DUCTS__I I ST A 1_HLTOT.ALh_

4 1NIN. ACES, BIN= 23.2 M3 PANEL= 51.5 12 ! 4000. l 3419. 1 3747. 1 830. 1 335. I 1520. l 638. I 14489. 1
1 5 IPtL ACES. BIN- 59.5 e 3 PANEL: 24.6 M2 1 4000. I 5378. 1 2242. I 830. 1 335. 1 1520. 1 _ 638. 1 14942. 1
! _- FOSSIL FPBLFIRED SYSTEHS ___ NI FURNACE I A/C I CONTROL IAUXILIA¥YIH. HEATEBI DUCTS I INSTALH.I TOTAI. $1
5 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 775. I 1129. 1 26.1 376. 1 270. 1 811. 1 532. 1 3919. I
1 7 jOIL FURNACE, EL. HOT IATFR, CENTRAL AC I 690. I 1129. 1 26. l 632. 1 275. I 811. 1 782. 1 4345. 1
1_8 _LULSE GAS FUNC._GAS Hi. CEHTAI AC _I _1125. I 1129. I ___26__. __ .6 L____270. ___811. .1 532. 1 4129. I

_ _SYSTEM COMPARISONS ______ _____
I l I SYSTEM I HAINT. I1ST YEAR l1ST YEAR I INCREH. ENERGY I
5 I NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY I FIRST I PRESENT I LIFE CYCLE COST I

I I5 (ACOP) I WORTH I COST I SAVING I COST NORTH I AVERAGE IMARGINAL I
Q:_______i_- - _______ ____1 $_ I_____1_ ,___L___--t__I _ I__1_ _--1___ __1
I 1 Bt. FURNACE AND WATER HEATER, CENTRAL ACI 1.12 I 914. 1 1480.69 I REF. I REF. 1 27526. 1 31748. l 42210. l

2 IREAT PUMP WITH ELEC. RES. WATER HEATER 1.42 l 2162. 1 1159.84 ! 320.85 1 131. 1 21561. l 27162. 1 35357. I
3 IHEAT PUMP, DESUPERHEATER WATER HEATER I 1.53 1 2468. 1 1078.60 j 402.09 I 691. I 20051. 1 26518. 3 34139. 1

l 4 IHIN. ACES, BIN= 23.2 H3 PANEL= 51.5 12 1 2.67 i 2432. 1 618.22 l 862.47 I 11180. 1 11493. 1 28413. 1 32782. l
I 5 IFULL ACES, BIN= 59.5 13 PANEL= 24.6 H2 1 2.96 1 2432. I 557.37 5 923.32 1 11634. 1 10361. 1 27736. 1 31674. l
I 6 IGAS FURNACE, GAS HOT WATER, CENTRA! AC 2 2.06 I 889. 1 592.82 5 887.87 1 611. 1 17176. 1 21984. 1 25041. i
l 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC 1.64 1 914. I 1294.76 1 185.93 I 1037. 1 29937. 1 35196. 1 34971. l
1 8 1PULSE GAS FURNACE. GAS WRg_CENTRAI AC I _2.43 1 960. 1 508.49 1 972.20 1 821. 1 14505. 1 19594. _1_2258.

1155 I 199.__ .. 8._



SIOUX CITY, IOWA

167 SQ R HORE, WELL INSULATED EL. (S/KIHR) - 0.0606, 0.0850 PFI = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER

DESIGN HEATING LOAD (WATTS) - 14960. GAS (S/THER!= 0.3697, 0.8150 PNF a 31.67, 16.48 OUTDOOR TEMP. = -23 C 34 C

DESIGN COOLING LOAD (WATTS) - 6496. OIL ($/GAL.) - 1.1100, 1.4600 PWF - 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.16

DpESIGN_ AND PEBFORSANCE_ ___ -
1 [- I BUILDING LOADS I A SYSTEM ENERGY CONSUMPTION _

WATER I SPACE SPACE (1) (2) 1 (3) 1 (4) 1 (5) 1 (6) 1 (7) 1 (8)
I HONTH I HET HEAT I COOL I ELEC. I HEAT I HP I BIN. I FULL I GAS FURNACE_ OIL FURNACE P LL jSE GS OURN. I

I 11 RES. I PUMP I DS I S CES I CES GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I

L__ _ i___-J I J___ .. _ I _ -- WH- _ _ H I K .I__J I 1LW__ITEI MSI___1_H__I_ G L-- 1 WH L-TH ER- -_I- -- BIl
I JAN 1 1821.1 17503.1 0.1 5368.1 4352.1 4319.1 2128.1 2128.1 259.1 55.1 189.1 561.1 209.1 55. I
I FEB 1 1716.1 13175.1 0. 4137.1 3181.1 3124.1 1648.1 1656.1 202.1 42.1 143.1 518.1 163.1 42. I

-JI SP I 1920.1- 1051 8.1 -_Q.l 3456.1 236§.L 2264LZ1 L37,1i: 1397.1 172.1 33. 1 116.1 567.1 1391 __ 33.

I LPR 1809.1 4489.1 0.1 1750.1 1220.1 1098.1 695.1 706.1 92.1 14.1 51.1 517.1 76.1 14.

I AY 1757.1 1465.1 1789.1 1090.1 937.1 798.1 389.1 389.1 50.1 200.1 19.1 688.1 44.1 200. I

J__o__ 1__ _67L1 __ __ 01__ 3890.1__859.1 1038§ L_8. 1 841.1 2 238.1_ _ 23 j_3, _ 301___424 -__ 4-___8591____ --_l

I JUL I 1487.1 0.1 5577.1 1021.1 1243.1 1000.1 647.1 254.1 25.1 608.1 1.1 1021.1 25.1 608.
I AUG I 1400.1 0.t 5353.1 972.1 1189.1 960.1 1003.1 240.1 24.5 583.1 1.1 972.1 23.1 583.

I SEP I 1327,T 1 994.1 2360.1 905.1 844.1 704.1 479.1 344.1 37.1 _260. 1 13.1 632.j_ 32.1 260. 1

I OCT I 1437.1 3244.1 781.1 1385.1 952.1 842.1 461.1 471.1 69.1 95.1 38.1 494.1 57.1 95. 1

I NOV 5 1497.1 8697.1 0.1 2832.1 1860.1 1764.1 991.1 1029.1 142.1 28.1 97.1 443.1 114.1 28.

L__~Ec __1___!6_89i _1.! ... _o__3_o __-Y __s 38,j__3154z 3 081.# 3 1669,1 __ 1 6751. !_ t . .q,_ l_ _15, Lsl5j. L___ 512i..6 9,l-_44._l
1313.1 2386.1_ 8_. .J. 7785.1 1076.j.1 2386.

!AUB LI-=19436. I173905. 1_ 1975.1-28082 ,_2.5 t 20822Li 12 3 105275 I 2 2308 0 = -15 1Q.1 3 1313938
6 ._

__________ _ __ ___ __ SSYSTES -_-__ _-----------_S -----------------------I-I-I CON OPENTS-CiST:.::----------…------
{ I _I_ jCOPOEHTScosms._! . TOtaL I
INO. _CONVENTIONL EECTRIC SYSTEMS _ IFN UNIT lA/C. H.PLI CONTROL IAUXILI RYIW. HEATER! DUCTS I INSTALN. COST-

IE. FURNACE AND WATER HEITER, CENTRAL ACI 310. 1129. 48. 253. 275. 1 811. 534. 3360.

1 2 IREAT PUMP WITH ELEC. RES. WATER HEATER 1 310. 1 1199. 1 77. 253. 1 275. 1 843. 534. I 3491. 1

1 3 IEAT POUP. DESUPERHEATER WATETER HEATR___ _2101a._J1 . 1 1 ____-77 1_ 653. __335. 1___843__ .63_ .__ 4051._

I____l__A mjLUL C E_YCt__EGN Y SYSTES_IACESI____ L.ECH._PI _ICE BIN I _PA-EL _-IAUXILIABYI ,_HEAT i_ DUCTS--_lITAjN-lTOrQtLJAj
4 HMIN. ACES, BIN= 24.0 M3 PANEL= 53.7 M2 4000. 1 3482. 3873. 1 830. 1 335. 1520. 1 638. | 14678. I

5 IFOLL ACES, BIN= 63.6 M3 PANEL= 24.5 H2 1 4000. 1 5590. i 2235. 1 830. 1 33. 1 1520. 1____8_ 15148
I | FOSSIL FUEL FIRED SYSTEMS _ i 1FRH}/Ce I A/ CONTROL IBIILItXRYIl.HEITEBl DUCTS I INSTALN_.TIOTALL-

6 IGAS FORNACE, GAS HOT WATER, CENTRAL AC 1 775. 1129. I 26. 1 376. 270. 811. I 584. 3971.

7 |OIL FURNACE, EL. HOT WATER, CENTRAL AC I 690. I 1129. 5 26. | 632. 1 275. 811. 834. 4397.

l_ 8_lPUSE GaS FO0RNCE2_GAS_HW&_CETEAL AC_ _I 2!125.. I _1129 1_.___ 26 l_ _236 ____2o I_ -27811 I____584 __ 4181.

_____________ _J _cOSYSTEM COPARISONS __ .---- _- ----

5I I SYSTEM I HAINT. 1ST YEAR 1ST YEAR INCREM. ENERGY
I I 5 NEW CONSTRUCTION ALTERNATIVES EPFIC. PRESENT I ENERGY ENERGY I FIRST I PRESENT I LIFE CYCLE COST I
I I (ACOP) I WORTH I COST SAVING I COST I NORTH AVERAGE IaAEGINAL

L. _ _______________ ____ ______, ___.________$ ___ __ _ __.___._.__i___.
i1 IEL. FURNACE AND WATER HEATER, CENIRAL AC 1.12 914. 1700.94 REF. i REP 31620. 35895. 43612.

2 (HEAT PUMP WITH ELEC. RES. WATER HEATER 5 1.41 1 2162. 1352.83 3 348.11 131. 25149. 30802. 36940.

5 3 IHEAT PUMP, DESUPERHEATER WATER HEATER I 1.51 I 2468. 1260.00 440.94 691. 23423. 29942. 35659.

4 IMIN. iCES, BIN- 24.0 H3 PANEL= 53.7 H2 1 2.68 1 2432. 710.06 990.88 11317. 13200. 30310. 133531.

I 5 IFULL ACES, BIN= 63.6 H3 PANEL= 24.5 M2 1 2.98 I 2432. 1 637.63 1063.31 11787. 11854. 29433. 32326.

! 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 1 2.07 1 889. 1 629.74 1071.20 611. 18054. 22914. 25831.

I 7 lOIL FURNACE, EL. HOT WATER, CENTRAL AC 1.65 { 914. 1 385.22 1 315.71 1 1037. 31836. 37148. 36022.

I 8 IPULSE GAS FURNACE. GAS Hi. CENTRAL AC _2.44 I 960. \ 542.47 1158.47 I 821. 1 15290. 1 20Q31._i__22a941



DODGE CITY, KANSAS

167 SQ a HONE, WELL INSULATED EL. ($/KWHB) n 0.0526, 0.0850 PWF - 18.59, 16.48 DESIGN WEATHER: WINTER SOUMEB
DESIGN HEATING LOAD (WATTS) - 12350. GAS (S/THERH)- 0.3702, 0.8150 PPF = 31.67, 16.48 OUTDOOR TEMP. = -17 C 36 C
DESIGN COOLING LOAD (WATTS) = 6176. OIL ($/GAL.) - 1.0600, 1.4600 PFP - 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.03

._ - DESIGNAND& PERFORHANCE ____
I I BUILDING LOADS -I _ -SYSTE ENEBGY CONSUaPTION , ___ ___ II NATER SPACE SPACE (1) (2) 1 (3) 1 (4) (5) 1 (6) I (71 1 (8)

MONTH I HEAT HEAT I COOL I ELEC. I HEAT I HP I IM. I FULL I GAS FURNACE _I OIL FURNACE IPUiLS. GSlFURN.
I S| J ~ I I RES. PUMP I DS I ACES I ACES I GAS | ELEC. I OIL I ELEC. I GAS I ELEC. I

l| ~ M - --_ -____J I NJ_ ___H _ NH_ _ _f f __X L___ _ HL __IlERnS I _ H_H_ I.GAL _£__E _ _lTERN___I_ :IR L_
I JAN I 1903.1 11270.1 0.1 3660.1 2568.1 2465.1 1482.1 1482.1 179.1 36.1 124.l 564.1 147.1 36. 1
I FEB 1 1741.1 8645.1 0.1 2885.1 1967.1 1867.1 1182.1 1182.1 143.1 27.1 95.1 511.1 117.1 27. I
1 "Ma I 1848.1 7507.1 .. _ 0.1 2599.1 174 .1 1607.1 1065.1 1095.1 130.1 24.1 84.18 537. 107.._ 24

PR 1631.1 3474.1 949.1 1522.1 1067.1 939.1 586.1 640.1 75.1 114.1 41.1 568.1 63.1 114. 1
MAY I 1475.1 1199.1 2134.1 S75.1 874.1 736.1 332.1 332.1 42.1 236.1 16.1 646.1 37.1 236. 1_iJUL 121 __ _ q57.__ 38 J 03 . 8441 370 _ 10-_ 1__ _4_3_ _ ___838. .. 1 2_11 493_L

I JUL I 1152.1 0.1 5800.1 952.1 1178.1 969.1 1070.1 218.1 19.1 632.1 0.1 952.1 19.1 632. I
1 AUG 1 1125.1 0.1 5687. 932.1 1156.1 953.1 1052.1 213.1 19.1 620.1 0.1 932.1 19.1 620. 1
I SEP 1 1166.1 0.1 3445.1 699.1 886.1 737.1 659.1 185.1 26.1 375.1 6.1 699.1 19.1 375.

OCT 1 1374.1 2309.1 1543.1 1191.1 913.1 785.1 377.1 386.1 55.1 175.1 28.1 557.1 46.1 175. 1
O NV I 1528.1 6649.1 0.1 2272.1 1482.1 1366.1 835.1 899.1 114.1 21.1 74.1 446.1 93.1 21. 1

1_ EC__ _ 17276-1__ _9647_1 _ __-1__3173-1 2088._ 969. 1 1257. 1 1300.1 __157,1___31_1 107_1 5_24. I ___128._ _31
--AINAlJ 17960.J-_50701 1_ 24085.1_2J698._L 16950.1 15238.1 102266.1 __8142._ 980.j__27_84__ 578.iL_ 774 1___8_15 I .2784.

-…__ _______ _________ S.STEMS FIRST COSTS
~I I I _. _.__. __ ___COPQNENTS CQSTS t_____ _ .... ~_I.___ I TOTAI |

I NO.L COJENVTIONAL ELECTRIC SYSTEMS _ IFA UNIT IA/C. H.P.I CONTROL IAUXILIARYIW. HEATERI DUCTS I INSTALN. I COST, I
1 1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 310. I 1129. 5 48. 1 253. 1 275. 1 811. I 482. 1 3308. 1
1 2 IHEAT PUPP WITH ELEC. RES. WATER HEATER I 310. | 1199. 1 77. I 253. 1 275. 1 843. 1 482. 1 3439. I
t 3 IHRET PUMP. DESUPERREATER WATER HEATE I __310. 1 1199, 1 _ 77. 1_ 653._ ___335,_ 8__843. 52. 1 _399._1
_ __l___N!LA_ CE ENEGY _STSTEMS.._CES_ ___I IECglP.1_ICE BIN _ __.jANL__IA1UXILIARYIW. HEATE __D_.C__S__IINSALNTOTAL,_I
14 IHIN. ACES, BIN= 16.4 M3 PANEL= 12.2 M2 1 3500. 1 2827. 1 1547. 1 710. I 335. 1 1267. I 638. 1 10824. 1

I 5 IFULL ACES, BIN= 86.5 M3 PANEL= 2.__4 M21 3500_. 1_ 6 471._1 100. Q 1_ 710. 1 335. 1____ 6, _1 638. _i__1j9_21._1
1 .I__ZCSSIL FEL? IRED SYSTEMS AC I _ iCONU L TROLXIIIAlI_. EATER_ DUCS_ I_!S ANLi. _TOTA ,_i t6 IGAS FURNACE, GAS HOT NATER, CENTRAL AC | 745. 1 1129. 1 26. I 376. 1 270. I 811. I 532. 1 3889. 1
1 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC | 690. 1 1129. 1 26. i 632. | 275. 1 811. | 782. 1 4345. 1
1 8 IPOLSE GAS FURNACE. GAS HW. CENTRAL AC I 1125. 1 1129. 1 26. I 236. 1 270. I 811. I 532. I_ 4129. i

- _____ _ __ _- ___-__-__ __ _______ ST _ TECOPBPISONS___
I I I SYSTEM I SAINT. 1ST YEAR 1ST YEAR I INCREM. I ENERGY I
I I NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT 5 ENERGY I ENERGY FIRST I PRESENT I_ LIrE CICLE COST_
I S I (ACOP) ORTH I COST I SAVING COST I WORTH AVERAGE IMARGINAL II NO.I I_____ ____1 _ $ I S I £ $ I S 5 IS

I 1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 1.19 1 914. . 1141.11 5 REF. I REF. 1 21213. 5 25435. 34617.
I 2 IHEAT PUMP WITH ELFC. RES. WATER HEATER 1.52 1 2162. 1 891.42 1 249.69 1 131. 16572. 22172. 29345. 1
1 3 IHEAT PUMP, DESUPERHEATER WATER HEATER I 1.69 1 2468. 1 801.37 1 339.74 1 691. 1 14897. 21364. 27812.
1 4 IHIN. ACES, BIN= 16.4 M3 PANEL= 12.2 H2 1 2.51 1 2432. 1 539.86 1 601.24 1 7516. 1 10036. 23292. 27636. I
1 5 IFULL ACES, BIN- 86.5 M3 PANEL= 2.4 M2 I 3.16 1 2432. 1 428.19 5 712.92 1 10613. 7960. 24313. 127758. 1
1 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 2.08 1 889. 5 509.42 1 631.69 1 581. 1 14218. 1 18996. 21848.

7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC 5 1.64 1 914. 5 1021.28 1 119.82 1037. 23065. 28324. 30051.
I- QL_1PULS NAC_^_G A GlS_HW._CRNTR C __I _.0 1 960, 1 4..3. I_ 692.1Ql _ 21.J 1 2282. 1 17372. 1 19942. 1



TOPEKA, KANSAS

167 SQ N HOME, WELL INSULATED EL. ($/KWHR) = 0.0507, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) = 12362. GAS (t/THERM)= 0.3697, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEMP. = -17 C 36 C
DESIGN COOLING LOAD (WATTS) = 6982. OIL ($/GAL.) = 1.1100, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.23

-------__-__ _______-__-_-------__ B _DESIGNNDEEOACE---- -_________-____________----______________- __-----_

i ILDG LOADS______ _____ __ _____ SYSTEERGY CONSUPTION
WATER I SPACE I SPACE I (1) j (2) I (3) I (4) (5) (6) I (7) I (8)

MONTH I HEAT I HEAT I COOL I ELEC. I HEAT I HP I INH. I FULL LGAS_ FRNACI__L_ OIL _FURNACE _PaLSEGASR_.g i
I I I I I RES. I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I

_ ____ a__A_ HJ I J I __ H__ I KW KH I KWH I KWH ITHERMiS I _H__ GAL K WH IHEMS_I__ ___ L I
JAH I 1896.1 13243. 1 0.1 4206. 1 3039.1 2945.1 1687.1 1687.1 204.1 42.1 145.1 569.1 167.1 42.

EE { 1743.1 9718.1 0.1 3184.1 2155.1 2047.; 1289.1 1293.1 157.1 31.1 107.1 515.1 128.1 31.
I_MAR A __I1864i. _ 79q27. 0_____1__2720.j_1784--_1 165_,1 1097. 1 __140.1 13._. .. _ 8925._1___89_i ___543, ___J12- 25. 1
I APP I 1658.1 3038.1 750.1 1386.1 q78.1 866.1 532.1 574.1 69.1 91.1 36.1 552.1 59.1 91. I

l MAY I 1511.1 722.1 2531.1 896.1 882.1 735.1 291.1 291.1 36.1 278.1 10.1 698.1 32.1 278. I
JUN 1 1279. 1 0.1 4588. 1 855. 1 1043.1 848.1 376.1 215.1 23.1 __500.1__ l 855. 2. 5C. I

I JUL I 1185.1 0.1 6580.1 1046.1 1303.1 1063.1 1209.1 233.1 20.1 717.1 0.I 1046.1 20.1 717. I
1 AUG { 1148. 0.1 6246. 1 999.1 1246.1 1026.1 1153.; 224. 20.1 680.1 1.1 999.1 19.1 680.

L0--1P__l___o.t___-- 1 --- 31A - - -- t1 8. L -- 627. l 604LI--- 182.1 2-4- -- 669. .. o. - -__66 _"-o2A__ 3
I OCT I 1372.1 1913. 1225. 1 1046.1 809.1 699.1 332.1 344.1 50.1 140.1 24.1 521.1 42.1 140.
I NOV I 1518.1 6143.1 0.! 2128.1 1372.1 1264.1 765.1 845.1 107.1 19.1 69.1 441.1 88.; 19.
IL EC 1 1764. _ 11132.! 1 0.1 3583,1 _2420.1_ 2309. 1 1407.1 1455.1 175.1 35.1 123J1 2_ 5j__.1 L3_J__35_
_ANNUAYI 18114. 53834. _ 25038.1 22715.1 17873.1 16150.1 10742.1 8483.1 1023.1 _289L. 61_-.i 7930.l_ _ 850._-2898_._i

___ ______ ________SYSYSTEMS FIRST COSTS ____---------- ;'

|I I | COMPONENTS COSTS,_ $___ ___-__ ___~ TOTAl I
INO..) CONV'NTIONAL ELECTRIC SYSTEMS F__AN UNIT _ _iZCL_H.Pi CONTROL lAUXILIARYIW._HEATE _DCTS___ NSALN-__COST._-_
\ 1 EL. FURNACE AND WATER HEATER, CENTRAL ACI 310. I 1279. I 48. | 253. | 275. 1 907. I 534. | 3606. |

| 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER { 310. 1 1199. 1 77. { 253. | 275. | 843. I 534. { 3491. I

i__3_HEAT PUMP. DESUPfRHEATER WATER HEATER _1 J 310. 1 1199. 1 77. 1 653. 1 335. I 843. L _634.I--- 05J1.

1 { ANNUAL CYCIE ENERGY SYSTEMS (ACES)__ ECH. P. ICE BIN I PANEL {AUXILIARYI. HEATEiR_DUCTS_ I IHSTALN-_ OTA
I 4 |MIN. ACES, BIN= 18.8 M3 PANEL= 22.3 M2 I 3500. { 2997. I 2112. { 710. 335. I 1267. 638. 11560. I
___5_IFUL ACESEBIN= 94.2 M3 PANEL= 3.6 M2 __ 3500. L 6805. I 1065. 710. J._ 335. __1267._ ___638. 1 14320.

I .... IFOSSIL FUEL FIRED SYSTEMS IilZ__iisSIL FUEoL TPiRED _SYSTMS I_ FU__ PFURNIACE I A/C CONTROL IAUXILIARYIW. HEATER DUCTS I INSTALi.[ TO..AI,_.L
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 745. ; 1279. I 26. I 376. I 270. 1 907. I 584. 1 4187. 1

I 7 lOIL FURNACE, EL. HOT WATER, CENTRAL AC I 690. 1 1279. 1 26. 1 632. I 275. 1 907. | 834. 1 4643. I

1I 8_IPULSE GAS FURNACE.,_GAS W -CENTRAL AC - 1125.. _279. __26.-……_-5 127

___________ __ __SSYSTEM COMPARISONS _____________ ._____
JI I -I SYSTEM I MAINT. IST YEAHR IST YEAR INCREM. ENERGY

NEW CONSTRUCTION ALTERNATIVES I EFFIC. PRESENT I ENERGY I ENERGY FIRST I PRESENT J LIFE CYCLE COST

1 (ACOP) WORTH I COST I SAVING I COST I WORTH I AVERAGE IMARGINAL I

1 NO1_____._____________ _L ....t...___.. .I----.___l - -�k__ . -- I -_ -- .--.------- i
1 IEL. FURNACE AND WATER HEATER, CENTRAL AC) 1.19 1 914. 1150.75 1 REF. I REF. 21393. 25912. 36339.

2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 1 1.51 I 2162. 905.44 1 245.32 1 -115. 16832. 22485. 30689.
3 IHEAT PUMP, DESUPERHEATER WATER HEATER 1 1.67 I 2468. 81 18.18 1 332.58 1 445. 15210. 21729. 29142.

4 IMIN. ACES, BIN= 18.8 n3 PANEL= 22.3 M2 1 2.51 1 2432. 1 544.20 1 606.55 1 7954. 10117. 24108. 29039.
5 IFULL ACES, BIN= 94.2 M3 PANEL= 3.6 M2 1 3.18 1 2432. 1 429.77 1 720.98 1 10715. 7989. 24742. 28636.
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 1 2.09 1 889. 524.85 1 625.91 1 581. 14701. 19777. 1 22869.

7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.65 I 914. 1 1079.65 71.11 1 1037. 24585. i 30142. 31360.

1_8 I1OLSE GAS FURNACE. AS HW. CENTRAL AC 2__l 9-60 I 461.93_1__689_2.2_ __2L 821. __12680 ___186__202



LOUISVILLE, KENTUCKY

167 SQ M HOME, WELL INSULATED EL. (S/KWHR) = 0.0415, 0.0850 PPF - 18.59, 16.48 DESIGN WEATHER: WINTER SOUMER
DESIG HBEATING LOAD (WATTS) = 11225. GAS (S/THERBH) 0.3667, 0.8150 PNF = 31.67, 16.48 OUTDOOR TEMP. = -14 C 34 C
DESIGN COOLING LOAD (WATTS) - 6640. OIL (S/GAL.) - 1.1700, 1.4600 PFP - 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.21

_____DESIGN APN PEBFOBRANCB __---
i 1___BILOIls 1 ___ ___SSTE EGY _CONSIPTIO L____________ ____ _ I

I ATER I SPACE SPCE I (1) 1 (2) (3)1 (4) (5) (6) I (7) (8)
MONTH ET I H EAT RT COOL ELEC. I HEAT I RP I SIN. I FULL I GAS FUBAICE__L__ QIL __L AE _iELJLSEGAS_ FON_

~I I I I| I RES. I PUMP I DS I ACES I ACES i GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I
1___I I .HJ I HJ I NJ _I KWH I VHR I LHU I VAH I KHH ITHERBS I KWH I GAL I KWH ITHERBS I KWH I
I JAN I 1877.1 9932.1 0.1 3281.1 2188.1 2084.1 1341.1 1287.1 162.1 31.1 110.1 553.1 132.1 31. I

I EB I 1691.1 6955.1 0.1 2402.1 1566.1 1470.1 993.1 942.1 121.1 22.1 78.1 492.1 99.1 22. 1
l-IAL _ I _125.1 i __534_1L __ _Ol_i__2 ..1 374, ._ 1264.1 89.1 _ 82l8. 108L .-.. l. _ 661.___509 19.____ 89.1_ _
I APR 5 1535.1 2261.1 1196.1 1185.1 903.1 786.1 439.1 431.1 57.1 137.1 27.1 564.1 49.1 137. 1
1 MAY I 1373.1 704.1 2910.1 894.1 900.1 744.1 278.1 278.1 33.1 319.1 10.1 701.1 30.1 319. 1
I oJN I 1158,1 0.1 4839.1 849 05. 859. 9.1 051 51 726.1 205, 21.1 527.J1 2.1 849. J 19.1 _527. 1
I JUL 5 1092.1 0. 6636.1 1026.1 1286.1 1060.1 1214.1 223.1 18.1 723.1 0.1 1026.1 18.1 723. I
I AUG 1 1097.1 0.1 6097.1 969.1 1209.1 999.1 1122.1 216.1 19.1 664.1 0.1 969.1 18.1 664. 1
__SBP___ _ J4. J_____.0.l__ 39_92 , _ 58.1_ 951.1 781.1 753.1 505___ 41 .___435_JS ___ 5Il___7581___- 19.: _435._

I OCT I 1390.1 1941.1 1417.1 1080.1 848.1 729.1 341.1 334.1 50.1 161.1 24.1 547.1 43.1 161. 1
I NOV 1544.1 4847.1 0.1 1775.1 1184.1 1085.1 663.1 645.1 91.1 15.1 56.1 444.1 75.1 15. I
I DEC I 1777.1 8087.1 0.1 2740.1 1769.1 1665.1 1104.1 1075.1 137.1 26.1 91.1 519.1_ 112.1_ 26. 1
1 ANNHALI 17462.1 40561.1 27088.1 19070.1 15227.1 13527.1 9841.1 6969.1 841.1 30_9_.1_469.1 7930.1 7041_. 3079.

.... _- ..... SYSTEMS FIRST COSTS
I JI|,__ I COMPONENTS COSTS. t__ _ TOTAL

I NO.I CONVENTIONHL ELECTRIC SYSTEMS .. __Ij. Al UNLCIA/. H.P. CONTROL o AUXILIAY. _HEATEI pOCTSI I MSTINAL_._COST. $
1 IIl. FURNACE AND WATUR HEATER, CENTRAL ACI 310. 1 1129. 48. 1 253. 1 275. 1 811. 1 534. 3360. 1

1 2 IHEAT PUoP WITH ELEC. RES. WATEP HEATER B 310. 1 1199. 1 77. 1 253. 1 275. 1 843. 1 534. 1 3491.
__31_fEAT_PUMP. DESUPERHEATER HATER HEATER I 310. 1 1199. 1 77. 1 653. 1 335. 1 843. 1 634. _1 051. 1
I I AINUAL CYCLE ENERGY SYSTEMHS_ACES) I MECH. P.I ICE BIN I PANEL IAUXILIABYIW._HEITEI DPTS l INSTALN.I TOTAL, l

4 IHIN. ACES, BIN= 14.7 H3 PANEL= 12.2 M2 1 3500. 1 2643. 1 1548. 1 710. 1 335. 1 1267. 1 638. 1 10642. 1
L-I5EUL ACS, _BIN= 93.3 M3 PANEL=__ 00 M2 _1 _ 00. _ 6690, 1 ___ J. 710 , 1 ___3_35._1__6.L 638. .13140. 1
!__1_-_OSSsL FOL__IRDSTSTEa_ I .jFlPBACE L LA/C I COqHTBL OXILIARYI. HE ATREB DUCTS I INSTALN.I TOTAL. S
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 1 745. 1 1129. 1 26. 5 376. 5 270. 1 811. 5 584. 1 3941. 1

7 (OIL FURNACE, EL. HOT WATER, CENTRAL AC 690. 1 1129. 1 26. 632. 1 275. 1 811. 1 834. 1 4397. 1
1 8 IPULSE GAS FURNACE, IAS_ t. CEbTiAL _C__I _L125 l_ Q129. I _ 26. 1__ 236. 1-__270. _1___i11_l -__541_l___Q181._l

_________ _ _____ SSTE-___CONRPABrISONS __TCO_ coP R_-O
5~ 5~I 5 ~I SYSTEM I MAINT. IST YEAB 51ST YEAR I INCRE. I ENERGY I

I I NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY ENERGY I FIRST I PRESENT I LIFE CYCLE COST I
I 5 I (ACOP) NORTH I COST SAVING I COST I WORTH I AVERAGE I.ARGINAL I

LIQl1- ___ ____ I I I . ..--.1 --. . 1 ....... __ ____ I _$l I
1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 1.24 1 914. 1 791.60 B REF. I REF. 14716. 1 18990. 1 30988. 1
2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 5 1.55 1 2162. 1 632.06 159.54 1 131. 11750. 17403. 1 26982. 1
3 IREAT PUMP, DESUPERREATER WATER HEATER 1 1.75 1 2468. 561.51 230.09 1 691. 10438. 16957. 1 25468.
4 (lIN. ACES, BIN= 14.7 M3 PANEL= 12.2 2 1 2.40 2432. 1 408.50 383.10 1 7282. 7594. 20668. 1 26859.
5 IFULL ACES, BTI= 93.3 13 PANEL= 0.0 2 I 3.39 1 2432. 289.27 502.33 1 9780. 5378. 20949. 1 25334. 1
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 2.09 I 889. 1 436.23 355.37 I 581. 12143. 16974. 20440.

1 7 lOIL FURNACE, EL. 801 WATER, CENTRAL AC 1.65 914. 1 877.61 -86.01 1 1037. 19967. 25279. 1 27698. 1
I 8 IPULSE GAS FURNACE,. GAS . CEBn gL AC I _ 2.38 I 960. 1 385.91 1 4069 __821_ L 10550._l _15691. _l__l908. 1



LAKE CHARLES, LOUISIANA

167 SQ M HOME, WELL INSULATED EL. (S/KWHR) = 0.0477, 0.0850 PRF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (RATTS) - 6680. GAS ($/THEE B )= 0.3667, 0.8150 PBF = 31.67, 16.48 OUTDOOR TEMP. = -2 C 34 C
DESIGN COOLING LOAD (WATTS) = 7571. OIL (S/GAL.) = 1.1700, 1.4600 PBP = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.43

_______________ _________ __ _ DESIGN AND PERFORiNQCE
I 1 __BULDING _OA IS____ __________ _ SYSTE EaBGI_CONSU PTI ____ ______ ____ ___
I I WATER I SPACE I SPACE I (1) 1 (2) 1 (3) I (4) ( {5) I (6) I (7) I (8) I

MONTH I HEAT I HEAT I COOL I ELEC. I HEAT I HP I IN. I FULL I GAS_ URNACE__I_ OIL FURNACE___PIJLSE_GAS_ FUFO,_
~~~~I I I ~ I I RES. I PUMP DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I

1__ -I sJ L_. !J I J _ I KRH _L_KWH KI liH 1 RWH _ITHEBS I KWH I GAL I KWH LTHERNS I KWH H
JAN I 1517.1 3590.1 0. 1419.1 986.1 888.1 630.1 556.1 74.1 11.1 42.1 433.1 62.1 11. I

I FEB I 1366.1 2147.1 820.1 1065.1 783.1 688.1 446.1 395.1 53.1 96.1 26.1 476.1 45.1 96. I
LLAR____ 1435 1__14_3t__ 1578i__ ____969J.___81i41 6941_, 3. 41_ 3 .5.. L ___ 44. I_176_I 1___18.QL__575 ____. 1 38__ 1!6._1
I APR I 1266. 0.1 3094. 689.1 853.1 697.1 391.1 192.1 26.1 337.1 5.1 689.1 21.1 337. I
I HAY I 1158.1 0.1 5729.1 946.1 1174.1 950.1 1047.1 856.1 20.1 624.1 1.1 946.1 19.1 624. I
I JL--U I 1001.1 0.1 7781,1 1126.1 1428.1 1184.1 1405.1 1422.1 17.1 48.1 0.1 1126. 1 171 __ 848_ 1
I JUL 962.1 0.1 8889.1 1236.1 1581.1 1328.1 1600.1 1621.1 16.1 968.1 0.1 1236.1 16.1 968. 1
I AUG 967.1 0.1 8671.1 1213.1 1551.1 1298.1 1563.1 1585.1 16.1 945.1 0.1 1213.1 16.1 945. i
L_SEP__J__ l OJ __ _0.1 6 796_1 __1011 1286.1 101.1 12351 125. 1_ _ l1__7140i _ I___ _ 1__J 021 ._ 2 l_ _ 0_

I OCT I 1176.1 0.1 3963.1 759.1 945.1 781.1 742.1 761.1 23.1 432.1 4.1 759.1 20.1 432. 1
I NOV I 1279.1 1537.1 1557.1 952.1 782.1 667.1 290.1 342.1 43.1 175.1 20.1 530.1 37.1 175. 1
I DEC I 14418 _ 2570.1 567j1 1178.1 827.1 737,1 515.1 425.1 60.1 _70.1 31.1 472 .. ____5 j.l _ 70.
I ANNUAL 14587.1 11277.1 49446.1 12572.1 3010.1 10974.1 10209.1 9756.1 409.1 5422,1 148.1 9475.1 ___3581 5422 1

_ _____________ SYSTEs IS CO __ __ _ __ STS___ _ __ _
I I___ ! _COPONERTS COSTS, ____ .. .. __1 TOTAL I

I NO __CONVENTIONAL ELECTRIC SYSTEMS ____ IFAN UNIT IA/CL, j... 1 CONTROL _&UXILIA! I W_. HEATER1_ DUCTS__ ISTALN. __OST_S
I 1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 280. I 1279. I 48. 1 236. I 275. 1 907. 1 534. 1 3559. I
I 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER I 280. 1 1329. I 45. 1 236. 1 275. 1 940. I 534. I 3639. I
I 3 IHEAT PUMP. DESUPERHEATER WATER HEATER _ _280. 1329. 45. I 636. I 335. 1 940_. 63. 1 ___41299.
J I ANNUAL CYCLE ENERGY SISTES_ JACES 1___L HECH. PL_ ICEL:N I PANEL IAUXILIUACIS. H'EISATERII __TAl_
I 4 (HIN. ACES, BIN= 6.3 M3 PANEL= 1.8 12 1 2950. 1 1704. 1 964. I 636. 1 335. 1 843. 1 482. I 7914. I
1__5_lFLL AIC§,_BI= 19.7 H3 PANEL= 0.0 H2 1 2950. I 272 . . . 636. 1 335. 1 843.1 ___482. I _7974, 1
I 1_ FOSSIL FUEL FIRED SYSTEMS ___ FURACE I A/C I CONTBOL- lAIILIARYIW. HEATERI _DUCTS I IISTALN. I TOTL. _
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC | 745. 1 1279. 1 26. 1 376. 1 270. I 907. 1 584. 1 4187. I
I 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC I 690. 1 1279. 1 26. 1 632. I 275. I 907. | 834. 1 4643. I
IlI PCLSE GAS FOnRLAC._ GAS HW _CENTP L AC ___ 1125_1 _ 1279,L_1_ 26____ 236._1 . 270._1_ 907. 584. 1 4427. 1

- __ _______ --- ___________ -______ SYSTFH COMPARISO-NS- ______
(~~~~~~I I I SYSTEH AINT. IIST YEAR IIST YEAR I INCREN. I ENERGY

I ENEW CONSTRUCTION ALTERNATIVES EFFIC. I PRESENT ENERGY I ENERGY I FIRST PRESENT I LIFE CYCLE COST I
I I I (ACOP) I NORTH I COST SAVING I COST WORTH I AVERAGE IMARGINAL

_I OJ __ _- ___________ __ ...______-_ ___ $__ .. .. _-l.-_$_ __I___$____
I1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 1.66 1 914. 1 599.94 REP. I REF. I 11153. 1 15626. 1 22084.

2 IREAT PUMP WITH ELEC. RES. WATER HEATER I 1.61 1 2162. 1 620.82 1 -20.88 1 80. 1 11541. 1 17342. 1 24024.
3 (HEAT PUMP, DESUPERHEATER WATER HEATER I 1.91 1 2468. 1 523.66 1 76.28 1 640. 1 9735. I 16402. 1 22039.
4 IHIN. ACES, BIN- 6.3 B3 PANEL= 1.8 H2 I 2.05 1 2432. 1 487.19 1 112.75 1 4355. 1 9057. 1 19403. I 24647.
5 IFULL ACES, BIN= 19.7 13 PANEL= 0.0 82 1 2.14 1 2432. 1 465.57 1 134.37 1 4415. 1 8655. 1 19061. 1 24073.
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 2.22 1 889. 1 408.89 1 191.05 1 628. I 9565. 1 14641. 1 18170.

I 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.82 914. 1 625.42 -25.48 1 1084. 1 12781. 1 18337. 1 22393.
I 8 IPRUSE GAS FURNAcE, __fl.__gTAL _____2 5 960, A .8 1__ 3_ 210.08__89.__J.3__ __8.0 1 11 _-_1 77_ 5_l



NEW ORLEANS, LOUISIANA

167 SQ N HOME, WELL INSULATED EL. (S/KbHR) = 0.0454, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) = 6304. GAS ($/THERM)= 0.3550, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEMP. = -1 C 33 C
DESIGN COOLING LOAD (WATTS) = 7351. OIL (S/GAL.) - 1.1700, 1.4600 PFV = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.51

_ __ _ _____ ____________GAND P.BPEOBARHA____ ____ ______ __------
I 1 __ BILINLG_LOADS _ _____I_ ___ SYSTE ERGY__CO__SOPTION _______ _-_____ ___ I

I WATER I SPACE SPAC I (1) I (2) I (3) (4) I(5) I (6) I (7) I (8) I
I MONTH I HEAT I HEAT I COOL I ELEC. I HEAT I HP I MIN. I FULL 1 GAS _FURACE___L OIL EUBNCE_ILE___GAS_fqE._1

I ~I I I I RES. PUMP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS IELEC. I

J __ I_8J I NJ I NJ I KWH I _WH a_ KH I KHH I KRH ITHERMS I KWH__ GAL I KWH LTHERMS I KNR I
I JAN I 1485.1 2954.1 0.1 1233.1 892.1 798.1 560.1 484.1 66.1 9.1 35.1 422.1 55.1 9. I

I FEB I 1336.1 1681.1 938.1 940.1 728.1 636.1 382.1 342.1 46.1 107.1 21.1 479.1 39.1 107.

1 A ._1___.107J!.L__1161.1 1632. __891. 778. 1_ 664 .1 313.1 ___ 312._ J ___40Al___.182 1__ _I 5-L - __5.- Z 3 1..____182. _
I APR 1 1247.1 0.1 3094.1 683.1 841.1 687.1 488.1 190.1 25.1 337.1 5.1 683.1 21.1 337. I

I MAY I 1150.1 0.1 5521.1 921.1 1140.1 922.1 1010.1 1027.1 20.1 601.1 1.1 921.1 19.1 601. I
I JUN I 1002.1 0.1 7295.1 1073.1 1357.1 1112.1 1318.1 1334.1 17.1 795.1 0.1 1073. 17.1 795. I
I JUL I 970.1 0.1 8586.1 1205.1 1539.1 1285.1 1546.1 1564.1 16.1 935.1 0.1 1205.1 16.1 935. I

I AUG I 976.1 0.1 8586.1 1206.1 1540. 1287.1 1547.1 1565.1 16.1 935.1 0.1 1206.1 16.1 935. I

1l_ E__SE ____ 4I _ 14 o.0 1 6878. 1 __1 _ i._1 I 29 8 _L _ .1 i L I 7 12._2__L__i 31.1_ __ _17i -- 749.s-
I OCT I 1171.1 0.1 3927.1 753.1 931.1 762.1 734.1 750.1 23.1 428.1 3.1 753.1 19.1 428. I
I NOV I 1263.1 1204.1 1505.1 849.1 724.1 620.1 315.1 328.1 38.1 168.1 16.1 519.1 33.1 168. I

I DEC I 1422.1 2359.1 ,618.1 1118. 799.1 711.1 491.1 401.1 57.1 75.1 29.1 470.1 48. 1 _75. I
IANNUALI 14442.1 _ 9359.1 48581.1 11904.1 12568.1 10542.1 9951.1 9563.1 380.1 5322.1 126.1 9334.-1___3361 532_22 _

_-__ ___ __ _____ _ SYSTEMS FIRST COSTS_________________
------I I __I CO____M_ _____-OHPONENTS CSTS, _____ __ _____-_______1I TOTAI I

L _NO.1 CONVENTIONAL ELECTRI SYSTEMS ___ FAN UNIT A/C. H.P.I CONTBOL 1AUXILIAIR._ __HEATE DUCTS__lINSTALNLCOST____1
1 EL. FURNACE AND WATER HEATER, CENTRAL ACI 280. I 1279. I 48. I 236. I 275. I 907. I 534. I 3559. I

I 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER I 280. I 1329. I 45. I 236. I 275. I 940. I 534. I 3639. I

3 IHEAT PUMP. DESUPERRHATER WATER BEATER j 280. 1 1329. I 45. 1 636. 1 335. I 94Q0_-____634_-.__ _4199_ l
I I ANNUAL CYCLE ENERGY SYSTMnS _IACES_ _I _ECH. PL _ICB BIN I _PANEL iaIIARYI. =_HEAT_-RSL_ D_ OTS__ INSTALH.LN o TAl IL
I 4 IIIN. ACES, BIN= 5.5 M3 PANEt= 1.6 M2 2950. I 1600. I 956. I 636. I 335. I 843. I 482. I 7802. I
_5 iPLL ACES. BIR= 16.2 M3 PANEL= 0.0 M2 _ _ 2950. I 2474. I 0. 1 636. I1 335. I 843.-- __482. J 7720. 1

I I FOSSIL FUEL FIRED SYSTEMS _I FURNACE I /C I CONTROL LAUXILIARYI. HEATEI__DCTS_ I INSTALN.I TOTAL. ji
1 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 745. 1 1279. I 26. 1 376. 1 270. I 907. I 584. 1 4187. I

I 7 lOIL FURNACE, EL. HOT NATER, CENTRAL AC I 690. 1 1279. I 26. 1 632. I 275. I 907. I 834. I 4643. I

1_8_ P ULSE GAS FURNACE, GISH._CN __ _ 1125 l_1J29. 1 _26. 23___ 26 _1_.2_ 907 _1_ _584. ._ 4427, 1

_______ _________ ____S§ST_! COMPARISONS _ ___ _ _-----

I I I SYSTEM I MAINT. I1ST YEAR liST YEAR INCREM. I ENERGY I
I I NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY I FIRST I PRESENT J LIFE CYCLE COST

I I I (ACOP) I WORTH I COST SAVING COST I ORTH I AVERAGE IMARGINAL I

JO1_ ___ , - I I r I __t- -... .- - - __I__L____-_ --- ..--- ...--..-..
I1 IEL. FURNACE AND WAIER HEATER, CENTRAL AC 1.69 1 914. 541.06 REF. I REF. 10058. 14531. I 21149.

2 IHEAT PUMP WITH ELEC. RES. NATIR HEATER I 1.60 2162. 1 571.23 -30.17 80. I10619. 16420. 23406.

3 (IEAT PUMP, DESUPERHEATER WATER HEATER I 1.91 1 2468. 1 479.13 61.93 640. I 8907. 15574. 21434.

4 IMIN. ACES, BIN= 5.5 H3 PANEL= 1.6 M2 1 2.02 1 2432. 452.29 88.77 4243. I 8408. 18642. 24174.
5 IFULL ACES, EIN= 16.2 M3 PANEL= 0.0 M2 1 2.10 I 2432. 434.63 106.43 4161. I 8080. 18232. 23548.

6 IGAS FURNACE, GAS ROT WATER, CENTRAL AC I 2.23 1 889. 376.70 1 164.36 628. I 8766. 13842. 17632.

1 7 lOIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.82 1 914. 1 571.35 1 -30.29 1 1084. I 11601. 17158. 21657.

1 8 IPULSB 6AS FURNACE. GAS H. CENTRAL AC I , .34 1 960. 1 361.01 I 180.05 1 868. I 8269. 1 13656. _ J-1-l i2._

bc t-



SHREVEPORT, LOUISIANA

167 SQ M HONE, WELL INSULATED EL. (S/KHR) = 0.0356, 0.0850 PRF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMEB
DESIGN HEATING LOAD (WATTS) = 8057. GAS ($/THERM)= 0.3667, 0.8150 PHF = 31.67, 16.48 OUTDOOR TEMP. = -6 C 36 C

DESIGN COOLING LOAD (WATTS) = 7905. OIL ($/GAL.) = 1.1700, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLIN, = 1.34

DESIGN AND PERFORMANCE -_____ __--_ -
1 j BUILDI G IOADS _____! SYSTEH ENERGY CONSUMPTION __ ______

I WAITER I SPACE I SPACE I (1) 1 (2) 1 (3) I (4) 1 (5) I (6) I (7) (1 8) I
I ONTH I HEAT I HFAT ICOOL I ELEC. I HEAT I HP I HIM. I FULL I GAS FURNICE__1 OIL FUNACE IPULSE GAS FUBN.

1 I I I I RES. I POUP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. 1

.I.--. "J _J___L____ J__ 1_ _ I K __ W_ _ __ W KWI 1__ -___ S! 1 H___ I __L __GAL __ _KWH__ IT_ ERHS__ SW
I JAN I 1647.1 5495.1 0.1 1984.1 1302.1 1196.1 839.1 778.1 101.1 17.1 63.1 475.1 83.1 17. I

I FEB 1482.1 3518.1 0.1 1389.1 956.1 860.1 608.1 545.1 73.1 11.1 41.1 423.1 60.1 11. I

I AR 1548.1 2710.1 831.L__ 1273. 914.1 804.1 507.1 476.. 1 63, 1___99.1 32.1 529.L__ 531 99. 1

APR I 1350.1 754.1 2177.1 822.1 790.1 658.1 270.1 270.1 33.1 240.1 10.1 615.1 30.1 240. 1

I HAY 1216. 0.1 4761.1 856.1 1057.1 863.1 882.1 210.1 22.1 519.1 2.1 856.1 20.1 519. 1

_j-u --__1____1 032- _ .....___1._ 6545.1 I -.__Iooo_1255L_ 1191, _-_ 4691 _i17.1----1l __I -J__l J:1 -_11-_1

I JUL I 981.1 0.1 8815.1 1233.1 1575.1 1330.1 1591.1 1635.1 16.1 960.1 0.1 1233.1 16.1 960. I

1 AUG I 987.1 0.1 8356.1 1184.1 1509.1 1269.1 1512.1 1558.1 16.1 910.1 0.1 1184.1 16.1 910. I

SEP1 1044.1 0.1 5612.1 901.1 1126.1 925.1 1032.1 1074.1 18.1 611.1 1.1 901.1 1_7. 611. 1

I OCT I 1238.1 716.1 2848.1 853.1 854.1 711.1 554.1 592.1 31.1 313.1 10.1 656.1 28.1 313. 1

I NOV 1 1366.1 2552.1 937.1 1191.1 869.1 765.1 276.1 398.1 58.1 110.1 31.1 490.1 49.1 110. I

I DEC___ 1564. 4__ 0_ __Q ! 8 1_ 1681__!13-1i 1012.1 706,1 __ 6_51 1__i8l 1 ___.1 1L_4 _ 5_2 449-_1 -- 2--_.
I _NNUALI 15454.1__20233,1__j40Q88 14_368Q L1 3 3 2 31 3114311 9968.1 ___865 i____ .L____l l__iL 242 1 _8811.1 46 3.1_ 4518. 1

___________ __ _ __ _ SYSTEMS FIRST COSTS _ -------
I I -- I -_COHPONENTS COSTS, t______ _ _J TOTAI I

I NO. I CONVENTIONAL ELECTRIC SYSTEMS IFAN UNIT A/C. H.P.1 CONTROL IAOXILIARYIW. HEATERI DUCTS I INSTALmN COST. S I

I 1 - EL. FURNACE AND WATER HEATER, CENTRAL ACI 280. 1 1279. 1 48. 1 236. 1 275. 1 907. 1 534. 3559. 1

1 2 IHEAT PUMP WITH ELFC. RES. WATER HEATER I 280. 1 1329. 1 45. 1 236. 1 275. I 940. 1 534. 1 3639. 1

I_3 HEAT POMPDESUPERHEATER WATER HEATER 1 280. 1 _1329, _1 45. 636. 1___335J. I _940. 634. _ 4199.

Ii__lNnALi CYCLE ENERGY SYSTEMS (ACESI I5 ECH. P.I ICE BIN I PANEL IAUXILIARYIW. HEATERI DUCTS I INSTALN- TOTAL_ R

5 4 lHIN. ACES, BIN= 8.9 13 PANEL= 4.1 M2 1 3130. 1 2010. 1 1093. | 636. 1 335. 1 1049. I 534. 1 8787. 1

J_ 5 ILFLL ACES. BIN= 44.1 13 PANEL= _.0 M2____ 3130. I 4202 ___ 0. I __636_6 ___35. L__1049 _1____.._5_4 ___ 9885..

I = LPQFOSSIL _FUL _ RED__SYSTEMS_ _____ __ ORAC I __ A/ CONTRllAUXILIAl. _HEATER_ DUCTS INSTALN lOTAL}
1 6 IGAS FURNACE, GAS ROT IAIER, CENTRAL AC 5 745. 5 1279. 1 26. | 376. 1 270. | 907. I 584. 1 4187. 1

1 7 5OIL FURNACE, EL. HOT WATER, CENTRAL AC 5 690. 1 1279. 1 26. | 632. 1 275. 1 907. 1 834. 1 4643. 1

1 8 IPOLSE GAS FURNACE, GAS R_. CENTRAL AC I 1125. 1 1279. 1 26. 1 236. 1 270. 1 907. 1 __584_1____42-7_1

--------- ____________________STH gOPABISONS ___ _ ____ __ ---- _-- ---- _ ---
I SYSTEM MAINT. 1ST YEAR 1ST YEAR INCREH. ENERGY

NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT ENERGY ENERGY | FIRST PRESENT L_LIFE_ YCLE COST_

(ACOP) WOBTH I COST SAVING I COST I WORTH AVERAGE lMARGINAL
O, I __ ___ __ iS S I S I $ I _ _ S 1--L-
1 tEL. FURNACE AND WATER HEATEP, CENTRAL ACI 1.48 914. 511.21 REF. REF. I 9503. 13976. 24599.

2 IHEAT POUP WITH ELEC. RES. WATER HEATER I 1.60 1 2162. 474.03 37.18 80. 5 8812. 14613. 24463.
3 IHEAT PUMP, DESUPERHEATER WATER HEATER I 1.86 1 2468. I 406.70 1 104.50 1 640. I 7561. 14227. 22679.
4 INI. ACES, BIN= 8.9 H3 PANEL= 4.1 M2 1 2.13 1 2432. 1 354.65 1 156.56 5228. I 6593. 1 17812. 25182.

5 IFULL ACES, BIN= 44.1 13 PANEL= 0.0 12 1 2.46 2432. 1 308.01 1 203.20 1 6327. I 5726. 18043. 24444.
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 5 2.18 1 889. 5 357.57 1 153.64 628. 5 9222. 14297. 18613.

7 (OIL FURNACE, EL. HOT WATER, CENTRAL AC 1 1.75 1 914. 5 597.03 1 -85.82 1084. I 12987. 18544. 23730.

L l8ULE GAS orNl_. GASi _CE BAL _ ___ 5____.960 _1_330.61 1_180.60 L____6. ! __86_1 _13755_ 1 179_37. 1



PORTLAND, HAINB

167 SO N H OE, WELL INSULATED EL. ($/KUHR) a 0.0629, 0.0850 PUP = 18.59, 16.48 DESIGN HEATHER: WINTER SUMNER
DESIGN HEATING LOAD (WATTS) - 13797. GAS (t/THEE) = 0.6319, 0.8150 PIF = 31.67, 16.48 OUTDOOR TEMP. = -20 C 30 C
DESIGN COOLING LOAD (WATTS) - 4619. OIL (S/GAL.) = 1.1800, 1.4600 PUP = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.10

-- ___DZS~jj-I~j~kjRFO~flhMCR . .

3 ___1LI__G___Lo s_____ ___. . ...S BFB _____-_SYST_____ OS______TO =___.
I I WATER I SPACE SPACE I (1) I (2) 1 (31 1 (4) 1 (5) I (6) I (7) 1 (8)

I ONTH I EAT I HEAT COOL I ELEC. I HEAT I HP I HIN. I FULL 1 GASIURN.CEb _ I _EOIL URNHACEiigUL G._SFN.j
~I I I !~ ~ RES. PNUP I DS I ACES I ACES I GAS I ELEC. OIL ELEC. I GAS I ELEC.

I __ _I NJ aI J I HJ KWNH i KwH 1 aKW L 1W1 I RUH ITHBRS I KWH__ JGL i KWH ITHEIMS i KWH
JAN I 1825.1 15276E. 0.1 4751.1 3604.1 3545.1 1895.1 1895.1 231.1 48.1 166.1 555.1 186.1 48.

I FEB 1710.1 12308.1 0.1 3894.1 2863.1 2794.1 1563.1 1562.1 191.1 39.1 134.1 514.1 154.1 39.
I AR__J :2.. 10185 _ 0. L_ 336- 1 13 3. L_ -- 6.i 32.- 1 . _ 16-8 ___3_1__ 13. ___56-1 __136.1___ 332_
1 APR I 1839.1 5782.1 0.1 2117.1 1340.1 1223.1 844.1 843.1 110.1 18.1 66.1 529.1 90.1 18. I
I MAY 1828.1 2960. 656.1 1402.1 986.1 878.1 539.1 538.1 72.1 81.1 35.1 589.1 61.1 81.
I JU_ I 1675.1 10271 1747.1 941.1 848.1 726.1 331.1 331. 1 3. 194_1 14.1 659. _ 38.1 194,
I JUL I 1629.1 0.1 3041. 784.1 941.1 775.1 233.1 233.1 32.1 331.1 5.1 784.1 27.1 331. I
I AUG ! 1553.1 0.1 2920.1 750.1 921.1 764.1 222.1 312.1 33.1 318.1 7.1 750.1 26.1 318. I
1 SEP__ 1_76. 1518.1 __ 19_9.__9841__ 11 .._ L _ 702.1_ 304. 1 304.1 _ 1_ I___1_-1___19. 1_ _567-____ 41_1_ 7.__

OCT I 1551.- 3845.1 0.1 1499.1 989.1 896.1 527.1 526.1 80.1 12.1 45.1 443.1 65.1 12.
! NOV I 1570.1 7173.1 0.1 2429.1 1508.1 1401.1 868.1 866.1 124.1 23.1 81.1 459.1 99.1 23. 1
I DEC __ 1723.1 13076.1 _ 1 4111.1 2945.1 2876.1 1598.1 1598.1 202.1 _41.1 _143. 1 520.1 162.1 41. 1
I nnlIi 20301.1 73151.1 9762.1 27025.1_20002.1 18727.1 10267.1 10353.1 1332.1 1295.1 829.1 6935.1_1083_.1_1295._1

__________ _ __________ _SYSTEMS FIRST COSTS __ ___ _
I COMPONENTS COSTS. S__ I TOTAL I

NO. l CONVENTIONAL ELECTRIC SYSTEMS _ IAN UNIT IA/C. H.P.I CONTROL AUXILIARYIW. hEATEPl DUCTS I NSTALN. COST. $ I
1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 310. I 1129. I 48. 1 253. 1 275. 1 811. I 482. I 3308. 1

I 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER I 310. I 1199. 1 77. 1 253. 1 275. 1 843. 1 482. 1 3439. l
1 3 IHEAT POUP, DESUPERHEATER WATER HEATER __I 310. 1 1199. 1 ____77. 1 __ _65_L _ ____5. 8431. ____582. _1___399._1
I___1_I__ NNUAL'CYCLE ENERGY SYSTEMS_/ACEa .____ ECH. P. ICE BIN I _PANEL _DIUCLAI _.__U_EAT _EI DUCTS lINSTL_ _IOTAI._.

4 IMIN. ACES, BIN= 21.2 13 PANEL= 42.7 M2 I 4000. I 3240. I 3258. I 830. I 335. 1 1520. 1 638. 1 13820. 1
1 5 IFULL ACES, BIN= 21.2 n3 PANEL= 42.7 N2 1 _4Q00. l 3240. I 3258. 1 830. 1 _335. _ 1520. 1 638. _I13820- l
I ! eFOSSIL eEL FIRED SYSTEMS _…______I FDRACEI _ /C I CO_ NTROL ULIAI IL_ EAT_RI_ DUCTiS__LISIHI__T ! TAL._I

6 IGAS FURNACE, GAS HOT WRAER, CENTRAL AC I 775. I 1129. 1 26. 1 376. 1 270. 1 811. 1 532. 1 3919.
7 |OIL FURNACE, EL. HOT WATER, CENTRAL AC 690. I 1129. 1 26. 632. 1 275. I 811. 1 782. 1 4345. I

I __lPULSE GAS FUR_ACEz GAS nW. CENTRAL IC .__1 1125. I 1129. 1 26. 1 236. 1 270. 1 811. 1 __532. I _ 129. 1

________________SYSTEM COBPAINSOS ____ _ _______ _ - _ __ __ ____
I ! -_I SYSTEM I HAINT. I1ST YEAR I1ST YEAR I INCREM. I ENERGY

I NEW CONSTRUCTION ALTEPNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY I FIRST I PRESENT jLIFE CYCL_ COST_
(ACOP) WORTH I COST I SAVING I COST I NORTH I AVERAGE INARGINAL

I wR__________O.1 s I s I s I -___ I $ _ _ _I1 IEL. FURNACE AND WATER BEATER, CENTRAL ACI 1.06 914. I 1698.79 I REP. I REF. 1 31580. 1 35803. 1 42079.
2 IREAT PUMP WITH ELEC. RES. WATER NEATER I 1.43 1 2162. I 1257.34 1 441.45 1 131. 1 23374. 1 28975. 1 33620.
3 IHEAT PUOP, DESUPERHEATER WATER HEATER I 1.53 1 2468. 1 1177.18 I 521.61 1 691. 1 21884. 1 28351. 1 32700.

I 4 INI. ACES, BIN= 21.2 M3 PANEL= 42.7 H2 I 2.79 1 2432. 1 645.41 1 1053.37 I 10512. 1 11998. 1 28251. 1 30635.
5 IFULL ACES, BIN= 21.2 M3 PANEL= 42.7 H2 I 2.77 1 2432. I 645.41 I 1053.37 I 10512. 1 11998. 1 28251. 1 30635.
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 2.00 1 889. I 923.22 I 775.57 1 611. 1 28173. 1 32982. 1 24515.
7 -OIL FURNACE, EL. NOT WATER, CENTRAL AC I 1.57 1 914. I 1414.29 I 284.49 I 1037. 1 32808. 1 38067. 1 34923.

LAIlils. GASl FgUMACE,_GSL _Ws._CEITAI AC _1 _ 2 ._ _ L 960.- _76586 1 ._L32,2___ _82. L . 23190._L _28279. 1 21452. I

, . **at-.~b



FALMOUTH, MASSACHUSETTS

167 SQ N HOME, WELL INSULATED EL. (S/KWHR) = 0.0786, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WAITS) = 11294. GAS ($/THERM)= 0.6319, 0.8150 PFW = 31.67, 16.48 OUTDOOR TEMP. = -14 C 28 C
DESIGN COOLING LOAD (WATTS) = 4563. OIL (S/GAL.) = 1.1800, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.29

-- __----- ---- ----- _ __ _ -___________D ESIGN AND _FRMA_ _ ____ ________ __ _________
-I _ _-BULDINGLOAD S ___ _1______________ _ - SYSTEM ENERGY CONSUMPTION_ ___ ___ _ I
I WATER SPACE I SPACE (1) (2) (3) 1 (4) 1 (5) 1 (6) 1 (71 1 (8)

MONTH I HEAT L HEAT COOL ELFC. HEAT HP I MIN. I FULL I_ GASFURNACE__ _ OIL FURNACE__ PULSEGAS FUN._I
I I l~ I I RES. I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I

tI ___1 MaJ I _ I nJ_ I KRH I WH _ - _ KWH I KWH I KWH ITHERMS _I KW__I_ GAL__I K H _ITHERMS _ KIH I
I JA I 1876.1 12472.1 0.1 3986.1 2883.1 2851.1 1604.1 1604.1 194.1 39.1 137.1 561.1 158.1 39. I

! PEP I 1743.1 11128.1 0.1 3'75.1 2557.1 2526.1 1441.1 1441.1 175.1 35.1 122.1 519.1 142.1 35. I
_A__ _ - ___19 12. ___9_023.1 .___.___. I__3_ _ .__19631._L__9009 _ 1222 .1 ___J 1231 _ __ 15. __29. L__1 .ll ___560.1___ 12. L___ 29._

APP I 1763.1 5177.1 0.1 1928.1 1207.1 1119.1 772.1 777.1 99.1 16.1 60.1 506.1 82.1 16.
I MAY I 1679.1 2711.1 0.1 1220.1 881.1 786.1 488.1 491.1 66.1 9.1 33.1 475.1 56.1 9. 1
I JUN 1 1480.1 570. 1875.1 774._ 756.1 _ 641.1 261.1 261 1 33.1 _206. 9_.1 617.1___ 30. 206.

JUL I 1405.1 0.1 3454.1 767.1 907.1 736.1 213.1 213.1 24.1 376.1 1.1 767.1 23.1 376. I
AUG 1 1345.1 0.1 3298.1 733.1 873.1 709.1 635.1 204.1 24.1 359.1 2.1 733.1 22.1 359. I

1SE__sE2.___ __ _ 132 .... .1 7 _ 58. ___764.1_ 716.1 __6_7 __ 363.1_ 254._1__33 1___1 9 ._l__...11.___561 ____ 30.1___ 194_
IOCT I 1459.1 2505.1 0.1 1101.1 770.1 694.1 393.1 399.1 59.1 8.1 31.1 413.1 50.1 8.
INOV I 1547.1 5161.1 0.1 1864.1 1153.1 1068.1 677.1 690.1 96.1 16.1 60.1 446.1 78.1 16. I

I DEC I 1753.1 10542.1 _0. 3416.1 2360.1 2308.1 1338.1 1343.1 168. 1 33_ 116.1 520. IL 137. __ 33. 1
I ANNUALI 19281.1_ 60031.1 10384.1 23164.1 17029.1 1594 5. 9408.1 8909.1 1123.1 1321.1 681. J 6678.__1 932.1 1_13_1_1

_ __ _ ____ SYS_____ __SYSTEMS FIRST COSTS ______________ ______________________
I I 1j_ C_______PO_________CMPONENTS COSTS_ _______ 1 TOTAL I
I_NO._l-__CCONVENTIONALELECRTIC SYSTEMS iFAN UNIT iAZC^jiH.P.I CONTROL lAUXILABRYI. _HEATTER__DUCTS___INSTALN. _COST_ _I
I 1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 310. 1 1129. 1 48. 1 253. 1 275. 1 811. 482. 1 3308. 1

2 IHEAT PUMP WITH ELEC. RES. WATER HEATER I 310. 1 1199. l 77. 1 253. 1 275. 1 843. | 482. | 3439. I
1 3 IHEAT PlMPD DESUPEPREATER WATER HEATER _ 310. 1 1199. 1 77. 1 653. 1 335. 8___3._1__58 1__ 3999._
J I_ ANNUAL CYCLE ENERGY SYSTEMS _ACESL__ _ MECH. P- . ICE BIN _ PANEL__IAUXILIARY l_HEATE __ DUCTS___ ISTALN. TOTAL,_

4 IMIN. ACES, BIN= 17.8 M3 PANEL= 27.1 M2 1 3500. 1 2871. I 2383. 1 710. I 335. 1 1267. 1 638. I 11704. I
I__5 1F__L ACESBN= 31.2 M3 PANEL= 20.8 M2 1 3500. 1 3701. 1 2032. 1 710. 1_ 335. 1 267. 1 _ 63j_L_12183. 1

_ _ FOSSIL FUEL FIRED SYSTEMS I FURNACE I A/C ONTROL I AXILIARYIW ._HEATEI DUCTS i ISTALNL TOTAL, _-
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 745. 1129. 1 26. 1 376. 1 270. 811. 1 532. 1 3889. 1
1 7 JOIL FURNACE, EL. HOT WATER, CENTRAL AC I 690. 1 1129. 1 26. 1 632. 1 275. 811. I 782. 1 4345. 1
l___ PULSE GAS FURNACE,_GAS_ HWCENTRAL AC _J _ 1125_ ._11_29t- 26. __236. _i-- 270. 811. _1 532. 4129. 1

__ ______ _ ____ SYSTEMCOPA O __ _ , __SYSTEM COMPA ISON______
I I SYSTEM I AINT. 1ST YEAR 1ST YEAR I INCREM. I ENERGY I
I I NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY I FIRST I PRESENT I LIFE CYCLE COST I
I I I (ACO P WORTH COST SAVING I COST I WORTH | AVERAGE IMARGINAL |

l-o.. ..__ .__________-__-__________ ._-___I.. _ S.__l___ __ ...__$_-__-_--______ ____l __- _______$___-
1 IEL. FURNACE AND WATER BEATER, CENTRAL ACI 1.08 1 914. 1 1820.94 1 REF. I REF. 33851. 38074. 1 36671.
2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 1.46 2162. 1338.62 1 482.32 131. 24885. 1 30486. 29455.

I 3 IHEAT PUMP, DESUPERHEATER WATER HEATER I 1.56 2468. 1253.43 567.51 691. 23301. 29768. 28802.
I 4 IMIN. ACES, BIN= 17.8 M3 PANEL= 27.1 M2 1 2.65 2432. 739.60 1081.34 8396. 1 13749. 27886. 27316.

5 IFULL ACES, BIN= 31.2 M3 PANEL= 20.8 M2 2 2.80 2432. 700.30 1120.64 8875. 1 13019. 1 27634. 1 27095.
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 2.03 889. 813.75 1007.20 581. 1 24413. 29191. 1 21718.

7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.56 914. 1328.97 491.97 1037. 1 30060. 1 35320. 1 31008.
1 6 IPOLSE GAS FURNACE, GAS HW, CENTRAL AC 1 2.39 1 960. 1 693.10 1 1127.85 821. 1 20592. 1 25681. 1 19464._1



BATTLE CREEK, MICHIGAN

167 SQ M HONE, WELL INSULATED EL. ($/KBHR) = 0.0542, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUHHER
DESIGN HEATING LOAD (WATTS) = 12208. GAS (S/THEHRM) 0.3702, 0.8150 PUP = 31.67, 16.48 OUTDOOB TEMP. = -16 C 32 C
DESIGN COOLING LOAD (WATTS) = 4888. OIL (S/GAL.) = 1.0600, 1.4600 PUP = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.12

_______. ___..._ DESIGN AND PERFORHANCE _____ __
I 1 r BoILDING tLOADS _ I SYSTEM ENERGY CONSUMPTION _ __

I WATER I SPAC I SPACE I (1) 1 (2) 1 (3) 1 (4) 1 (5) 1 (6) I (7) 1 (8) I
I ONTH I HEAT HEAT I COOL I ELEC. I HEAT I HP I BIN. PFULL I GAS FURNACE ___ OIL FURNACE IPULSE GAS FUNO. I

~I I I I I RES. I PUMP I DS I ACES ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I
1 ... ___1 J_ I _N_ I __ ..J__ ___. 1.-.__EL _ _ RWH I KWH _I __. H ___lTHERSL__KWH__ I GAL_ __.__H _lTBeES_i__KHj I
I JAN I 1863. 13804.1 0.1 4352.1 3095.1 3028.1 1738.1 1738.1 211.1 44.1 150.1 561.1 172.1 44. I
I FEB 5 1738.1 11449.1 0.1 3663.1 2543.1 2467.1 1463.1 1471.1 179.1 36.1 125.1 519.1 146.1 36. 1
I MAp 1 1922.1 9728.1 0.1 3236.1 2174.1 2081.1 1287.1 1298.1 160.1 31.1 108.1 565.1 131.1 ___1. 1
I APR I 1790.1 5297.1 0.1 1969.1 1293.1 1183.1 783.1 789.1 101.1 17.1 61.1 514.1 84.1 17. 1
I NAY I 1725.1 1894.1 1274.1 1144.1 910.1 791.1 415.1 415.1 55.1 145.1 24.1 624.1 48.1 145. I

_JUN__1__l 534.____ o _ 3515. 1____ 8091 983_1 _8 01.1I 229, | ___29. I 30 1-- __383--,L -_ 5_809 o, ____._ 6,__383-_J
JI UL 1463.1 C.I 4198.1 864.1 1042.1 839.1 512.1 231.1 26.1 457.1 2.1 864.1 24.1 457. I

I UG I 1395.1 0.1 3526.1 772.1 935.1 757.1 675.1 213.1 26.1 384.1 4.1 772.1 23.1 384. I
I SEP 1 1354.1 1179.1 1512.1 869.1 747.1 636.1 324.1 294. 1 39.1 168 .,__LJ6_ _ 54. I 3 5.1 168. 1
I OCT I 1475.1 3334.1 0.1 1336.1 947.1 843.1 464.1 471.1 70.1 11.1 39.5 420.1 59.1 11. I
I NOV I 1546.1 8189.1 0.1 2705.1 1690.1 1582.1 963.1 1005.1 135.1 26.1 91.1 455.1 109.1 26. 1
I_DEC_ _JI 1741. 1 12925. 1_ __0. 4074.__-2818.1 _2740.1 1579.1 1593,1_ 198.J. _ 1 _ 141.1 __525. 1___16 1 1_____41t_
IHNoAL_ 1547L.__67800oO_ . 14025.1_25793 l_19171 17749j1 10432 __9747.1 _123 1._ 1743.l_ _ 66.1 _71 7 3.1 1016.1 1743. 1

_____-___ _____ ST_____________ __SYSTEMS FIRST COSTS __ _o
I I J! .. ___I _._ COHPONENTS COSTS.____ _ I TOTAL I

I NO.I CONVENTIONAL ELECTRIC SYSTEMS _.IAN UN NIT IA/C. H.P.I CONTROL IAUXILIAHYIW._HEATEBI DUCTS I I!STLLN.I COST. $ I
I 1 IEL. FURNACE AND WAIER HEATER, CENTRAL ACI 310. 1 1129. 1 48. I 253. 1 275. 1 811. 1 482. | 3308. 1
1 2 IHFAT PUMP WITH ELEC. RES. WATER HEATER B 310. 1 1199. 1 77. 1 253. 1 275. 1 843. 1 482. 1 3439. 1
_3_1JHEAT PUMPL DESUPEPHEAR ATER HATEHEA TER __ 310. 1 1199. __ 77. J_ 653. 1____35. ___ 843. I 582. 1 3999. 1

I _1__!NNUALECCLELENEG_ SJSTEMS (ACES) I SECLH._P. ICE BIN I PANEL IAUIILIABRYI. HEATERI DUCTS I INSTALN.I TOTAL. I$
1 4 IMIN. ACES, BIN= 19.5 M3 PANEL= 56.7 M2 1 3500. 1 3033. 1 4039. 1 710. 1 335. 1 1267. 1 638. 1 13522. 1
1 5 IPULL ACES. BIN= 42.4_ 3_PANL= 35.3 H2 1 _3500._ 4368, I _2844._1 __71 l____335._ 1 /__126._i____638_1 __ 1366
I ___1 OSSILf.EL_lRED_S.!iTE _S _ __ _I F IRACE1 A/C I CONTBOLLAUXILIARI __EATEUI DCTS _1 I ISTILN. IOT AL._
1 6 IGAS FURNACE, GAS POT WATER, CENTRAL AC | 745. 5 1129. 26. 1 376. I 270. I 811. 1 532. 1 3889. 1
1 7 lOIL FURNACE, EL. HOT WATER, CENTRAL AC I 690. I 1129. 5 26. 1 632. 1 275. 1 811. 1 782. 1 4345. I
I 8 IPULSE GAS FPRNAC,. GAS HW. CENTRAL AC 1 1125. 1 1129. 1 26. 1 236. 1 270. 1 811. I __532.1___129. 1

__ ______ ____ ___________ __ ___YTSUE COPA RISONS__ ______ _ __ _______ _________________
I 5 | SYSTEM I MAINT. 11ST YEAR 11ST YEAR I INCREN. I ENERGY I I

NEW CONSTRUCTION ALTERNATIVES EFFIC. I PRESENT I ENERGY I ENEBGY I FIRST I PRESENT I LIFE CYCLE COST I
I | 5 (ACOP) I WORTH COST I SAVING COST I WORTH I AVERAGE IMARGINAL I

ll____________„_______ ! $ .__ I $ _I._____ ___ I...__-1 __._.___1__
1 IE. FURNACE AND WATEB HEATER, CENTRAL ACI 1.09 1 914. 1 1398.77 I REF. I REF. I 26003. 1 30225. 1 40353. 1

I 2 IHEAT PUHP WITH ELEC. RES. WATER HEATER 1 1.47 1 2162. 1 1039.90 1 358.87 I 131. 1 19332. 1 24933. 1 32462. 1
3 IHEAT PUMP, DESUPERHEATER WATER HEATEBR 1.59 I 2468. 1 962.50 1 436.26 1 691. 1 17893. 1 24360. 1 31329. I

1 4 MINI. ACES, BIN= 19.5 M3 PANEL= 56.7 N2 2.70 I 2432. 1 565.74 1 833.02 1 10214. 1 10517. 1 26472. 1 30568. 1
1 5 IFULL ACES, BIN= 42.4 H3 PANEL= 35.3 H2 2.89 2432. 1 528.56 1 870.21 1 10354. 1 9826. 1 25920. { 29747. 1
1 6 IGAS FURNACE, GAS HOT HATER, CENTRAL AC 2.04 889. 1 550.38 I 848.39 1 581. 1 16194. 1 20973. 1 23759. I

I 7 OIL FURNACE, EL. HOT WATER, CENTRAL AC 1.60 1 914. 1200.87 1 197.90 1 1037. 5 27731. 5 32990. 1 33736. 1
I 8 IPULSE GAS FURNAC_ , 6AS H, CITRAI AC I 2.4 1 I 960. 1 470.66 1 928.11 1I 821. I 13670. 1 18759._ __21177. I

3 fl



DETROIT, MICHIGAN

167 SQ N HOME, WELL INSULATED EL. ($/KWHR) = 0.0557, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) = 11773. GAS (5/THERM)= 0.4034, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEMP. = -15 C 32 C
DESIGN COOLING LOAD (WATTS) = 5560. OIL (S/GAL.) = 1.1300, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.19

_-_ _______________ ____ _ __ _ DDESIGN_AND PERFORMANCE
I j eBUILDING LOADS _ _ I _ SSYSTEM ENERGY CONSUMPTION [_ _ ___ ____

WATER I SPACE I SPACE I (1) I (2) 1 (3) 1 (4) (I 5) 1 (6) 1 (7) I (8) I
MONTH HEAT I HFAT I COOL I ELEC. I HEAT I HP I NIN. I FULL I GAS FURNACE I OIL FURNACE IPULSE GAS FUBN. I
! I I I RES. I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL | ELEC. I GAS I ELEC. |

-I - I _-J--- - M ___IW-l_ LJ_._L _lW__I _ _l _ __ KaH _ LKWH___i - TH MS___lKWH__I__ L_i___KW H LTHERMSI KWH___ I
I JAN 1841.1 15490. 0.1 4814. 3576.1 3528.1 1911.1 1911.1 232.1 49.1 168.1 560.1 188.1 49.
I FEB 1728.1 12889.1 0.1 4061.1 2956.1 2893. 1615.1 1619.1 197.1 41.1 140.1 521.1 160.1 41. 1
I _nR I 1929.1 10643.1 0. 1 3493,1 2296 J_2179.1 1384.1 1391.1 172.1 34.1 117. _ 570.1 141.1 34.1
{ APR I 1814. 5224. 1 0.1 1955.1 1274.1 1159.1 773.1 777.1 101.1 17.1 60.1 520.1 83.1 17. ~
I MAY I 1762.1 2092.1 1119.1 1193.1 923.1 808.1 438.1 438.1 59.1 129.1 26.1 618.1 51.1 129.
I_ _JN_-- 155__J I___5, 61___26_84-1__886. - ___90 2 iL __ _ .81_ 283.1__83__ ___ __2_9 __ . L__- $_ ___ 32l ____32.1__2S4._

JUL I 1500.1 0.1 4439.1 900.1 1085.1 868.1 392.1 239.1 27.1 484.1 2.1 900.1 25.1 484. 1
1 AUG 2 1419.1 0.l 3951.1 825.1 998.1 804.1 752.1 222.1 26.1 430.1 3.1 825.1 24.1 430. 1
I SEP_ 1361.1 907.1 1993.1 847.1 786.1_ 661.1 410.1 279.1 36.1 220.1 12.1 598. __ 32.1 220. I
I OCT I 1465.1 2912.1 0. 1216.1 863.1 769.1 419. 423.1 65.1 9.1 35.1 416.1 54.1 9. I

NOV 2 1524.1 7393. 0.1 2477.1 1533.1 1421.1 866.1 881.1 124.1 23.1 83.1 447.1 101.1 23. 1
I_DFFC__i__ 171h. _3276.1__ _01__416_4 . __289 3.1 2_141_ 15951__1 597.__ 202.1 l__ 42.1___ 51___51 i___164i ___42_1
I_- AN-AL-__- 19321__J386 LI__14_86l_2631J 1_20Qi4 1 18653. l 10837.1 _10 1 1273.1_1772 __799 1_72251__ 1054._ 1772. 1

-____ _______________ SYSTEMS FIRST COSTS -____________ ____
I I J_ __ _________COMPONENTS COSTS. S ___ TOTAI I
I NO.1 CONVENTIONAL ELECTRIC SYSTEMS IFAN UNIT IA/C. H.P. CONTROL lAUXILIARYlW. HEATERL DUCTS I INSTALN, COST, $ I
I 1 lEL. FURNACE AND WATER HEATER, CENTRAL ACI 310. 1 1129. 1 48. 1 253. 1 275. 1 811. I 482. 1 3308. 1
1 2 IHEAT PUMP WITH ELFC. RES. WATER HEATER 1 310. 1 1199. 1 77. 1 253. 1 275. 1 843. 1 482. 1 34 39.
I_3 HEAT PUNP-_DESUPERREATER ATERHEATE___J __ 310 1_ 1199. 1 _77. _1_ 65 _ 3. { 335. 1 84 1 __582._ 39999. I
I __Il__ ANAL CYCLE ENERGY SYSTEMS jACES___ I ECH. P.I ICE BIN I PANEL IAUXILIARYI W. HEATERI DUCTS I INSTALN. I TOTAL .
I 4 IMIN. ACES, BIN= 21.5 M3 PANEL= 75.4 M2 1 3500. 1 3144. 1 5086. 1 710. 1 335. 1 1267. 1 639. 1 14680. 1
1 5 IFULI ACES, BIN= 42.5 M3 PANEL= 50.0 2__ _ 3500. J 4349 1 _3663. ___710. ._ 335_1__1267. _.__1 .8-__14462. _
1___-1 OSSIT_lfEL_ FIRED SYSTES __ ___FU_____ RNACE I AL/C I_ CONTROL_ AUXILARla. _HEATElJ___DUCTS___INSTALN.L_TOTAIL ._
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC | 745. 1 1129. 1 26. 1 376. 1 270. 1 811. i 532. 1 3889. 1
I 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC I 690. I 1129. 1 26. 1 632. 1 275. 1 811. 1 782. i 4345. 1
I 8 IPULSE GAS FURNACE, GAS HW,_CENTRAL AC I 1125. 1129. 1 26. 1 236. 1 270. 1 811. 1 __532. 1_i __4129._

---- _-_-- -_ -_______-_-_ __SYSTEM COM PAT SONS_ ______ _______ ______ _____ __
SYSTEM MAINT. 1ST YEAR 1ST YEAR I INCREM. I ENERGY I

NEW CONSTRUCTION ALTERNATIVES I EFFIC. PRESENT ENERGY I ENERGY FIRST I PRESENT I__LIFE CYCLE COST_
(ACOP) WORTH COST SAVING I COST I WORTH I AVERAGE IMARGINAL I

I NO.I ______ I ___ I S $ 1 1 _ I I ___A _L_ _ _
1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 1.09 1 914. 1 1495.00 1 REF. I REF. I 27792. 1 32014. 1 41806.

2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 1 1.46 1 2162. 1 1119.09 1 375.91 1 131. 1 20804. 1 26405. 1 33735.
3 IHEAT PUMP, DESUPERHEATER WATER HEATER { 1.57 1 2468. 1 1039.35 1 455.65 1 691. 1 19321. 1 25788. 1 32596.
4 IMIN. ACES, BIN= 21.5 M3 PANEL= 75.4 M2 1 2.70 2432. 1 603.86 1 891.14 1 11372. 1 11226. 1 28338. 1 32293.
5 IFULL ACES, BIN= 42.5 M3 PANEL= 50.0 M2 6 2.91 1 2432. 1 560.48 1 934.52 1 11154. l 10419. i 27314. 1 30985.
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 1 2.06 1 889. 1 612.19 882.80 1 581. 1 18097. l 22875. 24 356.
7 lOIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.61 1 914. 1 1305.68 1 189.32 1 1037. 1 30287. 1 35546. 1 34610.

-8_4 PULSE GAS PORNAC2E_ GAS_HiW_CENTRAL___C _ __2,42 1 960. 1 523.91 _ 971.09 ___ 82_1. 15301,_L _20390. 1 2172_



SAULT SAINTE BARIE, MICHIGAN

167 SQ M HONE, WELL INSULATED EL. (S/KWHR) = 0.0327, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUPMER
DESIGN HEATING LOAD (WATTS) = 15759. CAS (S/THERM)= 0.3702, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEMP. = -25 C 27 C
DESIGN COOLING LOAD (WATTS) - 3703. OIL (S/GAL.) = 1.0600, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.06

_ __ _ -_ _ _ _ _ --------- DESIGN AND PEF O R ANCE ___ ___ . ____________ __________ ______ __ _
I 1 _ l---.D G ODS _______ ___ SYSTEM ENERGY CONSUMPTION___ _____ I

I I WATER SPACE I SPACE (1) (2) (3) (4) (5) I (6) I (7) I (8)
I ONTH S HEAT I HEAT I COOL I ELEC. I HEAT I HP I IN. I FULL I GASURNACEC _l _ _OILfRBNACE _JPULS___A_ FUt_ I

I I I RES. I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I
I I MJ I . NJ I WJ _ KWH I _KHH I K H I 1 KWH ITHERBS I KWH _I GAL I KWH ITHERMS I_ KWH I
I JAN I 1803.1 19580.1 0.1 5940.1 5185.1 5184.1 2341.1 2341.1 284.1 62.1 213.1 563.1 230.1 62. 1

FEB I 1665.1 16916.1 0.1 5162.1 4464.1 4461.1 2035.1 2031.1 248.1 54.1 184.1 516.1 200.1 54.
A_AR__ 1_1887. L__J985 . 1__ ._ 1__ 4409 j__34161_ _3400 __ _71 1 __173_41 _ 216. 1 .__._4_4._ L1___569.___ 17_41__ 4 __ 4_

I APR I 1855.1 8005.1 0.1 2739.1 1798.1 1731.1 1078.1 1077.1 139.1 25.1 91.1 541.1 112.1 25. I
I AY I 1927.1 4103.1 0.1 1675.1 1171.1 1069.1 659.1 659.1 89.1 13.1 49.1 548.1 74.1 13. i

I JUN_ 1 1852.1 1783j. 1471.1 1170.1 956.1 828.1 4 30 430.1 57.1 _166 1 25.1 __680.1 __ 49.1 _ 166. I
JUL I 1880.1 741.1 2560.1 1007.1 990.1 829.1 336.1 336.1 42.1 281.1 12.1 804.1 39.1 281.

I AUG I 1835.1 823.1 2162.1 974.1 930.1 786.1 334.1 334.1 43.1 238.1 13.1 748.1 39.1 238. I
1__sEP__i__7_5- 1 _2_32. ____657.__1201 .L__ 878. _2 89.1 3i941__ 393.1 6___2_1 .___29__30_-1___51 6J__i .__5 _29_
I OCT I 1762.1 4894.1 0.1 1849.1 1179.1 1091.1 632.1 630.1 97.1 16.1 59.1 505.1 79.1 16. 1

N NOV 1 1696.1 10400.1 0.1 3360.1 2269.1 2224.1 1164.1 1154.1 167.1 33.1 117.1 504.1 134.1 33. I
I DEC _ 1768.1 _17032 1 _ _. 01 5223.1 4304.1 4300.1 1995.1 1991.1 252.1 _54 1 186. __545._j_ 203.1 54. 1
I ANNUILI 21665.1 1005994. 6851.1 34710.1 27540.1 26693.1 13136.1 13109.1 1696.1 10651 134.1 _70_83. 1 1386.j_ 1065._

___________________________ ____ SYSTEMS FIRST COSTS___ _______ __ ________
_ _ -- __ ___ ~ COSOTSM--_CIPONENTS COSTS,_I . ....._________- - ---- TOTAL I

l NO.. - CONVfNTIONAL FLECTRIC SYSTEMS ______ IFAN _UITA/C. tJ.P1l CONTROL_LAUXILI__RYI _-_EATER__DUCTS__i_INSTALH lC OSTi_I
1 IEL. FURNACE AND WAIER BEATER, CENTRAL ACI 350. I 1129. l 48. 1 305. 1 275. I 811. 1 482. 1 3400. 1

1 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER | 350. 1 1199. 1 77. 1 305. 1 275. 1 843. 1 482. 1 3531. 1
1 3 IEAT PUHP. DESUPEPHEATER WATER HEATER _ 350. 1 1199. 1 77. 1 705. 1 335. 1 843. ____ 582.__1__ 09Q1._
I 1 ANNUAL CYCLE FNEFGY SYSTFMHS __CEL___ I"ECH._P. _ICE BIN I__PANEL _LAUXILIARYW _HEATERI___DCTSl_INTA_ N lTOI Ai i

4 IHIN. ACES, BIN= 26.5 N3 PANEL=226.1 H2* I 4000. 3685. I 13527. 1 830. 1 335. 3 1520. 1 638. 1 24535.*1
1 _51FU_ L ACES. BIN= 26,5 M3 PANEL=226. 1 M2*___ 400. 1 3685. 1 13527. 1 830. 1 335. I 1520._.__ 638. ___24535.11
I I FOSSIL FUEL TIRED SYSTEMS ______ FONACE __ /C I CONTROL IAUXILIARYW ._HEATE__DUCTS___INSTAL.lTOTAI

6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 775. I 1129. - 26. 1 376. 1 270. 3 811. 3 532-. 3919. 1
1 7 lOIL FURNACE, EL. HOT WATER, CENTRAL AC I 720. 1 1129. 1 26. 3 632. 1 275. 1 811. | 782. 1 4375. 1
18__ POLSE GAS PURNACE,_GAS HW, CENTRAL AC 1 1125. 1 1129. 1 .26. 1 236. 1 270. 1 811. 1 _532. I 4129. 1

__ ___ _____ _________ _- _S__YSTEMCOMPARISONS_____ __________________ ___
I I I SYSTEM I SAINT. 1ST YEAR I1ST YEAR I INCREM. I ENERGY I I
I I NEW CONSTRUCTION ALTERNATIVES I EFFIC. PRESENT I ENERGY I ENERGY I PIRST I PRESENT i_ LIFECYCLE COST__

I~ I ~ ~ ~~ I (ACOP) NORTH COST SAVING I COST I WORTH I AVERAGE I~ARGINAL I
__,1_____ _____ ,_ _ __ ~I I .IA 1 $ 1 A_ I _ I .. __ __-__$ I

1 EL. FURNACE AND WATER HEATER, CENTRAL ACI 1.03 1 914. 1 1135.72 B REF. I REF. 3 21113. 1 25427. 1 52936. 1
2 HEAT PUMP WITH ELEC. RES. WATER HEATER 3 1.30 1 2162. 1 901.11 1 234.61 3 131. 1 16752. 1 22444. I 44271. 1
3 IHEAT PUMP, DESOPERHEATER WATER HEATER B 1.34 3 2468. 1 873.40 1 262.32 1 691. 16237. 1 22795. 1 43951.
4 IMIN. ACES, BIN= 26.5 M3 PANEL=226.1 M2 1 2.73 1 2432. 3 429.80 1 705.92 1 21135. 1 7990. 1 34957.*1 45368.
5 IFOLL ACES, BIN= 26.5 M3 PANEL=226.1 m2 I 2.74 0 2432. l 429.80 1 705.92 1 21135. 1 7990. 1 34957.*1 45368.
6 (GAS FURNACE, GAS HOT WATER, CENTRAL AC 3 2.03 1 889. 1 662.79 1 472.93 1 519. 1 20535. L 25343. 1 29082.
7 |OIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.59 1 914. 1 1433.58 1 -297.86 1 975. 1 34654. 1 39944. 3 42491.

__i£PULS_ GAS 'VURNACE,_G S_ Rs_CENT__ AC__ I _2 .46J___ _. 1-_547 _7 587 .95_1_ ___29___ 1_689_2__i21981. 1 25190. 1

*ONGI 'D PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.
-_ :-.



DULUTH, MINNESOTA

167 SQ N HOME, WELL INSULATED EL. ($/KWHR) = 0.0508, 0.0850 PUF Y 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) = 17514. GAS (t/THERB)= 0.3697, 0.8150 PPF = 31.67, 16.48 OUTDOOR TEMP. = -28 C 28 C
DESIGN COOLING LOAD (WATTS) = 3661. OIL (S/GAL.) = 1.1100, 1.4600 PUP = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.03

…_---__----_____ _ -_____ _--___ DESIGN AND RFORANCE______------------ __________----- _--_ _--
I i __8 -- S__INGEIOAD _-S__ ____X IL________ -_COSST lEN BGY C _o NSPTION_____ U __ _- ________ |

I WATER I SPACE I SPACE (1) I (2) I (3) I (4) I (5) I (6) I (7) 1 (8)
IMONTH HEAT I HEAT COOL I ELEC. I HEAT I HP I HIN. I PULL _ GAS_ RNACE ___ OIL FURNACE _ PULSE_GAS_FUN__.

II I I RES. I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I
I !_ _I NJ I -AJ I __I KWH _ KWH__I K I KWH I KWH ITHERMS I KWH __I GAL I KWH 1THEMLS I KWH __

JAN I 1828. 23689.1 0.1 7089.1 6526.1 6526.1 2785.1 2688.1 338.1 75.1 256.1 583.1 272.1 75. 1
I FEB 1670.1 18333.1 0.1 5'57.1 4919.1 4916.1 2184.1 2181.1 267.1 58.1 199.1 522.1 215.1 58. 1
1_ M_1__ 1 878.l__14761 0.______0.1__622. 3__ 6531._ 3635.1 18171_ 18114.1__227.1 1___47.l __162. __._568.1___182.l __47_l
I APP I 1843.1 8497.1 0.1 2872.1 1919.1 1855.1 1129.1 1127.1 146.1 27.1 97.1 539.1 117.1 27.
I MAY I 1923.1 4455.1 0.1 1772.1 1212.1 1109.1 696.1 695.1 95.1 14.1 53.1 548.1 77.1 14. I
I JoN _ 1866.1 _ 1694.1 1370.1 1138,1 930.1_ 809.1 421.1 421.1 56.1 1551 24._ 673.__ 4 .8.1_ 155. 1
I JUl I 1918.1 714.1 2366.1 989.1 968.1 817.1 334. 334.1 43.1 260.1 12.1 793.1 39.1 260. I
I AUG 1 1896.1 760.1 2128.1 970.1 932.1 792.1 333.1 333.1 43.1 234.1 12.1 761.1 39.1 234. I

_EP__1 _ 1807.1___2678.1 ____R2.1__13091.___ 93 2 L __ 839.1_ ____431__ 430. 1 ___69 ...._____2.1_ _34___ 741 ..____.5 ___72. _
I OCT I 1840.1 5461.1 0.1 2028.1 1307.1 1214.1 689.1 687.1 107.1 17.1 65.1 528.1 86.1 17. 1
I NOV 1763.1 12649.1 0.1 4004.1 2938.1 2913.1 1371.1 1360.1 198.1 40.1 140.1 530.1 158.1 40. I
ILDEC-_ 1817.1 19704.1 __-0. 5979., 5219.1 5217.1 2274. 2030.1 288.1 _62,_ 214.1 _ 567. _231 1___62.
I ANNOALI 220049.1 1339 3. _6447.1 38329.1 31455.1 30642.1 14464.1 14102.1 1877.1 1061 1 1268.1 7187.1__1522.1_ _l 61._

_________ __________________________SYSTEMSFIRST COSTS
|I I1 B f9- ~~~iy I _ __________ ___c-S o- -COMPONENTS COSTS_ ________ _ TOTAL

I_NOI.-_CONVENTIONA -FLECTRIC SYSTFMS __ FAN UNIT IA/C. H.P.LCONTROL_ IAiILIARY!L. EATEI DUCTS_ IINSALN.I1 COST,_
I 1 lEL. FURNACE AND WATER HEATER, CENTRAL ACI 350. 1 1129. 1 48. 1 305. 1 275. 1 811. 1 482. 1 3400. I
1 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 1 350. 1 1199. 1 77. 1 305. 1 275. 1 843. 1 482. 1 3531. 1
1 3 IHEAT PUMP, DESUPERHEATER WATER HEATER _ 350. 1 1199. 1 77. 1 705. 1 335. 1 843._ ___ 582._ 1_491.

I ANNUAL CYCLE ENERGY SYSTEMS_JACFS L _L E _cH _P iICE BINI _PANEL iAUXILIAYIWL__HEATEElP__oCTSil__LISTAiLN.LTOTAIl
I 4 IMIN. ACES, BIN= 31.7 M3 PANEL=466.5 M2* 1 4000. 1 4091. 1 26993. 1 830. 1 335. 1 1520. 1 638. 1 38406.*1
L_5 iFULL ACES. BIN= 3 1.7 M3 PAHEL=466.5 H2* 1 400. 1 4091. 1 26993. 1 830. 1 335. 1 1520. ____ 638. _1__381406._
JI _ _ EOSSIL FaOL FPTIE SYSTFMS_ _ __ __I_ NACE L_ _/_ _ CONTROL _AUXILIAYi ._HEATE_ DUCTS _ ISTAN _TTA_ LJ
I 6 IGAS FORNACE, GAS HCT WATER, CENTRAL AC I 815. I 1129. 1 26. I 376. 1 270. 1 811. 1 532. 1 3959. I
1 7 lOIL FURNACE, EL. HOT WATER, CENTRAL AC I 720. 1 1129. 1 26. 1 632. 1 275. 1 811. 1 782. 1 4375. 1
l_8 _e_-l.LS GAS PURNACE GAS HB,_CENTRAL AC _ _1125. 1 1129. 1 26. _ 236. __ 270Q0 I 811. I 5__32. 1 4129.

_________________ __ _SISTEM COMPARISONS
1 1 1 ~SYSTEM I MAINT. 1ST YEAR 1ST YEAR I INCREN. 1 ENERGY I

I NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY ENERGY FIRST I PRESENT j__LIFE__CYCLE_COT__j
I I (ACOP) I ORTH COST SAVING COST I WORTH AVERAGE IMAfGINAL

I NO. I __ ____ __ S $ $ ___ I _ _1
1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 1.03 1 914. 1 1947.48 1 BEF. I REF. i 36204. 1 40518. 1 58005.
2 IHEAT PUMP WITH ELEC. RES. WATER HEATER I 1.25 1 2162. 1 1598.23 1 349.25 1 131. 1 29711. 1 35404. 1 49755.
3 IHEAT PUMP, DESUPERHEATER WATER HEATER I 1.29 1 2468. 1 1556.91 1 390.57 1 691. 28943. 1 35502. 1 4q482.
4 IMIN. ACES, BIN= 31.7 M3 PANEL=466.5 N2 1 2.73 1 2432. 1 734.94 1212.55 1 35006. 1 13662. 1 54501.* 61100.
5 IFULL ACES, BIN= 31.7 H3 PANEL=466. R M2 1 2.80 1 2432. 1 734.94 11212.55 1 35006. 1 13662. 1 54501.*1 61100.
6 IGAS FURNACE, GAS HCT WATER, CENTRAL AC I 2.03 1 889. 1 747.86 11199.62 1 559. 1 22979. 1 27828. 1 31546.
7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC 1 1.61 1 914. 1 1772.92 1 174.56 1 975. 1 42334. 1 47624. 1 45872.

1 8 IPULSE GAS FUREACE. GAS HW, CENTRAL AC I _2.47 1 960. 1 616.75 1330.73 1 729. i 18827. 1 23916.l 27023.

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEHINTABY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.

CAPACITY EXCEEDED ON GAS FURNACE IN SUBROUTINE COST, DHEAT= 66872.



INTERNATIONAL FALLS, MINNESOTA

167 SQ M HOME, WELL INSULATED EL. (S/KWHR) = 0.0497, 0.0850 PPF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) = 19598. GAS (S/THERB) 0.3702, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEFP. = -33 C 28 C
DESIGN COOLING LOAD (WATTS) - 3711. OIL (S/GAL.) - 1.0600, 1.4600 PIF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.02

___ __ ___ _ ___ -P__ _ _ _ _ _ ___ __DESl§Nt2L EESL_ _______ -_________ -------
/ ___BUS5NLOAD BS__ _____ _STSTEH_ENERGY COHSUSoPTIO.___._____ I

tI WATER I SPACE I SPACE I (1) 1 (2) I (3) 1 (1) I (5) | (6) I (7) I (8)
ONTH I HEAT I HEAT I COOL I ELEC. I HEAT I HP I BIN. I FULL I GAS_BfACE__J_ OIL FBgA CE_P.LULS-__AS FgU_._t

1 I I I I RES. I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I
I I NJ j NJ I J I KWH I KWH I RKH I KWH I KH ITHERHS I KWH__ GAL I KWH ITHEBRS I H I
I JAN I 1878.1 24913.1 0.1 7443.1 6995.1 6995.1 2822.1 2822.1 354.1 79.1 269.1 601.1 285.1 79. 1
I FEB I 1697.1 19185.1 0.1 5801.1 5258.1 5254.1 2280.1 2277.1 278.1 61.1 208.1 532.1 224.1 61. 1

J__l" I__A__ _ Q7._- 4i._ ___ .. . .__4499. __3596.L-3576.t 1768. L __ 1 2.1___221 L___ 45_.1 _ 58,___50-1____l L__- _45
I APR 1 1838.1 8251.1 0.1 2803.1 1918.1 1852.1 1101.1 1100.1 143.1 26.1 94.1 537.1 115.1 26. 1
I SAY I 1913.1 3819.1 0.1 1592.1 1147.1 1041.1 626.1 625.1 86.1 12.1 47.I 544.1 71.1 12. 1
I JUN I 1862.1 1377.1 1722.1 1087.1 944.1 810.1 391.1 391.1 51.1 192.1 20.1 709.1 45.1 192. 1
I J0L I 1930.1 634.1 2664.1 1002.1 1006.1 838.1 331.1 331.1 42.1 292.1 10.1 828.1 39.1 292. 1

I AUG 1 1929.1 847.1 2372.1 1030.1 990.1 832.1 350.1 387.1 45.1 261.1 13.1 797.1 41.1 261. 1
L -SS- __ l__8 .L __304_ __ _OI 11362a.L-_0050._ 910.1 421__.___ 462. 1 741__- 10 __38. 1 _526.1___ 621 __10 1
I OCT I 1908.1 5801.1 0. 2142.1 1400.1 1309.1 727.1 726.1 113.1 18.1 68.1 549.1 91.1 18. I
I NOV I 1834. 13199. 0. 4260.1 3258.1 3239.1 1454.1 1448.1 210.1 43.1 149.1 552.1 168.1 43. 1
I DEC I 1884.1 21230.1 0.1 6421.1 5800.1 5797.1 2184.1 2178.1 308.1 _671, _ 230. 1 591. 248.1 _67. 1
I ANNUALI 22419.1 11690.,1 6757.1 39441.1 33317.1 32453.1 14496.1 14514.1 1925.1 1106..1 1303.1 7335.Li__156q4.__.1106_I

_______ _ _______SISTES PFIBST COSTS ___ _________ __________________
I I__ I.CMS __2_ _ ____CCLPONENT _COSTS__________ __ ______ 1 TOTAL I

I_ Nql_ CONVENTIONAL EQLECTRICSYSTMS -__.___ HDN UNIT I /C. H.P.I COTBOL iAUXILIARW._HEATEI_DUCTS__ INSTALN,. COST. _J
I 1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 350. 1 1129. 5 48. 1 305. 1 275. 1 811. 1 482. | 3400. |
1 2 IHEAT PUOP WITH ELEC. RES. WATER HEATER B 350. 1 1199. 1 77. 1 305. 1 275. 1 843. 1 482. I 3531. 1

1 3 IHEAT POUMP. DESPERREATER WATER HEATER I 350. 1 1199. 1 77. 1 705. 1 33…5. 1 83._1 582. __4091. 1
I I ANUOAL CYCLE ENERGY SISTEHS_ (CES ___I 5ECH_. P ICE BIN I PANEL IAOXILIARY HI_HEATE _ _iDCTS___iS TA.l_ TOTAL._
5 4 JHIN. ACES, BIN= 33.3 M3 PANEL=588.4 N2* 1 4450. 1 4300. 1 33820. 1 915. 1 335. 1 1716. | 638. 1 46174.*1
L 5 IFULL ACES, BIN= 33,3 H3 PANEL=588.4 H2* . 4450. 1 4300. 1 33820. 1 915. 1 335. __.11J6i.____6_3_1__46_174.*±
I _ FLOSSIL FELQ FIRED SYSTEHS _ _1 I FgEiEAC_I _ A/C_ I CgHqNTL e AXILIARY1i.-H_ TEA RBI __ TS __ L NSTAL_TTOTAL,_.
1 6 IGAS PURNACE, GAS HOT WATFR, CENTRAL AC 1 690. 1 1129. 5 26. 1 376. 1 270. 1 811. I 532. 1 3834. 1
1 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC 5 720. 1 1129. 1 26. 1 632. 1 275. 1 811. | 782. | 4375. |
L__l8POLSE GAS FRNACE. GAS HW. CELISRAL AC I _ 1125. 1129. I 26. 1 236. I _ 270. 1 811. 1 _532. 1 4129. I

________ __________a--_SYSTEM CO PARISO Ns _______________________
5 ! I SYSTEM I MAINT. 1ST YEAR I1ST YEAR I INCREM. I NERGY I
I I NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT.1 ENERGY I ENERGY FIRST I PRESENT L_LIFE_CYCLE COST__L
t I I (ACOP) I WORTH I COST I SAVING I COST I WORTH I AVERAGE TMARGINAL

J O.1__ I _ I S I S I S _ __ I $ I S I
I 1 EL. FURNACE AND IATER HEATER, CENTRAL ACI 1.03 1 914. 1 1961.41 I REF. I REF. 5 36463. 1 40777. 1 59563. 1

1 2 IHBAT POUP WITH ELEC. RES. WATER HEATER 5 1.22 1 2162. 1656.87 | 304.54 1 131. 5 30801. 1 36494. 1 52364. I
I 3 IHEAT PUMP, DESOPERHEATER WATER HEATER I 1.25 1 2468. 1613.89 I 347.52 1 691. 5 30002. 1 36561. 1 52019.

4 lIN. ACES, BIR= 33.3 M3 PANEL=588.4 M2 1 2.80 1 2432. 720.87 1 1240.54 1 42773. I 13401. 62007.*l 68911.
1 5 IFULL ACES, BIN= 33.3 B3 PANEL=588.4 H2 I 2.80 1 2432. 1 720.87 1 1240.54 1 42773. I 13401. 5 62007.*1 68911. 1
1 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 5 2.04 1 889. 1 767.82 1 1193.59 1 434. 5 23597. 1 28320. 5 32134.
1 7 lOIL FURNACE, EL. HOT WATER, CENTRAL AC 5 1.61 1 914. 1 1745.88 1 215.53 1 975. 1 41654. 1 46943. 1 46914. .

8__lBJ PALSEG E £B ] AC,__ AS gCE. AT AL _ I _T_R .48 V 960, I1 634.14. l_1327.27 1 __ __7_2_9 19 63l _245I3. 1 27650. 1

*IOGLAZED PANEL EXCEEDS A PBACTICAL SIZE, AN ALTERNATIVE SUPPLBENNTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.

o ~S,



MINNEAPOLIS, MINNESOTA

167 SQ n RHOE, WELL INSULATED EL. ($/KWHR) = 0.0580, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) = 16205. GAS (S/THERB)= 0.3697, 0.8150 PRF = 31.67, 16.48 OUTDOOR TEMP. = -26 C 32 C
DESIGN COOLING LOAD (WATTS) = 5391. OIL (S/GAL.) = 1.1100, 1.4600 PWP = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.13

----- _ __ _ ___ DESIGN_AND PERFORBANCE
I I __BUILDING _ LOADS _ I _ ____ ___ SYSTEM EBTGY CONSUMPION _______
I I WATER I SPAC! I SPACE I (1) I (2) (3) 1 (4) {(5) 1 (6) I (7) 1 (8) 1

I ONTH I HEAT HEFAT I COOL I ELEC. I HEAT I HP I MIN. I FULL I GAS FURNACE__l OIL FRNACE IPULSE GAS FURN. I
I ! I I I RES. I PUHP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. |
I ____. 1 J__ _ MJ _.I__ _ 3__ lH__L_ __KH__ L__KIF I K H _I__W!._ _lTHERHS_lKWH__ISL_Li__KWH__lTHERMS_i_ KH-___L
I JAN 1 1802.1 19753.1 0.1 5988.1 5058.1 5043.1 2359.1 2359.1 287.1 63.1 215.1 563.1 231.1 63. 1
I FEB I 1700.1 15044.1 0.1 4651.1 3721.1 3679.1 1837.1 1843.1 225.1 48.l 165.1 520.1 182.1 48. 1
I HAR I 1929.1 11892.1 0.1 3840.1 2699.1 2616.1 1515.1 1520.1 190.1 _38. 1 132. __574. __153 __ 38. 1
I APP 1860.1 5614.1 0.1 2077.1 1377.1 1260.1 819.1 821.1 108.1 18.1 66.1 535.1 88.1 18. I
I MAY 1862.1 2004.1 1256.1 1211.1 959.1 838.1 441.1 441.1 60.1 143.1 27.1 661.1 51.1 143. 1
l__JUN__l__ 1712 _1 __ . _O ___2778- I__l_-778L_ 93 . 7-L._ 7771 1 239. 1__ 239. __ 351_____ 3..___.L__778. 1 28.1_303_J.
I JnL 9 1661.1 0.1 4305.1 930.1 1109.1 891.1 255.1 255.1 29.1 469.1 2.1 930.1 28.1 469.
! AUG ! 1572.1 0.1 4150.1 889.1 1065.1 860.1 656.1 243.1 28.1 452.1 2.1 889.1 26.1 452. 1
1 SEP I 1478.1 137 5 .1 1543.1 961.1 810.1 695.1 323.1 328.1 5. 1__ t72 L I__ _20q____583_ ____ 39__ 172._
I OCT I 1536.1 3698.1 0.1 1454.1 992.1 888.1 499.1 502.1 77.1 12.1 46.1 439.1 63.1 12.
I NOV I 1'44. 10289.1 0.1 3287.1 2177.1 2081.1 1139.1 1154.1 163.1 33.1 115.1 462.1 131.1 33. I
I _EC__1__J 693. _ 1636C- 1 .__ __0.1 5017.1 __3901.1 3858.1 1922.1 1929.1 242.1 _521 179.1 522.1__195._ 52. 1
I ASNUALI 20352.1 8603_5. _14031.1 31083.1 24803.1 23486.1 12003.1 11635 1 1488.1 1801.l 975.1 7455.J 1215.1 18C1.

_ _____ _ _~_ _ -__ __ SYSTEMS FIRST COSTS ________ _______
I I JI _.. _ ___ .COMPONENTS COSTS. $ ___ __ 1 TOTAL
1 l. I_ CONVNTIONAL ELECTRIC SYSTEMS J__IFAN UNIT_IA/C, _.P. C ONTROLlAUXILIARYj_, HEATE _- DOCTS_ l_INTALI..ICOST,_-_I
I 1 lEL. FURNACE AND WAIER BEATER, CENTRAL ACI 350. 1 1129. 1 48. 1 305. 1 275. 1 811. 1 482. 1 3400. 1
I 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER I 350. 1 1199. 1 77. 1 305. 1 275. 1 843. 1 482. 1 3531. 1
I 3 jHEAT __PHP DESOPEEHEATER WATER HEATER I _350. 1 1199. 1 77. I 705. 1 335. 1 843. 1 __582. 1 4091. 1
1 ANNUAL CYCLE ENERGY SYSTEMS JACES) _I HECH. P.I ICE BIN I_PANEL IAUXILIARYIW. _HEATE_ _ DQCT S I NSTALN.I TOTAL J1

9 4 HMIN. ACES, BIN= 26.8 H3 PANEL=147.6 H2* 1 4000. 1 3724. 1 9131. 1 830. | 335. 1 1520. 1 638. 1 20178.*1
J5_._IFULL ACES,_BBIN= 40.0 _3 PANEL= 95.3 M2* I __4j003___44788 . 6203._1 _3830 .1 _ 33_5. 1520. 1 __638 ___ 18004.*
I___1_FOSSIL__FUEL FIRE_ SYSTENS I___ _ FURNACE I A/C I CONTROL I AUXILIARYW. _HEATER DUICTS I INSTALN. I TOTAL$
1 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 1 775. 1 1129. 1 26. 9 376. 270. 1 811. 1 532. 1 3919. 1
1 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC 720. 9 1129. I 26. I 632. | 275. 1 811. 1 782. | 4375. 1
1 8 IPULSE GAS FURNACE._GAS_HW,_CENTRAL AC ___ 115__ ______ 1256. 1__ 236 1__ _270 _1___811 ____5-32_ _1 4129_1

__ _ ____-_ _ ______N _ _ _SYSTEM COMPARISONS __ ____ _____
l~ ~~I l ~I SYSTEM HA SINT. 1ST YEAR I1ST YEAR I INCREM. ENERGY

I NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY I FIRST PRESENT _ LIFE CYCLE COST
I l 9 (ACO P) ORTH COST 9 SAVING I COST O WORTH I AVERAGE IMARGINAL

_-NQ I -__-__ FURNCEA__N_ ____ .. E . .-__ 1___L- I 1-__ ___-I . _1_--1-__L_._ ___. ___ ___
1 IEL. FURNACE AND WAIER HEATER, CENTRAL ACI 1.08 1 914. 9 1801.89 9 REF. I REF. 9 33497. 1 37811. 1 47855.
12 1HEAT PUMP WITH ELEC. RES. WATER HEATER 9 1.35 1 2162. 1 1437.83 1 364.06 1 131. 1 26729. 1 32422. 1 40437.
3 IHEAT PUMP, DESUPERHEATER WATER HEATER B 1.42 1 2468. 1 1361.48 1 440.41 9 691. 1 25310. 1 31869. 1 39458.
4 lMIN. ACES, BIN= 26.8 s3 PANEL=147.6 M2 1 2.79 1 2432. 1 695.81 1106.08 9 16777. 9 12935. 1 35545.*1 39423.
5 IFULL ACES, EIN= 40.0 H3 PANEL = 95.3 M2 2 2.88 1 2432. 1 674.47 1 1127.42 1 14604. 1 12538. 1 32974.*' 36734.
6 |GAS FURNACE, GAS HOT WATER, CENTRAL AC 1 2.05 1 889. 9 654.56 1 1147.33 1 519. 9 19364. 1 24172. 1 27318.
7 1OIL FURNACE, EL. HOT WATER, CENTRAL AC 1 1.61 914. 1 1514.50 1 287.39 9 975. 1 35363. 1 40652. 1 39193.

1 8 IPULSE GAS FURNACE. GAS HW. CENTRAl AC I 2.45 I 960 1 553.71 1 1248.18 1 729. 1 16170. 1 21259. 1__23925._

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZF, AN ALTERNATIVE SUPPLEHENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.



BILOXI, HISSISSIPPI

167 SQ H HOME, WELL INSULATED EL. ($/KwHR) - 0.0563, 0.0850 PPF - 18.59, 16.48 DESIGN WEATHER: WINTER SUMMEB
DESIGN HEATING LOAD (WATTS) - 6502. GAS ($/THERBM) 0.3685, 0.8150 PUFP 31.67, 16.48 OUTDOOB TEMP. = -1 C 33 C
DESIGN COOLING LOAD (WATTS) - 7304. OIL (S/GAL.) = 1.1900, 1.4600 PIF - 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.55

_9_________ _---____ ,_ _ __scl Pap~ _ _ ___ _______ _ __O_______ ___
I I __ -ILDI!G- LADS___i ....... ____ SSTE EBG CONSOUPTIO ___ __

I I WATER I SPACE 1 SPICE I (1) I (2) 1 (3) 1 (4) I (5) 1 (6) I (7) I (8) I
I ONTH I HEAT I HET I COOL I ELEC. I HEAT I HP I KIN. FULL I GS A EIlBAC____q OIL FRNACE _IPgLSE__S__Ir.- IL

I I I I I RES. I PUOP I DS I ACES I ACES I GAS I ELEC. I OIL ELEC. I GAS I ELEC. I
I I B.J I HJ I WJ _I KH- II WH J KWH I KWHB KWH ITHERMS I KH I GAL I KWH B T I TERIS I KH I
I JAN I 1529.1 3813.1 0.1 1484.1 985.1 897.1 654.1 582.1 78.l 12.1 45.1 437. 64.1 12. I
I FEB I 1375.1 2400.1 509.1 1104.1 777.1 694.1 477.1 419.1 56.1 63.1 29.1 445.1 47.1 63. 1
1 l_ LR_1. qto __ _L2 o.l __ 908.1 __893 ! 7.13___._25.1 356. I _ 51 _. L___. 103.1___18. ___A031 _38,1__ 103.
I APR 1264.1 0.1 3261.1 706.1 868,1 700.1 407.1 194.1 25.1 355.1 4.5 706.1 21.1 355. I
I MAY 5 1149. 0.1 5947.1 967.1 1203. 968.1 1086. 669.1 20.1 648.1 1.1 967.1 19.1 648. |
I J0N I _ 27.1 _ O. 1 8049.1 1151.1 1464.1 1215.1 1452. 1477.1 16.1 87_7. I 0.1 1151.1 .. 16 -- 8772 .2 1
I JOt 1 946.1 0.1 9410.1 1288.1 1654.1 1405.1 1692.1 1722.1 16.1 1025.1 0.1 1288.1 16.1 1025. I

I AUG I 952.1 0.1 9091.1 1255.l 1608.1 1361.1 1637.1 1668.1 16.1 990.1 0.1 1255.1 16.1 990. 1
1_SEP _l IL0…0…____Ol... __ 7_18i51_ l..61. _1342_1 1Q06. I_ 130Q4.1_I_333,l_. 1 I__ __783 __0.._L 1061.1 17.1 783. 1
I OCT 1 1173.1 0.1 3824.1 743.1 926.1 760.1 718.1 745.1 24.1 417.1 4.1 743.1 20.1 417. |
I NOV I 1282.1 1368.1 1492. 899.1 752.1 640.1 315.1 337.1 41.1 167.1 17.1 523.1 35.1 167. I
I DEC 1 1458.1 2875. 0.1 1204.1 854.1 771.1 536.1 450.1 64.1 --.__ _- 35-.LL_ 414!---.. 541-.___
I ANNALI 14555. __ _87 7.1__ 49675. 1 12755.1 J314 . 11143. 1 10633.1 9930.Ql 4 16.1_544_9si__ 153 _ 493l.1___363.1__ 5449._

_______________._...... _ _________TES FIRT COSTS __ _ _______ _
I I I-…- __T_ _ CQ_______--CoH iEHTS _COzS ,______ ___ _ ______ I TOTAL

I -HOI_1CONVENTIONAL_ELECTRIC SYSTES__ IFAN _N01IT IL/C. H.P.l CONTROL IAUXILIARYIw. HEATERI DUCTS I INSTALN.I COST. $ I
I 1 tE1. FURNACE AND WAlER HEATER, CENTRAL ACI 280. I 1279. I 48. 1 236. I 275. | 907. I 534. | 3559. |
5 2 IHEAT PUSP WITR ELEC. RES. WATER HEATER E 280. 5 1329. I 45. 1 236. 1 275. | 940. 1 534. 1 3639. 1
I 3 IHEAT POMP. DESOPBEATeR ATER _HEATER _1 _280. 1 _1329. 1 45__.l 636. ___ _335. 1 _940._.____634._._ 4199._
J__ 1 _NNUAL CYCL _ENERGYSYSTES. _ iC.___L ECH. _ l j E I ICE_AIL _ltUIILIARIl.__HELTEl_ _DUCT TS__l ISTALiTOTAL,_
I 4 lIN. ACES, BIN= 6.6 N3 PANEL= 2.2 M2 1 2950. 1 1723. 1 990. 1 636. 1 335. 1 843. 1 482. | 7958. 1
1 5 IFULL ACES. BIN= 26.4 q3 PNHEL= 0.0 R2 1 2950. 1 3132. 1 0. 1 636. t 335. 1 843. 1 --- 42._ 8378._1
1_I FOSSIL FUEL FIRED SYSTESS__ .__ _ I FoR.AC..._ A/C i CNTROIL A.lL&AIiaiRYl _.-HEATEI__Do CTSl_AINST ALH.l_TOTAL S
1 6 IGAS FURNACE, GAS HOT WAIER, CENTRAL AC I 745. 1 1279. 1 26. I 376. 1 270. | 907. | 584. l 4187. 1

7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC 1 690. 1 1279. I 26. I 632. 1 275. 1 907. | 834. I 4643. 1
.1 8 ILSE GAS FURNACEL GAS BH. CENTRAL AC _1 1125. I 1279. 1 26. 1 236. 1 _ 270 1 907. 1 _ 584._l 44 7. 1

-______ __ ___SYSTRISONS _________ _ ____ ___________ __
|~~~~~I I I SYSTEM I MAINT. I1ST YEAR I1ST YEAR INCBES. I ENERGY

I I NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY ENERBGY FIRST I PRESENT LLIE E_CIL_ CQST _L
1 1 5 1 (ACOP) I NORTH I COST I SAVING COST I ORTH I AVERAGE IMARGINAL I
1 No.. I ' I I I I .... I ... . I .. lI $ _ I

1 tEL. FURNACE AND WATER HEATER, CENTRAL ACI 1.66 5 914. 1 717.84 I REF. I REF. 13345. 17817. 22340.
1 2 1BEAT PUMP WITH ELEC. BES. WATER HEATER I 1.61 I 2162. I 739.75 1 -21.91 1 80. 1 13752. I 19553. 1 24213.
1 3 IHEAT PUMP, DESUPERBEATER WATER HEATER I 1.90 1 2468. 1 627.10 1 90.74 1 640. 1 11658. 5 18324. 1 22275.
I 4 (1IN. ACES, BIB- 6.6 R3 PANEL= 2.2 R2 1 1.99 5 2432. 1 598.44 1 119.40 1 4399. 5 11125. 1 21515. I 25285.
1 5 IFULL ACES, BIN- 26.4 13 PANEL- 0.0 12 1 2.13 1 2432. 1 558.84 1 159.00 1 4819. 5 10389. 5 21199. 1 24719.

6 IGAS FURSACE, GAS HOT WATER, CENTRAL AC I 2.22 1 889. 1 459.84 I 258.00 1 628. 1 10552. 1 15627. 1 18291.
1 7 lOIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.82 1 914. 1 716.72 1 1.12 1084. 1 14539. I 20096. 1 22544. 1

I _-lU2ll1£_ell£I±_IfIS lASE GA.._CR _ 2L.35 1 960. 1 440.49 1 277.35 _86, jL--9939sA_1 15326. 1 17897. I

: , ~ ~ ~~~~c- P-



COLUMBUS, MISSISSIPPI

167 SQ H HOME, WELL INSULATED EL. ($/KNRH) - 0.0369, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMHER
DESIGN HEATING LOAD (WATTS) - 9067. GAS (S/THERM = 0.3685, 0.8150 PBF = 31.67, 16.48 OUTDOOR TEMP. = -8 C 35 C
DESIGN COOLING LOAD (WATTS) - 7713. OIL ($/GAL.) - 1.1900, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.32

_ _ __ _ _-_ _ _ _ __ -__B pSIGNAND _£BS nANc E_ ____ __P____ ________EO ________MAN- ____
I J _._. IDIDS ___1i__ ___A s_ _ ___ __ _SYSTEl_ NERGY CONSUHPTIO.N__________________

WATER SPACE I SPACE I (1) (2)1 (3) 1 (4) 1(5) I (6) I (7) 1 (8) I
MONTH I HEAT EAT AT COOL I ELEC. I HEAT HP I NIN. I FULL I GASFURPAIEl__OIL _FUIACE_ _ LSPU__S ____EN_I

I ! I I I RES. I PUMP DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC.
J_ _ N J _ J I J __I KWH I KWH_ 1_K H I KWH 1 KFH ITHERMS I KWH I GAL _ KWH ITHERMS I KWH I

JAN 1 1699.1 6580.1 0.1 2300.1 1493.1 1393.1 965.1 902.1 116.1 21.1 74.1 493.1 95.1 21. 1
I FEB 1 1522.1 4383.1 0.1 1640.1 1092. 1000.1 703.1 643.1 85.1 14.1 51.1 437.1 70.1 14. 1
L_ .E.__ _ _ l-58. J_1 313.l1--_ 727-11__1380,1___97 1 __-861 55l__ 521 Jl_ 69 __891 __ 37 1___5281 ____58_1___89_ 1
I APB I 1373.1 998.1 1913.1 867.1 789.1 664.1 296.1 296.1 37.1 212.1 13.1 593.1 33.1 212. 1
I HAY I 1234.1 0.1 4331.1 815.1 1016.1 834.1 658.1 206.1 25.1 472.1 4.1 815.1 21.1 472.
I JUN I 1049.L O0. 6553.1 10051 1261.1 _1040.1 1194.1 217_.1 1i .___ 714.1 0.1 1005.1_ 17._ 714. 1
! JUt 1 1003.1 0.1 7953.1 1145.1 1454.1 1214.1 1442.1 1502.1 17.1 866.1 0.1 1145.1 17.1 866. I
I AUG I 1018.1 0.1 7834.1 1136.1 1441.1 1204.1 1422.1 1477.1 17.1 853.1 0.1 1136.1 17.1 853. I
l__SP_-_l___10Lt __ 1___5.___8 8_1___86 l L.__1 085. ___9 1___ 959.1 ___009J I 20L___565 1._ _ .2 -___866.1_ ___18___--565.-_

I OCT I 1289.1 1204.1 2395.1 953.1 865.1 726.1 478.1 521.1 39.1 265.1 16.1 623.1 34.1 265. I
I NOV I 1421.1 3142.1 676.1 1341.1 923.1 821.1 495.1 464.1 67.1 84.1 37.1 478.1 56.1 84.
I DEC I 1621.1 60 4 1 .1 0.1 2129.1 1360.1 1259.1 872.1 835.1 108.1 _19.1 691 __469.1 89.1 19. 1
IANNUAII 15894. _25451.1 37570.1 155791 _3753.1 11915.1 10037.1 8593.1 616.1 4174_.1 302.1 8589.1___ 524..1 174_.

_ -_ ____________S_ ISTERS FIRST COSTS _ ___ ___ ___ _______________________ _____ ______
1 I__ _I ..___ ____ COO N POHENTS COSTS ________________ T OTAL I

I NO.1-_ COl NTI.ONALELECTRIC SYSTEMS __ _N Q IAC, HP.I C ONTOL 1 AUILIARYII W ._EATERI __DCTS___INSTALNi.ICOSai
I 1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 280. ! 1279. 1 48. 1 236. | 275. 1 907. 1 534. 1 3559. 1
1 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 1 280. 1 1329. 1 45. 1 236. 1 275. 1 940. 1 534. 1 3639. 1
1 3 IEAT PUMP. DESUPERREATER WATER HEATER I 280. I 1329. 1 45. 1 636. 1 335. i 940.-_1____- 3._i___ 4129.

-I ANNUAL CYCLE ENERGY SYSTEiSl ACESl __ ECH. pl. ICE BIN I AEL _-_I I UXILIA-I ,I HEATEI DQC-TS __I-NSAL-lS _I QTAlL-_
1 4 1IIN. ACES, BIN= 10.3 M3 PANEL= 5.4 H2 1 3130. ( 2185. I 1166. ! 636. 1 335. | 1049. 1 534. 1 9035. 1
1 5 IFULL ACES. BIN= 55.6 H3 PANEL= LO 2___1 31 30Q_1_ 4837. 1 __Q- _____636. ____335. 1l_104oi____ 41_l_ 5 21. 1
l_ J-___O S IL_-aEL_FRED_ SYSTEMS __ ____ _ _1_ FNACE IL__1 AC ___ ONI_ OL_IU!XIALIRI _ BETI _!TEi__DgCT__ _ !_ISTALN,_TOTAIlh-
I 6 IGAS PURNACE, GAS HOT WATER, CENTRAL AC I 745. 1 1279. 1 26. ; 376. 1 270. I 907. | 584. 1 4187. |
I 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC I 690. 1 1279. I 26. 1 632. I 275. I 907. 1 834. I 4643. |
I 8 1PQLSE GAS FURNACE. GAS HW._CENTRAL AC I 1125. I 1279. 1 26. 1 236. 1 270. _ 907. I 584._ 1__427._1

__ ____ _ Q_ ______ _ _ _ISON __ ___ STE COHPASOsS_ _ __ _____________ ___- -------------- -- --
I 1 I SYSTEM I MAINT. I1ST YEAR 11ST YEAR I INCREM. ENERGY

NEW CONSTRUCTION ALTERNATIVES EFFIC. I PRESENT ENERGY I ENERGY FIRST I PRESENT 1 LIFE CYCLE COST I
~I ~~I ~~ I (ACO P) I WORTH COST ISAVING COST I WORTH AVERAGE 1.ARGINAL I

I NO1 ____________ I S I I . _ I S I S I- . _L__
I1 IEL. FURNACE AND WATER HEATEB, CENTRAL ACI 1.41 I 914. I 574.86 I REF. I REF. 1 10687. 15159. 1 26296.
1 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 1.59 1 2162. 507.48 1 67.38 1 80. 1 9434. 1 15235. 25066.
1 3 HEAT PUMP, DESUPERHEATER WATER HEATER 1 1.84 1 2468. 1 439.67 1 135.18 1 640. 8174. 1 14840. 23358.

4 IHIN. ACES, B1R- 10.3 M3 PANEL- 5.4 H2 1 2.18 1 2432. 1 370.35 1 204.51 1 5476. 4 6885. ; 18352. 25526.
1 5 IFULL ACES, BIN= 55.6 M3 PANEL- 0.0 2 1 2.55 1 2432. 1 317.06 1 257.79 1 6962. I 5894. 1 18847. 1 249e9.

6 GAS FURBNACE, GAS HOT WATER, CENTRAL AC 1 2.15 1 889. 1 380.94 1 193.92 1 628. 1 10050. 1 15126. 1 19193.
I 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC 1 1.72 1 914. 1 676.60 1 -101.74 1 1084. 1 14973. 1 20530. 1 24860.
.L_.P.i, SB G1AS YFRIACS, GAS_IRL iTU ^_L9_l_ 260. 1 4699L 1 227 _____ .... 8f8_ 8975_._l! 362i_ 1 18267.



JACKSON, MISSISSIPPI

167 SQ R HOME, WELL INSULATED EL. ($/KBHR) = 0.0630, 0.0850 PFP = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) - 7860. GAS ($/THERN)= 0.3667, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEMP. = -5 C 36 C
DESIGN COOLING LOAD (WATTS) - 7735. OIL (S/GAL.) = 1.1700, 1.4600 PPF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.33

___ __________ _ _ -_ ___----__ BDESIN_ FORHAN .....______ __________
I __a__II_A_ LoDS a__1______ ...... s_ - _S EaEBG__CO…SO-PTIi_ ______ _____ _ -
II WATER I SPACE I SPACE I (1) (2) (3) I (4) 1 (5) 1 (6) 1) 1 1(8)

MONTH I HEAT HEAT I COOL I ELEC. I HEAT I HP I BIN. I FULL I__GAS_FOBRNAE___ OIL tURNACE__IP1LSE _GA_FOLN._
~~I I 15~ I I RES. I PUMP I DS ACES I ACES | GAS I ELEC. I OIL I ELEC. I GAS I ELEC.

J ______1 J I N J I J_ I RKWH I H W I KKW I B H KWH ITHERMS I KH I GAL I KWH _ITHERMS I KWB
I JAN I 1629.1 5225.1 0.1 1904.1 1258.1 1159.1 809.1 747.1 98.1 17.1 60.1 469.1 80.1 - 17. 1
I FEB I 1463.1 3242.1 0.1 1307.1 923.1 834.1 574.1 513.1 69.1 10.1 38.1 417.1 57.1 10. I

__HAI__ 15_2. ___251.1 __879.1_.__220._ LL__892.L_ 786.1 4821_ 454. L___60_.___L...1O ___ 30.1 ___28i ____51.__1 04 _
I APP 1338.1 844.1 2214.1 847.1 804.1 674.1 279.1 279.1 34.1 244.1 11.1 615.1 31.1 244. I
I AY 1 1212.1 0.1 4535.1 831.1 1028.1 840.1 842.1 207.1 23.1 494.1 3.1 831.1 20.1 494. 1

I JUN 1 1038.1 _0. 1 6503.1 997.1 1251.1 1028.1 1183.1 466.1 17.1 7__08. __ 0.1 997.1 __17.1 708. 1
JUL 995.1 0.1 8348.1 1186.1 1510.1 1259.1 1509.1 1551.1 17.1 909.1 0.1 1186.1 17.1 909. I

I AUG 1 1005.1 0.1 7813.1 1130.1 1434.1 1195.1 1416.1 1461.1 17.1 851.1 0.1 1130.1 17.1 851. 1
L_SEP_____1060. 1___ q__ . __ _ 592.1_ 904J _ 1 127_ . 926. 1 10271__ 069, _ 18.__1 _609.1 __ 1 1__904 . 1_ __18.l_ 609. J
I OCT I 1248.1 807.1 2751.1 870.1 855.1 711.1 536.1 573.1 32.1 302.1 11.1 649.1 29.1 302. I
1 NOV t 1367.1 2712.1 822.1 1223.1 870.1 768.1 454.1 418.1 60.1 98.1 32.1 478.1 50.1 99. 1
I DEC I _1555.1 4276.1 0.1 1620.1 1069.1 977.1 683.1 635.1 84.1 __14.1 501 445 1__69.1 14. 1
I ANNUAI 15438.1 _19623.1 39456.1 14039.1 13022.1 1156.1 9794.1 8372.1 529.1 4361.1__237.1 8649.1 ___ 51_ 4361.1

_______ SYSTEMS FIRST COSTS
I I … .. =__ . .COMPON.fNTSCOSTSI ____ __________ __ TOTAI 5

1O._ I CONVENTIONAL BLCTRIC SYSTEMS ___AN UNIT IA/C. BP.I CONTROL AUXILIARYW_ HEATEBI DOCTS__lISTAL_ - _COST,___1
{ 1 IEL. FUPNACE AND WAIER HEATER, CENTRAL ACI 280. 1 1279. 1 48. | 236. I 275. 1 907. 1 534. 1 3559. 1
1 2 IHEAT PUMP WITH FtEC. RES. WATER HEATER | 280. 1 1329. 1 45. 1 236. 1 275. 1 940. 1 534. 1 3639. 1
I 3 I HAT PUHP. DESUPERHEATEP RATE_ HEATER _1 280. 1 1329. I _ 4__5. l 636. -_I 335 1_ ____940.-____1634. ___ 4199
I -- __-- A NNAL _c _LE_ RGY__SSTES _ MS_ ASL____I LECH _PJl_ICZ_BIN_ _PANEL L__iAUXIIAIRYl _HEATE__ _DUCTS __ INSTALN L_TOT AL_ 11
I 4 IMIN. ACES, BIN= 8.5 M3 PANEL= 4.0 N2 1 3130. 1 1968. 1 1087. 1 636. | 335. 1 1049. 1 534. I 8739. I
1 5 IFULL ACES. BIN= 42.7 M3 PANEL= 0.0 n2 1 3130. 1 4114. 1 0. 1 636. 1 335. 1 1049. 1 _534.- 9798. _
I I FOSSIL FUEL FIRED SYSTEMS __ URBCE_ .....I/C_ I CONTBOL 1 AXILIAH.LWj HEATEFI_DUCTS _L I_/TAN 1 TALi
1 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 745. 1 1279. 1 26. 1 376. 1 270. 5 907. 1 584. 1 4187. 1
1 7 lOIL FURNACE, EL. HOT WATER, CENTRAL AC 5 690. 5 1279. 5 26. 1 632. I 275. 1 907. 1 834. 1 4643. I

J 8 IPLSE GAS FDRNACE. GAS HW. CETRAL AIC I 1125. I 1279. I 26. 1 236. 1 _270. 1 907. 1 _584. 1 4427. 1

______S___!__C SYSTE! COMPARISSll _____ __ _ __ ____ _______
I I I SYSTEM MaAINT. IST YEAR B1ST YEAR I INCREN. I ENERGY I I

NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY ENERGY I FIRST I PRESENT I LIFE CYCLE COST I
5~~~I I 5I 5(ACOP) WORTH COST SAVING COST I NORTH I AVERAGE IMARGINAL

NO.I __ I I $ ____ __ II _ I_ I . I -__ ___1_ I
1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 1.47 I 914. 5 885.13 1 REF. I REF. 1 16455. 1 20927. 1 24138.

{ 2 IHEAT PUMP WITH ELEC. RES. NATER HEATER 1 1.59 2162. 1 821.02 1 64.11 1 80. 5 15263. 5 21063. 1 24041.
1 3 IHEAT PUMP, DESUPERHEATER WATPR HEATER I 1.86 1 2468. 1 703.40 1 181.73 1 640. I 13076. 1 19743. 1 22294.
1 4 IMIN. ACES, BIN= 8.5 H3 PANEL= 4.0 M2 1 2.11 1 2432. 1 617.54 1 267.59 1 5181. I 11480. 5 22651. 1 24891.
1 5 {FOLL ACiS, BIRN 42.7 M3 PANEL= 0.0 M2 1 2.47 2432. 1 527.83 1 357.29 1 6239. 1 9812. 5 22043. I 23957.
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 5 2.17 1 889. 5 469.02 1 416.11 1 628. I 11258. { 16333. 1 18293.
I 7 tOIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.74 1 914. 1 822.16 1 62.96 1 1084. 1 17128. i 22684. 23366.
i1_8 iLSe G-AS FURNIAC ^A , S._CENTRAI AC _l _ 2.35 960. 1_ 442.42 1_ 442.71 .__.868. 1 1015. __L _1580 _L 17630. 1

GAS 960. I-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~K



COLUMBIA, MISSOURI

167 SQ M HOME, WELL INSULATED EL. ($/KHRN) = 0.0540, 0.0850 PHF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) = 12563. GAS (t/THERM)= 0.3702, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEMP. = -17 C 34 C
DESIGN COOLING LOAD (WATTS) = 6447. OIL (S/GAL.) = 1.0600, 1.4600 PPF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.17

______ ____________ _ _DESIGN._SBB--E ______ _---___-_ ______ _--_---_____-O__
I I ___BIn I _O ADS_ _____ ____ _ _ ___--SIST_MEN ERG_ COHSUMPTION_ ___----__-

WATER | SPACE I SPACE I ( (2) (3) 1 (4) (5) (6) (7) | (8) I
ONTH I HEAT HEAT I COOL I ELEC. I HEAT I HP MIb. I FULL I _GS FURNAcB__l OIL FUBNACE -LPULSE-GAS FBU__N,

I II I | RES. PUMP DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I
1 I m J L NJ I J__ I KRW I K H I KRW1 I KH ITHEBRS I KWH I__GL I KWH ITHERMS I KWH I

JAN I 1918.1 12084.1 0.1 3890.1 2766.1 2685.1 1570.1 1570.1 192.1 38.1 132.1 571.1 155.1 38. 1
FEB I 1744.1 8577.1 0.1 2867.1 1936.1 1844.1 1172.1 1179.1 144.1 27.1 95.1 512.1 116.1 27. I

_- AR__ __ 8 .36. 1___725 __I ___0 .1_ 524 J_ 1660 L_ 154 6. 1 i _1 0727. 1 1 2 _. __129. _231 .____81. ___533.1___ 104i___23.
I APP 5 1606.1 2805.1 914.1 1325.1 956.1 842.1 505.1 570.1 66.1 108.1 33.1 555.1 55.5 108. {

S MAY 1 1440.' 818.1 2358.1 884.1 850.1 712.1 290.1 290.1 36.1 260.1 11.1 660.1 32.1 260. 1
1 JN1_ I 1207.1 ___O. I 4626. J 839.1 _1033. 843.1 537.1 207.1 22.1 504.1 2.1 __839.1 ___ -- 201 504.
I JUt 1 1123.1 0.1 6404.1 1010.1 1261.1 1037.1 1176.1 224.1 19.1 698.1 0.1 1010.1 19.1 698. 1
I AUG I 1109.1 C.I 6021.1 964.1 1202.1 990.1 1111.1 216.1 19.1 656.1 1.1 964.1 18.1 656. 1
l_SEP__l__ _1__165.______._i.__ __ 8 5..L___l6 1 __ _ 31, _ 51 18L__77 61.__1_3 15_81_ __ 6 1_ 681 __ ____9l_9.._358 _t_

OCT I 1387.1 1888.1 1350.1 1057.1 829.1 716.1 333.1 343.1 50.1 153.1 24.1 538.1 42.1 153. 1
NOV I 1549. 5782. 0.1 2037.1 1320.1 1221. 744.1 817.1 105.1 18.1 66.1 449.1 85.1 18. 1

I DEC I 1798.1 9917. 1 __._ . 3254.1 _2176. 1 20771 1292.1 1336.1 163.1 _31.1 110.1 531.1 131.1 _ 31.
I ANNUAI 1_788.L1 _49121J1 24959.1 21333.1 16848.1 15218.1 10389.1 8008.1 970.1 2875.1 561.1 7843.1 798.1_ 2875.

_ __ _____ _ _ __ __SYSTENS FIRST COSTS _ ____

I \I COMPO__I __COMPONENTS COSTS, $ _ _ TOTAl I
NO. I CONVENTIONA I ELECTRIC SYSTEMS __EIFAN UIT I/C. H-P.I CONTROL 1AUXILIARYj . HEATE__LD DUCTS___INSTALN_._COST,_l

I 1 |EL. IURNACE AND WAIER HEATER, CENTRAL AC| 310. 1 1129. 1 48. | 253. 1 275. 1 811. | 534. { 3360. 1
I 2 IHEAT PUMP WITH ELEC. RES. WATiE HEATER 1 310. I 1199. I 77. 1 253. 1 275. 1 843. 1 534. 1 3491. I
1_ 3 HET PQMP._ DESnPEReEATER WATER HEATER 1 310. 1 1199. 1 77. 1 653. I 335 .1 843.1 _634. 1 4051. 1
I I AlNNUAL CYCLE ENERGY SYSTEMS JACES_ I MECH. P.I ICE BIN I PANEL jAUXILIARYI. _HEATERI DUCTS _ INSTALN I TOAi. I $
1 4 IMIN. ACES, BIN= 17.4 M3 PANEL= 17.0 M2 1 3500. 1 2912. 1 1816. 1 710. 1 335. 1 1267. | 638. 1 11178. |
_I_5_IFILL ACES,_BIN 937 lM3_PANEL=_ 1.9 M2 1_ 3500 _1 6797. _1__972_1 710. ___ 135. 1 1267 1 _ 638. 1 .4219. 1
__-__lFSSIL_ FELFIRED_ SYSTE_ S__ __ I PURNACCE I A/C I CONTROL IAUXILIARYIW. HEATER1 DUCTS I IHSTALN. LJOTAL. $1

I 6 IGAS FURNACE, GAS HOT WATBE, CENTRAL AC | 775. I 1129. 1 26. | 376. 1 270. I 811. 1 584. 5 3971. 1
\ 7 OI1 FURNACE, EL. HOT WATER, CENTRAL AC 690. 1129. I 26. 1 632. 1 275. 1 811. I 834. 1 4397. I
L 8 IPULSE GAS FURNACE,_ GAHW_CENTAI __AC _I 1125. I 1129 ,__ _26_. i 236. _1i__ -270. ____ 881 l_____51 8.1___ 41e

________ ___________ __ SYSTEM COMPARISONS _____
I I I SYSTEM I MAINT. l1ST YEAR 1ST YEAR INCREn. I ENERGY I
I NEW CONSTRUCTION ALTERNATIVES I EPPIC. PRESENT I ENERGY ENERGY FIRST PRESENT J LIFE CYCLE COST I
I I I (ACOP) WORTH I COST SAVING COST I WORTH | AVERAGE IHARGINAL

1a1__ ___________________________I ___1_____ . _._. ._______..___ 1___£___.___-_____$.___.___
1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 1.20 1 914. I 1151.13 B REF. I REF. 1 21400. 1 25674. 34158.
2 IHEAT PUMP WITH ELEC. RES. WATER HEATER I 1.52 1 2162. 909.11 1 242.02 1 131. 1 16900. 22553. 1 29253.
3 IHEAT PUMP, DESUPERHEATER WATER HEATEB 1.68 2468. 1 821.19 1 329.95 1 691. 1 15266. 1 21785. 27837.
4 IHIN. ACES, BIN= 17.4 M3 PANEL= 17.0 n2 1 2.46 2432. 1 560.60 1 590.53 1 7818. 10422. 1 24032. 28163.
5 IFULL ACES, BIN= 93.7 M3 PANEL= 1.9 H2 5 3.19 2432. 1 432.09 719.04 5 10859. 8033. 1 24684. 1 27868.
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 5 2.07 889. 1 514.11 637.02 611. 14253. 19113. 1 21912.
7 IOIL FURNACE, EL. HOT WATER; CENTRAL AC 1.65 914. 1 1018.02 1 133.12 1 1037. 22886. 28198. 1 29799. 1

1 IPULSE GAS FORNACE. GAS W._ CENTRAI AC 1 2.39 1 960. 1 450.55 1 700.59 1 821. A 12240. I 17381._ L 19887.I



KANSAS CITY, HISSOURI

167 SQ I HOBE, WELL INSULATED EL. (S/KIBH) - 0.0612, 0.0850 PWV = 18.59, 16.48 DESIGN WEATHER: WINTER SOUBER
DESIGN BEATING LOAD (IATTS) - 11890. GAS (S/TH!RE)= 0.3032, 0.8150 PUF = 31.67, 16.48 OUTDOOR TEMP. = -16 C 36 C
DESIGN COOLING LOAD (WATTS) - 6762. OIL (S/GAL.) ' 1.1300, 1.4600 PIUF 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.17

____ SPACES SPADZESIG, AHD PEBROBRHANCE
I BUILDING tOIDS .__Y. _S_ STE ENRG__TO .......S.S.ESGONP3. ._.______________

I aTER I SPAC! I SPACE I (1) (2) 1 (3) 1 (4) I (5) 1 (6) I (7) (8) 1
ONTH HEAT RHEAT COOL I ELEC. I HEAT I HP I HIN. I FULL I GAS FURNACE -_ OIL FURNACE IPLSBi-GAS f gl_-

RES. I PUMP I DS I ACES I ACES GAS I ELEC. I OIL I ELEC. i GAS I ELEC. I
_1..__ I M J I _.WJ . J !I KH __.WHI KWH A I KWH I KH ITHERMS I KIH I GAL I KWH ITHEBRS I K_ H I

I JAN I 1903.1 11774.1 0.1 3800.1 2625.1 2514.1 1531.1 1490. 186.1 37.1 129.1 566.1 152.1 37. I
! FEB I 1733.1 8430.1 0.1 2823.1 1874.1 1762.1 1151.1 1107.1 140.1 27.1 94.1 508.1 115.1 27. 1
L lR__ I 1822 L 6856§1 _ 0_.l_ 2411I _15 80.1 _ 1453 _ 980.1 _ 945, i_ 122. I ... 2211___?.1 1 528 1.___1001 _ __22_l

APpR 1586.1 2544.1 875.1 1243.1 909.1 801.1 472.1 463.1 62.1 103.1 31.1 5441. 52.1 103. I
MAY 5 1409.1 604.1 2471.1 828.1 831.1 690.1 265.1 265.1 32.1 271.1 8.1 663.1 30.1 271.

I JUN 1 1168.1 0.1 5109.1 881.1 108.1 878.1 580.1 210.1 20.1 557.1__ 1. 881.1 19.1 557. 1
JU1 1075.1 0.l 7279.1 1092.1 1375.1 1134.1 1329.1 231.1 18.1 793.1 0. 1092.1 18.1 793. 1
AOUG I 1058.1 0.1 6865.1 1042.1 1310.1 1079.1 1260.1 223.1 18.1 748.1 0.1 1042.1 18.1 748. 1

ISEP_ _ 1118. L _ _0_ _ 1 3410 1___i82 1 _846.1_ 689.1 654,1__ L 179, LJ 23J__321- _4 I^i__682.1____.19_1 ___71._
I OCT 1 1346.1 1422.1 1346. 915.1 753.1 646.1 282.1 280.1 43.1 151.1 18.1 525.1 37.1 151. 1
I NOV 1 1518.1 5351.1 0. 1908.1 1231.1 1124.1 701.1 684.1 97.1 17.1 61.1 439.1 80.1 17. 1
J DEC I 1776.1 9467.1 0.1 3123.1 2034.1 1911. 12. 1240. 1251 155.1 30.1 105.1 523. 1_1261 30. 1
I NNeAII 17510.1 4644 8 .1 27355.1 20748.1 16455.1 14682.1 10444.1 7301.1 915.1 3.12._1 529. 1 7992.1___i76_ 5 3127_

______________ __ _________ XSYSTEBS FIRST COSTS ___ _
I Jc Io_ -- -- OPONETS COT _ __ ____ $_... -. - --_ _ , TOTA I I

I NO.1__CONETIO!NAL_IEECTRIC__SSTEIS __ _ _ ___tTN UNIT IA/C. H.P. ICO __TROLI AUXILI ARYI__EATE__ DCTS _LIjHTALt COST,_$
I1 IEl. FURNACE AND WATER HEATER, CENIRAL ACI 310. 5 1279. 5 48. I 253. 1 275. 5 907. 1 534. 1 3606. |

1 2 IHEAT PUMP WITH ELEC. EES. WATER HEATER 5 310. 1 1199. 1 77. 1 253. 1 275. 1 843. 1 534. 5 3491. 1
13 IIHEAT POIP. DESUPERHEATER WATER HEATER _. _310. I 1199. I 77. 1 653. 1 335. I 843._L _ 634_.-_1. 4051. 1
J I ANNOAL CYCLE ENFEGY SYSTEMS AcES)_ _ NECH_.P. ICE BIN I P__EL LAUOXLIABYI ._HEATE_ D._OCTS ._.l_ISTALN I_TOT ,_Ijl

4 11IN. ACES, BIN= 17.0 n3 PtNEL= 17.4 M2 1 3500. 1 2846. 1 1842. 1 710. I 335. 5 1267. 1 638. 1 11138. |
1 5_IoLL ACES,. BIN108.9 3 PANEL= 0.0 2__1 3500. 1 7394. 1 0. 710. 1 _ 335. I 1267. 1 638. 13844. 1

_ I FOSSIL FUEL FIRED SYSTEMS I FoURAcE I A/C I CONTROL IAUXILIARYI . HEATEERI DOCTS INSTALN.I TOTAI. $1
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 5 745. 5 1279. I 26. 5 376. I 270. 5 907. I 584. 5 4187. 5
7 IOIL FURNACE, EL. HOT HATER, CENTRAL AC 5 690. 5 1279. 1 26. I 632.. 275. I 907. 5 834. 4643. |

18_ 1 P LSE GAS FORhACEGASHWCENTR.L AC _1_ 1125L 1279, 1 . 2___2 1_i_ _236._1____270 _ 907 --_L 584. 1 4427. 1

__SYST________ARISO
I I I SYSTEM I HAINT. IST YEAR IIST YEAR I INCREM. I ENERGY I

I I NEW CONSTRUCTION ALTERNATIVES EFFIC. I PRESENT I ENERGY I ENERGY FIRST PRESENT I LIFE CYCLE COST I
I I 5 (ACOP) I WORTH COST S SAVING COST WORTH AVERAGE IHARGINAL
1_,- ---- - I---I _ _-- _ -- I. . A -_L-- -_-- ________

1 lEt. FURNACE AND WAIER HEATER, CENTRAL ACI 1.22 1 914. 1 1269.15 B REF. I REF. 23593. 28113. 5 33584.
1 2 IHEAT POUP WITH ELEC. RES. WATIR HEATER 1.54 1 2162. i 1006.53 1 262.61 -115. 18711. 1 24364. 1 28703.
1 3 IHEAT PaOP, DESUPEBBEATER WATER HEATER B 1.73 1 2468. 5 898.07 1 371.08 445. 16695. 1 23214. 1 27085.
1 4 IHIN. ACES, BIN= 17.0 13 PANEL= 17.4 n2 1 2.43 1 2432. 5 638.85 1 630.30 7533. 11876. 1 25447. 1 28200.

5 IFULL ACES, BIR=108.9 M3 PANEL= 0.0 H2 1 3.47 1 2432. 5 446.61 822.54 10238. 8303. 24579. 5 26504. 5
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 2 2.10 1 889. 468.61 1 800.54 581. 12339. 17415. 5 21741. I

I 7 IOIL FORNACE, EL. HOT WATER, CENTRAL AC 1 1.67 | 914. 5 1086.53 1 182.62 1 1037. 24179. 29736. 1 29478. 1
8 IPOLSE GAS FURNACE. GAS HW. CENTRAL AC I _2.39 1 960. 1 423.11 1 846.03 I 821. 1 10898. I 16285._1_ 20037.

*° .^- i~~



SPRINGFIELD, NISSOURI

167 SQ HROME, WELL INSULATED EL. ($/KWHR) - 0.0504, 0.0850 PWFP 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) = 11672. GAS (S/THERN)- 0.3697, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEMP. = -15 C 34 C
DESIGN COOLING LOAD (WATTS) - 6756. OIL (S/GAL.) - 1.1100, 1.4600 PWP = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.24

--- __ ___D___ _ DSIGN AND PERFOHRANCE ___ _____
1 1 BUILPING LOADS _ 1 _ ___SYSTEM _NERGY CONSO PTION ____
1 1 NWATER SPACE I SPACE (1) 1 (2) (3) 1 (4) (5) 1 (6) I (7) (8)
MONTH HEAT HEAT COOL ELEC. HEAT I BP I IN. FULL I GAS FURNACE __ OIL FURNACE IPULSE GAS FUBN. I

1 1 1 I ~ RBES. I PUMP I DS ACES ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I
L ---___1 _ J .J 5__ __1 __J ___I__KWfl _-l _i H___ KWH _l__I __H ___gTHERS _l___H__iQ AL____H______S

IJAN 1915.1 11688.1 0.1 3779.1 2666.1 2581.1 1529.1 1529.1 185.1 37.1 128.1 569.1 151.1 37. I
I FEB 1728.1 8609.1 0.1 2872.1 1919.1 1823.1 1175.1 1179.1 142.1 27.1 95.1 507.1 116.1 27. I
I MAR 1 1803.1 6787.1 0.I 2386.1 1573.1 1454.1 971.1 1018.1 120.1 21. 1 761 522.1__ 99.1 21. I

I APR I 1565.1 2492.1 1042.1 1241.1 919.1 804.1 466.1 552.1 60.1 121.1 30.1 556.1 51.1 121. I
I NAY I 1394.1 700.1 2547.; 859.1 851.1 714.1 275.1 275.1 33.1 280.1 9.1 667.1 30.1 280. I
j1_JUN__l 1168. _____ O1_._ _589_I_ _ 824j ___1O191_ _Q_0,1 511,i- 2 21-1___5QO.1___ 2,1___24 .l___19 1_ 500Q_1

I JUL { 1095.1 0.1 6560.1 1019.1 1276.1 1057.1 1202.1 223.1 18.1 715.1 0.1 1019.1 18.1 715.
I AUG I 1097.1 0.1 6185.1 978.1 1223.1 1015.1 1139.1 217.1 19.1 674.1 1.1 978.1 18.1 674. I
I_SEP__I_ 1 1167.L1 __-__01___ 440.1__6991 ___ 8771__72 5.1 6 58. __ 185.12_ __ 25 ..____ 6995 i____. 5 1_ ___19__375._ 1
I OCT I 1400.1 1838.1 1497.1 1063.1 849.1 732.1 330.1 326.1 49.1 169.1 23.1 558.1 42.1 169. I

I NOV 1564.1 5778.1 0.1 2040.1 1325.1 1225.1 750.1 824.1 103.1 18.1 66.1 453.1 85.1 18. I
DEC I 1808.1 9834,1 _0.l 3234.1 2157.1 2054.1 1283.1 1326.1 160.1 31.1__ 102.1__ 533.1 130.1_ 31.

LAfNNL__ 17704.I 477281_ 25861.1 20995. 16654.1 15025.1 10309.1 7856.1 937.1 2969.1 545.1 7887.1 __781.1_-299.-_1

_-_ I__ _ __SYSTEYS YPIST~ COSTS___ ____ _ __SYSTEMS_ FIRS COSTS
__I ____ _SYSTEMS _COSI __ COMPONENTS COSTS. _$ _ ___ TOTA I l

I HO.I CONVFNTIONAL ELECTRIC SYSTEMS _ __FA__UNIT_^_J. H.P LCONTROL _AUXILIABYlI._HEATERI DUCTS _LINSTALN. 1_COSTS__I
1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 310. I 1279. I 48. 1 253. I 275. 1 907. I 534. 1 3606. 1
2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 1 310. I 1199. 1 77. I 253. I 275. 1 843. I 534. 1 3491. I

1_ 3_HEATP_ LDESU !RHEATER WATER HEATER 1 310. 1 1199. 1 77. 1 653. 1 335. I___843. I 634. I 4051. 1
J _ ANNUAL CYCLE ENERGY SSTEMS_ ACESL___ IECH._P.I ICE BIN I PANEL 1AUXILIARYIW. HEATERI DUCTS I INSTALN._TOTAI. $1
1 4 IMIN. ACES, BIN= 16.9 H3 PANEL= 14.7 N2 1 3500. I 2828. 1 1687. 1 710. I 335. 1 1267. I 638. I 10965. I
I_5_IFULL _ACE,_BIN_=98.7 _3 PA'NEL=_0.0 _2 ___ 3500. 1 _ 6950. 1 0___ . 1 __--10. ____ _33 5_._1__ 67- ___ 6138 _ 13400Q.
1___1 OSSIL_FUEL_ IRED_SYSTEMS__ __ FURNACE I A/C I CONTOL I AUXILIARYIW. HEATERI DUCTS I INSTALN. I TOTAI. $

6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 745. ; 1279. I 26. I 376. 1 270. I 907. 1 584. 1 4187. I
I 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC 1 690. I 1279. I 26. 1 632. I 275. 1 907. 1 834. 1 4643. 1
1 8 IPULSE GAS FURNACE_GAS_HW _CENTRAL AC __ I_ 1125 __1_ 1279._1_____26.____ 236. 2___270L 90__ 07.1 584__8_ 1__ 4427.__

__---------_ -__-_- _ -SYSTEM COHPARISONS _____ ______
I I SYSTEM I AINT. IIST YEAR I1ST YEAR I INCREM. ENERGY I

I I NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT ENERGY ENERGY I FIRST I PRESENT I LIFE CYCLE COST
I (ACOP) I WORTH COST SAVING 1 COST I WORTH A VERAGE (MARGINAL

l _. ____ __ _____ ___ __ ______ _ !___ _ __ _____ _ _ _ __$____ ____.______ __
1 IEL. FURNACE AND WATER HEATER, CENTRAL AC! 1.21 1 914. 1058.13 1 REF. I REF. 1 19671. 2 24190. 1 33929.
2 IHEAT PUMP WITH ELEC. RES. WATER HEATER I 1.52 2162. 839.38 218.75 -115. 15604. 21257. 28982.
3 1HEAT PUMP, DESUPERHEATER WATER HEATER I 1.69 2468. 757.24 300.89 445. 14077. 20596. 27565.
4 (BIN. ACES, BIN- 16.9 M3 PANEL= 14.7 H2 2.46 1 2432. 519.56 1 538.57 1 7359. 1 9659. 23055. 27837.
5 IFULL ACES, BIN- 98.7 H3 PANEL= 0.0 M2 3.23 2432. 395.97 662.16 9794. 7361. 23193. 26838.
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 2.09 889. 495.94 562.19 581. 13750. 18825. 21816.
7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.65 914. 1002.31 55.81 1 1037. 1 22661. 28218. 29715.

1 8 IPULSE GAS FURNACE, GAS HN. CENTRAL AC ___ 2.39 I 960. 1 438.29 I 619.83 I 821. 1 11924. I 17311. _i 2003. -



BILLINGS, MONTANA

167 SQ NH OHE, WELL INSULATBD EL. (S/KEHR) = 0.0322, 0.0850 PYF = 18.59, 16.48 DESIGN WEATHER: WINTER SUPHEB
DESIGN HEATING LOAD (MATTS) = 15891. GAS ($/THERM)= 0.3478, 0.8150 PWF - 31.67, 16.48 OUTDOOR TEBP. = -25 C 33 C
DESIGN COOLING LOAD (WATTS) = 4924. OIL (S/GAL.) = 1.0400, 1.4600 PUP = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.00

______________._ ___DESIGN AND PERFORMANCE
I J BUIDIING LOADS _ __ It , SYSTEM ENERGY CONSUoPTION

I HATER I SPACE I SPACE I (1) 1 (2) ! (3) 1 (4) 1 (5) 1 (6) (7) (8)
IONTH I HFAT I HEAT 4 COOL I ELEC. I HEAT I HP I KIN. I FULL I GAS FURBACE I OIL FRNACE _IPULSE GAS FRN, I
I I I I I RES. I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC.

1---I.-_1 HJ__l ._..J __1__ NJ..__1_ _l__H I _KWH _ _K .I WH__ I SH_ ITHERBS_I KIH__J GAL ____fiEH iTaEBS_i__! WH__J
I JAN I 1864.1 1444.1 0.1 4531.1 3513.1 3440.1 1824.1 1824.1 221.1 46.1 159.1 564.1 178.1 46. 1
I FEB 1 17411.1 11100. 0.1 3567.1 2643.1 2570.1 1449.1 1449.1 176.1 35.1 123.1 519.1 142.1 35.
1 aAB 1 1930.1 9669.1 0.1 3222.1 2246.1 2148.1 1307.1 1318.1 161.1 31.1 1o091 567.1 131.1 __31. 1

APB I 1805.1 5812.1 0.1 2116.1 1382.1 1268.1 858.1 866.1 109.1 18.1 67.1 520.1 89.1 18.

AY I 1747.1 2690.1 1152.1 1358.1 1007.1 879.1 509.1 511.1 67.1 134.1 34.1 619.1 56.1 134. I
IJUN__.__1561.i__ 868.,1 24821 ___.245.1 __902 .__755.1 3.12._1 _312.. 1_ 39.1 -273_. _ 13 ___707 __-_ ___3 _ 273.-

I JUL I 1493.1 0.1 4214.1 874.1 1061.1 866.1 234.1 234.1 28.1 459.1 4.1 874.1 25.1 459. I
I AUG I 1423.1 0.1 3824.1 812.1 993.1 814.1 728.1 221.1 28.1 417.1 5.1 812.1 24.1 417.

I SEP I 1377.1 1700.1 1831.1 1054 . 871.1 742.1 382.1 327.1 _ 7.1 205.1 23. 587. ___40. _205. 1
1 OCT 4 1491.1 3947.1 0.1 1511.1 1063.1 945.1 548.1 557.1 80.1 13.1 48.1 427.1 65. 13.

NOV I 1555.1 8723.1 0.1 2855.1 1920.1 1822.1 1045.1 1074.1 143.1 28.1 99.1 460.1 115.1 28.
1 DEC_1_ 1745.1__11805.1 0.1 3764.1 2613.1 2514.1 1488.1 1501.1 186.1 37.1 132.1 522.1 149.1 ___37.
I IHNOALI 19730.1 70758.1 13504.1 26609.1 2021Q. 18762.1 10683.1 10194.1 1284.1 1695.1 816.1 7176.1_ 1049.1 1695. i

______________________________ _ SYSTEMS FIRST COSTS
-- COP N EN IoTS COSTS. TOTAI

CONVENTIONAL ECR SYSTEMS w AUXIM 1r.' W

IdIEA T ______B l.A~g~s~x*?E?£ fl c^ 1cr- HEATER____ ___-lo___2 i T PUP WITH ELEC. RES. WATR HEATER 1199. 77 275 843. 482. 3 31.
I 3 HEAT PUOiPDE-s ERHEATER IATER HEATEP I 350. 1 1199. 1 77. 1 705. 1 _335. 1 843. 1 _582._I 4091.
I IANNUAL CYCLE ENERGY SYSTEBS (ACES I HECH. P.1 ICE BIN I PANEL IAUXIIARYI . HEATERI DUCTSI INSTALN.i TOTAl. $
1 4 lINH. ACES, BIN= 20.2 M3 PANEL= 21.5 H2 1 4000. 1 3290. 1 2068. 1 830. 1 335. 1 1520. I 638. t 12681. I
J _SIFOUL ACES.j_I= 36-3_H3 PANELJ_6.9 M2 _L_ 4000L-l 4257, I 1811_1 830. 1 ___335_ I J_! . 6 638. 1 13391. 1

I 1__I__FOSSL _PIEL_ FIED SYSTEMS I FURNACE I A/C I CONTROL IAUXILIARYIW. HEATEBI DUCTS I INSTALN. I TOTAI, Si
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 4 775. I 1129. 26. 1 376. 1 270. 1 811. 1 532. 1 3919. 1

1 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC I 720. 1 1129. 1 26. 1 632. 1 275. I 811. I 782. 1 4375. 1

I 8 iPUtSB GAS FURNACE. GAS___ CETBALI AC__ _L 1125, 1 1129. - 26. 1 236 1-- _270. 1 __81_1 __532 _1__ 129_ 1

__ __ ____ ______________si .STE COPA ISONS
I("---T'~ I I SYSTEM | HAINT. I1ST YEAR 11ST YEAR IINCRE. I ENERGY

NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT | ENERGY I ENERGY I FIRST I PRESENT I LIFE CYCLE COST I

1|~ I1|~~ I~ (ACOP) W| ORTH | COST I SAVING I COST I WORTH I AVERAGE IMARGINAL I

h2 , HEAT PUOHP WITH ELEC. HENATHRD ATEH ES. .WAI HEATE 650.21 205.53 131. , 12087. . 17780. , 3014.
3 HEAT PBUP. DESUPERHEATER WATER HEATER 1.54 I 46 6 40 52.35 691. 11217. 17776. I 32841.

4 iMIN. ACES, BIN= 20.2 M3 PANEL= 21.5 f2 2.70 ( 2432. 1 343.58 | 512.17 1 9281. 1 6387. 1 21500. 1 30078. 1
1 5 IFULL ACES, BIN= 36.3 M3 PANEL= 16.9 H2 , 2.83 1 2432. 1 327.84 , 527.91 , 9991. 1 6094. 1 21918. , 30103. 1

6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC , 2.03 1 889. 1 501.22 1 354.52 1 519. 1 15160. 1 19969. 1 24433. 1
1 7 lOIL FURNACE, EL. HOT WATER, CENTRAL AC 1 1.58 I 914. 1 1079.34 1 -223.60 1 975. 1 25716. I 31006. I 34973. I
I 8 IPULSE GAS FURNACE. GAS H. CENTRAL AC I _2._42 1 960. 1 419.45 1 436.29 _7_2.9 1 12571. 1 17660._1__2157.1

GASHT CNTALRC I"_72 251 - ,



GREAT FALLS, MONTANA

167 SQ M HOME, WELL INSULATED EL. ($/KWHR) = 0.0322, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMHER
DESIGN HEATING LOAD (WATTS) = 17392. GAS (S/THERM)= 0.3478, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEMP. = -28 C 31 C

DESIGN COOLING LOAD (WATTS) = 4469. OIL (t/GAL.) = 1.0400, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.00

_____ __ __ __ DESIGN AND PRFQOMANCE_
I -- BUILDING LOADS I SYSTEME ENERGY CONSUMPTION__ i_ ___

I I WATER I SPACE I SPACE (1) I (2) 1 (3) (4) (5) I (6) 1 (7) I (8) I
IONTH I HEAT I HEAT I COOL I ELEC. HEAT P I FULL GAS FURNACE___ OIL RAClPULSE GAS FURN. I

I ~I I I I RES. I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I
I ____1 _JI _L"J__ I J___ KL_ I MJ__I__KW _ H __KI H I KWH I __KWH ___ITHEMS I __KH __- _ GA__I___Kl__ THES___lKH__

JAN I 1832.1 16458.1 0.1 5081.1 4067.1 4006.1 2042.1 2042.1 247.1 52.1 180.1 561.1 198.1 52. I

I EB I 1714.1 12731.1 0.1 4013.1 3092.1 3033.1 1627.1 1627.1 197.1 40.1 140.1 517.1 158.1 40. I
I MAP I 1924.1 10994.1 _ 0.1 3588.1 2618.1 2530.1 1453.1 1454.1 179.1 __35. 1 123.._ 569.1___144. 35.-
I APR I 1834.1 6255.1 0.1 2247.1 1450.1 1332.1 911.1 911.1 117.1 20.1 72.1 529.1 94.1 20. I

MAY I 1818.1 3074.1 952.1 1463.1 1047.1 920.1 559.1 559.1 74.1 113.1 38.1 619.1 62.1 113. I
1_ Jn___ 1663. !_ 1286 1__ 19_49.L__i 32 __ 906.__032_767^1_ __ . 1_1 361.___47._ I I ___419_1___6j 1___ 41- __ 216. 1
I JUL I 1616.1 0.1 3667.1 848.1 1048.1 857.1 2441. 241.1 34.1 399.1 8.1 848.1 27.1 399.

I AUG I 1543.1 0.1 3287.1 787.1 984.1 811.1 330.1 333.1 35.1 358.1 9.1 787.1 26.1 358.
SEP _ 1470.1 2185.1 1479.1 1177.1 911.1 784.1 372.1 372.1 56.1 168.L__ 28.1 577.1 _ 47.1 _168.
OCT I 1550.1 4601.1 0.1 1709.1 1168.1 1054.1 621.1 621.1 90.1 15.1 55.1 445.1 73.1 15.

NOV I 1573.1 10557.1 0.1 3370.1 2383.1 2290.1 1336.1 1337.1 168.1 33.1 118.1 471.1 134.1 33.

I DEC __ 1730.1 _14092. 1_____ -- 0-4395J_3335. 3255.1 1787.1_ _ 87.1_ 216__1 __451__56 1___525 1____17_21__--45.
1 ANNUAl 202671 __232__ 11334.1 297101 _23011.1 21638_1 _1638 3 __11645 1i__460 __149 1__ 947.1__7.126.1__ 175.1 1495. 1

___ _______ SYSTEMS FIRST COSTS ____ ___-____-
I! -y-- I -I COMPONENTS COSTS, $_________1_ I TOTAL
I NO.1 CONVENTIONAL ELECTRIC SYSTEMS _IFAN UIT IA/C. H.P.I CONTROL IAUXILIARYIWH. HEATERi DUCTS I INSTALN. CO__ST,

1 IEL. FURNACE AND WATER HaATER, CENTRAL ACI 350. 1 1129. I 48. 1 305. 1 275. I 811. 1 482. I 3400. I
1 2 IHEAT PUOP WITH ELEC. RES. WATER HEATER 1 350. I 1199. 1 77. 1 305. 1 275. I 843. 1 482. I 3531. I

3 IHEAT PURPI.DESUPEH E ATER H EAT ER __ __350. 1199. 1 77____77.__705_i___335 1___ _843. 1 ___582. 1 4091.

l___ ANNUAL CYCLE ENERGY SYSTEMS (ACES)I I ECH. P.l ICE BIN I PANEL IAUXILIARYIW. HEATER1 DLCTS I !NSTALN. I TOTALJ1
4 ININ. ACES, BIN= 22.7 M3 PANEL= 24.3 M2 1 4000. I 3535. 1 2226. { 830. { 335. I 1520. | 638. 1 13083. 1

J 5 JFULL ACES. BIN= 24.4 .3 PNEL=23_ 9 _2 J_1 44000._ 3641, 2__2l 10. 2 1 . 1_335 _ _ 2_ ____ _l__ _
l__I__ OSSILFUELIR-ED _SYSTS_ _ _ I URNAC El _AZC I CONTROL__lA3ILIARYli iHATE1-_ DTS---IjSTAL IQTALjl
1 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 815. 1 1129. I 26. I 376. 1 270. I 811. I 532. I 3959. I

I 7 IOIL FURNACE, EL. HOT WATEP, CENTRAL AC I 720. 1 1129. I 26. I 632. I 275. I 811. I 782. I 4375. 1

__8 IPULSE GAS FURNACE. GAS HR. CENTRAL AC I 1125. 1 1129. I 26. I 236. 1 270. 1 811. 1 5__3_1___412 9l_.

_ _ ______ _ __ ___________sISTE ACOARIS NS_ -_------ --- _---__----- -----
1 I I SYSTEH I AINT. I1ST YEAR l1ST YEAR I NCRE. I ENERGY I

I NEW CONSTRUCTION ALTERNATIVES EFFIC. I PRESENT I ENERGY I ENERGY I FIRST I PRESENT 1_LIFE_CYCL COST__i
I~~~~ I I ~~(ACOP) WOBTH COST SAVING I COST I WORTH AVERAGE IARGINAL

_ NO., _I_ __ I _ _ I IA I I _S I _- $
I 1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 1.06 1 914. I 955.46 REF. I REF. I 17762. 22076. 45931.
1 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 1 1.37 2162. 740.02 215.44 1 131. 1 13757. 19450. 37926.

I 3 IHEAT PUMP, DESUPERBEATER WATER HEATER 1.46 2468. 695.89 259.57 691. I 12937. 19495. 36870.

1 4 IMIN. ACES, BIN- 22.7 M3 PANEL= 24.3 N2 1 2.72 2432. 374.29 581.17 1 9683. I 6958. 22473. 31818.
I 5 (FULL ACES, BIN= 24.4 M3 PANEL= 23.9 M2 2.72 2432. 374.49 580.97 1 9764. 6962. 22558. I 31908.
1 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 2.01 889. 555.99 399.47 559. 16979. 21828. 26557.

1 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.57 914. I 1214.41 1 -258.95 975. I 29138. 34427. 38065.
Ll8 IlEps E GS i URNACE. GAS HW, CENTRAL AC I _2.44 1 960. I 456.80 I 498.66 I 729, I 13838. 1 18927. 1 22967. 1

CAPACITY EXCEEDED ON GAS FURNACE IN SUBROUTINE COST, DHEAT= 68175.



HISSOULA, HONTANA

167 SQ 0 HOME, VELL INSULATED EL. (S/K«HR) = 0.0322; 0.0850 PUF - 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN BEATING LOAD (WATTS) = 19980. GAS (S/THEBR)= 0.3478, 0.8150 PNF = 31.67, 16.48 OUTDOOR TEMP. = -34 C 31 C
DESIGN COOLING LOAD (WATTS) = 4416. OIL (S/GIL.) = 1.0400, 1.4600 PRF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.00

--- ______-_--_--_ ___S_____S.PSA.PE..OB..RhNCE ______ __________ _______P____-_________
I 1__ .__B.IPING_LQIS- ___1__.__ ___ _______ _SYSTE _EJBGY CORSUPTION_ ___________ _ I

~I I ATER I S PA C I SPIC I (1) 1 (2) I (3) I (4)1 (5) 1 (6) 1 (7) I (8)
HONTH I HEAT I HEAT I COOL I ELEC. I HEAT I HP I DIN. I FULL I GAS FURNACl__1_OIL fCfiLR_ _lPLSE_SA§_snU _.

1I I I I I| RES. PUMP I DS ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS IELEC. I
J __ IJ NJ I J I 1J_ I KWH KH_ . KWH I I KHH I KWH lTHERMS I KWH I GAL I KHH LTHERMS I K WH I
I JAN I 1841.1 14168.1 0.1 4447.1 3344.1 3278.1 1791.1 1791.1. 219.1 45.1 156.1 556.1 175.1 45. I
I FEe I 1715.1 10575.1 0.1 3414.1 2363.1 2285.1 1377.1 1374.1 171.1 33.1 118.1 510.1 136.1 33. I
1 MPR__I_ 1924zi__922 1____ l 0._1__109821 20501 _195951.1 244.1__ 12421__ 157 1____29_.__ 105j1 __64. 1___126_1 ___29._l
I APR I 1843.1 5347.1 0.1 1997.1 1293.1 1183.1 800.1 799.1 105.1 17.1 62.1 529.1 85.1 17. I
1 HAY I 1843.1 3220.1 795.1 1493.1 1057.1 937.1 572.1 572.1 77.1 97.1 40.1 609.1 63.1 97. I
I JUN 1 1704.1 1615.1 1657.1 1102.1 919.1 785.1 397.1 398.1 52.1 186.1 23.1 _659.1 45.1 _186_J.
I JUL I 1674.1 736.1 3538.1 1055.1 1078.1 883.1 326.1 326.1 39.1 388.1 12.1 853.1 35.1 388. 1

AUG 1610.1 950.1 2898.1 1027.1 991.1 820.1 332.1 398.1 41.1 319.1 15.1 766.1 36.1 319. I
L_SEP_____ 1536. 2391. ___12_84___12232 __ 930..L__.05.1 395.1____ 34 l__ _60. 1 ___427l____31i___741_____. 5L __ 147._
I OCT I 1609.1 5181.1 0.1 1886.1 1215.1 1107.1 665.1 663.1 99.1 16.1 61.1 463.1 80.1 16. I
I NOV I 1615.1 9667.1 0.1 3134.1 2053.1 1963.1 1128.1 1123.1 158.1 31.1 109.1 479.1 125.1 31. I
I DEC 1 1754.1 12095.1 _0.1 3847.1 2634.1 2552.1 1516,. 1516.1 192.1 38.1 134.1 526.1 152.1 _38,
I ANNUALI 20668.1 75176.1 10171.1 27734.1 19928. 18548.1 10543.1 10595.1 1371.1 13461__ 866.1 7088.1 1110.1__13_46

________ _ _____ _ _SYSTEMS FIRST COSTS __ __ __ --
I 1I COMPONENTS COSTS, S__ __1 TOTAl

I NO.I CONVENTIONAL ELECTRIC SYSTFMS ___ IAN UNIT IA/C. H.P.I CONTROL LAUXILIABYIHEATERI_ DUCTS ._lNSTALN LCOST_--_-
I I IEL. FURNACE AND WATER HEATER, CENTRAL ACI 350. I 1129. 1 48. I 305. 1 275. 1 811. 1 482. 1 3400. 1
1 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER I 350. 1 1199. 1 77. I 305. 1 275. 1 843. 1 482. 1 3531. 1
__3 IHEAT PUHP._DESUPERHEATFR R W HEER ATER _I 350. 1 1199. I 77. 1 705. 1 335. 1 843. 1 582. 1 4091, 1

I 1 ANNUAL CYCLE ENERGY SYSTEMS (ACES) HE-CH.. P.1 ICE BIN I PANEL LAUXILIARYI . HEATERI DUCTS. I INSTALN.1 TOTAL, .t
I 4 1BIN. ACES, BIN= 19.9 M3 PANEL= 50.2 M2 I 4450. 1 3486. 1 3675. 1 915. 1 335. I 1716. 1 638. I 15215. 1

I__I5 ILL ACRESBIN 199_9__3PANEL= __50,2 2__1 4450._1 3486. i _ 3675. 1 915 _I___335. 1 1716. 1 . 638. 1 15215. 1
_ L__1 _POSSIL tP FIRED _SSTE!____S I FORNACE I A/C I CONTROL lAUXILIARYIW. HEATERI DUCTS I NSTALN. TTAL,

I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 690. 1 1129. 1 26. 1 376. 1 270. 1 811. I 532. 1 3834. 1
I 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC I 720. 1 1129. 1 26. I 632. 1 275. 1 811. 1 782. 1 4375. I
1 8 IPULSE GAS FURNACE._GAS Ht. CENTRAl AC __1 _ 1129. 21 36-____279.L__8.!_L.______Q__ _ l_ 5 ____4129._l

___ ___ _________ S_ SYSTEM CONPARISONS_____
I I SYSTEH I NAINT. 1ST YEAR 1ST YEAR I INCREM. I ENERGY

I I NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY I FIRST I PRESENT I LIFE CYCLE COST I
II I1 (ACOP) WORTH I COST I SAVING I COST I WORTH AVERAGE IMARGINAL I
_Q-__________ __ ____ _ _ _______ ____ _ 1___-___ $- _ _-__- I _____ ___1____£___1 __1

1 EL. FURNACE AND A1TER HEATER, CENTRAL ACI 1.06 1 914. 891.92 1 REF. I REF. I 16581. 20895. 43164.
2 1HEAT PUMP WITH ELEC. FES. WATIER EATER 1.48 2162. 1 640.90 251.02 1 131. 1 11914. 17607. 33609.

I 3 1HEAT PUMP, DESUPERBEATER WATER HEATER I 1.59 2468. 596.52 295.40 1 691. 1 11089. 1 17648. 132541.
4 IMIN. ACES, BIN= 19.9 M3 PANEL= 50.2 M2 1 2.79 2432. 1 339.06 552.86 1 11815. I 6303. 1 23950. 132416.

1 5 IFULL ACES, BIN= 19.9 M3 PANEL= 50.2 M2 1 2.78 2432. 1 339.06 1 552.86 1 11815. 1 6303. 23950. 132416.
6 IGAS FUPNACE, GAS HOT WATER, CENTRAL AC 2.00 889. 520.08 371.84 1 434. 1 15905. 1 20628. 25021.

I 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC 1 1.56 914. 1128.22 -236.30 1 975. 1 26969. 1 32259. 136046. 1
8 IPULSE GAS FURNACE. GAS HW, CENTRAL AC 1 _2.42 I 960. I 429.31 1 462.61 1 729. 1 13030. 1 18119._1_ 21882L_



¥* t

GRAND ISLAND, NEBBASKA

167 SQ N HOME, PELL INSULATED EL. ($/KWHR) - 0.0611, 0.0850 PNF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER

DESIGN HEATING LOAD (WATTS) = 14233. GAS ($/THERM)= 0.3702, 0.8150 PPF = 31.67, 16.48 OUTDOOR TEMP. = -21 C 35 C
DESIGN COOLING LOAD (WATTS) = 6252. OIL (S/GAL.) = 1.0600, 1.4600 PNF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.10

- J~TL IN LOAS__ DjSIGN AND PBRFORHANCE__
I I BUILDING tOADS I _ __ SYSTEM ENERGY CONSUMPTION _ _- -_!_ =

WATER SPACE I SPACE I (1) (2) (3) { (4) (5) 5 (6) 1 (7) 1 (8) 1

MONTH I HEAT HEAT I COOL I ELEC. I HEAT HBP I HIN. FULL I GAS FURNACE _L OIL FURNACE IPULSE GAS FUON. I
I { I { I RES. I PUMP I DS I ACBS ACES I GAS | ELEC. I OIL I ELEC. | GAS | ELEC.

I _ __.I a. M___ A _ M__.J_H __ ___K _ H IHE KW i__ _ l--L - H___-- TERMS__I__K WH__I__LGAL__- KW__ I___-- ITHERS_ L_SW__
I JAN I 1857.1 15809.1 0.1 4908.1 3734.1 3671.1 1959. 1959. 1 238.1 50.1 171.1 566.1 192.1 50. 1

{ FEB { 1738.1 11829.1 0.1 3769.1 2736.1 2655.1 1518.1 1520.1 185.1 37.1 129.1 520.1 149.1 37. 1

n AR 1 1921.1 9974.1 __ 0. 3304 l__2236.1 2113, 1 325.1 1354.1 165. 1 32.1 11_. 1 565. ___13 i ._ 32._
IAPR I 1780.1 4641. 0.1 1784.1 1239.1 1109.1 715.1 729.1 93.1 15.1 53.1 509.1 77.1 15. I

I AY 1 1699.1 1646.1 1709.( 1115.1 934.1 798.1 ,01.1 401.1 52.1 191.1 21.1 663.1 45.1 191.
_ JJUN _ 149]. __ 1 3638 - 8._ _ 88.1 807, 21

J 2266.1 29.1j 396! ! I--- I _. 11.1____ 25.1 396.

{ JUL 5 1406.1 C.l 5459.1 985.1 1203.1 975.1 328.1 243.1 24.1 595.1 1.1 985.1 23.1 595. 1

1 AUG 5 1331.1 0.1 5237.1 940.1 1155.1 939.1 979.1 231.1 24.1 571.1 1.1 940.1 22.1 571. 1

I SEP I 1294.1 1052. J 2455.1 919.1 _85L3 711.1 493.1 351.1 37.1 -71.--__14-1_ 630. __32.-1 71. I
OCT { 1422.1 3339.1 942.1 1425.1 989.1 869.1 475.1 487.1 70.1 113.1 39.1 508.1 58.1 113.

5 NOV I 1510.1 8491.1 0.1 2778.1 1811.1 1698.1 988.1 1038.1 139.1 27.1 94.1 446.1 112.1 27.

LDEC_ 172 ___21 1271.1 __ 0.- 4009 __2791. L 2698.1 _ 1567.1___158. ___197.1 __40._ 139.1 518 1___ 8___40.
lA_NOlIi_19172.1 _69492.L 19441._ 2649L _20669. .19043L 11473s 1.__1Q12O. 12_ 3 _2338_ L__7771__7664.l__1027 ._2338.

__ __-- _ SYTE S _------2 _---------S _S 'CST -- -- _ -_^ _______----C- --N-T- -S--_____- ________________1_ _---_--_
I -- COMPONENTS COS _ . .. . ITOTAL I

l_NO - CQ"ENTIONAL ELECTRIC SYSTES_____ _ AN UNIT A/C, H.. Il CONTROL ILAXILIARY 1. HEATljj DUCTS I INSTALN. _ COST. $ i
1 5EL. FURNACE AND WAIER HEATER, CENTRAL ACI 310. 5 1129. 5 48. 1 253. 1 275. 1 811. { 482. 1 3308. 1

2 IHEAT PUMP WITH ELEC. RES. WATER HEATER | 310. 1 1199. 1 77. 1 253. 1 275. 1 843. 1 482. | 3439. 1

3 IHEAT PUMP, DESUPERREATER WATER HEATER _ _ _310. 1 1199, 1 _ 77. 1_ _ _653 ___1 335. 1 _ 843 ____5 9_L2A!!LAI PUMP. j 3105 _1199… …- . . . .753s. I __5 _J 843 1 ---- 58_2. _ 3999. 1
I-- __ ANLaL__CLEEN_ERGY SYSTEMS ACEiS _C.P. ICE BI I P_AEL _ AUXILIARYiW__ HEAT__L__DUCTS__I I__STA Ni TOTAL-1i

1 4 IlIN. ACES, BIN= 21.9 N3 PANEL= 28.8 N2 1 4000. 1 3310. 5 2479. l 830. 5 335. l 1520. 5 638. l 13111. I
5 IFULL ACES. BIN= 62.2 N3 PANEL= 14.4 N2 1 4000. 1 5481. i 1671. 830. 35. 1520_. ____6_38._i 14475 2

I I FOSSIL FUEL FIRED SYSTEMS _____ _I OLCE A_ C I CONTOL iAUXILIARYIW _H_ETE _ DUC TS__lINSTALNiLTTAL_$l
6 IGAS FURNACE, GAS HOT WAlER, CENTRAL AC 1 775. 1 1129. - 26. 5 376. l 270. l 811. { 532. l 3919. 1

7 lOIL PURNACE, EL. HOT RATER, CENTRAL AC 1 690. 5 1129. 1 26. 1 632. I 275. l 811. l 782. 1 4345. 1

L __gl.giSE GAS F URNACE, GAS HWCENTRAL AC 1 1125. 1129.. 2 6. 236. 70. I 811. I 1 32 l 4129.

_______________________ SYSTEM COMPARISONS_________________
------------------ 5--- SYSTEM I MAINT. j1ST YEAR 51ST YEAR I INCREM. I ENERGY

NEW CONSTRUCTION ALTERNATIVES l EFFIC. I PRESENT I ENERGY ENERGY I FIRST I PRESENT __LIE CYCLE COST_
I l l5 (ACOP) WORTH COST SAVING I COST C WORTH AVERAGGE MARGINAL l

HO.- L_ __ __ I I N S -5 .. _.. __ _1 _ L-$ I
I EL. FURNACE AND WATER HEATER, CENTRAL ACI 1.12 1 914. 1634.62 REF. I REF. 30388. 34610. 41692.

{ 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 1 1.45 1 2162. 1263.11 1 371.52 131. 23481. 29082. 34555.

l 3 IHEAT PUMP, DESUPERHEATER WATER HEATER l 1.58 1 2468. 1 1163.74 l 470.88 1 691. 21634. 28101. 33143.

l 4 IMIN. ACES, BIN= 21.9 R3 PANEL[ 28.8 M2 1 2.62 l 2432. 1 701.15 1 933.48 l 9803. 13034. 1 28578. 31615.

5 PFULL ACES, BIN= 62.2 M3 PANEL= 14.4 M2 2.97 1 2432. 1 618.42 1016.21 1 11167. 11496. 28403. 31083.
. 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 5 2.06 1 889. 1 606.63 1027.99 1 611. 17343. 22152. 24909.

l 7 {OIL FURNACE, EL. HOT HATER, CENTRAL AC l 1.64 1 914. 1 1292.30 1 342.32 5 1037. 1 29511. 34771. 34698.

l_8 PULSE GAS FORNACEL_GAS _H L_CENTRAI_ C _2. 43 1_ _ 60 ____ 523. 1 1111-5 _L___82I1 _ 14698.L _ 19787. 1 22159. 1



LINCOLN, NEBBRASKA

167 SQ H HONE, WELL INSULATED EL. ($/KBHR) 0.0451, 0.0850 PUP = 18.59, 16.48 DESIGN WEATHER: WINTER SUMNER
DESIGN HEATING LOAD (WATTS) = 13541. GAS (S/THERH)= 0.3697, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEMP. = -20 C 36 C
DESIGN COOLING LOAD (WATTS) = 6500. OIL (t/GAL.) - 1.1100. 1.4600 PUF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.20

___DESIG_ANDPBRFORANCE ____
I- 1 IUiLDIGLODS-- _ _1SYSTEM ENEBGY CONSUMPT --_ ______ ___ -- I

I WATER SPACE I SPACE I (1) (2) (3) (4) I (5) I (6) 1 (7) 1 (8)
ONTH i HEAT I HEAT I COOL I ELEC. I HEAT I HP I MIN. I POLL J__GAS_.b]lAC___l_ __QUl.. 5ACE__IPULSE__AS FUi_. I
1 1I I I RES. I PUNP I DS I ACES I ACES I GAS I ELEC. | OIL I ELEC. I GAS I ELEC.
I ____ JI Hi I NJ I NJ_ I KWH I IR KWH I K6H I KWH 1THERMS I KV__J. GA L_I KIH ITHERS IJ KJH I

I JAN I 1851.1 15776. 0.1 4897.1 3852.1 3803.1 1946.1 1948.1 238.1 50.1 171.1 564.1 192.1 50. 1

I FEB I 1733.1 12242.1 0.1 3882.1 2879.1 2816.1 1540. 1557.1 190.1 39.1 133.1 520.1 154. 39. I
_ 20__ 193_] J___ 9525 . ___.1_ 3178 1.__2151 L_20.6. 1 1259&1_ _ 1283. 1 159.1___30. 106. ___562. 1__129.1_ 30_-_

I APR I 1770.1 3733.1 0.1 1529.1 1100.1 981.1 605.1 615.1 81.1 12.1 43.1 503.1 67.1 12. 1
I MAY I 1683.1 943.1 2107.1 959.1 895.1 756.1 328.1 328.1 42.1 233.1 13.1 700.1 38.1 233. 1
! JUN 1474.- 1 ___ 392251 837.1 _1007 1 815.1 2L 228.1 1 27. 1 428.1 2.1 837. ___25 __428. 1

JUL 1 1384.1 0.1 5443.1 977.1 1191.1 952.1 821.1 240.1 23.1 593.1 0.1 977.1 23.1 593. I

5 AUG I 1309.1 0.1 5062.1 915.1 1120.1 902.1 949.1 225.1 23.1 551.1 1.1 915.1 22.1 551. 1

I SEP_ __ 27.1 ____291__ 2079 L__ 831 _ 750 .. _ 631.l 427.t 304 1 32-1___2_29_ __1!0 __2 .- 1__ 29.l_.-229.
I OCT 1 1406.1 2557.1 702.1 1178.1 835.1 738.1 389.1 231.1 60.1 85.1 31.1 75. 49. 85. 1

1 NOV 1 1498.1 7857.1 0.1 2599.1 1675.1 1577.1 908.1 952.1 131.1 25.1 88.1 441.1 105.1 25. 1
DEC 1 1713.1 14341.1 0. 1 4460.1 3259.1 3195.1 1698.1 1698.1 217.1 45.1 156.1 521.1_ 175.1 _45.

I ANNUALl 19009._ _67702.1 19318.1 26193.1 20714.1 19212.1 11100.1 9609.1 1223.1 2319.1 755.1 7600.1__ 006.1 2319._1

____________________£_ -SST-aS FIRST COSTS___ _ _-__
1 1 .I -____ COMPOHNTS CQSTS5_$_____ _ _ ._1L TOTAL I
I NO.1 CONVENTIONAL ELECTRIC SYSTEHS _ _ A_ _l N_NaIT _LA /C_ H .P.I NTROL IAXILIARyBl _HEATER _DCTS __ INSTALN ICOST_ . I

1 IEL. FURNACE AND AR HETER, CENTAL AC 310. 112948. 275. 811. 54. 2753360.
I 2 (HEAT PUMP WITH ELEC. PES. WATER BEATER I 310. I 1199. I 77. I 253. 1 275. 1 843. 5 534. | 3491. i
j 3 IEAT PUMP, DESUPERHEATER WATER HEATER ! 310. I 1199. 1 77. I 653. I 335. 1 843. 1 __634._ _ 4051.-
I I ANNUAL CYCLF EPERGY SYSTEMS EIACES _ _CeEC. .L_ IC EIN_L PANEL lAUXILIARa!I _-HATRe I DUCTSLI INSTAL-N L--OTA--I l
I 4 51IN. ACES, BIN= 21.9 M3 PANEL= 70.1 M2 5 4000. 1 3268. 5 4791. 5 830. 1 335. 1 1520. 5 638. 5 15381. 1

5 IPOLL ACES. BN= 66.1 M3 PANEL= 24.5 M2 1 4000. 1 5620. I 2237. J 830. I _335. 1 1520. 1 638.-1 15180. I
__ I -FOSSIL FeEL FIRED SYSTEHS__ _ _I FURACE I A/C I CONTROL _IAUILIARYi. HEATERI DUCTS I INSTALN.I TOTAI $
1 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 775. I 1129. I 26. 1 376. 1 270. 1 811. I 584. I 3971. |

1 7 |OIL FURNACE, EL. HOT WATER, CENTRAL AC 690. I 1129. I 26. I 632. I 275. I 811. I 834. 1 4397. I
J 8 JPUISE GAS FURNACE, GAS HW _CENTRAL AC J. 1125. 1 1129. 1 26. 1 236J 1 _270. 1 _811. 1 _ 584. _I- 4181. 1

__ __ _ _ _____________ISONS -- --__-_______---- - _ - --- -- ____---_ -------- -- --
---I I 5-I SYSTEM I MAINT. I1ST YEAR I1ST YEAR I INCREM. ENERGY I I

I NE CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT ENERGYI ENERGY I FIRST PRESENT L_LIE__ CCLF COST _
I ! I (ACOP) I OBTH I COST I SAVING I COST WORTH I AVERAGE JIARGINAL |

I No.I ______ $ I S I _$__ S lI __-- 1
1 IEL. FURNACE AND WATER HEATER, CENTRAL AC 1.12 1 914. 1182.36 5 REF. I REF. 21980. 26254. 40966. I

I 2 IHEAT POMP WITH ELEC. BES. WATER HEATER I 1.42 1 2162. 935.05 1 247.32 5 131. 17383. 23035. 34670. 5
1 3 IHEAT PUMP, DESOPERHEATER WATER HEATER B 1.53 1 2468. 1 867.21 I 315.15 5 691. 16121. 22640. 33430.

I 4 MINI. ACES, BIN= 21.9 M3 PANEL= 70.1 M2 1 2.65 2 2432. 1 501.06 1 681.30 1 12021. 9315. 27128. 33362. I
1 5 IFULL ACES, BIN= 66.1 13 PANEL= 24.5 N2 1 3.07 2 2432. 433.76 j 748.60 1 11819. 8064. 25675. 31072. I
5 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 5 2.06 1 889. 556.92 1 625.44 1 611. 16269. 21129. 24539. I

I 7 IOIL FORNACE, EL. HOT WATER, CENTRAL AC 5 1.64 1 914. 1181.60 1 0.76 1 1037. 27551. 32862. 34134. I

I 1OSE GAS FUNACE L GAS J _CTB!L AC. __2.2_2 1 96 I 976.65 1_ L 05.72__ _82. 1 13226.__1867. 1 21903. 1



NORTH PLATTE, NEBRASKA

167 SQ N HOME, WELL INSULATED EL. (S/KlHR) = 0.0384, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) = 14245. GAS (S/THERM)= 0.3702, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEMP. = -21 C 34 C
DESIGN COOLING LOAD (WATTS) = 5581. OIL (S/GAL.) = 1.0600, 1.4600 PBF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.04

----------- SIGNNDPFORANC_______________ _______
I ---- _ BLDNGg OADS_ _______________ _ SYSTEM ENERGY CONSUMPTION _

WATER SPACE I SPACE I (1)1 (2) I (3) (4) 1 (5) 1 (6) 1 (7) I (8)
MONTH I HEAT I HEAT I COOL I ELEC. I HEAT I HP I MIN. OFULL I GAS FURNACE ___ OIL _URNACE _PULSE GAS FURN
I I I I I RES. PUP I DS I ACES ACES I GAS I ELEC. OIL I ELEC. | GAS 1 ELEC.

I H J 1 _ NJ I -J__I KWH I1 KWH_ I KWH I KWH I KWH ITHERMS KWH__ _ GAL 1 KH ITHERMS j KWH
I JAN I 1853. 14654.1 0.1 4586.1 3573.1 3529.1 1839.1 1839.1 223.1 46.1 159.1 561.1 180.1 46. 1
I FEB 4 1735.1 11656.1 0.1 3720.1 2784.1 2728.1 1503.1 1503.1 183.1 37.1 127.1 519.1 148.1 37. 1
! MR___L___I9251 __ 9855.1 _0 _ -l3__27_3.-__2261_1___ 174.1 130! 1_ 1337.i__ 163.1 ____31 L__09.L ____566.1 13___ 2.1 ___.3_ 1
! APR { 1798.1 5212.1 0.1 1947.1 1332.1 1210.1 784.1 795.1 101. 17.1 59.1 516.1 83.1 17. 1
4 MAY I 1734.1 2153.1 1520.1 1246.1 984.1 847.1 449.1 449.1 60.1 172.1 27.1 654.1 51.1 172. 1

JULN _. 1542.1 0.1 2982.1 753.1 927.1 762.1 222.1 222.1 33-1 325.11 7.1 753.1 26.1 325.
I Jn I1 1465.1 0.1 4762.1 926.1 1122.1 908.1 570.1 239.1 2681 519.1 2.1 926.1 24.1 519. 1
I AUG 4 1390.1 0.1 4538.1 880.1 1073.1 877.1 855.1 227.1 25.1 494.1 2.1 880.1 23.1 494. 1
l___TFP_____ 343.1 __14131___234_. l_ 1_.21 i___ 89_91__ 56 . __472. 1___ 315 ._41__ __431___25 91 ___- 8 1 __.____1633.___1 3.
I OCT I 1458.1 3999.1 916.1 1616.1 1099.1 978.1 546.1 557.1 80.1 112.1 46.1 518.1 65.1 112. 1
I NOV I 1529.1 8955.1 0.1 2912.1 1950. 1867.1 1039.1 1081.1 145.1 28.1 99.1 453.1 117.1 28. 1
I DEC | 1725.1 12605 J1 .___0.1 3981.1 2883.. 2823.1 1559.1 1573.1 195.1 ___40.]_138. 1 519.i _ 157 __ 40. 1

AMNNUAt 19497.i _70502. 1 17058.1 268601 20893.1 19457.1 11155.1 10136.1 1276 1 2082-L__792. L 7498. __1043.1_ 2082._

SYSTEMS FIRST COSTS----- -- -SISTEHSlf ISICOSTS________________________________ _________ _ ______________ -I I J_ _ CO______ M_ - _oHPON ENTS_COTS _________ ______ J TOTAI I
O.l-CONVENTIONAL EiECTIC SYSTS__EM ______FAN UNIT_-LAL, H-P. lCONTROL- AXILIIaRYIl. _HEATERLiDUCT L__ INSTALN.i COST. i

I 1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 310. I 1129. 1 48. 1 253. 1 275. 1 811. 1 482. 1 3308. 1
I 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER | 310. 1 1199. 1 77. 1 253. 1 275. 1 843. 1 482. 1 3439. 1

3 IHEAT PUMP, DESUPERHEATER WATER HEATER _ _310. 1 1199. 1 77. 1 653. 335. ____843. 1 ___582. __ 3999. _
__ __ ANNUAL CYCLF ENERGY SYSTEMS __ACES)__L MECH. PI ICE BIN PANEL lAUILIARYIW _HEATEF1_ DUCTS -_1 INTALN. fOQTAI&_I
1 4 ININ. ACES, BIN= 20.5 M3 PANEL= 25.2 M2 1 4000. 1 3216. 1 2277. 1 830. 1 335. 1 1520. 1 638. 1 12816. 1
J_1_IFLI ACES . BIN= 50.5 N3 PANEL= 15.9 M2 1 4000. 1 4907. 1 1755. 1 830. 1 _335. 1_1520. I 638. 1 13984. _
I _i FOSSIL FUEL FIRED SYSTMS __ __I FURNACE I A/C I CONTROL AOXILIAY.RY IW _HEATERI DUCTS IN STALN.I TOTAI, $
1 6 IGAS FURNACE, GAS HOT WATER, CENTRAl AC | 775. 1 1129. 1 26. 1 376. 1 270. 1 811. 1 532. 1 3919. 1
I 7 lOIL FURNACE, EL. HOT WATER, CENTRAL AC | 690. 1 1129. 1 26. 1 632. 1 275. 1 811. 1 782. 1 4345. 1
L__IlPnLSE GAS FURNACE _GASHW, CENTRALAC _ I 25_ 1_129. _ 26. L _L.___23 _._____.270____l ._8___ 532.1 4129. i

__ ____ SYSTEM COMPARISONS_ _ ___
I SYSTEM I NAINT. IIST YEAR I1ST YEAR 4 INCKEM. I ENERGY |

NEW CONSTRUCTION ALTERNATIVES EFFIC. I PRESENT ENERGY I ENERGY I FIRST I PPESENT I LIFE CYCLE COST I
I I 4 (ACOP WORTH COST I SAVING I COST I WORTH I AVERAGE IMARGINAL I

lN_ 1 __ _____________________________ _._ ___ _ $__1_______$_____________ __ _______l ___________
I 1 IEL. FURNICE AND WATER HEATER, CENTRAL ACI 1.11 914. 1 1030.10 4 REF. I REF. 1 19150. 1 23372. 1 41848. 1
1 2 IHEAT PUMP WITH ELEC. RES. WATER 4lEATER 4 1.42 1 2162. 1 801.24 1 228.85 1 131. 1 14895. 1 20496. 1 34868. 1
1 3 IHEAT PUMP, DESUPEEHEATER WATER HEATER 1 .53 1 2468. 1 746.18 1 283.92 1 691. 1 13871. 1 20338. 1 33722.
1 4 IMIN. ACES, BIN= 20.5 M3 PANEL= 25.2 M2 I 2.67 1 2432. 1 427.79 1 602.31 1 9507. 1 7953. 1 23200. 1 30874.
1 5 IFULL ACES, BIN= 50.5 M3 PANEL= 15.9 N2 1 2.93 1 2432. 1 388.73 1 641.37 1 10676. 1 7226. 1 23643. 1 30615.
{ 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 2.04 1 889. 1 552.28 1 477.81 1 611. 1 16447. 1 21255. 1 24865.
I 7 1OIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.62 1 914. 1 1127.57 1 -97.47 1 1037. 1 26556. 1 31815. 1 34830.

I_ 8J ULS GAS FURNACE. GAS H,_ CENTRAL AC _2,42 I 960. 1 465.87 1 564.23 1 821. 1 13710. 1 18799.L 2Q011



ELY, NEVADA

167 SQ0 HOME, WELL INSULATED EL. ($/KWHR) - 0.0404, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER

DESIGN HEATING LOAD (HATTS) - 14737. GAS ($/THERM)= 0.3478, 0.8150 PFU = 31.67, 16.48 OUTDOOR TEMP. = -22 C 31 C

DESIGN COOLING LOAD (WATTS) = 4600. OIL (S/GAL.) = 1.0400, 1.4600 PUP = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.00

_D _ DE.SIGN AND PERFOSHANCE
I BUIDING LOADS - _ SYSTEH ENEBGY CONSUMPTION I

I TER ISPACE I SPACE I (1) (2) (3) I (4) (5) I (6) I (7) I (8) I

MONTH I HEAT I BEAT I COOL ELEC. I HEAT I BP I HIN. I PULL I GAS FURNACE__I OIL tERNACE IPULSE GAS FPUR. I

I IJ I |BI I RES. I PUMP I DS I ACES IACES I GAS I ELEC. I OIL | ELEC. I GAS | ELEC. I

I _ IJ _IJ _J U. __ll! T_ I _ __ H l__IlT S_lKW___ _AL __l__w__HlTHEB§_- KI -__-I
I JAN I 1833.1 14717.1 0.1 4598.1 3634.1 3583.1 1856.1 1856.1 224.1 47.1 160.1 556.1 180.1 47. I

I FEB I 1711.1 10958.1 0.1 3520.1 2579.1 2519.1 1434.1 1435.1 173.1 35.1 120.1 510.1 140.1 35. 1

I MAR I 1921.1 9349 0.. 3131.1 _2135.1 2050.1 1270.1 1273.1 156.1 __30.1 103.1 563.1 .1271 _ 30. I

I APB I 1836.1 6244.1 0.1 2245.1 1513.1 1399.1 910.1 913.1 115.1 20.1 70.1 530. 94.1 20. I

MAY I 1828.1 4478.1 1009.1 1862.1 1283.1 1134.1 719.1 720.1 92.1 124.1 51.1 632.1 76.1 124. I

_-Jo JN I_16 8§Ql_ 184_. 1_ 2838.1_ 1289.E_ 11.1 _99940.1 _426.1 _ 426.1 __4. 1__315.l___Lt____8gt --_._ 3_15._

I L.-A JJL " a- I ...A .14 .1 -^.-I-85-1-I- -I82.1--0 1J12..1- 291-
I JUL I 1644.1 815.1 3827.1 1100.1 1123.1 929.1 335.1 335.1 39.1 420.1 11.1 876.1 36.1 420. 1

I AUG I 1575.1 1035.1 3596.1 1117.1 1100.1 913.1 522.1 348.1 41.1 395.1 14.1 833.1 37.1 395. 1

I SEP I 1502.1 2749.1 2328.1 1434.1 1134.1 968.1 474. I 435.1 64.1 262.1. __ 33.1 680.1 53.1 262. 1

I OCT I 1578.1 5734.1 0.1 2031.1 1402.1 1270.1 726.1 729.1 104.1 18.1 64.1 456.1 85.1 18. I

I NOV I 1592.1 9574.1 0.1 3102.1 2179.1 2119.1 1112.1 1116.1 153.1 30.1 105.1 473.1 124.1 30.

L_ DEC __ 1739 .__1299 0._ 0. _4092. __3096,1 3043L_ 1611.i __ 161J _ _200_.____ 1L 4 142 .I_ 524. 1___161 1__1__1 ._

1^NUAL__920440-. L_8049 l__ 1360 .1__921.l_223041 2Q0866-1 11395. _ 11197Z._1417l__li ____ 89 1.__-15 L 1160. 17 36.

___ ____ SYSTEMS FIRST COSTS -------------------

I t_-_______ COMPONENTS COSTS. _____ _ IC TOTAL I

INO.I CONVENTIONAL ELECTPIC SYSTEMS IVAN UNIT IA/C. H.P.I CONTROL LAUXILIARYI. HEATERI DUCTS IINSTALN.I COST. I

1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 310. I 1129. I 48. I 253. I 275. I 811. I 482. 3308.

| 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER | 310. I 1199. I 77. I 253. I 275. 1 843. 1 482. I 3439. I

_3 1HEAT PUMP. DE SPEBHEATER W -HEATER _1 310 1 1199. 1 _ 77. I_ 653. _- 335. --_843 I 582.__ 3999- 1

__I__ANNUAL CYCLE ENEGY STJEa CESM _ IS-- EC. P. ICE BIN I PANEL IAUXILI ARYIT. HAT DUCTS I INSTALN TOTAL, L1

I IIN. ACES, BIN= 20.5 -3 PANEL= 18.0 M2 I 4000. I 3247. 1 1873. I 830. I 335. I 1520. I 638. I 12442. 1

1 5 IFULL ACES. BIN= 25.6 M3 PANEL= 16.7 H_1__ 4000. __ 3571. ____1802. _ _ 30._t.__ 335. l___1520_s__ __3_l__12695. i

!___ __'FOSSL PELPI eD_ SYSTEIS … ---- -_L FURNACE _ A/C i CO TROL JAUXILIARYN. I _HTEE_ DUCS__ I ISTALNj. TOTAI iL

1 6 IGAS FURNACE, GAS HOI WAIER, CENTRAL AC I 775. I 1129. I 26. 1 376. 1 270. I 811. I 532. I 3919. I

t 7 lOIL FURNACE, EL. HOT WATER, CENTRAL AC 1 690. I 1129. 1 26. 1 632. I 275. I 811. I 782. 1 4345. I

8 iPULSE GAS FURNACE, GAS HR. CENTpAL AC 1 1125. 1 1129. I 26. 1 236. 1 270. I 811. 1____53_2L__ 4129._1

_ _ _ _ __- _…-_-_-_-_ _ __S!YSTEn CONPBRBISONS __ ____ ____ _ __---_ _ -- -_ ------------------- …

I I |SYSTEM I HAINT. I1ST YEAR 51ST YEAR I INCREM. I ENERGY I I

I I NEW CONSTRUCTION ALTfRNATIVES IEFFIC. I PRESENT ENERGY ENERGY I FIST I PRESENT __LIFE C.CL_ COST _

I I I (ACOP) I WORTH I COST I SAVING I COST I WORTH IAVERAGE IMARGINAL I

I NO. __ _ i . I I _ I _ I

1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 1.08 I 914. 1 1192.92 1 REF. I REF. I 22176. 26399. I 45575.

1 2 IHEAT PUMP WITH ELEC. RES. IATER HEATER I 1.43 I 2162. I 901.29 291.63 I 131. 16755. 22356. I 36844.

I 3 IHEAT PUMP, DESUPERHEATER WATER HEATER I 1.52 I 2468. i 843.19 349.73 I 691. I 15675. 22142. I 35696. I

4 IMIN. ACES, BIN= 20.5 M3 PANEL= 18.0 M2 I 2.79 I 2432. I 460.48 732.44 I 9134. I 8560. 23434. 1 30836. I

5 IFULL ACES. BIN= 25.6 H3 PANEL= 16.7 M2 I 2.84 I 2432. 452.46 740.46 1 9387. 8411. 23539. 30812.

I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 1 2.04 889. I 562.86 630.06 I 611. i 16908. 21716. 26267.

I 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.62 I 914. I 1231.62 -38.70 1 1037. I 29103. 34362. I 37208. I

_8 IgSlGAS FURN CE. GAS HI. CENTRAL AC I_ 2.43 1 960. 1 473.71 I 719.21 I 821. I 14085. _19174. I 23106. I

0. '



LAS VEGAS, NEVADA

167 SQ M HOME, WELL INSULATED EL. (S/KNHB) = 0.0424, 0.0850 PWF - 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) - 7101. GAS (S/THERM)= 0.3022, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEMP. = -3 C 41 C
DESIGN COOLING LOAD (WATTS) = 7283. OIL (S/GAL.) = 1.1200, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.00

--- -______________ __-___ DESIGN D ERFMAC __ _,__ _ _________- ______
I 1 _ _BUTIDING_LQADS __ ----------- -- ___ SYSTEMgENERGY CONSUMPTION __ _ __ _ i

I WATER I SPACE SPACE I (1) (2) 1 (3) 1 (4) 3 (5) | (6) | (7) I (8)
ONTH I HEAT HEEAT I COOL ELEC. I HEAT I BP I MIN. I FULL I GAS_UURNABC__E1_ _OIL FURNACE IPU_!LSE _GAS_FUlN. _

II I3 RES. I PUMP I DS I ACES ACES I GAS ELEC. | OIL | ELEC. | GAS I ELEC. I
1 __ I J L I J _I K(H I KHI KWH I K I WH I KWH ITHERMS I _KH_1__ GAL _I_ KH ITHERS I _WH___L
I JAN 1662.1 5058.1 0.! 1867.1 1217.1 1108.1 781.1 732. 96.1 16.1 57.1 478.1 79.1 16. 1

FEE 1493.1 3225.1 0.1 1311.1 936.1 831.1 563.1 514.1 69.1 10.1 38.1 425.1 58.1 10. I
I_,AR__I_ 1538, L__24891 1547.1_ 1287.1 __978-1__83_9.1 472.1 _ 461. L___ 60 -.___ 6.____30. ___604. 1____51 _176._l
I APR { 1306.1 864.1 2931.1 922,l 902.1 752.1 288.1 288.1 34.1 322.1 12.1 685.1 31.1 322. I
I MAY I 1129.1 0. 4828. 840.1 1053.1 879.1 893.1 201.1 22.1 526.1 3.1 840. 19.1 526. I

JUN 1 917. _____0.1 7644.1 1087. __13.86. 1194.1 1382.1 2. 8.1. 15.1 833.__ OL 1087.1___15.1 833. 1
I JUL I 843.1 0.1 9677. 1288.1 1665.1 1461.1 1741.1 1789.1 14.1 1054.1 0.1 1288.1 14.1 1054. |
I AUG 3 852.1 0.1 8857.1 1201.1 1546.1 1344.1 1599.1 1650.1 14.1 965.1 0.1 1201.1 14.1 965. I
l_-s P_--__9 35-1______ ___ ... 63-40.1___951A__l_ 1200 103J-.l- 1159.1__1206.-___16.i___6911 ___ 1. 1___95.1 ....1161_691._1
I OCT I 1162. 0.1 3659.1 721.1 924.1 779.1 693.1 735.1 27.1 399.1 8.1 721.1 19.1 399. 1
I NOV 1331.1 2948. 990.1 1297.1 912.1 796.1 460.1 435.1 63.1 117. 35.1 487.1 52.1 117. l
I DEC I 1562.1 4722.1 __0.1 1746.1 1140.1_1031.1 709.1 685.1 90.1 __15.L _ 54. _449 __ 74 __. 15-i
JI/iUAI 14728. _19307. 46473.1 14518. 13860.1 12045. 10741.1 9824.1 520.1 5124. 237. 9216.1____42l 5124._

__-________ _____________ SYSTEMS FIRST COSTS _ ___________________ ___
I I I_ ___ __________ COMPONENTS COSTS, __ _____ TOTAI |
LNo - CONVE NTIONAL_ELECTRIC SYSTEMS _______ NIT_ IA/C. H;P.LCONTBROL_ ! L^UXILIRYl._HEATERi DUCTS__ IlNSTALNi_COST_,__.i

1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 280. I 1279. I 48. 1 236. 3 275. 1 907. | 534. 1 3559.
I 2 1HEAT PUMP WITH ELEC. RES. WATER HEATER 3 280. 1 1329. ! 45. 1 236. 1 275. 1 940. | 534. 1 3639. I
I__3 HEAT PUMP. DESUPERHEATER WATER HEATER 280. 1 1329. 1 45. 1 636. 1 _335. 1__ 94063_1___469._1_- 4 __
IJ___ ANNUAL CYCLE ENERGY SYSTEMS (ACESL _ MECHP. __ICE BIN I PANEI _AUXILIARYLW._HEATEEl__DUCTS__ _TAL _TTA

1 4 IMIN. ACES, BIN= 8.3 M3 PANEL= 3.6 N2 1 2950. I 1913. 1 1064. 1 636. 383. 83. 482. I 8223. 3
1 5 FlLL ACESLBIN= 40.9 M3 PANEL= 0.0 H2 1 2950. 1 3975. 1 0. 1 636. 1 335. __ 843. 1_ _482. _ 9221. 1
I__l FOSSIL FUEL FIRED SYSTEMS_____ FRNACE I A/C ICONTROL IAUXILIARYI W. HEATER1 DUCTS INSTALN._ ITOTAI, $1
I 6 IGAS FURNACE, GAS HOT WATFR, CENTRAL AC 1 745. 1 1279. 1 26. 1 376. 1 270. I 907. 1 584. 1 4187. 1
1 7 IOIL FURNACE. EL. HOT WATER, CENTRAL AC 1 690. 3 1279. 1 26. 1 632. 1 275. 1 907. 1 834. 1 4643.

__8_PULSE GAS _FUNAC,._GAS __LCENTRAL AC___L _1125.1_ 1279. l 26. 1___ 236. _ __1 . 7 _ _1 907._ __584. 1 _44 27.

____ _____ _____ ____s__ SYSTEM COMPARISONS _______ ____ __
l I I SYSTEM I AINT. I1ST YEAR 11ST YEAR INCREM. I ENERGY I
I NEW CONSTRUCTION ALTERNATIVES EFFIC. I PRESENT I ENERGY I ENERGY FIRST I PRESENT I LIFE CYCLE COST I
l I 3 (ACOP) I WORTH COST I SAVING COST WORTH I AVERAGE IMARGINAL l

I _L________ _ ______ ________. __I __ _ ___ .. L __.$_ _ _ _l_ . ___.._ _... ___. _ __...... -- __1 --
I 1 EL. FURNACE AND WATER BEATER, CENTRAL ACI 1.54 I 914. 615.99 1 REF. I REF. l 11451. 1 15924. 3 24809. l

2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 3 1.61 I 2162. 1 588.08 1 27.91 1 80. 1 10932. 1 16733. ! 25216.
3 IHEAT PUMP, DESUPERHEATER WATER HEATER B 1.86 3 2468. 1 511.05 1 104.94 3 640. 1 9500. 1 16167. I 23539.
4 (MIN. ACES, BIN= 8.3 N3 PANEL= 3.6 M2 3 2.08 I 2432. 3 455.73 1 160.26 3 4664. 1 8472. 1 19127. 1 25701.
5 IFULL ACES, BIN= 40.9 H3 PANEL= 0.0 H2 3 2.28 1 2432. l 416.85 3 199.14 q 5662. l 7749. 3 19402. 3 25415.
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 3 2.19 t 889. 1 374.62 1 241.38 1 628. 1 9020. 3 14096. I 19240.
7 lOIL FURNACE, EL. HOT WATER, CENTRAL AC 1 1.79 1 914. 1 656.71 1 -40.72 1 1084. 1 13978. 1 19535. l 24174. 1

_8 IPULS GIS FURNA CE, GAS 1W CENTRAL AC I 2.37 1 960 _)q_ 350.89_1__265.10_ .____868.i__8269.1 __13656. __18497._



IIRNERUCCA, NEVADA

167 SQ 1 HOHE, WELL INSULATED EL. ($/KWHR) = 0.0602, 0.0850 PIP = 18.59, 16.48 DESIGN WEATHER: WINTER SUHMER
DESIGN HEATING LOAD (WATTS) = 12623. GAS ($/THERH) 0.3478, 0.8150 PFP =31.67, 16.48 OUTDOOR TEMP. = -17 C 35 C
DESIGN COOLING LOAD (WATTS) = 5728. OIL (S/GAL.) a 1.0400, 1.4600 P#F = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.00

DESIGN AND PERFORANCE ____
I I B ItDING LORDS I O SYSTEM ENERGY CONSUMIPTION ____

WATER I SPACE I SPACE I (1) 1 (2) 1 (3) 1 (4) I (5) 1 (6) 1 (7) 1 (8) I
ONTH I HEAT I HRAT I COOL I ELEC. I HEAT I HP I BIN. I FULL I GAS FORNACE__ _OIL FURNCE IPULSE GAS FPBR. I
~~I I ~I I I RES. I PUMP I DS ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I

I . 1 J L a __ IAJ _ £ I Ri _1__WH _ _L_ __-_J_ l I_..II H __lKTHER_ S I __.WH__W L _ GIAL__i__ . _LT BB_ l __Kj _I I
I JAN I 1891.1 12258.1 0.1 3931.1 2799.1 2691.1 1591.1 1591.1 194.1 39.1 134.1 564.1 156.1 39. |
I FFB I 1742.1 8020.1 0.1 2712.1 1796.1 1686.1 1101.1 1121.1 137.1 25.1 89.1 509.1 111.1 25. I
1 MAR I 1892.1 __ 232. 1 0.1 2535.1 1661.t 1543.1 1026.1 1067.1 129.1 23.1 81.1 549.1 105.1 23. J

IAPR I 1730.1 4716.1 0.1 1791.1 1249.1 1124.1 724.1 751.1 93.1 15.1 54.1 496.1 77.1 15. I
NAY I 1638.1 2704.1 1611.1 1382.1 1054.1 907.1 501.1 504.1 65.1 184.1 32.1 639.1 55.1 184. 1

-__JU-__l_ _Q1443. L_111__. 1_ 222 1060 .__lq 18./_ 84_5.1 i 335,1 _ 35,1_- 0- s1- -- -_ ____ 435J I1__5_1
I Jol I 1379.1 C.1 4935.1 921.1 1164.1 964.1 576.1 232.1 29.1 538.1 6.1 921.1 23.1 538. 1
9 AUG t 1337.1 0.1 4615.1 874.1 1136.1 950.1 863.1 222.1 32.1 503.1 9.1 874.1 22.1 503. 1
I SEP I 1330.1 1789.1 2955.1 1189.1 1046-._ 887.1 578.1 365.1 48.1 328.1 22.1 697.1 40.1 328. 1
I OCT I 1484.1 4151.1 1106.1 1686.1 1172.1 1036.1 566.1 589.1 82.1 134.1 48.1 546.1 67.1 134. I
I NOV I 1577.1 7775.1 0.1 2598.1 1734.1 1642.1 931.1 1012.1 131.1 25.1 87.1 463.1 105.1 25. 1

_IDeC___J__l 1.1__.10983..__ _ 0.1 __3546. _ _2460. 22359. 1403.1 _ 1451,1 J__ 1761.____35_1 .1__ L__530. ___ 142.1 5_
l-ANgNUJ_1-9226 1__60739.1__1844J.l__4224, 1 1828.i 16634.1 10195. 9239,1 1156-1 2202_1 697.1 7143.1 939.1 2202,

_ __ ____ ________________ _SYSTEMS FIRST COSTS_ °°_
I I l ___ ._ COHPONENTS COSTS. S ._____ I TOTAL I

NO.1J COVE NTIONAL ELECTRIC SYSTEMS _ _IFA UNIIT IA/C. H.P.I CONTROL IAUXILIARYIW. HEATERI DUCTS I INSTALN. COST. I
I 1 Et. FURNACE AND WATER HEATER, CENTRAL ACI 310. I 1129. I 48. I 253. 1 275. 1 811. { 482. 1 3308. I
I 2 IHFAT PUOP WITH ELEC. RES. WATER HEATER I 310. 1 1199. 1 77. I 253. I 275. 1 843. I 482. 3439. l
L_3_IllEATP"UP,_DESOPEHEATR ATEBR_HEATR __L___ 310. 1 1199. 1_ 77. 1_ 653. 3___35. 1 _843. 1 ___582. L -3999. 1
1L___.ANOUAL CYCLE _NE.GY YSTEMS (ACES) I MECH P.1 ICE BIN I PANEL IAOXILIARYIW. HEATERIDUCTS I INSTAL. TOTAL $1

4 11IN. ACES, BIN= 17.6 H3 PANEL= 20.0 M2 I 3500. I 2928. I 1987. I 710. H 335. 1267. 1 638. 1 11365. 1
1 5 IFULL ACES. BIN- 52._1_H3 PAEL= _8.2_N2__J_ 3500. l_ 4888. 1 _1354._1__710- .1.___.. 3 1 _ 12._1L ____6. 38.___.126_92_
I__P SPS ILBi-EL STEB_SSTEHRS__ _ __ I FURAC _ ALZ I CONTi OL_ AUaIli l_HAT_ _B CTS_ _ NST!ALNlTOTAIl
I 6 IGAS FURNACE, GAS ROT ATIER, CENTRAL AC I 775. I 1129. I 26. 1 376. 1 270. I 811. I 532. 1 3919. l

7 lOIL FURNACE, EL. HOT WATER, CENTRAL AC I 690. l 1129. I 26. I 632. 9 275. I 811. { 782. 1 4345. |
1 8 IPULSE GAS FURNACE. GAS HW. CETR AL AC -1- 1125. I 1129. 1 26. 1 236. 1 270. 1 811.1 __532. _ 4129 _1

----- - -- __.-.-.-_. SYSTEB COPAISOS ______ _______ ____
SYSTEM I BAINT. l1ST YEAR IST YEAR I NCRE. I ENERGY

I I NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY I FIRST I PRESENT L__LIFECC_E COSTl
I I I (ACOP) I ORTH COST I SAVING COST WORTH, I AVERAGE INARGINAL I
Lo. II _ __I___ I $I .L L . L I lf I s I s I

I1 IEL. FURNACE AND WATER BEATER, CENIRAL ACI 1.13 1 914. 1457.06 REF. I REF. 1 27087. 31309. 38155.
I 2 IHEAT PUMP 4ITF ELEC. RES. WATER HEATER 9 1.49 1 2162. 1 1100.03 1 357.04 1 131. 1 20450. 1 26050. 1 31219.

3 1HEAT PUMP, DESUPERHEATER WATER HEATER 9 1.64 I 2468. 1 1000.53 I 456.53 I 691. 1 18600. 1 25067. 1 29768.
I (1 MIN. ACES, BIN- 17.6 13 PANEL= 20.0 H2 ! 2.68 I 2432. 1 613.21 1 843.85 I 8057. 11400. 1 25196. 1 28078.
! 5 IFULL ACES, BIN- 52.1 M3 PANEL= 8.7 H2 I 2.96 9 2432. l 555.72 1 901.34 1 9384. l 10331. 1 25455. 28066.
9 6 (GAS FORNACE, GAS HOT WATER, CENTRAL AC I 2.03 1 889. 1 534.49 I 922.58 I 611. 1 15195. 1 20003. 1 23419.
! 7 lOIL FURNACE, EL. HOT WATER, CENTRAL AC l 1.60 I 914. 1 1178.52 1 278.54 l 1037. 26736. 1 31995. 1 32594.
J_. lPULSE GAS FUROACEL GAS N_ _CaTAl AC 1 24L .960. I 458.93 1 998.L13 1 821 12802_1 17892. 1 20782. 1

_ONTR" _f__ _ _ 960



TRENTON, NEW JERSEY

167 SQ N HOME, WELL INSULATED EL. (S/KWHR) = 0.0768, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) = 10013. GAS ($/THERM) 0.4657, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEMP. = -11 C 31 C
DESIGN COOLING LOAD (WATTS) = 5531. OIL (S/GAL.) = 1.1900, 1.4600 PNF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.21

_-_ _ _ _ _ ___ _ _________ DEnSIGN AND PE NCE_ _ ____ _ _ _________ _ _ __________ _ _---- ....
~I .I.__.._SI9DING OLdDS I__ ________SYSTEM ENERGY CONSUMPTION__ _______ _ __
II WATER I SPACE I SPACE I (1) 1 (2) I (3) 1 (4) 1 (5) 1 (6) 1 (7) 1 (9) 1

IONTH I HEAT I HEAT I COOL I ELEC. HBEAT I HP I HIN. I UOLL I lGASFURNACE 1_a__ELSE_ ASFUN._l
I I ~ I I I RES. I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC.

-_ I L J I MJ I NJ I E - I I KWH_ _ KWH | KI K I KWH _ITHERS __ KWH_ I AL _ W ITH ERRLS I KWH I
I JAN I 1892. 1 11406.1 0.1 3694.1 2496.1 2397.1 1489.1 1489.1 181.1 36.1 125.1 562.1 148.1 36. 1
I FEEP 1736.1 9192.1 0.1 3036.1 2005.1 1910.1 1229.1 1230.1 150.1 29.1 102.1 511.1 123.1 29. 1
L_.R__J __ 1860 1__ 752J7-1_____.01 _260R__ 1_655. L__1530.1 1050.1_ 1079 1_ 131.___4.1___85 1.5___5411__.10_8.1___24_
I APP I 1667.1 3601.1 0.1 1464.1 1021.1 911.1 589.1 611.1 77.1 11.1 42,1 475.1 64.1 11.
I HAY 1 1539.1 1377.1 1703.1 996.1 849.1 723.1 353.1 353.1 45.1 190.1 18.1 617.1 40.1 190.
1_JUN ._] 1323. 1 0._ 34444._ 743.1 907. 1 744. 1 20. 204.1 _2_6. 1___351l.____ 4.___/. __.__. 22 1_375._
I JUL I 1245.1 0.1 4867.1 876.1 1069.1 866.1 908.1 215.1 21.1 530.1 1.1 876.1 21.1 530. 1

AUG I 1212.1 0.1 4493.1 826.1 1011.1 822.1 841.1 206.1 21.1 490.1 2.1 826.1 20.1 490. 1
SEP____233. ____55 .___2751__ 91__ 8 __67 _____0_ 2_674 529 321.L - 29.1 296.1___ 8 639.1 26. 296. i

! OCT 5 1418.1 2168.1 819.1 1085.1 794.1 696.1 219.5 375.1 54.1 96.1 27.1 490.1 46.1 96. 1
5 NOV 5 1545.1 4847.1 0.1 1776.1 1121.1 1022.1 642.1 690.1 91.1 15.1 56.1 445.1 75.1 15. 1
I DEC___ 1773.1 9965.1 _ 0. 3261.1 2130.1 2029.1 1280.1__ 1291.1__61. ___32 .1_1 0. __524. 1___131. 3. 1 _-
iANALI_18442. l_50636.1__1803 .1_.211541 15866 j1_14323. __933 _ 8065 1 98_91__212 5 .___579. _7248.1___823.1 2125.

__________SE__ ___________________FIRST P TCOSS__ _______________________
I 1 1____I_ ____5____ CCHPONENTS COSTS_ ____ _______ ____ __ TOTAL I

_iNO-l__CONVENTIONAL ELECTRIC SYSTEEMS _ FAN UNIT IA/C, H.P.I CONTROL_IAUXILIABRYI. HEATERI DUCTS I INSTALN.t COST_.s
I 1 {FL. FURNACE AND NATER HEATER, CENTRAL ACI 280. 1 1129. 1 48. 1 236. 1 275. 1 811. 1 482. 1 3261. 1
I 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER | 280. 1 1199. 1 45. 1 236. 1 275. 1 843. 1 482. 1 3360. 1
1 3 IHEAT PUMP, DESUPERREATER WATER HEATER _1__280. 1_ 1199. 1 _ 5_ ___ 636. 335. 1 843.1 582._ _ 3920. L
1-_I ANNAL CYCLE ENEPGY SYSTEMS ACESL ____ECH_ _Pl_ICE EIN I _PANEL__lAijILIARjW1._LEATERl_ DUCTS__L INSTALN.j TOTAl,_ I
I 4 IHIN. ACES, BIN= 16.5 M3 PANEL= 20.9 B2 1 3500. 5 2708. 5 2036. | 636. 1 335. 1 1267. | 534. | 11017. I
J 5 IFULL ACES. EIN= 59.9 13 PANEL= 7.9 M2 1 3500. 1 5104. 1 1306. 1 636. _335. | 1267. 1_ 5_34,_ _126_83.
I __ FOSSIL FUEL FIRED SYSTEMS _ _ __ _ __ ORNACE I A/C t COHTROLl AUILIIARYl_ IWHE__ATEIl- D UCTS_I_ISTALN.__1TOTAL_
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC | 745. 1 1129. I 26. | 376. | 270. 1 811. | 532. 5 3889. |
| 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC | 690. ! 1129. 1 26. 1 632. 1 275. 1 811. | 782. | 4345. 1
1 8__PULSE GAS FRNACE, GAS HW, CENTPAL AC_ 1125. I 1129. I 26. 1 236. 1 270 I 81. 1i 532. _ 4129. 1

___ _ __ __ __ ______ _SYSTE_COPARISONSN ________ _____ _ _ _ ______
Ij|~~ 5 5~I SYSTEM I MAINT. 1IST YEAR 1ST YEAR INCREH. ENERGY

I I NEW CONSTRUCTION ALTERNWTIVES I EFFIC. I PRESENT ENERGY I ENERGY FIRST PRESENT LIFECYCLE COST__
I5~~~~ I 5#~ (ACOP) WORTH COST I SAVING COST I WORTH I AVERAGE IMAfGINAL

I -no.J ___, I ___________________________I a I I I t I__ I __ $ I I A_$ _ II 1
1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 1.14 914. 1624.66 REF. REF. 30202. 34378. 1 33808.
2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 5 1.53 2162. 1 1218.51 1 406.15 1 99. 1 22652. 1 28174. 1 27747.
3 IHEAT PUMP, DESUPERHEATER WATER HEATER B 1.69 2468. 1 1100.04 1 524.62 1 659. 20450. 1 26838. 1 26452.
4 1HIN. ACES, BIN= 16.5 R3 PANEL= 20.9 M2 1 2.59 2432. 1 716.74 1 907.92 1 7755. 5 13324. 1 26773. ] 26522.
5 |1ULL ACES, BIN= 59.9 M3 PANEL= 7.9 M2 1 3.00 2432. 619.38 1 1005.29 1 9421. 1 11514. 1 26629. 1 26412.
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 1 2.05 889. 1 623.58 1 1001.08 1 628. 17614. 1 22393. 1 21033.
7 SOIL FURNACE, EL. HOT WATER, CENTRAL AC 1 1.59 914. 1 1246.18 1 378.48 1 1084. 1 27759. 1 33018. 1 29354.

1__ POULSE GASURNACE,_GAS_ H._CENT A_ AC __ L 2.3 8 960.. 1 546.34_ _1078.33 L____868. 1_15168 1 _20257. 19 116. 1



ALBUQUERQUE, NEW HEXICO

167 SQ q HONE, WELL INSULATED EL. (S/KVHR) = 0.0749, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHEB: WINTER SUMNER
DESIGN HEATING LOAD (VATTS) = 9762. GAS (S/THER) = 0.3022, 0.8150 PFU = 31.67, 16.48 OUTDOOR TEHP. = -10 C 34 C
DESIGN COOLING LOAD (WATTS) - 5425. OIL (S/GAL.) = 1.1200, 1.4600 PFU = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.00

__ __ _ _ _ __ _ ___ ___ -___5SIGleFA__ ,______________ __________ ______
1 1 ___.BILDING.. L DS _ _ 1_______ ___ _R_ _l_ _ __sTaEEBNGYCSS!PTIN ______ _______ I._o

I I WATER I SPACE I SPACE I (1) 1 (2) I (3) I (4) I (5) 1 (6) I (71 1 (8) I
I ONTH I HEAT HEAT I COOL I ELEC. I HEAT I HP I HIN. I FULL I GiAS__RNACE__l_ OII FQ.RACE _IoLSEGAS FoIUN._

I I II I RES. I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I
_____ I J I .J I NJ II KN I KHH _I W KH I KaH i KH ITHERNS J KWH I GAL I KWH ITHEMS I KWH I

I JAN I 1865.1 7958.1 0.1 2729.1 1772.1 1654.1 1119.1 1070.1 136.1 25.1 89.1 543.1 112.1 25. I
! FEB I 1676.1 6074.1 0.9 2153.1 1394.1 1288.1 895.1 844.1 109.1 19.1 68.1 485.1 90.1 19. I
___AR_l 1 744. L__493&. 8___0..1 _1856. _ _1240. 1_ 120__ .1 77 1 __ _28 .i __96___ 1 6- __ 56..L__500_.1 - 27 --__-J16. _

I APp I 1515.1 2505.1 1437.1 1273.1 959.1 823.1 468.1 459.1 60.1 165.1 30.1 585.1 51.1 165. I
I NY 1 1357.1 917.1 2847.1 942.1 911.1 757.1 299.1 299.1 36.1 313.1 12.1 690.1 32.1 313. I
I JUN I 1148.1 0.1 4735.1I 835.I 1030.1 858.1 ___109.1___Q2. 20, 1__516,1__ 1.1 __35 1___ 19____ 516_
I 3UL I 1089. 0.1 5080.1 856.1 1054.1 882.1 939.1 200.1 18.1 553.1 0.1 856.1 18.1 553. I
9 AUG I 1100. 0.1 4641. 811.1 992. 830.1 864. 195.1 18.1 506.1 0.1 811.1 18.1 506. I
LseP-__ ._ 1 _71. .___ 0. 36_4.l 1 7 22.1 891.L 744.1 689.1 331. 1 23.1 397.1_ 4.1 722.1 J 19..__397. 1
I OCT 1 1396.1 1806.1 1662.1 1071.1 862.1 735.1 328.1 402.1 49.1 187.1 23.1 575.1 42.1 187. I
I NOV I 1547.1 5013.1 0.1 1822.1 1167.1 1061.1 696.1 662.1 93.1 16.1 57.l 446.1 77.1 16. I
I DEC I 1773. 1 7560. ___0-_259_3_. _16_65_.11546 1 101.1 __ 1017. _ 130i. __24_._ 85 1___516__,._107. ___24,_
1 INUI 17_381 1__36 7l __24046_1 17663 L_1_3936. 12296- 1 8817.1__ 6410.__788_ .__2l__2____425-1__75651 -- _664. _2736._1

_______ __ __ __ ___ -____ ----- - -_SYSTES_ FIRST COSTS__ _ ______ _ _
|I I I -_-__ __ _-OHPONENTS SCQS T __- i_ ____-j__1 TOTAL I
INO.__ CONENTIONAL ELECTRIC SYSTEMS __AN UI iT IA/C. H.P.I CONTROL IAUXILIARYIW. HEATERI DUCTS I INSTALN.I COST. $
I 1 IEL. FURN CE AND WRAER HEATER, CENTRAL ACI 280. 1129. 48. 1 236. 9 275. 1 811. I 482. I 3261. I
1 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 9 280. 1 1199. 1 45. 1 236. I 275. 1 843. 1 482. 1 3360. I
1 3 IHEAT PUMP. DESOPERHEATER WAT'R_ HEATE __1 _ 280. I 1199, I___45_. _ 636. ___335. J____843_1 ____52. _i___ 320-_.
1.____ ANNUAL CYCLE ENERGY SYSTES_IACES.___I lECH_,l_-ICE INI P_ FL Li__LAIXIARYIWT-HE _ 2__CTS___ITTLBsl___OT l $1I

4 ININ. ACES, BIN= 12.2 M3 PANEL= 6.8 N2 1 3130. 1 2376. I 1245. 1 636. 1 335. 1049. I 534. 1 9305.
1 5 IFULL ACES. BIN= 84.1 H3 PANEL= 0.0 M2 _1 3130. 1 6193. 1 0. 1 636. 1 335. I 1049 .j __534._1 11877. 1
I I FOSSIL FUEL FIRED SYSTEMS____ _ ._._I FURNACEI __A/ I CONTROL_l AUXILIAtBIRYl_HEATERI__DOCTS__I INSTAIlTOTAL._$
1 6 IGaS FURNACE, GAS HOT WA'IR, CENTRAL AC I 745. 1 1129. I 26. 1 376. I 270. I 811. 1 532. I 3889. I
1 7 lOIL FURNACE, EL. HOT WATER, CENTRAL AC 690. I 1129. 1 26. I 632. 1 275. 1 811. 1 782. 1 4345.
j__8_IP _SEG&S FURHACE,. GAS Bw. CENTRAL AC I 1125. 1 1129. I 26. I 236. 1_ 270. I 811. 1 _532 . 1 29.

___________ _______ _____SYSTEM COMPARISONS __ ________-__________
9I jI~ 9I SYSTE I HAINT. I1ST YEAR 1ST YEAR I INCREM. I ENERGY I I

I I NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY FIRST I PRESENT J__LIFE CXCLCOSTS__
I I (ACOP) I NORTH I COST SAVING COST I WORTH I AVERAGE INARGINAL

I _NO. II___ 1 I S. _ I | ____ I S S I
I 1 IEL. FURNACE AND WATER HATER, CENTRAL ACI 1.23 1 914. I 1323.14 REF. I REF. I 24597. 1 28772. 28918.
1 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 1.56 1 2162. 1 1043.95 1 279.19 1 99. I 19407. 24929. 25044.
1 3 IHEAT PUMP, DESUPERHEATER WATER HEATER I 1.77 1 2468. 1 921.11 1 402.03 1 659. 1 17123. 1 23511. 23612.
1 4 jMIN. ACES, BIN= 12.2 n3 PANEL= 6.8 H2 2.46 1 2432. 1 660.50 1 662.64 1 6044. 1 12279. 1 24016. 24088.
I 5 IFULL ACES, BIN= 84.1 M3 PANEL= 0.0 2 3.39 1 2432. 1 480.16 1 842.98 8615. 1 8926. 23235. 23288.
1 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 2.08 1 889. 1 443.14 880.00 628. 1 11353. 16132. 19197.
1 7 IOIL FURNACE, EL. HOT WATFR, CENTRAL AC 1 1.62 914. 1042.94 280.20 1084. 22560. 27819. 1 26087.

II QUSE GAS FURNCE GASH._CE AL AC5 _1__ __2.36 1__ 1960, 1 405.56 1__917.58_L____868. _ 10163_ l__5252._ 17838, I

0. -f ,+



ROSWELL, NEW MEXICO

167 SQ M HONE, WELL INSULATED EL. ($/KWHR) = 0.0515, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) = 9r09. GAS (S/THERM)= 0.3478, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEMP. = -10 C 37 C
DESIGN COOLING LOAD (WATTS) = 5905. OIL (S/GAL.) = 1.0400, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.00

--- ---------- ------- -_ - __ DESIGNiAND PRfBMNCE… ________-_-___ __ -_____- _____-______
I J __-BUILNG_ LODS___ _ -___-__ ___------- - __ SYSTEM ENERGY CONSUMPTION _ _ _ _____- _ _ _

I WATER SPACE I SPACE I (1) I (2) I (3 I (4) I (5) I (6) I (7) I (8) I
MONTH I HEAT HEAT COOL I ELEC. I HEAT I HP I MIN. I FULL I_ GS__FOUR-ACEO-IL UERNACE _PUSE_AS FURN.-_
I I I I I RES. PUMP I DS ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I

L_ I NJ I J I MJ - I K_ H _ 1 J.__ KWH I KWH H I W KH ITHERMS I KWH __ GAL _1 KWH ITHERMS I KWH I
IJAN I 1782.1 7202.1 0.1 2496.1 1667.1 1551.1 1032.1 979.1 125.1 23.1 80.1 518.1 103.1 23. I

I FEB I 1596. 5251.1 0.1 1902.1 1300.1 1185.- 803.1 746.1 97.1 17.1 59.1 460.1 80.1 17. I
i _ A R__L.. 51 __6 51 __ 07 2 1___9__841__1697_ 1 _1172._ 1034.___ 669. __ 638. __8 3.__ 120_. ___47.j L___579.1___ 69_.__ 12 ._
I APR 1422. 1664.1 2258.1 1103.1 941.1 793.1 369.1 369.1 47.1 251.1 21.1 646.1 41.1 251. I
I MAY I 1261.1 0.1 3953.1 781.1 972.1 807.1 474.1 204.1 26.1 431.1 5.1 781.1 21.1 431. I
L JUN 1 1058.1 _ 0.1 5497. _893.1 1111.1 935.1 1009.1 203. 18 59 1.1 893.1___ 18.1___599. 1

I JUr 1002. 0.) 5906.1 922.) 1151.) 968.1 1084.1 446.1 17.1 643.1 0.1 922.1 17.1 643.
I AUG I 1019.1 0.1 5656.1 899.1 1119.1 940.1 1042.1 1105.1 17.1 616.1 0.1 899.1 17.1 616. I
1 _ SP__ 1097. 1 0__ __ 40__ 86.1 ____ 50 .__ 922._ 771_ 767.1 824. _ 20.1 ___445._ 2_ __2.___75Q 1 __1.1 445.
I OCT I 1322.1 1244.) 2229.1 956.1 851.1 720.1 450.1 498.1 40.1 247.1 17.1 614.1 35.1 247. I
NOV I 1475.1 4138.1 0.) 1559.1 1090.1 973. 600.1 567.1 81.1 13.l 48.1 423. 687.1 13.

1_ DFC__1 1695.J 6430 _0. 1 2257.1 1469._1 1352.1 911.1 885. 114.1 20.1 72.1__ 491.1 94. 1 20. 1
I ANNUAL 16380. 1 30001. _ 30569.116215.1 13765.1 12027.1 9210.1 7463.1 684.1 3425.1 352.1 7976.L_ 578.1 _3425. _

_ ___ __ ______ ________________SYSTEMS FIRST COSTS___
I I COMPONENTS COT__ ____ __TOTAL 1
I_ NO.__CONVENTIONA1__ELECTRIC SYSTEMS F_ iFAN UNIT_J _/CHL1. P.1 CONTROL AOU LIRYI.___HEATERE _DUCTS _IINSTAN. _ _COST ,__I
I1 lEL. FURNACE AND WATER HEATER, CENTRAL ACI 280. I 1129. I 48. I 236. I 275. 1 811. I 482. I 3261. 1
I 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER I 280. I 1199. 1 45. I 236. I 275. I 843. I 482. I 3360. I
1 3 HEAT PUPSDESUPERHEATER WATER HEATER 1 _280. 1 1199. 1 456. I 636. I _335.__ _843 _1___5 ___3920. _
I l__1 NNUAL CYCLE ENERGY SYSTEMS_ ACES ___. MECH._P.I ICE BIN_ __PANEL I-AUXILIARYIW-__HEATI_ DUCTS__IINSTALNH _TOTAL _J_1
1 4 IMIN. ACES, BIN= 11.2 M3 PANEL= 5.5 M2 1 3130. I 2280. I 1172. I 636. I 335. 1 1049. I 534. i 9136. I
I_5_FULLAES,_BIN= 66._5 3 PANEL= 0.0 M2 _ _ 3130. 1__5385.I . I 636_. _ _335. _ 1__ 49. I 534._ 11069. 1
1__ __ FOSSIL FUEL FIRED SYSTEMS_ _ _ FURNACE I A/C I CONTROL iAUXILIARYIW. HEATERI DUCTS ISTA I INSTALN TOTAL.
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 745. I 1129. I 26. I 376. I 270. I 811. I 532. I 3889. I

7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC I 690. I 1129. I 26. I 632. I 275. ) 811. 1 782. 1 4345. |
1 8 IPULSE GAS FURNACE. GAS H ___CENTRALAC I_A___ 25. I 1129. 1I _ ___ 2_ 1_____ 3_. I 2_ 11 ._____5_32_____4129. L

_________SYSTEM COMPARISONS______ ____
I I SYSTEM I AINT. IST YEAR 1IST YEAR IINCREM. IENERGY I I
I I NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY FIRST PRESENT LIFE CYCLE COST I
I I I (ACOP) WORTH COST SAVING COST WORTH I AVERAGE IMARGINAL I

LNO . ________I_ _ ________ __ ______ -__ ___ __ _._____ ___._______.___ ___$
1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 1.32 1 914. I 835.23 I REF. I REF. I 15527. 1 19702. I 26889.
2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 1.55 1 2162. 1 709.01 1 126.22 1 99. 1 13180. I 18702. I 24803. I
3 IHEAT PUMP, DESUPERHEATER WATER HEATER 1.78 1 2468. 1 619.52 1 215.71 1 659. I 11517. 1 17905. I 23236.
4 IMIN. ACES, BIN= 11.2 M3 PANEL= 5.5 M2 1 2.32 2432. I 474.42 1 360.81 1 5875. I 8819. 1 20387. I 24470.

I IFULL ACES, BIN= 66.5 M3 PANEL= 0.0 M2 2.86 2432. 384.40 450.83 1 7807. 1 7146. I 20647. I 23954.
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 2.121 889. 414.22 421.01 628. 10811. I 15589. I 18759.
7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.67 1 914. I 776.45 1 58.78 1084. 16869. I 22128. I 24890.

J 8 _POLSE GAS FURNACE GAS ASW CENTRAI AC I _2.36 1 960. I 377.52 I 457.71 I 868. 1 9648. 1 14737. ___17653. _



ALBANY, NEW YORK

167 SQ M HONE, WELL INqSLATED EL. (S/KWHR) - 0.0465, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUHMER
DESIGN HEATING LOAD (WATTS) = 13782. GAS ($/THER) = 0.4657, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEIP. = -20 C 31 C
DESIGN COOLING LOAD (WATTS) = 4735. OIL (S/GAL.) = 1.1900, 1.4600 PWP = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.14

_______________ _______________ DDESIGN AND PERFORMANCE_
I BUILDIRG LOADS _ I _ SYSTEM ENERGY CONSUNPTION _ ___
I WATER SPA SPACE SPC (1) (2) I (3) (4) 1 (5) 1 (6) 1 (7) 1 {()

MONTH I HEAT HEAT I COOL I ELEC. I HEAT I HP I HIN. I FULL I GAS FURNACE I OIL FURNACE _IPULSE GAS FRN. I
lI I I RES. I POUP I DS I ACES ACES I GAS I ELEC. I OIL I ELEC. I GAS | ELEC. I

-- I --- 1 J i ___--" J___ I -J_- ___K _L- . I -_ SWl I KWH I KUBK_.H _1JTHERIS L__KWH__.__ GAL __ K. __iT lTERIS_ __K __
JAN 1 1851. 15847.1 0.1 4917.1 3962.1 3952.1 1954.1 1954.1 239.1 50.1 172.1 565.1 192.1 50. 1
FEB 1 1733.1 12468.1 0.1 3945.1 3023.1 2998.1 1573.1 1585.1 193.1 39.1 136.1 521.1 156.1 39.

IMAR 1 1927.1 10329.1 __0.1 3405.1 2356.1 2302.1 1354.1 1362.1 170.1 33. 1 114.1 568.1 137.1 33. 1
I APR 1 1807.1 4802.1 0.1 1836.1 1217.1 1124.1 728.1 732.1 96.1 15.1 55.1 517.1 79.1 15.

I HAY 1752.1 1983.1 1122.1 1160.1 904.1 792.1 425.1 426.1 58.1 129.1 25.1 615.1 49.1 129. l
IJN__ .15671 ____01_ 2520.1 __710.1__ 861.1 717.1 218.1 218.1 331_ 1 2751______ .1___7. 10-J .____2_6__275_
I JUL 1496.1 0. 3588.1 806.1 965.1 780.1 226.1 226.1 27.1 391.1 3.1 806.1 25.1 391.
1 AUG 1 1421.1 0.1 3393.1 764.1 927.1 751.1 659.1 214.1 28.1 370.1 4.1 764.1 24.1 370. 1

_SEP _ 1369.1 1120.1 1737.1 881.1 779.1 664.1 365.1 296 3.19 1931_ 15.1 573.1__ 34.1_193. 1
I OCT 5 1479.1 3286.1 0.1 1324.1 896.1 813.1 461.1 466.1 71.1 10.1 39.1 421.1 58.1 10.
I NOV 1 1540.1 7289.1 0.1 2453.1 1545.1 1467.1 870.1 888.1 125.1 23.1 82.1 451.1 100.1 23. 1
l_ CEC__l___729.L_ _1307_.1_____0.1___ 4i _30531._. 3026.1 1597. 1 1600 202 _ L1_4 _- _143 1 __522___12i _ _
I_ANNAll__ 1 9670.1__70202- 12361.1_263141_2_0486. 19387.1 1042_9.___99671. . 128. 1 _8_1569.1_ 795.1__7033.1__1043.1 1569. 1

_______-____-___________ SYSTES FIRST COSTS _____ ___ _
| 5 J_______________I _- COMPONENTS COSTS, $___- _ TOTAl I

NO. I CONVENTIONAL_ LECTRIC SYSTEMS _ IFAN ONIT IA/C, H.P.I CONTROL I AXILIARYI.__HEATERI DUCTS IINSTALN. COST, t I
I 1 (EL. FURNACE AND WATER HEATER, CENTRAL ACI 310. 1 1129. I 48. 1 253. 1 275. 1 811. 1 482. 1 3308. l
1 2 1HEAT PUOF WITH ELEC. RES. WATER HEATER 1 310. I 1199. 1 77. I 253. 1 275. 1 843. 1 482. 1 3439. l
1 3 IHEAT PUMP. DESUPERHEATER WATER HEATEB I_ _3_10. 1 1199. 1 - 77. 1 653. 1 335. I 843. i 582. 1 3999. 1
I I ANNUAL CYCLE ENFRGY SYSTEMS (ACESI ___ HECH. P. ICE BIN I PAEL IAUXILIABYIW. HEATERI DUCTS I IHNSTALN. TOT4AL.
! 4 1HIN. ACES, BIN= 22.0 M3 PANEL= 70.4 H2 1 4000. 5 3287. 1 4806. 1 830. 1 335. 1 1520. 1 638. 1 15415.
1_5 IFULL ACES. BIN_35.2 _3 PANEL= 48.7 H2__1 _4000. 1 4077. 1_ 3592. 1___ 830._ __ __5 _ 1520 _1 638. 1 14991. 1
L__ - POSSILPFEL FIRED SYSTEMS__ __ I FURNACE I A/C I CONTROL IAUXILIAR YIW. HEATERI DUCTS 1 INSTALN. TOTAL. $1
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC | 775. 1 1129. 1 26. 1 376. 1 270. 1 811. 532. 3919.
1 7 OIL FURNACE, EL. HOT WATER, CENTRAL AC | 690. 1 1129. 1 26. I 632. 1 275. 1 811. l 782. I 4345.
1 8 IPOLSE GAS PURNAC_E, GA_ HW,_CENTRAI AC _ 1 1125. _ 1129,_L_ __26._1___236._L-___270. -___81L._1 532. 1 4129._1

__ ________ SYSTEM COMHPAISONS ___ _ ___ _-
|) I~~~~I 5~ SYSTEM I MAINT. 1ST YEAR lIST YEAR INCREM. ENERGY

I | NEW CONSTPUCTTON ALTERNATIVES 5 EFFIC. I PRESENT ENERGY I ENERGY I FIPST I PRESENT I LIFE CYCLE COST I
l 1 5 (ACOP) I WORTH COST 5 SAVING COST I WORTH AVERAGE INARGINAL I

l1 l-1_____ ____ __ ....____ .___ __.____ _ ___1. ____l .___I.___ _ _ ____L___-_ _ _.1_____-__.I.
1 1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 1.08 i 914. 1 1224.63 I REF. I REF. 1 22766. 26988. 1 41082. I
1 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 1 1.39 1 2162. 1 953.44 1 271.20 1 131. 1 17724. 23325. 1 34298.
I 3 IHEAT PUMP, DESUPERHEATER WATER HEATER 1 1.46 1 2468. 1 902.29 I 322.34 1 691. 16774. 1 23240. 1 33625.
1 4 IMIN. ACES, BIN= 22.0 H3 PANEL= 70.4 M2 1 2.72 1 2432. 1 485.38 1 739.25 1 12107. 9023. 1 26870. 1 32457. I

5 IFULL ACES, BIN= 35.2 n3 PANEL= 48.7 H2 I 2.85 I 2432. 463.85 1 760.78 1 11683. 1 8623. 1 26046. 1 31385. I
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 2.02 1 889. 669.43 I 555.20 1 611. 1 20246. 1 25054. 1 24207. 1
7 JOIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.59 I 914. 1 1272.81 1 -48.18 1 1037. 1 29958. 1 35218. 1 34228. 1

1 8 IPULSE GAS FURNACE. GAS H,_ CENTRAI AC 1 _2.42 I 960. 1 558.56 1 666.07 1 __821._1_16735. 1 21824._ _21291_L

b ·e



BINGHAMTON, NEW YORK

167 SQ M HOME, WELL INSULATED EL. (S/KWHR) = 0.0500, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) = 12897. GAS (S/THERM)= 0.6319, 0.8150 PhP = 31.67, 16.48 OUTDOOR TEMP. = -18 C 29 C
DESIGN COOLING LOAD (WATTS) = 4186. OIL (S/GAL.) = 1.1800, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.10

_ ___________ __ _______. DESIGN AND PERFORMANCE ___ ______
I BUILDING LOADS _ SYSTEM ENERGY CONSUMPTION _ i

I I WATFR I SPACE SPACE I (1) (2) I (3) (4) (5) (6) I (7) I (8) {
MONTH I HFAT I HEAT COOL I ELEC. I HEAT I HP I MIN. I FULL I GAS FURNACE_ OIL FURNACE _PULSE GAS FURN. I

1I I IB RES. I PUMP I DS I ACES { ACES S GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I
--__-__i Ba___ Jl_ __-J __ _ J__-- - I-! KWH _KKWH _ ____KHTHERMS K__H 1 GAL __KWH__lTHERRLS __ E_- _

I JAN 1 1826.1 16861.1 0.1 5191.1 4215.1 4209.1 2044. 2044.1 251.1 53.1 182.1 561.1 202.1 53.
I FEB 1713.1 13269.1 0.1 4162.1 3230.1 3216.1 1649.1 1648.1 203.1 42.1 144.1 518.1 164.1 42. I

M__AR 1 1 926.1 1186. 1 __0.1 3831.1 2748. _2711.1 1517.1 1515.1 190.1 38.1 130.1 573.1 1 53._ 38. |
APR 1838.1 5859.1 0.1 2138.1 1393.1 1310.1 845.1 844.1 111.1 19.1 67.1 529.1 90.1 19.

I MAY 1 1821.1 2661.1 816.1 1334.1 973.1 865.1 502.1 502.1 68.1 97.1 32.1 603.1 57.1 97. I
___JN__1___1 . 662.__ 753 ___1953-.1__ _84.___ 841.1.___13j.___ 303.1__ 303.1 __3 __21 __11___9_ -____. 35._ __25-
I JUL 1611.1 0.1 2808.1 753.1 895.1 735.1 227.1 227.1 31.1 306.1 4.1 753.1 27.1 306. I
I AUG 1533.1 0.1 2601.1 709.1 849.1 702.1 215.1 215.1 30.1 283.1 5.1 709.1 25.1 283. I
l_SEP __ 1457.I _ 1338. 1383. _ 927.1 777.1 672. 315. 315.1 44.1 155_. 17.J 560. .____ 38.1 155. !
I OCT I 1535.1 3752.1 0.1 1469.1 970.1 881.1 505.1 504.1 78.1 12.1 44.1 438.1 64.1 12.
1 NOV I 1560.1 8533.1 0.1 2804.1 1786.1 1726.1 981.1 977.1 141.1 27.1 95.1 460.1 113.1 27. I
1 __EC__i__ 1719..1 146I .____0__4507 1_ 34_5-i_341 8l. 172t.__ 17.23.L__2 201___ . ___ _158 1___52 4 l___ -- 1 ___46-_l
I_NNUL__ 20202.1 793981___9560.1_28711J _2212. _21159_. 1 0828_ _1 0818 I 1405. 1 1292.1 _890.1__6_9051 __J145. __1293. 1

-_ _ -__ ___ __________ _SYSTEMS FIRST COSTS __ ____ __
1 1 COMPO1ETS_ T _ __ COMPONENTS COSTS. .$___ __ _I OTAI

NC. I CONVENTIONAL ELECTRIC SYSTEMS IFAN UNIT IA/C. H.P.I CONTROL IAUXILIARYIW. HEATERI DUCTS I ISTALN. _ COST,_ lI
I 1 IEL. FURNACE AND WATER HEATER, CENIRAL ACI 310. I 1129. 1 48. 1 253. 1 275. 1 811. 1 482. I 3308. I
1 2 IHEAT PUMP WITH EtEC. RES. WATER HEATER 1 310. I 1199. 1 77. 1 253. 1 275. 1 843. 1 482. 1 3439.

_i 3 LlEAT__P lP _Des UPEB__HATZR WATEP HEATER__ L_ 1 _.10 1__199. __ _ 77. 1 __653.I_ _ . 33._ 3.__ 843 .1 582. 1_ 3999 - 1
I__1__ANNUAL CYCLE ENEGY SYSTEMS _IACES__ I MECH. P, ICE BIN I ANEL I AUXILIARYIW . HEATEFi DUCTS I INSTALN -L-TOTAI, $1
I 4 MIN. ACES, BIN= 23.2 M3 IANEL=105.6 M2* 1 3500. 1 3315. 1 6779. 1 710. 1 335. 1 1267. 638. 1 16545. *
1_5__lFOLLCE._BIN __23.2 M3 PANEL=105 .6 M2*l 3500. ___15 __ 7. 335_5. _ 67. 638. _ 16545.*[
1 ..._ _ _FSIL FUL FIRED SYSTEMS I FURNACE ( A/C I CONTROL IAUXILIARYI{. HEATERI DUCTS I INSTALN.I TOTAL. l
1 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC | 775. 1 1129. 1 26. 1 376. 1 270. I 811. I 532. 1 3919. I

7 (OIL FURNACE, EL. HOT WATER, CENTRAL AC | 690. 1 1129. 1 26. 1 632. 1 275. 1 811. I 782. I 4345. I
I 8 IPULSE GAS FORNACE. GAS HW. CENTPAL AC ___ __I 125_. 1129. 1 ____26. 1____236. ____ 270. __ _811_._ ____52.___4129-_

___ ______________ ____ SYSTEM COMPARISONS -----____ ______ _____
~ I I SYSTEM I MAINT. 1ST YEAR l1ST YEAR I INCREM. I ENERGY

| NEW CONSTRUCTION ALTERNATIVES EFFIC. I PRESENT I ENERGY ENERGY I FIRST I PRESENT I LIFE CYCLE COST I
I I I (ACOP) I WORTH COST 1 SAVING COST I WORTH I AVERAGE IMARGINAL I

_ _____________________ __ ____ t .. _ _ I___1______.___.__._.__. . --l
1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 1.06 1 914. 1 1435.26 I REF. I REF. 1 26681. 30904. 44440.
2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 1.37 I 2162. 1 1105.36 1 329.89 1 131. 1 20549. 26150. 1 36575.
3 {HEAT PUMP, DESUPERHEATER WATER HEATER 1 1.43 1 2468. 1 1057.72 1 377.54 1 691. 1 19663. 1 26130. 1 36106.
4 IMIN. ACES, BIN = 23.2 13 PANEL=105.6 M2 2.80 I 2432. 1 541.29 1 893.96 1 13237. 10063. 1 29039.*1 34145.
5 IFULL ACES, BIN= 23.2 13 PANEL=105.6 12 I 2.80 1 2432. 1 541.29 1 893.96 1 13237. 1 10063. i 29039.*1 34145.
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 2.02 1 889. 1 952.57 1 482.68 1 611. 1 29323. 1 34131. 1 25493.
7 lOIL FURNACE, EL. HOT WATER, CENTRAL AC 1 1.59 1 914. 1 1395.50 1 39.76 1 1037. 1 32937. 1 38197. 1 36348.

I_8 1PULSE GAS FRPBEAC._GGAS_HWCERBTRA AC__1_ _2 __4 960. 1 788,28_1 646_8 1 ___82_. 1 _ 419_1 __298._1__22282. 1

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.



NIAGARA FALLS, NEW YORK

167 SQ I HOBE, WELL ISOULATED EL. (S/KWHB) - 0.0465, 0.0850 PUF - 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WAITS) , 11557. GAS ($/TBERB)= 0.6319, 0.8150 PFP = 31.67, 16.48 OUTDOOR TEMP. = -15 C 30 C
DESIGN COOLING LOAD (WATTS) - 4826. OIL (S/GAL.) - 1.1800, 1.4600 PF? - 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.17

_ ____ DEpSIGN_ UD PERPFORABI CE _. ____ ... _..
I I BILDING LOADS I SYSTEM ENERGY CONSUNPTION ___

I I WATER I SPAC I SPCE I 11) 1 (2) 1 (3) I (4) I (5) 1 (6) 1 (7) 1 (8)
ONTH I HEAT I HEAT I COOL I ELEC. I HEAT I HP I BIN. I FULL I GAS FURNACE__ I OIL FURNACE IPULSE GAS FUBR. I

~ I I I I gRES. I POUP I DS I ACES I ACES I GiS I ELEC. I OIL I ELEC. | GAS I ELEC. I
__. _1 J __ LNJ__ I J___ KI!--l__.___KWHB__ Ki.. I K H I KH - fSITHERI-_I KH-__ GAUL ____KWIH TRfS_l_J KH I

I JAN I 1811.1 16136.1 0.1 4994.1 3940.1 3934.1 1967.1 1967.1 -240.1 51.1 175.1 563.1 195.1 51. I
1 FEB I 1726.1 13507.1 0.1 4232.1 3266.1 3256.1 1682.1 1686.1 204.1 43.1 147.1 522.1 166.1 43. 1
I MaR I 1927.1 11627.1 0.1 3765.1 2651.1 2615.1 1492.1 1492.1 185.1 37..1 128.1 572. _ 15J.J1. i 37. 1

APR B 1815.1 5529.1 0.1 2040.1 1328.1 1245.1 807.1 809.1 105.1 18.1 63.1 522b1 87.1 18. I
I AY I 1769.1 2564.1 944.1 1306.1 960.1 847.1 488.1 489.1 65.1 111.1 31.1 602.1 56.1 111. I

LJu___l 1_1588 __63132,_ 254.1/- 894.1 _ 89_3.1_ 742.1 2990.1 290,. 3_ 6.- ___2_71__ 9L__120i ..1____.3 __279. 1
JUL I 1519.1 C.1 3700.1 825.1 987.1 797.1 230.1 230.1 28.1 403.1 3.1 825.1 25.1 403. I

I AUG I 1441. 0.1 3407.1 771.1 934.1 762.1 548.1 217.1 28.1 371.1 4.1 771.1 24.1 371. 1
I SEP 1 1382.1 1333.1 1536.1 921.1 776.1 663.1 331.1 313.1 42.1 17121 17.1 555, 1 37.1 172.
I OCT I 1483.1 3259.1 0.1 1311.1 888.1 798.1 454.1 457.1 70.1 10.1 39.1 422.1 58.1 10. I
I NOV I 1536.1 7617.1 0.1 2543.1 1578.1 1509. 891.1 901.1 127.1 24.1 85.1 451.1 103.1 24. I

PL_2EC J__2 __13450J1__I 0.1i_42141 ._305.. _l3031. 1606. 1__ 1608, 1 20q4 __43_. _ 47l __520. 1__J6__ 1 6 43.
I __AHoI 19745. 7565_51__1212. I227824_ 1 21253.L 2019i8.1 10785.1 104 63.1 1332.1 1_61.1_ 847._ 7046.1 1099.1 1561. 1

_ ~___~__ _ ___ ._.._._ _ ._ _SYSTEMS FIRST COSTS _
I II -- COsPONrNTS COSTS. S __I TOTAL I
I N0.1 CONVENTIONAL ELECTRIC SYSTEMS _ __IFAI NZIT IA/C. H.P.I CONTROL IAUXILIARYIH. HEATERI DUCTS I I STALN I COST, $ 1
I 1 IEL. FURNACB AND WA'ER HEATEB, CENTRAL ACI 310. I 1129. I 48. 1 253. 1 275. I 811. 4I 82. 1 3308.
I 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER I 310. 1 1199. 1 77. 1 253. 1 275. I 843. 1 482. 1 3439. I
1 3 THEAT PUMP,_DESUPREERH _TER iATR__.ETER I __310 1__ 199. I _ 77. 1 6531____335-_1-____843- 1 __582-L1 3999. 1
j_ __._AN ALCYCLE ENERGY SYSTEMS (ACES) I .ECH. P.I ICE BIN I PANEL I AUXILIBYIW. HEATERI DICTS I INSALN. I TOTAL. L $
I 4 N111. ACES, BIN= 22.3 H3 PANEL= 76.6 M2 1 3500. I 3183. 1 5155. 1 710. 1 335. I 1267. 1 638. 114788. 1

5 ]FULL ACES. BIN= 32.4 13 PANHEL= 57.9 _1 1 _3500. 1__ 784. 1 4109.1 J 671 .__ _335 J__12_67_ 1 .__638._i_ 14_3444._
i _L1_OSSIL FIL-FIRE- D S7STEHS _ _._ _LEUR _ACELI_ A/C I COt BOL_l.lAXILI..L. ._E..TEB_ I DCTS _. ISTALNL TOTALI1
| 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 745. I 1129. 1 26. I 376. 1 270. I 811. 1 532. 1 3889. 5
1 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC 1 690. I 1129. I 26. 1 632. I 275. 1 811. 1 782. 1 4345. 1
1 8 IPLSE GAS FURNACE. GS RH. CENTRAL AC I 1125. I 1129. I 26. 1 236. I 270. 1 811. I __532__1_ _129._1

______ ___._ _ ________ ssTl QIsOs - ___ -_____ __PAR______
1 1 I SYSTEM I NAINT. 11ST YEAR 1ST YEAR I IlCREM. I ENRGY I I
I | NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY I FIRST I PRESENT I LIPE_ cCLECOST_

|~~I I I~~ 1 (ACOP) I WORTH I COST I SAVING I COST I NORTH I AVERAGE INARGINAL I
LAO. 1- iI L $ i -J._ $___l s L__-__ ........ L __ -- _1

I1 EBL. FUBNACE AND WAlER HEATER, CENTRAL XCI 1.07 I 914. I 1294.91 I REF. I REF. 24072. I 28295. 1 43198.
2 IHElT PUMP WITH ELEC. RES. WATER HEATER ! 1.41 1 2162. I 989.10 I 305.81 1 131. 1 18387. 1 23988. 1 35372. 1
3 IHEAT PUMP, DESUPERElTER WATER BEATER I 1.48 1 2468. 1 940.02 1 354.89 I 691. 1 17475. 1 23942. 1 34760.

I4 IMIN. ACES, BIN= 22.3 N3 PANEL= 76.6 H2 I 2.77 1 2432. 1 501.95 1 792.96 1 11480. 1 9331. 1 26551. 1 32328.
5 IFULL ACES, BIN= 32.4 13 PANEL= 57.9 !2 1 2.86 1 2432. 1 486.93 1 807.98 1 11036. 1 9052. I 25828. 1 31432.

I -6 IGS FURNACE, GAS HOT IATER, CENTRAL AC 1 2.05 I 889. 1 914.37 1 380.54 1 581. 1 28008. 1 32786. 1 24856.
I 7 (OIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.60 1 914. I 1327.91 1 -33.00 1 1037. 1 31346. 1 36605. 35520. .
1 8 IPULS GAS FURNACE. GAS H1. CENTRAL AC f _2.43 1 960. I -767.37 1 527.54 1 821. 1 23352. 1 28442. L 22042. 1

£» *(>*:p



SYRACUSE, NEW YORK

167 SQ M HOPE, WELL INSULATED EL. (S/KHRR) - 0.0465, 0.0850 PNF = 18.59, 16.48 DESIGN WEATBEB: WINTER SUMHER
DESIGN HEATING LOAD (WATTS) = 13091. GAS ($/THERM)= 0.4657, 0.8150 PIP = 31.67, 16.48 OUTDOOR TEMP. = -19 C 31 C
DESIGN COOLING LOAD (WATTS) = 4742. OIL (S/GAL.) = 1.1900, 1.4600 PHF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.12

---_ __ D____ PESIGN AND PERFORBANCE ____ __
I _ BUILDING 1OADS | ____ SYSTEH_ ENERGY CONSUMPTION I

I I WATER I SPACEI SPACE I (1) (2) (3) () (5) (6 I (7) (8) I
MONTH I HEAT I HEAT COOL I ELEC. I HEAT I HP I HIN. I FULL I GAS FURNACE __I OIL FUKNACE IPULSE GAS FUHN,

1I I I RES. I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I
I ____.__ J _ J_-!J__ - _ f- J_ _ l__R l -_H_L-_JK_ I KH __H M BHS __IT_ P S _ KWH__I_ GILi__-EiW__ I2Hij H S_ __KE __ _
I JAN I 1857.1 15356.1 0.1 4782.1 3592.1 3543.1 1900.1 1900.1 233.1 49.1 167.1 565.1 187.1 49. i
I FEB I 1738.1 12303.1 0.1 3901.1 2821.1 2751.1 1554.1 1564.1 191.1 39.1 134.1 522.1 154.1 39. I
I AR I 1929 .1 10632.1 0.1 3490.1 2325. _2216.1 1387.1 1397.1 174.1 _34J 1 117. 570.1_ 140.1 34. 1

APR 1 1803.1 4857.1 0.1 1850.1 1222.1 1106.1 733.1 738.1 97-1 15.1 56.1 516.1 79.1 15. i
I AT I 1740.1 2092.1 1115.1 1186.1 916.1 802.1 436.1 437.1 59.1 128.1 26.1 612.1 50.1 128. I
I_J__N _-_ 9 149_-- ___0.1__. 2_583. 2___712____69. __ 72Jl 1 _21 __i 1____ 33.1___281 .. __ __L 12.i__ 7. _____l 281.1_
I JUL I 1474.1 0.1 3734.1 816.1 977.1 789.1 225.1 225.1 27.1 407.1 2.1 816.1 25.1 407. I
I AUG 1 1399.1 0.1 3517.1 772.1 933.1 753.1 677.1 213.1 26.1 383.1 3.1 772.1 23.1 383. I
1J EP I 1351.L 1026._ 1907.1 868.1 784.1 664.1 394.1 289.1 38.1 _211.___14. 1 586.1 ___3.1 __211.
I OCT I 1467.1 3079.1 0.1 1263.1 877.1 783.1 438.1 444.1 68.1 10.1 37.1 417.1 56.1 10. I

I NOV 1535.1 7188.1 0.1 2423.1 1483.1 1365.1 855.1 875.1 124.1 23.1 81.1 449.1 99.1 23. I
-__-_EC__1__ 173 .L __12822.1 ____ 1__4 __o43_L_ 2i 3 1 _ 2745. I 1554,1__ 1559 1 I992, __ 41_ _14 0,___52 1____.5__j __41._

IAII_ ALL 19573.1 L_69355. __12857.1 _26101_ 1963_ 1 i1 8 2 3 5.1 103 6 9.1 9857.1 1268.1___1201__785._ __705 8. 1 1032.1 1620,1

__ _______ ________ __ _ __ SYSTEMS FIRST COSTS ____ _
I __COMPONENTS COSTS ____________________ TOTAL I

I NO.I CONVENTIONAL ELECTRIC SYSTEMS _ IFAN UNIT IA/C. H.P.I CONTROL IAUXILIARYI a.HEATERI DUCTS I INSTALN.1 COST, $ I
1 1 (EL. FURNACE AND WATER HEATER, CENTRAL ACI 310. I 1129. 1 48. l 253. I 275. I 811. I 482. 1 3308. 1
I 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER I 310. I 1199. l 77. 1 253. 1 275. 1 843. 1 482. 1 3439. I
1_l3 HEAT PUPTDESOPEBPEATERA ATjERHTER ___I _310 __ 119._1 __77. __653 ___335. . _ 8433. 1 __ 582. .__ 3999. 1
1___j_ NNUAL CYCLEENERGY_ SSTEMS (ACES I !ECH, P.1 ICE BIN I PANEL LAUXILIARYIW. HEATERj DUCTS _i INSTALNI. TOTAL, $1
I 4 IaIN. ACES, BIN= 21.4 M3 PANEL= 72.3 N2 1 3500. 1 3209. I 4914. 1 710. 1 335. 1 1267. 1 638. 1 14574. I

N 5 IFLL ACES, BIN= 38.0 _3 PANEL #5.8 M2 __ 3500. 1 4187, 1___3428 ___ _7 10 ___1 335. _ __1267_1 ___638._ L__14§065,_
I __L_ FOSSI_ FUL FIRED SSTEMS ____i__ _L _ ACEI ___ AL__l_ ONTL_lAOXILIBAYlW ._HE-_ATEl_ DTS__--_-1 ALN.HL-OTA
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 775. I 1129. 1 26. 1 376. 1 270. 1 811. 1 532. 1 3919. I
I 7 IOlL FURNACE, EL. HOT WATER, CENTRAL AC I 690. 1 1129. 1 26. 1 632. 1 275. 1 811. 1 782. 1 4345. I
1 8 IPOLSE GAS FORNACE, GAS Hi. CENTRAL AC I 1_125. 1 1129. I 26. 1 236. 1 270. I 811. 1 __532._ 4129. 1

_ -___-__ _-___-~____ s_ _ ____fLS TE P COPALISONS __ _____ __________ _____ _ ____ _ _____
1 ~~~~~~~ I I SYSTEM I HAINT. I1ST YEAR K1ST YEAR I INCREM. I ENERGY I

INE CONSTRUCTION ALTERNATIVES ! EFFIC. I PRESENT I ENERGY I ENERGY I FIRST I PRESENT I LIFECYIC E COST__I
I~~ 1~~I I ((ACOP) I WOTH I COST I SAVING I COST WORTH I AVERAGE IMARGINAL I

I NO. I I _ I $ _I.$1_ !_L___ t.L _ .L1
1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 1.08 1 914. 1 1214.93 REF. I REF. I 22586. 1 26808. 40790.
12 (HEAT POUP WITH ELEC. RES. WATER HEATER 1 1.44 1 2162. 1 913.71 1 301.22 1 131. 1 16986. 1 22587. 133102.

I 3 IHEAT POUP, DESUPERHEATER MATER HEATER I 1.55 2468. 848.68 1 366.25 1 691. 1 15777. 22244. 132011.
4 (MIN. ACES, BINs 21.4 H3 PANEL- 72.3 R2 1 2.73 1 2432. 1 482.58 1 732.35 1 11266. 8971. 25977. 131531.

1 5 IFULL ACES, BIN= 38.0 H3 PANELs 45.8 M2 5 2.87 1 2432. 1 458.73 1 756.20 1 10757. 1 8528. 25025. 130304.
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 2.02 1 889. 1 665.71 1 549.22 1 611. 1 20097. 24905. 124103.
1 7 OIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.59 1 914. 1 1262.19 1 -47.26 1 1037. 1 29683. 34942. 34025.
jl: !1SEsQ GAs FUBRACELSAILAS. .iCIEiLC I� 2 .i_71 58.7__. 1 61_1 ___821 _1628Q_1 _ 2171-_1 212 25. i



WESTRAHPTON BBACH, NEW YORK

167 SQ N HOME, WELL INSULATED EL. ($/KBHR) - 0.0675, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (IATTS) " 10860. GAS (S/THERH)= 0.6319. 0.8150 PUP - 31.67, 16.48 OUTDOOR TEMP. = -13 C 28 C
DESIGN COOLING LOAD (WATTS) u 4838. OIL (S/GAL.) = 1.1800, 1.4600 PDF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.24

,_ _ _- __ _______,_-,_ _, __ __ DESIGN_ ND PERFORABNCE _______
II _MIiLIING IOADS _ _ ______________SYSTEM EMERGY CONSUOPTION
I WATE I SPAC! SPAC! I (S1) (2) 1 (3) I (4) I (5) I (6) I (7) I (8) I

ONTH I HEA T I HAT I COOL I ELEC. I HEAT I RP I NIN. I FULL I GAS FURNACE 1E__ 'OL & ClaL__o1PULSE GAS FURIN I
I I I I I RES. I POUP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I

i___-_iB--iI NaJ __I saJ_i _ElsH --_la _ I KWH I K#H -L KWH ITBEBfjRS- ,u_ __ __GAL_1__K9__H__iTBERS__--L K-IL
I JAN I 1861.1 11334.1 0.1 3665.1 2594.1 2543.1 1476.1 1476.1 180.1 36.1 125.1 553.1 146.1 36. I
I FEB I 1728.1 9440.1 0.1 3102.1 2151.1 2103.1 1254.1 1254.1 153.1 30.1 104.1 510.1 125.1 30. I
I lAR 1 1893.1 7897.1 0.1 2720.1_ 1744. 1662.1 1096.1 1117.1 137.. 25.1 89.1 551.1_ 112.1 25. I
I APR I 1742.1 4404.1 0.1 1707.1 1094.1 1004.1 687.1 699.1 89.1 14.1 51.1 498.1 74.1 14.
I MAY 1 1654.1 1992.1 600.1 1078.1 796.1 712.1 415.1 421.1 56.1 72.1 26.1 531.1 48.1 72. I
L__N_ I___ 15t#J_ ___ ..1 22281 __6 __47 _ 7 L_ 64ll _ 20. .ll 201,L__ 30l____24__3. ____el___67.___41-- 24l__2 43-_
I JUL I 1378.1 0.1 4045.1 824.1 988.1 791.1 493.1 219.1 24.1 441.1 1.1 824.1 23.1 441.
I AUG I 1320.1 0.1 3825.1 783.1 945.1 757.1 723.1 209.1 24.1 417.1 2.1 783.1 22.1 417. 1
I SEP I 1299.1 577.1 2033. 1 742.1 732.1 609.1 411.1 240.1 30.1 223,1 8.1 584.1 27.1 223.
I OCT I 1440.1 2150.1 485.1 1050.1 752.1 675.1 361.1 371.1 54.1 60.1 27.1 460.1 46.1 60. I
I NOV I 1531.1 1769.1 0.5 1750.1 1095. 1019.1 637.1 669.1 90.1 15.1 56.1 440. 74.1 15. I
_ DEC__ I 1738.1 __9?05LJ ___O- L_-3179. _21541 2090, 1253. _ _..1 _157- i___31 1 .108l 1__513.___ 128-1 __I._

I N L1UALI 19036,L __22671_ 1321L1_g 1248. 1 _J521t 14614.1 _ 9009__8129- 1 1024.J__1605,.__6601.1l_6894.1 849.1 1605. 1

SYSTEMS FIRST COSTS __
1 5 I__ '_________ COHPONENTS CMOSTSS, ... 1 TOTAL
I NO.I CONVENTIONAL ELECTRIC SYSTERS _IPALN IT IA/C. 8.P.I CONTROL IAUXILIABYIW . HEATERI DUCTS I ISTALN.I COST. $ I

I1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 310. I 1129. I 48. I 253. I 275. I 811. I 482. I 3308. 1
1 2 IREAT PUMP SITH ELEC. RES. WATER HEATER I 310. I 1199. I 77. I 253. I 275. I 843. I 482. 1 3439.
LJ_3 IH5A'Ol _DEP _SUJPE AgRH TER AIR EAR _1__a0. 119. I __ ? 27 .21 ___653._J.___.3:5._j _843. 1 _ 582_ 3999. 1
1__ __IANE OAL CUCL _EERl_ SSTERS ACES) I HECH. P. ICE DIN I PANEL IAUXILIARYIW. HEATERI DOCTS I ISTAL. TOTAL, 1
1 4 HINI. ACES, BIN- 16.4 13 PANEL= 22.3 12 1 3500. I 2747. I 2116. I 710. I 335. I 1267. I 638. 1 11313. 1

_ 5 IULL -ACES. BIN= 41.7 H3 PlEL= 1_.1 l2 I 350_0. I 4250. I _1597. 1_ _210-_l -- __335_- _ 1267._ J__6638._1__297_
1__iLF O lSS-ELtFIR_ DS STES ____S_ _.I !!UCL _1rC I A/C_ TROL _II .ILI.Al l__ -&TI L__ DUCTS__ _lIMSTALN I ZTAL,_l
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 745. I 1129. 1 26. I 376. 1 270. I 811. I 532. I 3889. 1
I 7 1OIL FURNACE, EL. HOT WATER, CENTRAL AC I 690. I 1129. I 26. I 632. I 275. I 811. 1 782. I 4345. 1
1 8 1PULSE GAS FeRNLACE GAS HW. CENTRAL AC I 1125. I 1129. I 26. 236 I 270. J 811. I __532. _I 4129._1

_ _____ _ _____ _____________ _SISTCO PPA SO s____ ______ _____
I5 ~~~~I I 5SYSTEM I HAINT. I1ST YEAR IlST YEAR I NCREM. I ENERGY I I

NEW CONSTROCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERG I FIRST I PRESENT I LIECYCLE COSTI
I~t I~~~~~ I I(ACOP) I WORTH I COST I SAVING I COST I WORTH I AVERAGE ISARGINAL

I NO. __ I I S I S I $ I _ I I _S . S _.
1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 1.11 I 914. I 1434.89 I REF. I REF. 1 26675. I 30897. 1 33987. 1
2 HEAT POUP WITH ELEC. RES. WATER BEATER I 1.48 1 2162. I 1068.42 1 366.46 1 131. I 19862. I 25463. 1 27764. I

1 3 IHEAT PUMP, DESOPERBEATER WATER BEATER I 1.61 I 2468. I 986.87 1 448.02 1 691. I 18346. I 24813. 26938. I
1 4 IIN. ACES, BIN- 16.4 13 PANEL= 22.3 112 2.61 1 2432. I 608.41 1 826.48 1 8005. I 11310. I 25055; I 26365. I
1 5 IFULL ACES, BIN- 41.7 H3 PANEL= 13.1 M2 1 2.89 I 2432. I 548.93 1 885.96 1 8989. I 10205. I 24934. 1 26116. 1
1 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 2.02 I 889. 755.24 1 679.65 1 581. I 22500. I 27279. 1 20776.

I7 (OIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.55 1 914. I 1174.93 I 259.95 1 1037. 1 26567. 1 31826. 29381.
L. P UL. s E GAIS OR Ji^CE.. GAS EIAC _ __t377 1.. 90 _4.06 16 _ 789.82 I ___82 ._L_ O 1 2__Q4100. I 18745. 1

l
. ' &* -< ;~~~~~~~~~~~~~~~~~~~



NEW BEBRN NORTH CAROLINA

167 SQ M HONE, WELL INSULATED EL. ($/KWHR) - 0.0544, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) = 8059. GAS (S/THER = 0.3685, 0.8150 PYF = 31.67, 16.48 OUTDOOR TEMP. = -6 C 33 C
DESIGN COOLING LOAD (WATTS) = 7954. OIL ($/GAL.) = 1.1900, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.43

_ _____ _________ ____ ___ _ _SIGNANDERQfiACE ___ ________________G _ _ _ ______
I 1-_ I_-ILI LO DS _l___ ___L__ 2s QAS I__ SSCOSUHPTILN _ _ ____ __ __

WATER SPACE SPACE (1) (2) (3) I (4) I (5) I (6) 1 (7) 1 (8)
I ONTH I HEAT I HEAT COOL I ELEC. I HEAT I HP I HIN. I FULL L GASFRBNACE__-- O-L_e-aAVC__lPUSGAS P-URN_-

1{ t !~ I RES. I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. |
I.. ! J I NJ MJ _ KWH I KWH I KWH I KWH I KWH ITHERMS I KWH ___ GAL _ KWH ITHERHS I KWH _L

JAN 1 1639.1 4377.1 0.1 1671.1 1116.1 1014.1 726.1 655.1 87.1 14.1 51.1 469.1 72.1 14. [
! FEB 1 1481.1 3669.1 0.1 1431.1 970.1 879.1 629.1 561.1 75.1 12.1 43.1 423.1 62.1 12. I
1___£R-___ 1560.1 ___304 .____648. 1__51 .1__ 932. L_ 826.1 554.-1___ 5121 .. _..68.1___9o.____36._1____514- ___ _5!l____8_i.
I APR 1 1379.1 1154.1 1816.1 901.1 794.1 675.1 312.1 312.1 39.1 201.1 15.1 584.1 35.1 201. 1
I MAY I 1261.1 0.1 3964.1 782.1 959.1 790.1 607.1 204.1 24.1 432.1 3.1 782.1 21.1 432. I
iJ_ N I 10 1__ 0^l- .1 6524.1 1013 .1__2678578.1 105.8.1 711.1 0_.1 1013.1 _ 18.1 711. 1
I JUl I 1040.1 0.1 8764.1 1244.1 1584.1 1325.1 1580.1 1622.1 17.1 955.1 0.1 1244. 17.1 955. 1
I AUG I 1039.1 0.1 8175.1 1179.1 1497.1 1245.1 1478.1 1522.1 17.1 891.1 0.1 1179.1 17.) 891. |
__SEP__1____o1082_1___ _ . ___ _6971 _ I_921 L__1146. ___936. 1 1044 .1___10851 __1_8.1___621 _ _ __ 1.___ 9211 ...1__1 __1 621-

I OCT 1 1259.1 594.1 2615.1 800.1 810.1 670.1 510.1 548.1 30.1 287.1 9.1 636.1 27.1 287. I
I NOV 1 1371.1 2449.1 807.1 1149.1 825.1 725.1 430.1 387.1 57.1 96.1 30.1 477.1 48.1 96. 1
I DEC 1 1558.1 4429.1 _0. 1663.1 1120.1 1017.1 699.1 652.1 86.1 _41_j_ 51.1 447.1___ 71. 1 __14.
IANNUA.l 15755. 19720.1 39009.1 14105.1 13021.1 11147.1 9753.1 8538.1 536.1 4312 1 238.1 8689. L___46_3 431 2 1

_ _ _ _ S __SYSTEMS FIRST COSTS
I I CC________ ___nCMPONENTS COSTSA _$_____ _______ ___ ____ TOTAL I
I 1o. __CONVENTIONAL_FLECTRIC_SYSTEMS _______ AN UNIT_i A/C_ H.P. I CONTROL_ AUXILIARYI W HEATEE_ DUCTS___ INSTALN I- COST. $_
I 1 IEt. FURNACE AND WATER HEATER, CENTRAL ACI 280. I 1279. 1 48. 1 236. 1 275. 1 907. I 534. j 3559. 1
I 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER I 280. I 1329. I 45. I 236. I 275. 1 940. | 534. I 3639. 1
1 3 IHEAT PUMP. DESUPEERHEATER WATER HEATER I 280. 1 1329. 1 45. 1 636. 1 _335. 1__940.L L__63_4._-_ 4199. _
I I ANNUAL CYCLE FNEEGY SYSTMS _ACES)L___ MECH. P.1 ICE BIN I PANEL IAUXILIARYL H._HEAITE I__DuCTs--l$_-LSTAII^L _TTAI.-._
I 4 ININ. ACES, BIN= 7.5 M3 PANEL= 3.3 H2 1 3130. 1 1885. I 1052. I 636. I 335. I 1049. | 534. | 8621. |
I__5_I. UI ACES,_BIN= _43.7 M3 PANEL= 0.0 M2 I 3130. 1 4179. 1 0. 1 636, 1 ___335-_1__1049. _ 534- 1 9863. 1
I I FOSSIL PUEL FIRED SYSTEMS _I FURNACE I A C I A/C CONTROL IAUILIARYIW. HEATERI DUCTS I I _L STAL. I OTAI. A
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 745. 1 1279. I 26. I 376. 1 270. I 907. | 584. 1 4187. |
1 7 O1TL FURNACE, EL. HOT WATER, CENTRAL AC I 690. 1 1279. I 26. 1 632. I 275. 1 907. I 834. | 4643. |
L_-8_iPUSE GAS _ URNACE_ GAS_ l _ CENTRAL AC ___i 1125__ 1279. 1 __26. 1__236 _. __ 270_-__9072 _i_ 584. I 144 27 I

______________ _ ____ SYSTEM COMPARISONS ________
I I I SYSTEM I NAINT. I1ST YEAR 1JST YEAR .INCREM. I ENERGYI
I I NEW CONSTRUCTION ALTEPNATIVES EFFIC. I PRESENT I ENERGY ENERGY I FIRST I PRESENT I LIFE CYCLE COST

I I 1 (ACOP) I WORTH I COST I SAVING I COST W WORTH | AVERAGE 1AEfGINAL
lNO. 1 1____ _ _____ ____ I ___ _ __ _. _-__ ._... _ _ I __ -I __-l -__$_ -- __ -__

I 1 Et. FURNACE AND WATER HEATER, CENTRAL ACI 1.47 I 914. 1 767.31 1 REF. I REF. 1 14264. 1 18737. 24231.
2 IHEAT PUMP WITH ELEC. RES. WATER HEATER I 1.59 1 2162. 1 708.34 1 58.98 1 80. 1 13168. 1 18969. I 24040.
3 IHEAT PUMP, DESUPERHEATER WATER HEATER I 1.86 1 2468. 606.38 1 160.94 640. 11273. 1 17939. 22281.
4 IMIN. ACES, EIN= 7.5 M3 PANEL= 3.3 M2 I 2.12 I 2432. 530.54 236.77 1 5062. 9863. 20916. 24714.
5 IFULL ACES, BIN= 43.7 D3 PANEL= 0.0 M2 1 2.42 I 2432. 1 464.48 302.83 6304. 8635. 20930. 1 24256.
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 2.17 1 889. 1432.11 335.20 628. 1 10617. 15692. 18316.
7 OIL FURNACE, EL. HOT WATER, CENTRAL AC 1.73 1 914. 755.65 11.66 1084. 15932. 21489. 23450.

1 8 IPULSE GAS FURNALCE GAS H_ CENTRAL AC I 2.34 1 960. 1 405.19 1 362.12 1 868. 1 976 4. 15151. .17116_6.



GREENSBORO, NORTH CAROLINA

167 SQ N HONE, WELL INSULATED EL. ($/KWHR) - 0.0461, 0.0850 PWP - 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) - 9332. GAS (S/THERMH) 0.3667, 0.8150 PWP - 31.67, 16.48 OUTDOOR TEMP. = -9 C 33 C
DESIGN COOLING LOAD (WATTS) = 6335. OIL ($/GAL.) = 1.1700, 1.4600 PUF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.23

DESIGN_ AND PEBRFBOIACE _ __
I BUILDING LOADS I I__ SYSTEM ENERGY CONSUMPTION O C__E I

I I WATER I SPAC I SPACE I (1) I (2) 1 (3) 1 (4) 1 (5) 1 (6) 1 (7) 1 (8) I
ONTH I HEAT I HEAT I COOL I ELEC. I HEAT I HP I HIN. I FULL I GAS FURNACE I OIL FURNACE IPOLSE GAS FURN.I

I I I I I RES. I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I
1 ---- H I J i i___ _ __ I__!WH_.I !H_L _KI H I wH_ I K_ i_ !BHERNS.___KWH___ GAL _a__j1THiER S_ i_Eai__ _1I
I JAN B 1810.1 7363.1 0.1 2548.1 1640.1 1540.1 1057.1 999.1 128.1 23.1 83.1 526.1 105.1 23. 1
I FEB 5 1626.1 5710.1 0.1 2038.1 1314.1 1222.1 855.1 799.1 104.1 18.1 65.1 470.1 85.1 18.
_lAPR I 1 698.1 4099.1 __0.1 1610.1 1106.1 1008.1 681.1 632.1 84.1 13#1__ 48&i__485.1 70.1 13.

I APP I 1485.1 1754.1 1364.1 1048.1 842.1 727.1 377.1 373.1 49.1 154.1 22.1 567.1 43.1 154.
MAT 1 1345. 0.1 2686.1 666.1 835.1 692.1 195.1 195.1 30.1 293.1 8.1 666.1 22.1 293. 1

iJnI__!L _ 1._1 1_ .. I __ _4681 .1__-80 l__ 1020 .i__33.1 868,_ .___ . I2021 ___lO _L 1_ _.._8 ____ ....__5J _
I JUl I 1101.1 0.1 6096.1 970.1 1208.1 992.1 1116.1 217.1 18.1 664.1 0.1 970.1 18.1 664. 1
I AUG I 1111.1 0. 5628.1 922.1 1142.1 935.1 1036.1 436.1 19.1 613. 0.1 922.1 18.1 613. 1
1 SEP 1 1173.1 0.1 3458.1 703. 870.1 712.1 656.1 710.1 24.1 377.1 4.1 703.1___20.1i 377. 1
5 OCT 5 1382.1 1742.1 1284. 1008.1 799.1 691.1 323.1 312.1 48.1 145.1 22.1 529. 41. 145.

NOV I 1516.1 4299.1 0.1 1615.1 1085.1 988.1 619.1 587.1 83.1 14.1 50.1 435.1 69.1 14.
I _rE__I __17252. I __7059I .____ _QL__24401 _157L_ i 1476^_L 982 2^1__ 957.1 12 J____22.1 -_.. 1 _502. ____ 01___.22._
I ANHALU_1122._I _32026,I 25197.1 16398,1 13431.1 11815.1 8766,.1 6419._L 730.1 2846.1 382.1 7603.1 _611l._2846. 1

........ ___ __ iSYSTES FIRST COSTS ______ _
I..I I _ COnPONENTS COSTS. S_ __ _-__ _1 TOTAI I

I NO.1 CONVENTIONAL ELECTBIC SYSTEMS ___IPA FNIT IA/C. H.P.I_CONTOL_I _XI.IARBYIW ._HEATE_ DCTS I INSTAL.N 1_ COST. A I
1 1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 280. 1 1129. 1 48. 1 236. 1 275. 1 811. 1 482. 1 3261. I
I 2 IHEAT PUMP WITH ELEC. RES. WATIR HEATER I 280. 1 1199. 1 45. 1 236. 1 275. ( 843. 1 482. 1 3360.
1_3 L1HAT POM. P.DE UPEREATER WATER HEATER 5 280. 1 1199. 1 45. 1 636. 1 335. 1 _ 843. 1 582. 1 3920.
I JI ANNUL CYCLE ENERGY SYSTEMS (ACES) __.ECH. P. ICE BIN I PANEL IAUXILIARYI. HEATER DUCTS INSTALN-.LOTAI_. $
1 4 |IIN. ACES, BIN= 11.4 13 PANEL= 7.9 H2 1 3130. 1 2289. 1 1308. | 636. 1 335. 1 1049. 1 534. 1 92e1. I
_5_IFLL ACES_,BI_ _!4. 1I3 _PA EI.--__,L M2-__-1 3130_ 1 5720., _ 0. 1_ 636,__1___...3351 1049. 1 534. 1__ 1404. 1
_ __I D_ F IL_SEL FIREDl *STE!S _ _I _RNIACE I a/C I CONTROL IAOILIABRYIW. HEATERI DUCTS I ISTALN.LTQIA.A $1

1 6 IGAS FORNACE, GAS HOT WATER, CENTRAL AC ( 745. 1 1129. 1 26. 1 376. 1 270. 1 811. 1 532. 1 3889. I
1 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC I 690. 1 1129. 1 26. 1 632. 1 275. 1 811. 1 782. 1 4345. 1
I 8 1POLSE GAS FUBN HACEGAS_ R,_CEN__TLAC __i__ 1125_ 1_ 1129. ____266.I 2 ___1 -- 2720._1 ___811 l--53.-l___ 4129._-

___-___ ____ _ __ __ SYSTEM COHPARISONS _ ____ _ __
I I I SYSTEH I HAINT. 1IST YEAR I1ST YEAR INCREH. I ENERGY 1

I I NHE CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY I FIRST I PRESENT I LIFE CYCLE COST I
I I I (ACOP) I NORTH I COST I SAVING I COST I WORTH I AVERAGE MARGINAL I

1NoI__ ____ ________ _ ___ ________ II 1..- ___- _ _ ____- ___ .__._____ .. -l-___
I 1 IEL. FURNACE AND WATER HEATER, CENIRAL ACt 1.26 1 914. 1 756.13 RBEF. I REF. 1 14056. 1 18232. 1 27146.
1 2 IHEAT POUP WITH ELEC. RES. WATER HEATER B 1.54 5 2162. 1 619.29 1 136.84 1 99. 1 11513. 1 17034. 1 24336.
1 3 1BEAT PUMP, DESUPERHEATER WATER HEATER 1 1.75 1 2468. 5 544.79 1 211.34 1 659. 1 10128. 1 16515. 1 22938.

4 IMIN. ACES, BIN= 11.4 n3 PANEL= 7.9 M2 I 2.36 1 2432. 1 404.19 1 351.94 1 6020. 1 7514. 1 19227. 1 23992.
1 5 IFULL ACES, BIN- 74.1 13 PANELs 0.0 i2 1 3.22 1 2432. I 295.96 1 460.17 1 8143. 1 5502. 1 19338. 1 22827.

6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 2.07 1 889. 1 399.07 1 357.06 1 628. 1 10922. 1 15700. 1 18575.
1 7 IOIL FURNACE, EL. HOT WARER, CENTRAL AC 1.61 1 914. 1 797.79 1 -41.66 1 1084. 17809. 23069. 1 25106.
1 8 IPULSE GAS FURNACBE GAS R. CENTRAL AC I _.34 1 960. 1 355.35 1 400.78 1 868. 1 9537, 1 14627. ___17285._

2:)-.



BISHARCK, NORTH DAKOTA

167 SQ M HOME, WELL INSULATED EL. ($/KWHR) = 0.0469, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) = 17994. GAS ($/THBER)= 0.3702, 0.8150 PUF = 31.67, 16.48 OUTDOOR TEMP. = -30 C 32 C
DESIGN COOLING LOAD (WATTS) = 4764. OIL ($/GAL.) = 1.0600, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.00

_ _ _ -_ ____ __________ _DESIGN_AND PERFORMANCE __________
I ___ BUILDING LOADS _ _ _SYSTEM ENERGY CONSUMPTION___ ___ _ i

WATER SPACE I SPACE { (1) (2) 1 (3) (4) 1 (5) 1 (6) 1 (7) I (8)
MONTH I HEAT HEAT I COOL ELEC. HEAT HP HIN. I FULL I GAS FURNACE " OIL FURNACE IPULSE GAS FURN. I

I I {1 {1 BRES. PUHP I DS I ACES I ACES I GAS J ELEC. I OIL I ELEC. I GAS | ELEC. I
I i___-___-__J l___ J______l_ - _l___WH __l__ H__LH I t i__ __RWH __lTHERaS __KWH__ _IGAL__I _KH WH_THE _iT_ _ H __ I
I JAN I 1786.1 21467.1 0.1 6460.1 5708.1 5690.1 2551.1 2551.1 310.1 68.1 233.1 564.1 248.1 68. I
I FEB 1670.1 17255.1 0.1 5257.1 4480.1 4452.1 2082.1 2083.1 254.1 55.1 188.1 518.1 204.1 55. I
I AR I 1903.1 1263 0 1 ___0. _4037.1 2954. 2875.1 1597.1 1598.1 200.1 40 . _140. _ 569.1___ 160. ___40

APR I 1866.1 6441.1 0.1 2308.1 1521.1 1403.1 912.1 912.1 120.1 20.1 74.1 539.1 97.1 20.
1 MAY I 1919.1 2760.1 1286.1 1440.1 1081.1 942.1 530.1 530.1 71.1 149.1 35.1 682.1 60.1 149. 1
IJo __lN__ ___-18 . __ 85_41__ 2514.1__161__6 98._ 816 80Q_86 - 1___340____3_40__ _3._ I ___2_77L__ 131.i____.l 71 ___31 __2 77_
I JUL { 1812.1 0.1 3917.1 930.1 1118.1 906.1 267.1 267.1 35.1 427.1 5.1 930.1 30.1 427. 1
I AUG I 1743.1 0.1 3738.1 891.1 1096.1 897.1 376.1 379.1 36.1 407.1 8.1 891.1 29.1 407.
1SEP _I 1636.L 2397- _l1453- 1 1279.1_ 984. 849.1 402. 402. _1 62.1 166. 1 31 1 __620.1 ___52. 166.
I OCT I 1665.1 4992.1 0.1 1849.1 1252.1 1132.1 636.1 636.1 97.1 16.1 59.1 478.1 79.1 16. I
I NOV I 1622.1 12117.1 0.1 3817.1 2750.1 2673.1 1324.1 1325.1 189.1 38.1 135.1 489.1 150.1 38. 1
L__CC__l___72L_ 18733 1__ ___0 __5682 __4L776. _4747 1 i_2179.1__21 7 9 .1 21274l_.__59_1___204. _ 1 ___37J____2- 2_0__ 59._l
Il-_ilALI__-211_8.__ 99647 1__2901__9.1_34966.1_ 288699._1_27383. 1319_-13221 1691__.17221__2 1124. 1 7600._ 1_367.1 1722. 1

____ _______________ ____ __ SYSTEMS FIRST COSTS __ ______ ____ I
I I ______________I __COMPONENTS COSTSN, _ TIOTAI
I N0.1 CONVENTIONAL ELECTPIC SYSTE'S _ lFAN UNIT I A/C. H.P. CONTROL IAUXILIARYIW. HEATER _DUCTS _INSTALN. lCOST, I

1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 350. 1 1129. 1 48. 1 305. 1 275. 1 811. 482. 1 3400.
{ 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 1 350. 1 1199. 1 77. 1 305. 1 275. 1 843. 482. 1 3531. 1
_3_IHPAT PPlDESUPERHEATRTnAT HEATER __j___350-__ 1199. _ __ __71. 705. _____335.1 __843 __582. _1 4091. .

I__-__ _ANNHUALlCCL EEEGY SYSTE!S ACES)L _ q_1!ECH. p ICE BIN I PANEL lAUXILIARYW.M HEATERI DUCTS I INSTALN.I TOTAL $t
I 4 IMIN. ACES, BIN= 28.9 M3 PANEL=108.0 M2* I 4450. 1 3952. 1 6911. 1 915. 1 335. 1 1716. 638. 18917.*|
I__5_IFULL_ACES._BIN= 30.1 M3 PANEl=106.1 M2* _ 4450. __4025.._ __6805 _5 __ 915. ____335_ 1_ 716 _1 638. 18884.*
lI__l__L FOSSILFUEL- FTRED SYSTEMS ____ _ _ FURNACE I A/C CONTROL AUXILIARYD W. HEATER DUCTS I-NSTALN. [ TOTAI A
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 815. 1 1129. 1 26. 1 376. 1 270. 1 811. 532. 1 3959. 1
I 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC | 720. 1 1129. 1 26. 1 632. 1 275. | 811. 82. 1 4375. I
i 8 P.ULSE GAS FORNACE GAS _RW CENTRAI AC__ __ 1125._1 _ 1729 ____266_j__ 2_36 _____270_Q. __ 811. _ 532._ _4129.

___ ______ __ ______ _ ______ SYSTEM COMPARISONS_ ____ ____ ____ ___
I I I SYSTEM MAINT. 1ST YEAR 1IST YEAR I INCREM. I ENERGY
I { NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY FIRST I PRESENT I LIFE CYCLE COST
I I I (ACOP) WORTH I COST SAVING COST I WORTH | AVERAGE MARGINAL |

lN i ..- _--- ____ __-_______ _________ _ _____ _ .i________._ _____L __l--..i--
1 I EL. FURNACE AND WATER HEATER, CENTRAL ACI 1.06 1 914. 1 1639.57 I REF. I REF. 30480. 34794. 53295.

I 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER. 1.29 1 2162. 1345.70 293.87 1 131. 25017. 30709. 45895.
3 IHEAT PUMP, DESUPERHEAIER WATER HEATER I 1.36 1 2468. 1283.97 355.60 691. 23869. 30428. 1 44916.

I 4 IMIN. ACES, BIN= 28.9 M3 PANEL=108.0 H2 I 2.81 1 2432. 618.85 1020.73 15517. 11504. 1 32853.*i 39836.
1 5 IFULL ACES, BIN= 30.1 M3 PANEL=106.1 12 2.81 1 2432. 619.03 1020.54 15484. 11508. 1 32824.*1 39809.
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 2.04 1 889. 706.63 932.94 559. 21323. 26171. 1 29968.
| 7 1OIL FURNACE, EL. POT WAIER, CENTRAL AC 1 1.62 1 914. 1547.53 1 92.04 1 975. 36702. 1 41991. 1 42973.

8 IPULSE GAS FURNACE, GAS HW. CENTRAI AC I 2.46 I 960. 1 586.97 1 052.60 1 729. 1 17533. _ 22623.___25868.-_

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.



GRAND FORKS, NORTH DAKOTA

167 SQ HROnE, WELL INSULATED El.. (S/KWHR) = 0.0430, 0.0850 PWPF 18.59, 16.48 DESIGN WEATHER: WINTEB SUMHER
DESIGN HEATING LOAD (WATTS) = 18808. GAS ($/THERB)= 0.3702, 0.8150 PWP = 31.67, 16.48 OUTDOOR TEMP. = -31 C 31 C
DESIGN COOLING LOAD (WATTS) - 4575. OIL (S/GAL.) = 1.0600, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.05

_- _____ __ _ _ ___-___ _ s D SIiGN ANrD PRFORHBAC ________
I 1 P__ BUILILNLOADS_ __ 1____.... _.. _SYSTE ENERY CONSUNP___LTI ___
I I ATER I SPACE I SPACE I (1) (2) 1 (3) 1 4) (5) 1 (6) 1 (7) 1 (8)

I ONTH I HEAT I HEAT I COOL I ELEC. I HEAT I HP I IN. I FULL L__AS _FI BACE__J__IL FURHAC_/_PlELSEGAS FS_.E
1 I I I RESBS. I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC.

I ____J NJ I J .I K RR I KWH I KWB I KWH I _H iH ITHERHS 1 KWH I GAL I KWH ITHERNS I KWB .I
I JAN I 1814. 25591.1 0.1 7613.1 7077.1 7073.1 2913.1 2887.1 362.1 81.1 276.1 585.1 291.1 81. I
I FEB I 1661.1 19103.1 0.1 5768.1 5075.1 5056.1 2267.1 2266.1 277.1 60.1 207.1 522.1 222.1 60. 1
I _ I__ _ 1872jL __15560. ! ___o0.l_4843L-32I _9_ 3746, ..__....1 03 190 J .__ 22_23 24911___711 .. 2 56_91.___.90./ __19._J1

I APR 9 1842. 7195.1 0.1 2510.1 1667.1 1552.1 986.1 986.1 129.1 23.1 82.1 534.1 104.1 23.
I MAY 1 1924.1 3105.1 1091.1 1516.1 1109.1 976.1 565.1 564.1 76.1 129.1 39.1 663.1 64.1 129. I
1 JON 1 1866.1 1015.1 2122.1 1032.1 956.. 810.1 358.1 358.1 46.1 234._1 15.1 753.1 41.1 234. 1
1 JUL I 1915.1 0.1 3733.1 939.1 1125.1 919.1 276.1 276.1 37.1 407.1 6.1 939.1 32.1 407. l
I AUG 1 1888.1 0.1 3091.1 861.1 1047.1 868.1 264.1 353.1 40.1 337.1 9.1 861.1 31.1 337. 1
I_SP_ _l__ 1796.. _2252.1_ 112 1__124 2 ._ 957 1_ 839.1 397.1__ 32L.1 __ . __132 i___3i__629.1____5_31_ 130.
I OCT I 1824.1 5404.1 0.1 2008.1 1323.1 1213.1 682.1 681.1 106.1 17.1 64.1 524.1 85.1 17. I
I NOV I 1746. 12649. 0.1 3999.1 2893.1 2816.1 1362.1 1359.1 198.1 40.1 140.1 525.1 158.1 40. 1
!JEC I 18001 20707.1 0.1 6253.1 542 1- 5405 . 2191.1 2127.1 300.1 66.1 225.1 566.1 241.1 _66. 1
I ANNUAtI 21948.1 112580.1 11166.1 38589.1 32449.1 31272.1 14164.1 14156.1 1870.1 1573..1 1262.1 7670. 1 __1512.1 1573. 1

________________ __ SYSTEM SIRST COSTS__ _ __________ ___________
I I L......I _ _ ._ _ COPeONENTS COSTS. S_ _ _ ___ ---- ___ TCTA I

11 N._ CONVENTIONAL ELECTRIC SYSTEHS ____ __IlFANl UST AC. H,.P COHT BOLIAUXILIABYi W._§EATEI- DUCTS__ ISTALN.lCOST_ I_1
1 (EL. FURNACE AND WATER HEATER, CENTRAL ACI 350. I 1129. 1 48. 1 305. 1 275. 1 811. 1 482. 1 3400. 1

l 2 RHEAT PUOP WITH ELEC. RES. WATER HEATER 1 350. 1 1199. I 77. I 305. 1 275. 1 843. 1 482. 1 3531. 1
1 3 IBEAT PPOP. DESOPERHEATERB ATER HEATER _350. 1 1199. 1 77. 1 705. 1 335. 1 843.1 -__ _I.___ 4022_1J.
I I ANNUAL CYCLE ENERBGY_ STESL _ACESL __ iHEC,.I .lCE BIN I _ ANEL_A I J LIARY L _HEATERI_ DUCTS _l_INSTILH._TLOT^_. $1

4 11IN. ACES, BIN= 34.0 H3 PANEL=512.5 12* I 4450. 1 4299. 1 29569. 1 915. 1 335. I 1716. 1 638. 1 41921.*1
5 IPOLL ACES. BIN= 34.0 H3 PANEL=512.5 _2*_1 4450. 1 4299. 29569.1 915. 1 335. 1 1716. L____68__L 41921._*1

1 I FOSSIL FUEL FIRED SYSTEMS .___ __U__ R_ ACE_ A/C I _OTBROL_ L XILIAiYl. HEATEIP DCTS___ I. STAL _ 1_TOTAI . l
1 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 815. 1 1129. 1 26. 1 376. 1 270. I 811. 1 532. 1 3959. |
1 7 lOIL PURNACE, EL. HOT WATER, CENTRAL AC I 720. 1 1129. 1 26. 1 632. 1 275. 1 811. 1 782. 1 4375. 1
1 8 IPOSE GAS FURNACE. GAS Hi. CENTRAL AC _1 1125. 1 1129. I 26. I 236. 1 270-. 1_ 811_I __532._1__ 4129._1

__*__ _ ___ -______ SJST5_COHPARISON _____ _ ____ _ _ ___________ ____________ ____
1 I 1 SYSTEM I MAINT. 1T EAR 1 ST EAR ST EAR I INCRE. I ENERGY I i
I I NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY I FIRST PRESENT L__LIEE_CYCLE_ CQST__
l I I (ACOP) I WORTH I COST SAVING COST I ORTH I AVERAGE |MARGINAL I

jj~I NO.____________I _ I I S I $ I S I _ l__ L _...... 1 _--. I
1 IL. FURNACE AND WATER HEATER, CENTRAL ACI 1.05 I 914. 1660.10 1 REF. I REF. 30861. 35175. 1 58370.

1 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER I 1.25 1 2162. 1 1395.95 1 264.15 1 131. 1 25951. 1 31644. 1 51147.
1 3 HIEAT POMP, DESUPERHEATER WATER HEATER 1 1.29 1 2468. 1 1345.34 314.76 1 691. 1 25010. 3 31569. 1 50365.
1 4 INIr. ACES, BIN= 34.0 13 PANEL=512.5 H2 1 2.86 1 2432. 1 609.33 1 1050.77 1 38521. 1 11327. 1 55681.*1 64194.
1 5 IFULL ACES, BIN= 34.0 H3 PANEL=512.5 H2 1 2.86 1 2432. 1 609.33 I 1050.77 1 38521. 1 11327. 1 55681.*1 64194.
1 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC l 2.04 1 889. 1 759.84 1 900.26 1 559. 1 23179. 1 28027. 1 32164.
I 7 1OIL FURNACE, EL. HOT WATER, CENTRAL AC l 1.62 .* 914. 1 1668.16 1 -8.06 1 975. 1 39924. 1 45213. 46409.
__8 IPULLE GS FLRNACE. GAS BB. CENTRAL AC I 2.48 I 960, 1 627.56 1 1032.54 I 729. 1 18990. 1 24079. 1 27606. 1

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLBHENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.

, ^ ^ * <-> . ^ ,



WILLISTON, NORTH DAKOTA

167 SQ H HOME, WELL INSULATED EL. (S/RKHR) = 0.0469, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LOAD (WATTS) = 17470. GAS (S/THER)= 0.3702, 0.8150 PPW = 31.67, 16.48 OUTDOOR TEMP. = -28 C 31 C
DESIGN COOLING LOAD (WATTS) - 4581. OIL (S/GAL.) = 1.0600, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.00

- _____ _-_- ____- ___- ____ __DESI GN_AND PERFORMANCE __ ___________
I 1 __ BUILDNfG__ OADS . .1 ____ _ -___ SYSTEM ENerGY CONSUMPTION _ _ - ______ _ I
| I WATER I SPACE SPACE I (1) I (2) 1 (3) 1 (4) 1 (5) 1 (6) I (7) I (8) 1
IMONTH I HEAT I BEAT I COOL I ELEC. I HEAT I HP I MIN. I FULL J GAS_FURNACE L OIL FURNACE _PULSE_ AS IUR{_.

~I BB I I~I RES. I PUMP I DS I ACES I ACES I GAS I ELEC. OIL I ELEC. I GAS I ELEC.
L_ I MJ _ MJ I aJ__ I _KWH I KH__I KWH I W I KH KWH ITHERMS I KWH I GAL I KWH _JTHERHS I KH I
I JAN { 1786.1 20069.1 0.1 6071.1 5286.1 5266.1 2363.1 2394.1 292.1 64.1 218.1 560.1 234.1 64. 1
I FEB 1677.1 14881.1 0.1 4600.1 3766.1 3728.1 1821.1 1824.1 224.1 47.1 163.1 513.1 180.1 47.
l_A 1A 11__0____9 1 1_ 1_2889. 0 ..___2859_. __ 2791 1539.1 __ .15411 19,____ . 381__ 3__ 5 569.1___155.l __38_
I APP 1 1866.5 5717.1 0.1 2107.1 1408.1 1305.1 834.1 835.1 110.1 18.1 67.1 536.1 89.5 18. I
1 MAY I 1904.1 2294.1 1148.1 1291.1 1001.1 880.1 476.1 476.1 65.1 132.1 30.1 661.1 55.1 132. 1
I JqN I 1786.1 643.1 2352.1 931.1 922.1 767.1 311.1 311.1 39.1 _258. _ 10. 754.1 36.1 258. I
I JUL I 1766.1 0.1 4013.1 928.1 1109.1 881.1 263.1 263.1 33.1 437.1 4.1 928.1 29.1 437. 1
| AUG 5 1689.1 0.1 3770.1 880.1 1061.1 848.5 494.1 376.1 33.1 411.1 5.1 880.1 28.1 411. 1
L__-sEP___ 5 __ 1 ___A-15_.L__ 6 1O25__5 1073.J___857. L__7-2.1 33l.1___293._1 52.L____142.L_ __ 241____. 582...1____451__142.L
I OCT 1 1620.1 4542. 0.1 1712.1 1169. 1060.1 589.1 591.1 91.1 14.1 54.1 464.1 73.1 14. L
| NOV I 1592.1 10568.1 0.1 3378.1 2356.1 2277.1 1170.1 1174.1 169.1 33.1 118.1 476.1 134.1 33. 1

DEC __1706. 1 15636. 1 _0.1 _4818.._ 3770.1 3721.1 1781.1 1856.1 235.1 _50. 172.1 523. _ 188. __50. I
1 ANNUALI 20887.1 88224.1 12538. 31677.1 25563.1 24265.1 11978.1 11935. 1536.1 164 15. 999.1 !42481__247.__ 1645 _

_____ ____________________ SYSTEMS FIRST COSTS__ __ _ ____________________________
I I 1____ _____.. _ C___OPONENTS COST_SLt____ .. ____________ TOT A I
15 .1__ICONVENTIOAL_ ELECTRICSYSTEMS _ _ ____A.FN _UNI Tl AAZC lPl_ CNTROLIA XILARYIU .ErTEi-_ DUCTS_ I-LTSJ COS T_-_I

1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 350. 1 1129. 1 48. 305. 1 275. 1 811. 1 482. 1 3400. 1
I 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER | 350. 1 1199. 1 77. 1 305. 1 275. 1 843. 1 482. 1 3531. 1
L13 IHEAT PUP DESUPERHEATER WTER HEATER E1 350. 1 1199. 1 77. 1 705. J *335I . 843 _L __52_ _ 09.__2
I I ANNUAL CYCLE ENERGY SYSTEMS (ACES __I _LECH. _P ICE BIN __PANEL__JAUXILIARTIW._HEATE__R_ DOUCTS ___INSTALN ._TOTAl_1_
| 4 IMIN. ACES, BIN= 27.1 M3 PANEL=103.9 M2* 1 4000. 1 3817. 1 6684. 1 830. 1 335. 1 1520. 1 638. 1 17824.*1
j 5 IFULL ACES, BIN= 30.9 H3 PANEL= 89.4 M2* 1 4Q_00. 1 4041. 1 5870. 1 830. 1 _335. 1 1520. 1 _ 638. __17233. *1
1 -- i __fOSSIL_FEL_F-RE D_SYSTEMS___ _ _ FURNA.CE I A/C I CONTROL I AXILIARYIW. HEATERI DUCTS I INSTALN.I TQTA. $1
! 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC | 815. 1 1129. 1 26. 1 376. 1 270. 1 811. 1 532. I 3959. I
I 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC ! 720. 1 1129. 1 26. 1 632. 1 275. I 811. 1 782. 1 4375. 1
I 8 IPOLSE GAS FURNACE. GAS BH. CENTRAL AC _ 1125. 1 1129. 1 26. I 236. I _270. _ 811. 1 532. _1___ 429.

SYSTEM CO aPARISONS_ _ _ _ ______________ _____________
SYSTEM | MAINT. I1ST YEAR 51ST YEAR I INCREM. I ENERGY

EW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT i ENERGY ENERGY I FIRST PRESENT __LIFE CYCLE COST _
I (ACOP) W ORTH I COST SAVING I COST WORTH I AVERAGE |MARGINAL

I NO.1 _ __ _ _____ ___1 _J I $ I 1 1 I $ I $ __$1 1
1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 1.07 1 914. 1 1485.35 1 REP. I REF. 5 27613. 1 31927. 1 48688.

2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 1 1.32 1 2162. 1 1198.63 1 286.72 1 131. 1 22283. 1 27975. 1 41501.
3 IHEAT PUMP, DESUPERHEATEB WATER HEATER 1 1.39 1 2468. 1137.77 1 347.58 1 691. 1 21151. 1 27710. l 40549.
4 IMIN. ACES, BIN= 27.1 M3 PANEL=103.9 M2 2.82 1 2432. 1 561.65 1 923.70 1 14424. 1 10441. 1 30697.*1 37035.
5 (FULL ACES, BIN= 30.9 M3 PANEL= 89.4 M2 2.83 1 2432. 1 559.62 1 925.73 1 13833. 1 10403. l 30069.*1 36383.
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 1 2.03 1 889. 1 645.88 1 839.47 1 559. 1 19446. 1 24294. 1 27787.
7 SOIL FURNACE, EL. HOT WATER, CENTRAL AC 1 1.60 1 914. 1 1408.21 1 77.14 1 975. 1 33232. 1 38521. 1 39760.

JI 8_lPLSE GAS UOBRNAE_GEAS HWLCENTRAL AC I 2.4 __1 _ 960. _ 5-. 6 1 1_ 946.74 ___729. 1__16049._ J 21138. 1 24136. I

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.



AKRON, OHIO

167 SQ 0 HOME, WELL INSULATED EL. ($/KWNR) = 0.0568, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMEB
DESIGN HEATING LOAD (WATTS) = 12183. GAS (S/THERM)= 0.3697, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEMP. = -16 C 31 C
DESIGN COOLING LOAD (WATTS) = 4935. OIL (S/GAL. = 1.1100, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.14

~~__~__,______ ~ ~DESIGN AND PERFORMANCE_ __
I BUILDING LOADS I SYSTEM ENERGY CONSUPTION___

I I WATER I SPACE I SPACE I (1) (2) (3) I (4) 1 (5) 1 (6) 1 (7) I (8)
MONTH I HEAT I HEAT I COOL I ELEC. I HEAT I HP I MIN. I FULL I GAS FURNACE_ OIL FURNACE JPULSB GS FURN. I

I ~I ~I I I RES. I PUMP DS ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC.
I _ I __1___°lJ _ l__ J .I __1 _ _J__ t__ KH I HJLa__ I EKH _l _THS_l__KH__l__ A ___ KWH __lTHBS_l KWLB___I-
I JAN ! 1871.1 13941.1 0.1 4393.1 3128.1 3063.1 1742.1 1742.1 213.1 44.1 152.1 564.1 173.1 44. 1

FEB I 1738.1 11003.1 0.1 3540.1 2433.1 2352.1 1423.1 1429.1 173.1 35.1 121.1 518.1 141.1 35. l
MAP 1 1908.1 9698.1 _ 0.1 3224.1 2118.1 2018.1 1288.1 1302.1 160.1 31.1 _ 107.1 561.1 131.1 31. 1
APR I 1762.1 4604.1 0.1 1768.1 1194.1 1080.1 706.1 712.1 92.1 15.1 53.1 504.1 76.1 15. l
MAY I 1681.1 2038.1 1118.1 1155.1 895.1 782.1 424.1 425.1 56.1 128.1 25.1 595.1 49.1 128. I

lJUN__I_ 1485.J. ..1______2860.J__724J. __ 8__286. J__72 89 _ 8.1 2141_ 2.141 32 1__3_12-_ 71_724 ___ 25.1_ 312.
I JUL t 1412.1 0.1 3988.1 827.1 997.1 805.1 355.1 222.1 25.1 434.1 2.1 827.1 23.1 434. 1

AUOG I 1352.1 0.1 3706.1 779.1 943.1 769.1 706.1 211.1 25.1 404.1 3.1 779.1 22.1 404. 1
JSEP__ 1 1326.1 887.1 1979. 1 830.1 771.1 649.1 405.1 273.1 35.1 .218.1 12.1 587.1_ 31.1 __2J8.
I OCT I 1462.1 3149.1 0.1 1281.1 907.1 805.1 448.1 457.1 68.1 10.1 37.1 416.1 56.1 10. 1
I NOV 1 1547.1 7403.1 0.1 2486.1 1548.1 1440.1 894.1 914.1 124.1 23.1 83.1 453.1 101.1 23.
__DEC__ I 1750.1 12266 __ _0. 1_3_894 1 _2680. _2591 J1 _ 1505. 1 1507.1 190 ..____39__ 13 _4,1__ 25. ___ 154___139-_1
_l!NLI 12293.31 __6498_91. 13651i .2490J 1_185092.117092.1 1__ 1 ol__9497.1_ 11931i_ 16931 __737.1__7053.1 983.1 1693. |

_____ ._S___YSTEMS FIRST COSTS ___ _ __
I J___ /__ __ COMPONENTS COSTS, ____ IOTAI I

I NO.I CONVENTIONAL ELECTRIC SYSTEMS IFAN UNIT IA/C. H.P.I CONTROL IAUXILIARYI. HEATERI DUCTS I INSTALN.I COST. S ,
I 1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 310. 1 1129. 1 48. 1 253. I 275. l 811. 1 482. 1 3308. 1
1 2 IHEAT PUMP WITH ELEC. RES. NATER HEATER I 310. I 1199. I 77. 1 253. l 275. 843. 1 482. 1 3439. 1

I.__ _ 1_EAT POUn!P8_£ESPERBEATEN WATER_HEATER _ I _3 10. 1 1199. _1 77. __ 653_ .____335.1_ _843. I 582. 1 3999. I
__INNlUAL CYCLENEHEGY_ SYSTEMS (ACES) I . P ICE BIN I PANEL IA1XILIARYI. HEATERI DUCTS ISTALN.I TOTAL. L

1 4 1MIN. ACES, BIN= 19.6 M3 PANEL= 40.7 M2 1 3500. 1 3044. I 3145. 1 710. 1 335. l 1267. 9 638. 1 12639. 1
I 5 IFOLL ACES. BIN= 42.6 M3 PANEL= 25.7 M2 _I _3500. I _4377, 1 2305_QL_ 71 ____1_ __335. __ 1267 _1___638. j__ 3132._
L - ___lOS___L_UELIRED SYSTEMS _i___ _ __ __ FNE i__ AZC _COTROL .1 AXIAL! !UXBi-HE&TEL __-DUCTS__--I-! _ TALN-i_TOTA IL
1 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 9 745. 1 1129. 1 26; 1 376. | 270. 1 811. 1 532. 1 3889. 1

7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC l 690. l 1129. 1 26. 1 632.'1 275. 9 811. I 782. I 4345. 1
18 IPULSE S FRCE GAS URCE GAS R CENTRAL AC I _1125. I 1129. 26. 1 236. I 270. 1 811. 1 _532. __2 4129. 1

STH a CO,_ c _ SIslHPAISONS _ ..- - --.------- __ _ ---------- _ ----
I I I SYSTEM AIBNT. I1ST YEAR I1ST YEAR INCREM. I ENERGY I
I I NEW CONSTRUCTION ALTERNATIVES EFFIC. I PRESENT I ENERGY I ENERGY I FIRST I PRESENT I_ LIF_CiCE_COST__I
l I l (ACOP) i ORTH I COST I SAVING I COST I WORTH I AVERAGE IMARGINAL l

I _O.I I _ I _ I _F _I S...$ I $ I W _ I _ $ I
1 1 |EL. FURNACE AND WAIER HEATER, CENTRAL ACI 1.09 I 914. 1 1415.37 l REF. I REF. 1 26312. I 30534. 1 39104. I
1 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 9 1.47 I 2162. 1 1052.06 1 363.31 1 131. 1 19558. 1 25159. 1 31528. 1
9 3 IHEAT PUMP, DESUPERHEATER WATER NEATER 1.59 l 2468. I 971.50 1 443.87 1 691. 1 18060. 1 24527. 1 30409. l

4 IMIN. ACES, BIN= 19.6 M3 PANEL= 40.7 n2 2.69 l 2432. I 574.66 I 840.72 1 9331. 1 10683. 1 25754. 1 29233. I
9 5 IFULL ACES, BINr 42.6 13 PANEL= 25.7 M2 1 2.89 9 2432. 1 534.71 1 880.66 I 9824. 1 9940. 1 25505. 1 28742. 1
1 6 IGAS FURNACE, GAS NOT WATER, CENTRAL AC 9 2.04 9 889. 1 537.17 1 878.20 1 581. 1 15753. 1 20532. l 23169.
1 7 lOIL PURNACE, EL. HOT WATER, CENTRAL AC 9 1.59 1 914. 9 1219.40 1 195.97 1 1037. 1 28120. 9 33379. 9 32881.

n1 8 J Gjj1P L GirZ UR . GAS NW. CENTRAL AC s 2.41 1 9.60. 1 459.72 1 955.65 1 _ 821 _ 3_.30-1 1 18390. 1 20666.



COLUMBUS, OHIO

167 SQ N HOME, WELL INSULATED EL. ($/KWHR) = 0.0624, 0.0850 PWF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMEB
DESIGN HEATING LOAD (WAITS) = 12358. GAS (t/THERH)= 0.3633, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEMP. = -17 C 32 C
DESIGN COOLING LOAD (WATTS) = 5200. OIL (S/GAL.) = 1.1400, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.15

_____________ ___ ___________.____ _ DESIGN _ND PEgBORMANCE _ __ _ _ _ - _ _ _-__…
1--_--_UIDING _LADS __ _ __SS__ ____ ______ _ _S TEM ENERGY _CONSUMPTION- ____________ _ _

I IW IATER SPACE I SPACE I (1) 1(2) 1 (3) (4) 1 (5) I (6) I (7) 1 (8) I
MONTH I HEAT I HEAT I COOL I ELEC. I HEAT I HP I HIN. I FULL J__gAS FURMA__C _OILN_ACE___ULSE _GAFUBN.

I I I I RES. I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL 1 ELEC. I GAS I ELEC. I
L__ 1__ MJ I MJ I MJ _I KWH I KWH_i_KWH I KWH I KlH ITHER0S I KWH I GAL I _KWH 1THERMS I KWH I

I JAN 1897.1 9994.1 0.1 3303.1 2152.1 2042.1 1356.1 1356.1 163.1 32.1 111.1 559.1 133.1 32. 1
I FEB 1 1730.1 9056.1 0.1 2996.1 1953.1 1859.1 1226.1 1226.1 148.1 29.1 100.1 539.1 121.1 29. I
-AR-_1--1845 - --___7595.J _____0.1__2622 .__1675__ 1566 1__ 1067.1 _ 1107.1 _1321 ____24__85. .5 ___53I1___1 1081___24_

I APR I 1648.1 3475.1 0.1 1423.1 1013.1 905.1 578.1 605.1 75.1 11.1 41.1 469.1 63.1 11. I
I MAY I 1520.1 1363.1 1615.1 977.1 830.1 708.1 348.1 348.1 45.1 180.1 18.1 603.1 39.1 180. I
I JRN I 1312.1 0.1 3970.1 797.1 982.1 802.1 210.1 210.1 26.1 ___ 3.1 4___ 79 7 .1_ __22. 433. 1

JUOL 1245.1 0.1 4856.1 875.1 1073.1 876.1 902.1 215.1 22.1 529.1 1.1 875.1 21.1 529. I
I AUG 1 1224.1 0.1 4136.1 791.1 966.1 789.1 777.1 202.1 22.1 451.1 2.1 791.1 20.4 451. I
I__SE_____ 1253.1 _ 614.1___2584.1 __800.1___806.1 ___66_1___ 507.1_ 321. __30.1__ 2384. 1_ __ _ ___ _3_ 1 ____.... __ 284. _
I OCT 1 1443.1 2861.1 947.1 1299.1 933.1 822.1 436.1 458.1 63.1 112.1 34.1 513.1 53.1 112.
1 NOV t 1568.1 6774.1 0.1 2318.1 1473.1 1375.1 863.1 922.1 117.1 21.1 77.1 457.1 95.1 21. I
I DEC 1 1789.1 J_011 1 _ 0. I 3307.1_ 2206.1 2106.1 1310.1 1355.1 163.1 32.1 112.1 529.1 133.1 _ 32. 1
I ANNUALI 18475.1 51850.1 18109.1 21509.1 16063.1 14518.1 9580.1 8326.1 1006.1 2137. __ 594 .1 7269. 1____836.1_21_7_

-- ,___ _________ S--YST_-EMS_-- __~FIRSY? COSTS FIR_______________________________________________
_ _ 1-_ -..--...._____._.. ._I.S- ____COMPONENTS COSTS,_ ________ _____ ________ TOTAI I

INO._ CONVENIONAL ELECTRIC SYSTEMS __F__A__ N UNIT _A/C H.P L CONTROLI AUXILIABYJWIHEATERI__DUCTS _L INSTALN,. _C_OST_i_ I
I 1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 310. 1 1129. 1 48. 1 253. 1 275. 1 811. 1 482. 1 3308. I
I 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 1 310. 1 1199. 1 77. 1 253. I 275. 1 843. 1 482. 1 3439. I
1 3 IHEAT PUMP. DESUPERHEATER WATER HEATER I 310. i 1199. 1 77. 1 653. 1 335. L 843. L __5_82 ._1_1 399. 1
I I ANNUAL CYCLF ENERGY SYSTEMS _ACESL _ I MECH P.L_ICE _IN I _PANEL__AUXILIABRYW._HEAT_ E L__DUCTS___j_INSTALN._TOTAL,_J
1 4 ININ. ACES, BIN= 14.8 M3 PANEL= 20.8 M2 1 3500. 1 2713. 1 2030. 1 710. 1 335. 1 1267. 1 638. 1 11193. 1
1_5 __FL_ACESBIN_= 59.5 M3 PANEL= 8.1 M2 1 3500. I 5236, 11320. 1_ 710. 1_ 335. 1 1267.1 b38. J 13007.
J- I FOSSIL FUEL FIRED SYSTEMS __ ___ FURCE I a/C C ONTROL AUXILIARYIW. HEATEI__ DUCTS I INSTAIN.L IOTL._
I 6 JGAS FURNACE, GAS HOT WATER, CENTRAL AC I 745. I 1129. 1 26. 1 376. 1 270. 1 811. 1 532. 1 3889. J
I 7 lOIL FURNACE, EL. HOT WATFR, CENTRAL AC 1 690. 1 1129. 1 26. 1 632. 1 275. 1 811. 1 782. 1 4345. J

8 LPULSE GAS_FUPNACE _GAS_HW _CENIBAL AC I _1125_ 1__ 12_91_ _ 26. __ 236._____ 270 __811 -_1___532. 1 4129. 1

__ ___________ ___ _SY STEH _COPAISONS _ o_ ________ ____
I I SYSTEM I MAINT. 1ST YEAR I1ST YEAR I INCREH. I ENERGY I

I | NEW CONSTRUCTION ALTERNATIVES I EFFIC. PRESENT I ENERGY I ENERGY FIRST I PRESENT I LIFE CYCLE COST I
I I (ACOP) I WORTH 1 COST I SAVING COST I WORTH I AVERASE INABGINAL

_NO,.___ _ _________ ____ _. ______-_____ ____ ___1__$___1_____ i_ _ ______________________-__
I1 EL. FURNACE AND WATER HEATER, CENTRAL ACl 1.14 1 914. 1342.40 1 REP. I REF. 1 24955. 1 29177. 134353.
2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 1 1.53 I 2162. 1 1002.47 1 339.93 1 131. 1 18636. 1 24237. 1 28101.
3 IHEAT PUMP, DESUPERHEATER WATER HEATER 1 1.69 1 2468. 1 906.08 1 436.32 1 691. 1 16844. 1 23311. 126804.
4 IMIN. ACES, BIN= 14.8 M3 PANEL= 20.8 M2 I 2.56 1 2432. 1 597.91 1 744.49 1 7885. 11115. 1 24740. 127045.
5 IFULL ACES, BIN= 59.5 M3 PANEL= 8.1 M2 1 2.95 1 2432. 1 519.62 1 822.78 1 9698. 1 9660. 25098. 127102.
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 1 2.05 1 889. 1 498.98 1 843.42 1 581. 1 14058. 1 18836. 21288.
7 1OIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.60 1 914. 1 1130.51 1 211.89 1 1037. 1 25524. 1 30783. 29727.

I_8 _IULSE _GAS_IR UNACF GAS HW,_CENTRI_AC __ __2.3 8J1___960_. __1436 9_8_1__905.42__ __.821.___ 12095._ ___1718_ 1 19307 _1



DAYTON, OHIO

167 SQ N HOME, WELL INSOLATED EL. ($/KWHR) = 0.0620, 0.0850 PUF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN HEATING LCAD (WAITS) = 12573. GAS (S/THERB = 0.3697, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEMP. = -17 C 32 C
DESIGN COOLING LOAD (WATTS) = 5724. OIL -S/GAL.) = 1.1100, 1.4600 PWF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.18

I - -__ _!!___, -- ___l_--iI ..._- .. N.... SrQ£SST_ ___.___ _______ _. _- .._ _ ______ ____ __
1____BULDING SO ________ -_- _ SSTEn_ENEBGYCONSUMPTION_________ _IL

I I WATER I SPACE 1 SPACE I (1) 1 (2) 1 (3) 1 (4) I (5) 1 (6) 1 (7) (8) I
M ONTH I HEAT I HEAT I COOL I ELEC. I HEAT I HP I HIN. I FULL L__ASFUBNACE__ _OILPUHCE_ IPL SE_ GAS FU ._

II I I I I9 RES. I PmP I DS I ACES ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I
L_- I eJJ I __ HJ I NJ I KWH I wR__ l KWH IH I H KWH ITHERMS I KWH_ GAL I KWH ITHERiS I AKWH I

I JAN 1899.1 12864.1 0.1 4101.1 2868.1 2785.1 1636.1 1636.1 202.1 41.1 141.1 568.1 163.1 41. I
FEB 9 1736.1 9432.1 0.1 3103.1 2069.1 1969.1 1257.1 1271.1 155.1 30.1 104.1 512.1 125.1 30. 1

I_ aS 1__l_1849-2.1 Ll_ 2 1. o - 0.1 __25751__1671. _1558. __1037. __1092 ___13.1 .___2_ ___83_ 1___ _37. 1___J1061____24,_
9 APR I 1642.1 2963.1 731.1 1359.1 962.1 854.1 521.1 544.1 69.1 89.1 35.1 545.1 57. 89. I
1 MAY 1 1498.1 1144.1 1919.1 943.1 844-1 714.1 326.1 326.1 41.1 213.1 15.1 629.1 37.1 213. I
I JON I 1276.1 _ 0._ 3771.1 765.1 _ 938. 761.1 203.1 203.1 25.1 411 1__ 3.1 765.1 21.1__411. 1

JOL I 1194.1 0.1 5453.1 926.1 1141.1 923.1 1014.1 218.1 20.1 594.1 0.1 926.1 20.1 594. 1

1 AG 1168.1 0.1 5183.1 889.1 1095.1 891.1 965.1 211.1 20.1 565.1 1. 889.9 19.1 565. 1
i_§7__j__102fl.j __ a 3225 2 688.1 863.1 708.1 626.1 310.1 26.1 354.1 6., 688. __ 20.1 35 1
I OCT 9 1401.1 2106. 934.1 1076.1 799.1 697.1 352.1 373. 53., 108.1 26. 498.9 45.1 108.

I NOV 9 1542. 6022.1 0.1 2102.1 1325.1 1224.1 763.1 834.1 108.1 19. 68.1 448.1 87.1 19. I
J_. PE- 1779. 109 3I l_... o _ _0._I 32s __29.l 2275. 1380l.1 1 I_ _17_6.1___35_ t .__ j J___ l.__ _14.1 __ 35. _
I_!l°_BL! 818 l IJ 52se-l__21_ a- l _22059L_1695 i- 15351__1 lQJl .1.84221 I1Q26. LJ__82. l ___Ql1__i. -l___841___ 24i2.. I

ifl_____1 _______COSTS_ -- _____ _ ___ _ _--_-
I O I '...o__!_ COTlT.COSTSt___ _________-__. S TOTAI I

-. J l_ CcoN£!ITIOI L_SLECTIC SSTEaS ...IALS_ g I1/C, H.P.I CONTROL I JAUILARYIw AIHELATE'R DOCTS I INSrALN. COST. S I
1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 310. 1 1129. 1 48. 1 253. 1 275. 1 811. 1 482. 1 3308. I

1 2 (HEAT POUP WITH ELEC. RES. WATER HEATER | 310. 1 1199. 1 77. 1 253. 1 275. 1 843. 1 482. 1 3439. 1
L3 _3REAT PUMP, DESPPERHEATELTEgAEHETEB__L.__.___10_J 1199. 1 77, L___5_6,__...__3351 ___8_ ._ __ 582,_1__t9iil
l _l--_ _ I al CL£E EREII , STBSJ._._-_SL_ [. I.a ._i.gBL. RI,_ Ial XIL I !a±_HEATEPEL __Qo _sCTl__I_ !TALl-lTQA
I 4 INTl. ACES, BINT 18.3 M3 PANEL= 27.0 r2 1 3500. 1 2977. 1 2375. 1 710. 1 335. 1 1267. 1 638. 1 11803. 1
1 J_-J1-F L CES, BIN= 74.6 M3 PANEL= 6.5 2 _L_3500. 1 5952, 1 1230. 1 710 1 5. 5 126L7.1 ___-6_3,lL- 1363._
1 I POSSTL FUEL FIED SYSTEMS __ ...._ .LB CE&_L__ A/C_____CR.LT-LP I !L!-Yi2TILi_-_LEATgL PCT~_g s __I !sALBA. T L._i

1 6 IGAS PFRNACE, GAS HOT ATER, CENTRAL AC I 175. 1 1129. 1 26. 1 376. 1 270. I 811. 1 532. 1 3919. 1
7 IOIL PORNACE, EL. HOT WATSF, CENTRAL AC I 690. 1 1129. 1 26. 1 632. 1 275. 1 811. 1 782. 1 4345. 1

1 8 I1PELE__GAS_ tjAC_E_ GAS_-H_ CElNTAL AC 112._.L_ 1129. I 26. 1 236, 2.____Z _ .. 811. 1 532.1 4i9.129.

..._________ _____ ___ __STEoPIS__ ____________-___-____---iS----------
1 I I SYSTEM I MAINT. I1ST YEAR 1IST YEAR I INCREN. I ENERGY I I

9I NEW CONSTRuCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY I FIRST I PRESENT L_ LIFE CYCiLECOST_ _
1 1 I (ACOP} I WORTH I COST 1 SAYING I COST I WORTH I AVERAGE IMARGINAL I
NO. I___ _ I S I S$ I ._ I __ I. I . __..LL - t I

I 1 EL. FORNACE AND WATER HEATER, CENTRAL ACI 1.16 1 914. 1 1367.88 1 REF. I aRE. 1 25429. 1 29651. 1 35122. 1
2 I(EAT PHUP BITH ELEC. RES. WATER HEATER 1 1.51 1 2162. 1 1051.43 1 316.45 1 131. 1 19546. 1 25147. 1 29353. 1
3 IHEAT POUP, DESOPERHEATER WATER HEATER 1.67 1 2468. I 952.43 1 415.45 1 691. 1 17706. 1 24173. 1 27982. 1
4 IINI. ACES, BIN» 18.3 M3 PANEL- 27.0 H2 1 2.54 1 2432. 1 625.09 1 742.79 1 8494. 1 11620. 1 25855. 1 28355. 1
5 IULL ACES, BIN- 74.6 M3 PANEL= 6.5 12 3.04 9 2432. 1 522.66 1 845.22 1 10324. 1 9716.. 25780. 1 27871. 9
6 IGAS FURACE, GAS HOT WATER, CENTRAL AC I .05 1 889. 9 533.28 1 834.60 1 611. I 14876. 1 19684. 1 22068. 1

1 7 OIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.62 l 914. 1136.82 1 231.06 1 1037. 1 25593., 1 30852. 1 30328.
Li8 IPLSI Ga_ FURNACE GEAS CETRAL AC _j .40 i 60, 464 98 . 902.90 . 821. 1__2713. I 17802. I 19868. /

',;> (



TOLEDO, OHIO

167 SQ N HOnB, WBLL INSULATED EL. (S/KiHE) - 0.0643, 0.0850 PPF - 18.59, 16.48 DESIGN WEATHER: IINTER SUHREB
DESIG HBEATING LOAD (WATTS) = 13089. GAS ($/THEEH)- 0.3697, 0.8150 PYF - 31.67, 16.48 OUTDOOR TEMP. - -18 C 32 C
DESIGN COOLING LOAD (BATTS)I 5660. OIL (S/G&L.) - 1.1100, 1.4600 PBF - 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.16

I 1 S ._____ __ n-______xg__i_551g-Z ZZ___________I __VU]LlI LOADS ..... GI ....... §,Tr. CO S9!pTI~e I
I ATER I SPAC I SPACEI (1) 1 (2) 1 3)1 ( () 5) I (6) 1 (7) (8)

IONTH HEAT I HEAT I COOL I ELBC. I HEAT I HP I HIn. I FULL _GAS _ OBFACE B--I__ L UBliLAfI_JLGSE 6S FOgL..
1 ~ ~ ~~I I I I I RES. I POUP I DS I ACES I ACES I GAS I BLBC. I OIL I ELEC. I GAS I ELEC. I

_____ ___lB _ _ _L___ _I IH I I1 _I H _ K_. iH I K!H I SKH e tlS1 1 S _Ij _ I __lBSa5_ifRLql_ FeH I
I JA 1 1853.1 157700.1 0.1 4896.1 3677.1 3630.1 1935.1 1935.1 238.1 50.1 171.1 565.1 192.1 50. I
I FEB 1732.1 12236.1 0.1 3880.1 2766.1 2695.1 1550.1 1557.1 190.1 39.1 133.1 520.1 154.1 39. 1

I _ _AB 1 __8 -99 1 __O. 1_3307.1 2_167L. 0.1 -1315.L__ 1326-§. 16. 1_ l-- 11o1J__ _4_1.1___1_.5_4
1 APR 1 1787.1 4851.1 0.1 1844.1 1244.1 1125.1 731.1 736.1 96.1 15.1 56.1 512. 79.1 15. 1
I HAT r 1720.1 1860.1 1457.1 1153.1 932.1 806.1 412.1 412.1 55.1 165.1 23.1 642.1 48.1 165. I

JOlN 1 1527.1 0._ 1 3040.1 755. 1 937.1 770.1 221.1 22_1 . 33_1 755-L 25,1 |_ 31. 1
I JOL 1451.1 0.1 4432.1 886.1 1076.1 868.1 384.1 233.1 26.1 483.1 2.1 886.1 24.1 483. 1

1 AUG 1 1380.1 0.1 4120.1 832.1 1021.1 832.1 782.1 220.1 27.1 449.1 4.1 832.1 23.1 449. 1
1__ 1 -__ 13J7.1 989.1_ 26__2 L_-1 889.1 82i. I i6911 .... ',^_ 1__ 2fiSL_ 37.1 246___ _1J.1L_61L_ --___-221i__246.i-1
I OCT I 1457.1 3220.1 683.1 1374.1 936.1 829.1 457.1 462.1 69.1 85.1 38.1 489.1 57.1 85. I

O1 No 1530.1 7543.1 0.1 2521.1 1582.1 1480.1 890.1 915.1 128.1 24.1 85.1 449.1 102.1 24.
I DC I 17 27.1 13644.1 0.1 4270.1 3047.1 _ 278.1 1642.1 1644.1 _209, 2 4 1 .19 5231 221__ 6 fl___.1. i1

I AN¢lLI 19418.1 70l .159J8.1 26607.1 20210.1 1i755.1 10771.1 9949.1 127'4.1 1961.1_ 92, 73155-1__11Q7 112i_1

,___ ,I5ISBSr iBco525luCOSS ----- _____---------
--- _ _____ - _____ _B__IEtS CS___ S. __ ___ __ _____ TOTL I

I VoI I coYEpT-I-gS.......£sss... T /c HPE LTS CLOST qLiSTi. iTE _DC [ [tLjlOTAL I -
i 1 IEL. FURNACE AND BTBBR HEATER, CETRABL ACI 310. 1 1129. 1 48. 1 253. 1 275. I 811. 1 482. 1 3308. 1
I 2 IHEAT PUHP WITH BLEC. RES. WATER HBETER 1 310. 1 1199. 1 77. 1 253. 1 275. I 843. 1 482. 1 3439. 1
1 3 liHET PURP, DESPEIBHEATgR aIATBE HEATERT I _ 10, I 1199. _I 772, 653. 1 335, 1 __4 __ I __52... ___. 222_1
II I ANNL CTCLI AE.I. L SrSSTL I .S.LLC I S - L.. IC , X, I- -a j__UL .A IIARtI. P.A I t -- _ ItT I IHSTl l_.ITOALA.

4 OII. ACES, BIN- 21.9 E3 PAlEL- 61.0 12 1 3500. 1 3242. 1 4283. 1 710. 1 335. 1 1267. 1 638. I 13975. I
I_5 IflLLAC. BIa 4_7.9 Bl3 PA.EL 37.0 H2 I 3500. i 4708. I 2938. I 710 .1 335. 1 12 67.I _ .__.l_.._JI 4Q2.
I I FOSSxlL inU hIiERD SgiaflS FUR I I A/C I__C I___oEoB XBXLhXAa'LIA- L.IV . ILI IiAlL_-M Ili
I 6 IGAS FURNACE, GAS HOT ATER, CENTRAL AC 1 775. 1 1129. 1 26. 1 376. 1 270. 1 811. 1 532. 1 3919. 1
I 7 (OIL FORHACE, EL. HOT IAER, CENTRAL AC I 690. 1 1129. 1 26. 1 632. 1 275. 1 811782. 1 4345. I
I a_9 RSE GASlaBc. GASI . C& T AL C __ 1 I ,2. I 1I. 236. I Z270L ___I llL 532, _ 4129. |

___________...._ _ -_ SS_____ _ ITS~fl-cOnpARISON_ ________S_

I I I SYSTEM I KINT. jIST YEAR I1ST YEAR I INCREn. I ENERGY I I
I NEW CONSTRUCTION ALTERNATIVES I ErFIC. I PRESBT I EBNRGY I ENERGY I FIRST I PRESEBT IL CYCLE COST I

I I I (ACOP) I ORTH I COST I SAVING I COST I ORTH I AVERAGE INARGINAL I
l]A-l* L- I ___. S__ I L___ ....i__ ___ _ _$ ------ 1 I

1 IEL. PURNOCE B D 1ATER HEATER, CEITRAkL kCI 1.10 I 914. 1 1710.31 I REF. I REF. I 31795. 1 36017. 41494.
I 2 HEIAT POUP WITH ELEC. RES. ATER HEATER I 1.45 1 2162. 1 1299.07 1 411.24 1 131. 1 24150. 1 29751. 33910. I
I 3 IBBET POP, DESUPBBBHETER WATER HEATEBB 1.56 1 2468. 1 1205.57 1 504.74 S9 91. 1 22412. 1 28878. 1 32739. I
1 4 lINI. ACES, BIN- 21.9 13 PAIBL- 61.0 12 2.72 2432. 1 692.34 I 1017.97 1 10667. 1 12871. 1 29278. 31495.

5 IFOLL ACES, BIll- 47.9 H3 PANEL- 37.0 12 2.95 1 2432. 639.51 I 1070.80 5 10789. 11888. 1 28418. 1 30466.
I 6 IG1S FOUBACB, GAS HOT1 ATES, CIETRAL AZ I 2.03 I 889. I 597.08 1 1113.23 1 611. 1 17261. 1 22069. 1 24668. 1
I 7 IOIL PFURNCE, EL. HOT WATER, CENTRAL IC 1.61 9 914. I 1351.84 1 358.47 I 1037. 1 30985. 36245. 1 34617. I
L 0-UaLgi _AS FURNACE. GAS 1H. CBNTRAL AC 1 2.42 ! 960. I 509.54 1200.77 1 821. 14489. 1 195178 _217 .



ALTUS, OKLOHOMA

167 SO RO8llE, VLL INSULATED EL. ($/KIHB) - 0.0425, 0.0850 PIP - 18.59, 16.48 DBSIGN 8WETHEB: WINTBR SOBBER
DESIGN HEATING LOAD (IATTS) - 9912. GAS (S/THERBH) 0.3685, 0.8150 PlP - 31.67, 16.48 OUTDOOR TEMP. = -11 C 38 C
DESIGN COOLING LOAD (WATTS) - 7196. OIL (S/GAL.) - 1.1900, 1.4600 PUP - 25.25, 16.48 TOTAL/SENSIBLE COOLIG = 1. 13

____ -DE§SIG_ A!ND PERFORfMANCBE_____
.! BOILDING LOADS ..I SySTEM EEERG!__ CEYSEUPtIO lowN I

I WATER I SPACE I SPCE (1) I (2) (3) 1 (4) 1 (5) I (6) I (7 (8)
! OUTH I HBET I HBET I COOL I ELEC. I HEAT I HP I BIN. I FULL I SIASfBEA I _ 2 3I.IL FBRNICI I PULSE GAS FoFH.

~I ~I I ~ I I RES. I PUlP I DS I SCESS I GAS I BLE. I OIL I ELEC. I GAS I ELEC. I
i L___ L Al_. B .JLH I N.I__AIgH_-.._.M _ ! H I KNH -A_ ..,. _ITDEB IB _ _H__AL. _ HL.I I KIl L_
I JAN 1 1796.1 8339.1 0.1 2815.1 1863.1 1746.1 1155.1 1104.1 140.1 26.1 93.1 525.1 115.1 26.

FEB ! 1617.1 6013.1 0.1 2120. 1387.1 1271.1 888.1 831.1 107.1 19.1 68.1 468.1 88.1 19. I
I BA t 16.74.1 4651.1 !.01 1757 1757 2341 , 1100.1 735.1 689. 91.1 . .3, 3 4801.__ 75.1J 15. I

i APB I 1434.1 1490.1 1907.1 1020.1 869.l 735.1 346.1 346.1 45.1 212. 19.1 611.1 39.1 212. 1
H BA I 1255.1 0.1 3821.1 765.1 938.1 768.1 332.1 201.1 24.1 416.1 3.1 765. 21.1 416. I

I _L __1__ g102- __ _ _ 9._6413]LL__ L_. _ t _l2iOn 1174.1 21l3 I 1_7.1t _7,] _ __ ___27i____l2l_.__ 7fp
I JUL I 955.1 0.1 8456.1 1187.1 1515.1 1278.1 1532.1 581.1 16.1 921.1 0.1 1187.1 16. 921. 1
I AUG 1 961.1 0.1 7814. 1118.1 1422.1 1197.1 1422.1 1496.1 16.1 851.1 0.1 1118.1 16.1 8-51. 1
I SBP I 1042.1 0.1 482I8.1 815.1 1014.1 837.1 899.1 967.1 19.1 526.2__ 2.1 815.1 17.1 526. 1
I OCT I 1276.1 910. 2274.1 855.1 803.1 675.1 458.1 516.1 34.1 251.1 13.1 605.1 30.1 251. I
I OV I 1448.1 3968. 0.1 1505.1 1042.1 929.1 581.1 547.1 78.1 13.1 46.1 415.1 65.1 13. 1
-I.pEc_1 1689. 1 6822.1 ___ - L_. 236I L_1512j 139J.1 954._ 927.1 11 __.1 2A .--- 2 ___91.I___. 22 -1

LAINUIl l.._IJ L_21 2 L- J 35511 LL_.148E_ I12953A. 10478.1 8420.J_ 76 ....1__92l_ 372i..1 8467. I 597, 3973. 1

--r_____________________ SiLSTa S FIRST COSTSOI
!NI 1______I COMPONBENTS COSTS,. $ I/sT I TOTAL I
I No.O cONiNETnoVL ELECTRIC STTaHnS IFa UNIT JA/C. H.PI CONTO lfjAUXILIARBYII, fEATERI DVCTS I !STAL __.J LOs, $ I
I 1 IPL. FURNACE a D WATBR HEATER, CENTRAL ACI 280. 1 1279. 1 48. 1 236. 1 275. 1 907. 1 534. 1 3559. 1
I 2 IBEAT PUMP IITH BLEC. RES. IATER HEATER | 280. I 1329. I 45. 1 236. 1 275. | 940. 1 534. 1 3639. I
L-..-iaU-2f uP._ DSUPERE5lSA2SsITESB T__PT J 2 0 1t 1329. l _ 45, .636, L-____15 _j_ .940. I ___634. ____?9, |

_I...E.UaLaccLII s STRs (ACESN i AEHB. P.E ICE Bt]IN I PANEL BIAlXILIaRTIL.-I.T.E-I DUCTS I ISALLL-zJ_.ltOTAL.

SHASP170 PRINTERS BACKSPICED

0 ''



DAITOn, OHIO

167 SQ K HONB, WELL IIrSULATED EL. ($/WRRB) 0.0620, 0.0850 PUP - 18.59, 16.48 DESIGB WEATHER: WINTEB SUMMEB
DESIGN HEATING LOAD (WATTS) a 12573. GAS (S/THER)"- 0.3697, 0.8150 PWF = 31.67, 16.48 OUTDOOR TEMP. = -17 C 32 C
DESIGN COOLING LOAD (WATTS) - 5724. OIL ($/GAL.) - 1.1100. 1.4600 PUW - 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.18

------- ~----- -_-----___-_-£ SIBEL AgRPOBEQBBIS __-__-------__.I_ --- ------
_I 1..-____IIQt,__loA P____ __s___ _______-ISIBBBIo!-glo .. _________... _-

t I BITER SPACE SPICB I (1) (2) 1 (3) 1 (4) 1 (5) I (6) I (7) 1 (8) 1
IONTH I HEAT BI EAT COOL I ELEC. HEAT I HP I MIN. I FULL I GAS _FUIACE_ OIL rega .kl PJLSLGAS Fgt.._

! I I I I RES. I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I
.-- --- ..... n--I J II I J_ _ . .. 1 _ KW 1 I ... HB l I _KWH LITHEB I LL I . 1L - K -Il I __L _

I JAN I 1899.1 12864.1 0.1 4101.1 2868.1 2785.1 1636.1 1636.1 202.1 41.1 141.1 568.1 163.1 41. 1
I FEB I 1736.1 9432.1 0.1 3103.1 2069.1 1969.1 1257.1 1271.1 155.1 30.1 104.1 512.1 125.1 30. 1
L_ l_. a__ Sl_ ,2i__ _2·l ...._0 L__ 5. .._ _ SLIIIJ__1 I __3,1 5. .1037 L_-__lq a__l ...._ 2_.L__sL_5.iI L___ _Q.l__4L._

APR 1 1642.1 2963.1 731.1 1359.1 962.1 854.1 521.1 544.1 69.1 89.1 35.1 545.1 57.1 89. 1
1 BAY 1 1498.1 1144.1 1919.1 943.1 844.1 714.1 326.1 326.1 41.I 213.1 15.1 629.1 37.1 213. 1
1 JN 1 1'276_.1___Q.I_ 37 1.1 7665,l_ 938 161.1 2 ?. 23,l__ _ 2 .3l___25.1 4111 ___. 3.1 765.1 2 1. __4U.1_
t JUL I 1194. 0.1 5453.1 926.1 1141. 923.1 1014.1 218.1 20.1 594.1 0.1 926.1 20.1 594. 1
1 lUG 1 1168.1 0.1 5183.1 889.1 1095.1 891.1 965.1 211.1 20.1 565.1 1.1 889.1 19.1 565. 1
-_SE_-1__ 0tL ....1..._Q2-___ _68_6_l._L_2l__a8 86_3. L__aoiL__--2i ---_I ___3 2L___54, L _____6 i ___ 68i__ 20 --___354a _i

I OCT 1 1401. 2106.1 934.1 1076.1 799.1 697.1 352.1 373.1 53.1 108.1 26.1 498.1 45.1 108. 1
1 NO 1 1542. 6022. 0.1 2102.1 1325.1 1224. 763.1 834.1 108.1 19.1 68.1 448.1 87.1 19. I
L- DE_ 1 1779, I 10937. '1 __-L__353t1__23792.1 2275,1 1380.1_ 14lt1 176.1 35ILJ__ J1j___ 529A1___l4 .1 35.

Nlitl 1j8186.1 _852.89.1_ 21243.1 22059.1 16956,L.151ti1 10080.1 8429.1 1026.1 ___4g2l. 603 2.1 7534.l 8___81 __ 82. _

I II _____ _*_UL ELECTRIC -- C PQNTS CO3SE______L __L_____s_ TOTA1 1
ti i-£ONNTBH 5 _El:ECTBICS!STEH__ QIT .... ... BOcL:..IILUoinEtTTS I IS.. TOTA. 1
I1 IEL. FURNACE AND WATER BEATER, CENTRAL ACI 310. ( 1129. I 48. 1 253. 1 275. I 811. I 482. | 3308. 1

2 IHEAT PUEP WITH EBEC. RES. WATER HEATEB I 310. 1 1199. 9 77. | 253. 1 275. 1 843. 1 482. | 3439. 1
1 3 IHfT RPOUE DESNPBBHETER E ER A HiER I _310. 1 1199, 1 77. 653. I 335. I 83-,_L___.58_._
I I ANNUAL YCL EygERGY SySTIffs_ jAcES__._ aEc- -El eI_-__Al_i L._I E-J iTOTi-__
9 4 tHIN. ICES, BIN- 18.3 M3 PAREL- 27.0 12 1 3500. | 2977. 1 2375. 1 710. ! 335. 1 1267. | 638. | 11803. |
l-5_ lILL A-s.nI=74_3 -E._L=___6,E_,.2 .__l500. I 5952. 1 _Z.30_l 710. 1 _l._1,___,_lL, ___638. 13._f
I _L PO-s2L F _IL_-EISBI-SYT S _f L I A/¢ SLoEroLt Ac I COiTRO AIIgtl._Y L HAFEl_ DgOcs DCTS ISTAL._ .._ITA_ ^ I _Lf.
1 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC | 775. 1 1129. 1 26. 1 376. 1 270. 1 811. I 532. 1 3919. 1

7 OIL FURNACE, EL. HOT IWTER, CENTRAL AC I 690. 1 1129. 1 26. 1 632. 1 275. 1 811. | 782. | 4345.
.L--Pi SGSl QSBA_GAS !Sflg_CETI At _ _l25. __I 1J29. I _21_ 21-____270. ___lx L _ 532,_1 429.

_--_,_____I_.___.TCoAs___._sTE_ CPAS_____.__________ ____
I I I SYSTEH I MAINT. IIST ET R T YEAB I INCtER. I ENERGY I

I I NE CONSTRUCTION ALTERNATIVES I EFFIC. PRESENT I ENERGY I ENERGY I FILST I PRESENT _I LE CYCLE COST I
I I ~I (iA~(&COP) ORTH I COST I SAVING I COST I NORTH I AVERAGE INARGINAL I

1_o-1 _ _ ___. _ _- _.... .... __ -_ _-I L__ _______i A _._L_-_____ _ _-_l----L_ L
1 EL. FURNACE AND WATER HEATER, CENTRAL ACI 1.16 1 914. i 1367.88 l REF. I REP. l 25429. 1 29651. l 35122. l

l 2 IR(nA PUMP WITH ELEC. RES. WATER HEATER 1.51 1 2162. 1 1051.43 1 316.45 1 131. 1 19546. l 25147. 1 29353. l
3 INERT PUMP, DESUPERHRBTER IWTER HEATER 1.67 1 2468. 1 952.43 l 415.45 1 691. 1 17706. 1 24173. 1 27982. l

i4 IBN. ACES, BIN- 18.3 R3 PANEL- 27.0 2 I 2.54 1 2432. l 625.09 1 742.79 1 8494. i 11620. 1 25855. l 28355. l
5 (IFLL ACES, BTI- 74.6 03 PANEL- 6.5 B2 9 3.04 2432. I 522.66 l 845.22 I 10324. 1 9716. l 25780. 1 27871. l
6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 2.05 i 889. 1 533.28 1 834.60 l 611. 1 14876. 1 19684. 1 22068. 1

1 7 lOIL FURABCE, EL. HOT WATER, CENTRAL AC l 1.62 I 914. 1 1136.82 I 231.06 1 1037. 1 25593. 1 30852. 1 30328. l
_L.ieLs. gAs rPIUACE, GALS B.Cg TLL. LC I 2.40 1 960. 1 464.98 1 902.90 I 821. I 12713, I 17802. 928 .



TOLEDO, OHIO

167 SO I HOBE, WILL INSULATED EL. (S/KIHB) - 0.0643, 0.0850 PUP - 18.59, 16.48 DESIGI WEATHER: (INTER S0HBER
DESIGN HBATING LOAD (VATTS) - 13089. GAS (S/THBBI)- 0.3697, 0.8150 PPF a 31.67, 16.48 OUTDOOR TEMP. = -18 C 32 C
DESIGN COOLING LOAD (WATTS) 5660. OIL (S/GAL.) = 1.1100, 1.4600 PUIP 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.16

------------------------ Sa g -Ali) PERFORMANCEI_ _ _ _ _ _ _ _
I BUWILDING LOADS I _i ___ U D -SYSTERII EIERGY CONSUOPTION _ _ _

I ATBaE SPICE I SPACE I (1) I (21 (3 (4) 1 (5) I (6) 7 1 () (8)
NOTH I HEAT I PA T I COOL I ELEC. HEAT I HP IIIN. I OLL I GAS FOIAE__I _OIL FORBACE IPULSE GAS FIIR
I I I I I RES. ! PUMP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC.
-I -- I Ha I NJ I 2J__ -- ._ He_ -. E. _ . WH, I su _l I HSR -ITHERS I KH LI -tAL _J__g.j_]LATiZERS I KBH I

IJAN I 1853.1 15770.1 0.1 4896.1 3677.1 3630.1 1935.1 1935.1 238.1 50.1 171.1 565.1 192.1 50.
I FEB I 1732.1 12236.1 0.1 3880.1 2766.1 2695.1 1550.1 1557.1 190.1 39.1 133.1 520.1 154. 39.
1--BI -- I-___--5]28L_ 9998.l __..l..__32jl __2l7 Lj_2050q 1315. i -_1.32L-6-___.16 .- L__---..2L1 10_-G .A---_2. |
I APe I 1787.1 4851.1 0.1 1844.1 1244.1 1125.1 731.1 736.1 96.1 15.1 56.1 512.1 79.1 15. 5
I MAY ! 1720. 1860.1 1457.1 1153.1 932.1 806.1 412.1 412.1 55.1 165.1 23.1 642.1 48.1 165. 1
I JUN I 1527.L ,. ___.1 34g0.1 755.1 93L7. 770.1 221.1 221.1___ 3l_---_131 7.1 755. L___25.1 331. 1
I JOL I 1451.1 0.1 4432.1 886.l 1076.1 868.1 384.1 233.1 26.1 483.1 2.1 886.1 24.1 483. 1
I AUG I 1380. 0.1 4120.1 832.1 1021.1 832. 782.1 220.1 27.1 449.1 4.1 832.1 23.1 449.
._s.E-_l 1337 1 --____,,2 -1 -22I--- ___8891--- .L_ 2L_ i 4I 37 L - 2L___ A ..... AL- -- 17 L_--3 __2,46L
I OCT I 1457.1 3220.1 683.1 1374.1 936. 829.1 457.l 462.1 69.1 85.1 38.1 489.1 57.1 85. 1
I NOV 1530.1 7543.1 0.1 2521.1 1582.1 1480.1 890.1 915.1 128.1 24.1 85.1 449.1 102.1 24. 1
L DLC 1 1727o.1 13644.1 _ o.L__1_427Q.l- 3047.1 2978.1 1642.1 1644tl 209.1 43.1 149, _523 1 168.1 _ 43. 1
I INNUALsI 19418.1 l70100.1 1558.1 26607.1 200. L 18755.1 10771.1 9949.1 12741 2 l 61.1 792.1 7355._ 1037l1__ 1961_

...-.............----. - s-§IszBgF.qsIs. ts.. ....... „_____ __ C.
~1 l-__ _ - _ __ EtES-----Q WENTS CoSS_.--__-___________ AL TOTjL I

L.Bol-QInTI&AL T ElS£T sYSTESg__ __ 1JTgf T I/C. . R.P-L COHTL. I _LLILIlHITs.._ T DUCTS .I NSTL.l_ COs.s ,_.L .f
1 1IL. FURlNCE &ND AT I RHATER, CENTRAL ACI 310. 5 1129. 1 48. 1 253. 1 275. 1 811. 1 482. 1 3308. |

1 2 IREAT PUMP WITR ELEC. RES. lTBR REAITER B 310. I 1199. I 77. 1 253. I 275. | 843. I 482. I 3439. |
L J3 I &T POUP. DESoPl BHRI lTB _a1TTBETBB I 310. 1 1199. -I .__ .1 653. I 3. 1.__. _ 1 58 2.__ I 9. 22.L
I I ANNUAtL CYCL ERG I sy .SESf 1 R CJI. I_ RL&.IBIB- I KXIU LI ARY LlB lHEB ITB EBe__Bas __ 1 i sALl I Tss LL-It
5 4 IBIN. ACES, Bil- 21.9 R3 PAlEL- 61.0 12 I 3500. I 3242. 5 4283. 1 710. 1 335. 1 1267. | 638. 5 13975.
I .5_ltILL ACS, BIBN9_fl_ 9 R3 PANE =L37.0 N2 1 3500 t 1 4708. 1 _2938 1t 710. 1 __335._1___ 1! -- -1 -6 38. t 14097. i
I 1 FOSSIL FUEL FLRBp SSTIS I F.UIARsL.-L A/C L| OaTOL I AgZt I tTIg._ HETEAZIEI DOCTS I 1NSTAL..I TOTAL.

6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 775. 1 1129. I 26. I 376. I 270. 1 811. i 532. I 3919. I
I 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC I 690. 1 1129. 5 26. 1 632. 5 275. 1 811. | 782. 1 4345.
L-__ JlP gS _G-AS-fijBAC, GAS _!TI LA. C c___I _1 25L..L 1129. 1 _26. 1 236_L ... 70. 1 _11. .1 532. 1 4129.

._ __.. 1S I.. S E AI COlP&BRISBOS
I| | |~I SYSTEM I HAINT. IlST YEAR I1ST YEAR I IINCRE. I EERGY I

EW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY I FIRST I PRESENT ._LIE CYCLE COST I
S I I (ACOP) I WORTH I COST I SAVING I COST I NORTH I AVERAGE IMARGINAL I

J-_- 1_ _ __ _________I S _l___ _ ___ L-_-__JL ___ ___S__i__1
1 IEL. F0RNACE AND WATER HEATER, CENTRAL ACI 1.10 914. 1710.31 REF. I REF. 1 31795. 1 36017. 1 41494.
2 IHEAT PUMP WITH ELIC. RES. WATER HEATER B 1.45 1 2162. 1 1299.07 1411.24 1 131. 1 24150. 1 29751. 1 33910.
3 IHBAT PUMP, DESUPERHEBTER IATER HEATER I 1.56 I 2468. 1205.57 1 504.74 1 691. 1 22412. 5 28878. 1 32739.

L C|S. ,- BIN, 24: 1 3 PANEL- 6 37.1 10 12 314J5

1 7 I8m 1 m likS It! 188 9t : FIRMi i ?:6 U\ 13 1:841 I C83 4 I 1 | : | 3l: 362! |M : 31:
ILi-POLSE GAS NACE GA S H1R.CBTJkLA C__ 2.42 1 960. I 509.54 1200.77 I 821.I 189... 1517 8. I_ 21769L

1278_..,l~.



ALTUS, OFLAHOHN

167 SQ M HOME, WELL ISOULATED EL. (1/KVHR) - 0.0425, 0.0850 PWF - 18.59, 16.48 DESIGN gWETHER: WINTER SUOMER
DESIGN HBETING LOAD (WATTS) a 9912. GAS (S/THERH) 0.3685, 0.8150 PF - 31.67, 16.48 OUTDOOR TEHP. = -11 C 38 C
DESIGN COOLING LOAD (WATTS) - 7196. OIL (S/GIL.) ) 1.1900, 1.4600 PUP - 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.13

___________ _ ____ ___DESIDi_.& ~HRP LFOHNlUICB _._____
I J_.__ 8uILDIG IIS rs _____1_ _- S STE-l EEOGUT nS .._OS-_PT IO__N _ _ _ _ _
|I I WATER I SPICE I SPACE (1) (2) (3) 1 (4) (5) 1 (6) I (7)1 (8)

ONTH I HEAT I HFBT I COOL I ELEC. HEAT I HP I HIll. I FULL L J__ S_£R-AC_____q.IL FURNACE IPULSE_gSQr2N._l
I I I I I RES. I PUMP I DS I ICS I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I
I .---- L… 1 J i___1 J ___K__ J _i_ _ f_. __ -Lg_ _ _L _L__SH_lA__t! a [___!-__ H LI T HE _ __SL H__i__ L__A____K . H _iLEfis_l__RH ___I

JAN 1796.1 8339.1 0.1 2815.1 1863.1 1746.1 1155.1 1104.1 140.1 26.1 93.1 525.1 115.1 26. I
I FFB I 1617.1 6013.1 0.1 2120.1 1387.1 1271.1 888.1 831.1 107.1 19.1 68.1 468.1 88.1 19. 1
I _IiAR__l 1671 I 4651, __0- i 1757_.LJ _ 3. 1100.1 7 5.1 6891_ 9 1. 1 15.L__,___53Q.___ i .. Z___7 - I. I
I APR I 1434.1 1490.1 1907.1 1020.1 869.1 735.1 346.1 346.1 45.1 212.1 19.1 611.1 39.1 212. 1
I HAY 1 1255.1 0.1 3821.1 765.1 938.1 768.1 332.1 201.1 24.1 416.1 3.1 765.1 21.1 416. I
l__i-n__l___lJ032,.1 --._ - 64 .-- 2 .___ 987L_.1 1 L_ 26 1 741 _ 2,L__1 I____Ql -O,. ___ L___8 L _ 17 __- 700-l

JUt I 955.1 0.1 8456.1 1187.1 1515.1 1278.1 1532.1 581.1 16.1 921.1 0.1 1187.1 16.1 921. 1
I AUG I 961.1 0.1 7814.1 1118.1 1422.1 1197.1 1422.1 1496.1 16.1 851.1 0.1 1118.1 16.1 851. I
I SP 1 zl__._!i---- 4828. 8__151, I 01 L__ L8l.1 899.1 967.1_9__1_ .__ .. 1___5._Il_ 17_1 26,_
I OCT I 1276.1 910.1 2274.1 855.1 803.1 675.1 458.1 516.1 34.1 251.1 13.1 605.1 30.1 251. I

NOV I 1448.1 3968.1 0.1 1505.1 1042.1 929.1 581.1 547.1 78.1 13.1 46.1 415.1 65.1 13. 1
L £ I__l 16el_--2l ___682 _. ...... l __1.2365.__151l __192 i. ___ 1 119.1 2.___76_ 1__491.i__ 98L _ 22
I ANNUAL_ 16179. L_22J9 __ _ 35531i 17309,1_14838L 129531. 10478.! 842Q L__7_6.__39 _71__372. 8467._ 597.1 i 93.1_

..... _.___.....__.__SYST.S FIST COSTS______ _---------------- - -
_I _I _________ _ --I QSCOMPONENTS COSTS. $ _____ _A TOTAL I
I O. l CONVEHTIONAL PLECTRIC SYSTE S ..__1IA ILR IIT k/C .H.P. I CQONTRL_L I A LI!I. _HE! TBL DUOCTS_ I__iHSTLN.L COST $ I

I1 IEL. OURNACE AND IWTER HEATER, CENTRAL aCI 280. I 1279. I 48. 1 236. 1 275. 1 907. 1 534. 1 3559.
I 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER I 280. 1 1329. 1 45. 1 236. 1 275. 1 940. 1 534. 1 3639.
1 3 LHLT PUOP, DES PERBEATE HIATEB BgJTE 1 _280. I 1329. 1 45. 1 636. I 335. 1 940. 1 ____6L. 1 4199. 1
I I ANNUAL CYCLE_EgERG!_jSIESrgLES____aI BECPL. ICE BI8i I P ANEL I _LUXLIrYli_HET___E __p CTS I I _STALNJLOTjI_Sit
I 4 INIT. ACES, BINR 12.6 M3 PANEL- 6.4 R2 I 3130. 1 2415. 1 1222. 1 636. 1 335. 1 1049. I 534. 1 9321. I
I1__5LX!LL _AC£__II_75._IS, 3_?a}EL;__ _l__ 2 1 _ 3___lO.l__ Si L_.-l-- . I 636 L -- 33_ 1__.J.l_9. i ___.53i4. . 11_497. 1
I__ _----i- xIl_2LL_!IEB-STS§_!f fLI uBpNACE I Ak/C_ I CONT ROL XI okLIABUY1 __ HEATERI DUCrS I blS_ N.j TOTAL,_l
I 6 IGIS FURNACE, GAS HOT WATER, CENTRAL AC I 745. 1 1279. 1 26. 1 376. 1 270. 1 907. 1 584. 1 4187.
I 7 lOIL FUtRNCE, EL. HOT WATER, CENTRAL AC I 690. I 1279. 1 26. 1 632. 1 275. 1 907. 1 834. I 4643. 1
1 8 IPOLS GLS FOURNACE._ ,_S H__.CE:TiL ___C I 1125.I- 1279. 1 _2______ 2 .6._1____ 270._1 __i7. 1 __5,______1,.____ _L7

__ __ _ -_ E_ ____-__ _ STSTL CONPeIRSO NS___________
I I I SISTEM I lAINT. I1ST YEBA 1ST YEAR INCREM. I ENERGY I
I I NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY I FIRST I PRESENT I LIFE CYCLE COST I
I I I (ACOP) I WORTH I COST I SAVING I COST I IORTH I AVERAGE IMARGINAL I

JQ-Ol _ -____ ____-__ - -_____ _ _ . .. ..._At ....- I ... .L__i__ ....- l___ .... _--L
I1 IEL. FURNACE AND WATER HEITER, CENTRAL ACI 1.35 1 914. 1 735.28 1 REF. I REF. 13669. 1 18142. 1 28719. 1

I 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER 1.57 1 2162. I 630.31 1 104.96 1 80. 1 11717. 1 17518. 1 26585. I
3 IREAT PUMP, DESUPBBHBETER WATER HEATER I 1.80 1 2468. 1 550.26 1 185.01 I 640. I 10229. 1 16896. 1 24812. 1

I 4 IHIN. ACES, BIN- 12.6 R3 PANEL- 6.4 R2 I 2.22 1 2432. 1 445.10 1 290.17 1 5762. 1 8274. 1 20027. 1 26430. 1
I 5 IFULL ACES, BIHN 75.3 B3 PANEL- 0.0 M2 1 2.77 I 2432. 1 357.70 1 377.58 1 7938. I 6650. I 20579. 1 25725. I
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 2.14 I 889. 1 428.91 1 306.37 1 628. 1 11376. 1 16452. 120123.

7 1OIL FURNACE, EL. HOT WATER, CENTRAL AC 1 1.72 1 914. I 802.48 1 -67.20 I 1084. I 17867. 1 23424. I 26371.
_1 8 IPULSL _ GAS FBURACE. GAS RN. CBfTRIL AC 2.38 1 960. 1 388.82 1 346.46 I _868. I 10106, 1 l5_32,_l_ ]972. 1



OKLAHOSH CITY, OKLAHOA

167 SQ H HOSE, WELL INSULATBD EL. ($/KUHN) s 0.0457, 0.0850 PIF - 18.59, 16.48 DESIGN WABTHEB: WINTER SOHMER
DESIGN HEBTING LOAD (WIATS) - 10341. GAS (S/THERBB) 0.3667, 0.8150 PF - 31.67, 16.48 OUTDOOR TBSP. - -12 C 36 C
DBSIGN COOLING LOAD (WATTS) - 7276. OIL (S/GAL.) s 1.1700, 1.4600 PBF = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.22

____ _-_________ B______ _DESIGNMDP -X -__ - --------- __
I ____-IBDIG LOADS _I _...SISTEE INIBBG COWSqPTfION . __._.____

I I ATE I SPICE I SPICE I (1 1 (2 (3 I (4 (5) 1 (6) 1 (71 (8)
I ONTH I HEAT I HET I COOL I ELBC. I HEAT I HP I BN. I FULL I 3;S1 FBBUEA__J OIL FUPNACE IPULSE GAS FRP , I

I I I I I RES. I POP I DS I ACES ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I
L--__-___L_ i J . -i_ ___I___JLK IlfL_ B _t __1 KIN I KI__L__.__K -_IST S I RHi_____L___L KGLH IT Ii _ Ku__L
I JAN I 1818.1 9484.1 0.1 3140.1 2094.1 1977.1 1284.1 1231.1 155.1 30.1 105.1 535.1 127.1 30. I
I FEB I 1640.1 6885.1 0.1 2368.1 1538.1 1423.1 986.1 929.1 119.1 22.1 77.1 478.1 97.1 22. I
__ ai 1 1707r 1 5323.1 __ 0.1L1953 1310.1 1182.1 813.1 766.1 100.1 17L__6I1,_ 4S91. L 83,1 _17.

I &AP I 1472.1 1720.1 1488.1 1049.1 849.1 727.1 371.1 369.1 49.1 168.1 21.1 577.1 42.1 168. I
I BSAI 1300.1 0.1 3293.1 720.1 878.1 719.1 199.1 199.1 25.1 359.1 4.1 720.1 22.1 359. 1
1JBL __!l_ ___._ 77.6L.l____O9. 601l 55JL__11- _ l7. l__I 1105. 21___ _. ,.1 _ _*.LJ __ l _55j .__..__ L--lz__55__.i
I JUL I 1002.l 0.1 8078.1 1158.1 1472.1 1233.1 1467.1 234.1 17.1 880.1 0.1 1158.1 17. 880. 1
I AUG l 1003.1 0.1 7668.1 1114.1 1412.1 1184. 1398.1 1166.1 17.1 835.1 0.1 1114.1 17.1 835. l
I SEP i 1076. 1____0. 1. o 523.1 7921 __981. _ B 801 847.1 9l. 2___ A _j931 _ 2.1 792. 1 _ ._=93._L
I OCT 1 1305. 1019.1 2035.1 867.1 790. 668.1 418.1 477. 36.5 225.1 14.1 587. 32.1 225. I
I NOV I 1471.1 4220.1 0.1 1581.1 1010.1 961.1 606.1 575.1 82.1 13.1 49. 422.1 67.1 13. I
LBJ_.L _ _I 11. __5-... fL_.__ i2588, 1I 156-L_-1F5_. 13.1_ 1..1-__ _UlL._/2L ..04 7,,.Lj __ 1..._._LtLa___± .0L...,_[
LIE§QLj3__i5.IJ_ _-362 5.l. 33 9 P L_18285.L_524_3.1133971 I 1 0534 L. 808.___---7 ._7S_2.L__t127.L_-A22,L_ 645.1 372.1. I

-- _SYSTEMS FIRST CSS- -_______
_|~ j___ ______J ____JE_ Cor EtI _____I3ST_- --- -1 TOTAL I

11go.1 COVIIBTIOUL ELECTRIC SITnsA____ IFA gUT Ia/C. O.P.r CoTRpLIUoxILIARYI:. iEATERI _Bcis __ iaT. IST$
I 1 IEL. FURNBAC AND ATEBB HEATER, CENTRAL ACI 280. I 1279, I 48. 1 236. I 275. I 907. I 534. I 3559. I
I 2 IHEAT POUP WITH ELEC. RES. hATER HEATER I 280. I 1329. 1 77. 5 236. I 275. 1 940. 1 534. I 3671. I
1L3_.LBT PMP. ]PESgP.TRHIATR _~A .E_ LTM R I 280. I 1329. 1 77, I 636. I 335. I__ 940. I 634.I _ 231. 1
I I IaNNaL CCLE glB.ISTIS£HS lCES __ I"_SC J _al IE BIBI PLAEL I ItBIINL tif Et_&_E l DUCrTs I HSTALf. TOTAL, SI
I4 ( Iii. ACES, BINo 14.0 H3 PANEL- 7.3 M2 I 3500. I 2548. 1 1275. 1 710. 1 335. 1 1267. 1 638. 1 10273. 1

1 U.5 eLLULk B Cj§3,_l, I.H_ Bz - ig&EL Ll___.O 1_ 500 .A62l _i..__ o. 1 710 .. .. 1.,_5 __.l6.1 I 638_. _1 12.68._.
1_ _l__tQSSlL_LBLML lLa !B_____ I 2- lBc I . A/C I COHTROL UI UUa[LI&l .lELETi .. AUCS _IISTALg.L ToILTL._ t
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC l 745. 1 1279. 1 26. 1 376. 1 270. I 907. 1 584. l 4187.
I 7 IOIL FURNICE, EL. HOT WATER, CENTRAL AC I 690. 1 1279. 1 26. 1 632. 1 275. 1 907. 1 834. 1 4643.
! . IPLSE GAS FBBvCm.Cgg.BURNAC!._ _.__3J25.1 1279. I|_-gL _....-.._- ..._ . 270. | _902_L____5_84,._ 44.27, I

1 8-_,__-__- _L____S2 COPARBISOIS _...__ __
I II SYSTEr I aInT. t15T rEAR 1IST YEAat INCRBE. I ENERGY I

( I NEW CONSTRUCTION ALTERNATIVES I EFeiC. I PRESBET I BENERG I ENERGY I FIRST I PRESENT I _LFE CTCLE COST I
I~~~~I l~~ I (ACOP I NVORTHa COST I SAVING I COST I NORTH I fAERAGE INARGINAL I

r- a _ .1i- I________ .____ 1__ _ I_ I _-.._ _ L _ S L... __L
I1 E8L. FUBNACE AND WATER BETERBB CENTBRL AC 1.31 I 914. 1 834.69 I REP. REF. I 15517. 1 19990. 1 30086.

1 2 HE8AT PONP WITH ELEC. RES. W1TER BEATER I 1.57 1 2162. 1 695.86 1 138.83 1 112. 1 12936. 1 18769. 1 27186. 1
1 3 HIEAT PUMP, DBSPERBBATEBR NATEB HEATER 1 1.78 1 2468. 1 611.55 1 223.14 1 672. 1 11369. 1 18067. 1 25465. I
5 4 ISIN. ACES, BIN- 14.0 H3 PANELs 7.3 82 I 2.27 1 2432. I 480.86 1 353.83 1 6714. 1 8939. 1 21644. 1 27460. I

5 IFULL ACES. Bill 83.8 13 PANEL= 0.0 52 2.95 1 2432. 1 369.23 1 465.46 1 9109. 1 6864. 1 21964. 1 26430. 1
1 6 (GAS FURNACE, GAS HOT WATER, CENTRAL AC 2.13 1 889. 1 450.93 1 383.76 1 628. 1 12059. 1 17135. 1 20583. 1

I 7 IOIL FURlNCB, EL. HOT WATER, CENTRAL AC I 1.70 I 914. 1 868.56 1 -33.87 1 1084. 1 19399. 1 24956. 1 27266. 1
I.- LJILLSB gAS FURACE,. GAS HB, ESBTAL &AC _I 2.38 I 960, I 406.47 1 428.21 1 868. 1 10651. 16._._iQ ._..I _ 1

u~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-e



TOLSA, OKLAHOMA

167 SQ S HOBe, WELL INSULATED EL. ($/KeaH) - 0.0436, 0.0850 PFP - 18.59, 16.48 DESIGN WEATHER: WINTEB SUIEHR
DESIGN HEATING LOAD (WATTS) - 10547. GAS ($/THERH) 0.3667, 0.8150 PPF a 31.67, 16.48 OUTDOOR TEMP. a -12 C 37 C
DESIGN COOLING LOAD (WATTSS) 7777. OIL (S/GAL.) - 1.1700, 1.4600 PWF - 25.25. 16.48 TOTAL/SENSIBLE COOLING = 1.25

________ ___N__ I D PRERORa0ANCE _
I B LD _ . _-_-_ __ _ _AS-- SYSTEN BIER CONSUPTOIN .I J---- -

I WATE I SPACE I SPACE I (1) I (2) (3) I (4) I (5) I (6) I (7) (8) I
ONTH I HEAT HBEAT COOL I ELEC. I HUET I HP I IN. I POLL l__..S_ gACE_.___QOL PORNAC I POL_.~GAS9 PfMg

I I I I I RES. I POUP I DS I ACS I ACES I GAS IELEC. I OIL I ELEC. I GAS I ELEC. I
-- __1 ...J__ a_!L_ I -J_ _ __ E--- _L-E L - lKWH I KIH __1_ L.J LT, EI I .LLUL GL_.ll __.ll J. IIILBBBSI .J_ a __IL
I J I 1815.1 9522.1 0.1 3149.1 2110.1 1996.1 1287.1 1235.1 156.1 30.1 105.1 534.1 127.1 30. I

I FEB 1639.1 6420.1 0.1 2239.1 1458.1 1345.l 938.1 878.1 113.1 20.1 72.1 476.1 93.1 20. I
I NAP 1 1797.1 f 4769ol 1 _ 0.1 1799.1 1233.1 1112.1 749.1 705.1 93.1 15.1 55.1 489_.L_ 77.1 15, 1
5 APR I 1472.1 1709.1 1372.1 1033.1 832.1 715.1 370.1 367.1 48.1 155.1 21.1 564.1 42.1 155.
I MAY I 1299.1 0.1 3551.1 748.1 929.1 760.1 202.1 202.1 27.1 387.1 5.1 748.1 22.1 387. 5
-LoL---__J92.5.2L____Q !__21. 1 6lL_ 9741 ,L_11,/. 004, I 13 I 1___.-62_151__ l 2__.,I _....Q ,L_ ,L__.1---l__.21._l

I JUL I 998.1 0.1 8466.1 1199.) 1529.1 1287.1 1535.1 239.1 17.1 922.1 0.1 1199.1 17.1 922. 1
I AUG I 997.1 0.1 7960.1 1144. 1454.1 1221.1 1449.1 1528.1 17.1 867.1 0.1 1144.1 17.1 867. 5
I SEP I 1070.1 OI _4660.1 I LL_5 1Ll.I__ 824.1 . 871.1 937, I 20,I __508. g___ .t .. 805, .1 18,1 _508, I
t OCT I 1298. 1084. 2078.1 888.1 805.1 679.1 426.1 483.1 37.1 230.1 14.5 590.1 33.1 230. 1
I NOTY 1465. 4028.1 0.1 1526.1 1038.1 931.1 584.1 555.1 79.1 13.1 47.1 420.1 65.1 13. 1
-LEI l.__I 17fiL__ 98^L__ _. i__24J4LL___ 5 4.__l4. ?l.._L 52, 9Q.1i1_ 59,1 12t __ __. 7291_ i-- ..6.l___L1_ 22, 1

l_^ABLfALl._. 5LE .A 345._I. 342, 88..1.792.., J§ i_13Q00e, I 10528.|_ 8291^1__29.S.l __. 5 I 40.l_. l 84qi..__.27.|l 3845, 1

_---._______ -_____ 1IIU 1.........B. ST COSTS--------
5_I TI I___ ...COPQB IS -S _ . ____ I TOTAL I
IL .Il--_£cgMIt gQ.L £TRI_ STgES_____ IIFAN Is IA/C. H.P.1 CONTROL ALIhTL EL PCTS I IAL. CoS,. S
I 1 IBL. FURIICB ARD WITER HEITeR, CENTRAL ACI 310. 1 1279. 1 48. 1 253. 1 275. 1 907. 1 534. 1 3606.
I 2 HEIT POHP WITH ELEC. RES. IATeR HEATER | 310. 1 1329. 1 77. 1 253. 1 275. 1 940. 1 534. | 3718.
1 3 HET Pap. pESpBBBTRA g-LTa IST_- Ll_ _ a.L_ 77, _ 6533, _ E3375. I _ s_-S___4_OL____ . |42_I
I ij_IBUBBlaLxEEfE!lffSTSBlSljCL __` I i.l Ls ICE BIN I HMLS-A I EIIIfillBHI I IT l- PDIETSl-1 I £Ns |I§TIlA iTOTi_ L

4 HlaI. ACES, BIN- 14.1 13 PANEL- 8.1 12 1 3500. 5 2563. 1 1317. 1 710. 1 335. 1 1267. 1 638. 1 10330. 1
1 5 IFLL ACS. BI Q0.0 LfO 3 PA EL 0.0 K2 1 3500. I 6063. 1 0. 1 710. 1 335. 1 1267. 1 __38. _L_ 12514_I
II FOSSIL OET L FIRED S lg__ aI I /C oI OlIL IB STST _AIUL&IAI 8AU P iCTS I /IU l A I L_ OAL-._l

6 IGAS FURNACE, GAS HOT WATER, CENTRIL AC 1 745. 1 1279. 1 26. 1 376. 1 270. I 907. I 584. 1 4187. |
7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC 690. I 1279. 1 26. 1 632. 5 275. I 907. | 834. 5 4643.

I_AllgLJs GAS PgECBH , GAS BW._CBT L AC._.I_ 1 _125, 1 1279. 1 26. I 236, 1 270. I ___.27_l.- -- 84L.L __427 1

________.. STEl___QD_____ ________ _ _ _________OHAs______---
~ 5~I 5~ ~SYSTEm I HAIRT. I1ST YEAR I1ST YEAR 1 INCREM. I ENERGY

I NEW CONSTRUCTION ALTERNATIVES I EFFIC. 5 PRBSENT | ENERGIY ENERGY FPIRST I PBESENT L._LE_££-L OST __L
5 I I (A:OP) WORTH I COST I SAYVING COSt I WORTH I AVERAGE 1HARGINAL I

II o. . .-__ I __ .. t . SI ______ s I s _ _I I
I I EL. FORACE &AD WATEB HEATER, CENTRAL ACI 1.32 1 914. 1 781.84 1 BEP. I REF. 14534. 19054. 1 29622. 1

5 2 IHEAT PUsP WITH ELEC. EBS. WATFE HEATER 3 1.56 1 2162. 1 661.04 1 120.80 1 112. 1 12289. 5 18168. I 27103. I
| 3 IHEAT POUP, DESUPtHEABTE WATRR HBATER I 1.78 1 2468. 1 580.29 1 201.55 1 672. 1 10788. 1 17533. 1 25376. 5

4 (HIa. ACES, BDI- 14.1 13 PIAHL- 8.1 H2 I 2.25 1 2432. 5 459.35 1 322.49 1 6724. 1 8539. 5 21302. 1 27510. !
5 IFOLL ACES. BIN- 80.0 13 PANEL- 0.0 H2 £ 2.86 1 2432. 1 361.72 1 420.12 1 8908. | 6724. 1 21670. 1 26559.
6 AS15 FUBRACE, GAS HOT WATER, CBNTRAL AC 5 2.13 1 889. 1 441.17 I 340.67 1 581. 1 11778. 1 16854. 1 20476.

I 7 OIL PORNACE, EL. HOT WATER, CENTRBL AC I 1.70 1 914. 1 837.23 1 -55.39 I 1037. 1 18687. 1 24244. 1 27024.
LI-iLs gas r.gAc_ . A-B j.mI IC. .l__ 2.38 t 960. 1 397.62 1 .38 13.22_ _.1 __ 1585. 1 19192. i



ASTORIA, OREGON

167 SQ N HOEB, WELL INSULATED EL. ($/KIHR) - 0.0341, 0.0850 PEP - 18.59, 16.48 DESIGX WEATHER: WIRTEB SUMHER
DESIGN HEATING LOAD (WATTS) - 7231. GAS S/THBBRS)- 0.3478, 0.8150 PFP - 31.67, 16.48 OUTDOOR TEIP. = -3 C 22 C
DESIGT COOLING LOAD (WATTS) - 2434. OIL (S/GAL.) - 1.0400, 1.4600 PUP - 25.25. 16.48 TOT&L/SBESIBLE COOLING = 1.00

-_-_GFl.. _D PRFORACE...I --- _ __-- LULODS DESI____ ... SSTE EERG SZ____ ________
1 1 a_ gl} Dias- LQ sia-__ ____. __c _RLUI cOmISg!gTaO !

I ATER I SPICE I SPACE I (1) (2) 1(3)1 (4) I (5) I (6) ! (7 1 (8)
I MONTH I HEA T HEAT I CO)t I BLEC. I HBIT I HP I IN. I FULL j__Afij_ BaCEG__| QOIL FURAc _LElS-LAsi F._

I It I I I RES. I POUP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I
I ! I Ji. !--S KJL-J] I TH I N-H - I H ITIH -_-L __ CH__X___G&L I Kt iHERNS ItW -H g_ I
I JaW 1 1764.1 6647.1 0.1 2337.1 1515.1 1436.1 927.1 906.1 119.1 21.) 76.1 511.1 97.1 21. I
I ?EB 1 1606.1 5166.1 0.1 1881.1 1208.1 1136.1 777.1 746.1 97.1 16.1 60.1 463.l 79.1 16. I
L-511- I 175_. I 54. t _OL__923L-__2I.L_ z 16 8___,_1 Wm. 100. - __J i _". I 502, 1___ 2 _ 1._A
I APR I 1631.1 3737.1 0. 1491.1 959.1 880.1 611.1 591.1 79.1 12.1 43. 1 465.1 65. 12.

AY I 1599.1 2690.1 0. 1192.1 800.1 728.1 493.1 473.1 65.1 9.1 33.1 453.1 54.1 9. I
I J l 1 1470.1 1587. l -_l _ 828.1 643.1 585.1 3-- .1 338. 1 4. 5.5 22.1 413 .1 1 4.5. !
I JL :1 1462.1 1073.1 824.1 794.1 656.1 581.1 303.1 300.1 40.1 93.1 17.1 499.1 35.1 93. 1

1 AUG 11446. 971.1 960.1 776.1 659.1 578.1 290.1 288.1 39.) 108.1 15.i 509.1 34.1 108. 1
L-_SP.__j 1_2__.227-1 636. L1_ 854AL660 L 588. 337.1 329. __ 4. -____I4_ 20f7 _70 l_. ---.-3.i___ -LI
I OCT I 1542.1 2532.1 0. 1132.1 769.1 706.1 472.1 450.1 61.1 8.1 32.1 436.1 51.1 8. I
I NOV I 1573.1 4589. 0.l 1712.1 1097.1 1026.l 716.1 682.1 89.1 15.1 54.1 452.1 73.) 15. I
I DEC I 1708.1 59721 .__ . 2133,1 J1340. 152.1 885.1 849. 110. 1 ,IL _ 69.1 493.L _ 89,1 19, I
_I aIAI _218979.1 41533.1 2420.L 1l974 U11547.1 10662.1 6951.1 6713.1_ 891.1 395. _1 502,1 5666.1J_ 73,1__ 9S5_1L

_____ __ _ _ _-_ _ S]STEMSS FIRST COSTS _
II I CONPOVENTS COSTS. S _I TOTAL I

I No. I CONVENTIONAL ELECTRIC SySTERS A__1rAgg T Ll I/C. HPLI tCO TRIL L?[J IArIV. HA RI DPCS I B;L.Sl _LCOS .. LI
1 IBL. FURNACE AID WATER HEATER, CENTRAL ACI 280. ) 1129. 1 48. 1 236. ) 275. 1 811. i 482. 1 3261. I
2 IREAT PUMP WITH ELEC. RE. WATER HEATER I 280. I 1199. ) 45. I 236. 1 275. ) 843. I 482. I 3360.

1 _l_3 IDBURLT P PI _BSRPR t PITB WATER NEATER 1 280. I 1199. 1 45. 1 636. 1 _35. 1 843. 1 582. 1 3920. |
I . I iNiNaL CC-LE BEBBNG SYSTIS CS - Ia P. I ICE In I PA .EL 1X LIARY. t HEATEBR D _CTS I ST ..LAT I Al. I

I 4 181. ACES, BIN- 10.4 83 PiANL- 9.2 N2 1 3130. ) 2097. 1 1380. 1 636. 1 335. 5 1049. I 534. 1 9162. 1
L5_LZULLACI-SB_. - 104* H3 PAN3L- 9.Lna2Bl. 13i 2097., 1 1380. 1_ __I 315. 1 51049. 1 53. 962_1
1 --__L- SSIL FjaEL rB1o SXST.____ _ _ ASI YPuNAC I A/C I COITROL I..TLIAIJ HEATEBI DOCTS .I A TOTLL. .SI

6 IGIS FIRNICE,B GS HOT WATER, CENTRAL AC I 745. 1 1129. 1 26. I 376. 1 270. 1 811. 1 532. 1 3889.
I 7 IOIL FURNCE, BL. BOT WATER, CBNTRAL AC 690. I 1129. 1 26. 1 632. 1 275. I 811. 1 782. 1 4345. 1
1 8 IPULSE GAS FURrNCB, GAS E._IBAL.._ _ .L.__i2. 1 1129. I __26&. 236.,L___ 2Q2_L__.__11. .___3._IL __ 1 2,_1

~~~_]__________]_________LZSfLI _CO_ HPRT- _ISORS___ . . . . .
~~I ~I ~~I SSSTEr I SAINT. IST YER T AR IST EA I INCRES. I ENERGYI

I I NEW COBSTRUCTION ALTERNATIVES I EFFIC. I PRESENT E GY I EEBRGY I FIRST I PRESENT I LIFE CYCLE COST I
I I I (ACOP) WORTH I COST I SAVING I COST I WORTH I AVERAGE ISARGIBAL I

I !S_1_ _ ___ I I S I S I t ! __tS______ tS I I I t I
I BL. FURNACE A D IATER HBETER, CENTRAL ACI 1.02 ) 914. I 582.05 I RBE. I EP. I 10820. I 14996, I 28092.
2 IHBAT PUMP IST BLEC. BBS. WATER BEATER I 1.51 ) 2162. 1 393.63 1 188.43 1 99. 1 7317. 1 12839. 1 21696. I

I 3 IHBT POUP, DSSUPRBBEATER WATER BEATER I 1.64 1 2468. 1 363.47 7 218.58 1 659. I 6757. I 13145. 1 21323.
4 IBIr. ACES, BIR- 10.411 3 PANEL- 9.2 12 1 2.52 1 2432. 1 236.96 1 345.09 I 5901. I 4405. I 15999. 1 21331.
5 IFULL ACES, BIlN 10.4 13 PANEL- 9.2 82 1 2.60 1 2432. 1 236.96 1 345.09 1 5901. 1 4405. ) 15999. ) 21331.

I 6 IGSS FURNAOB , GAS BOT WATER, CENTRAL IC I 1.92 1 889. 1 323.20 1 258.85 1 628. 1 10060. ) 14838. ) 17293. I
7 IOIL FURNACE, EL O .HOT ER, CENTRAL AC I 1.40 I 914. ) 714.93 1 -132.88 I 1084. I 16765. ) 22025. 1 25269.

I -- LIU]_LS S F'URACEA, ;fGAs Hi BTIP ̂  L 2.30 1 960. , 270.46 1 311 .59 I_. 6. 8.1 89.L __ 79. I 1.5567, 1

*, * * ~~ ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~6 &



BEDFORD, OREGON

167 SQ B BOME, WELL INSULATED EL. ($/KSHR) a 0.0341, 0.0850 PPF - 18.59, 16.48 DESIGN WEATHEB: WINTER SUMHER
DESIGN BEATIlG LOAD (WATTS) - 8392. GAS (S/THERM)- 0.3478, 0.8150 PWF - 31.67, 16.48 OUTDOOR TEMP. = -6 C 34 C
DESIGN COOLING LOAD (WATTS) - 5422. OIL (/$A.L.) - 1.0400, 1.4600 PUF - 25.25. 16.48 TOTAL/SENSIBLE COOLING - 1.00

-__ __ j GLa AlUlPEe -R -ORhNI C- -_____ _ __ ____ __ _____PSSB _P _Paa _____ _________ __ ________
11 B]OXLPM_]LQD1I___O_______ SSTEl ENERGY CoNSUt!Oa___________

I ATER SPICE I SPACE (1) 1 (2) 1 (3) 1 (4) I (5) 1 (6)1 (71 1 (8)
HOlTH I HEAT I EAT I COOL I ELEC. I BEAT I HP SI B. I PULL L jGA_ gB L____ fUBA_ LE 1T SASI FI
I I I I I RES. I PUMP I DS I ACES I ACES I GAS IELEC. I OIL I ELEC. I GAS I ELEC.

I _ _ _ i IHJ I NJ I _ IK LH I 1 U LBK I_ I L__ KB I T RS ITH S KSHi I
I JAl I 1859.1 7698.1 0.1 2655.1 1656.1 1510.1 1087.1 1087.1 134.1 24.1 87.1 541.1 109.1 24. I
I FEB 1 1677.1 5446.1 0.1 1979.1 1256.1 1147.1 800.1 821.1 101.1 17.1 62.1 483.1 83.1 17.
J__JiJE __L 462.1L _-_ 184_l-__1197,1 1 _l6.1 742,1_ 778, 95,1 __S___.L___ .1___ 791 :_15_i
I APR I 1591.1 3351.1 0.1 1373.1 985.1 872.1 552.1 580.1 73.1 11.1 39.1 453.1 61.1 11. I
I ATY 1486.1 2194.1 1421.1 1177.1 900.1 774.1 424.1 427.1 56.1 162.1 27.1 575.1 47.1 162. I
I. JU_ I 13209.1 940.1 275.1. 9SL. _85 .1 737. . I 294.11 35.1 30 3.1 1 t, 66,1 _ 31.1 303 1I
I JUL I 1274. 0.1 4477.1 842.1 1060.1 884.1 680.1 213.1 27.1 488.1 6.1 842.1 21.1 488.
I AUG I 1277.1 0.1 3990.1 789.1 994.1 827.1 748.1 206.1 27.1 435.1 7.1 789.1 21.1 435. I
LI _ sZ__L__13_J21 __1 50l __2..57.L_ 964 ___ 8j..._ 745. 5q04,1 3, 31 ___ .._J___2_ _ _16.1. _ . _48_.- _2 -. _l.
I OCT I 1494.1 3000.1 724.1 1327.1 920.1 811.1 450.1 485.1 67.1 88.1 36.1 503.1 55.1 88. 1
I NOV I 1594.1 5191.1 0.1 1885.1 1191.1 1084. 681.1 740.1 97.1 16.1 60.1 459.1 79.1 16. I
I DEC I 17.L___ O.1 .____ _ 2635.1 1630.L 1482.1 1040.1 1075.1 133. L 2__2_ ._L 87. 1 520.1 108.1 _j_
_lmi2Ul 1843, 1 4__.. 33.l 153.2l! 18395. 61 135 195 .I._ iiL 8 0L. _ 70121 1 884.1 1 _67LL_ __ 495AL__6988 ._. 1__Q1 187.

_______ ____________ __ _ISTS_rsI83 ---COS 5_ __ ---_--__ ___ _____ _
I I J1___ ~___________ !P COPB ENTSI §_gs _tS___ -________ TOTIAL
-SO.l_co__iitEn aL_EL ECT c_§Es!_lfss__ _____L- ULC... H.P.L.JQTeROL ti AnLLUAREBtg _ELHEI___M§ T__j-ia_~sZA.L.b-cos{-,_-i

I 1 IEL. FURNOCE AND WATER BEATER, CENTRAL aCI 280. I 1129. I 48. 1 236. I 275. I 811. I 482. 1 3261. I
I 2 IHEAT PUMP WITH ELEC. RES. WATER BEATER I 280. I 1199. I 45. I 236. I 275. I 843. I 482. 1 3360. I
1 3 IA T PUMP. DESUPERRHETER WATER HEATER I 280. 1 1199, 45. 1 636 L___135 843. 1 82._ 390.
I J __lARUAL CYCLE EN ERGY SySTEaS_/CLSL____ i NBC',_. _ICC BICN I AEEL |I .XqILIi, I/!Li-A& l Pi...pOCTS :1NI__STALl.fLTOAI.
| 4 lan. ACES, BIN- 11.9 R3 PANEL= 19.2 R2 I 3130. I 2275. I 1943. I 636. I 335. | 1049. I 534. j 9902. |
1 5 IFOLLL ACES._BT- 46.3 H3 PiBEL 5.9 12 1 3130. 1 4336, 1 1193. 1 636,1 _133. 1 1049. 1 534. 1 11214 J.
I _I FOSSIL foiL FIREP s__TTeIg__ I _!.L I A/C I COsTOL 2I IAgXLIASl I. HMEiATEl ODCTS -_L IL8STL. JTO TA.
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 745. 1 1129. 1 26. 376. I 270. 1 811. 1 532. 1 3889. I
I 7 tOIL FURNACE, EL. HOT WATER, CENTRAL AC I 690. 1 1129. 1 26. 1 632. 1 275. 1 811. I 782. I 4345.
I L_ Pq1SE GiAS FuR_£C _&GAS RM CEBNTA AC _A___1125 1129, 2 26. - 236- |-___l? I1 _i11 -jL __532 .1 4129. i

_________ _SYTSTER COHPAQIRIS0S . .__ .__
I I I SYSTEf I SAINT. lIST YEAR lIST YEAR I INCREN. I NERBG I

I EBII CONSTRUCTION ALTERNATIVES I EFFIC. PRESENT I ENERGY I ENERGY I FIRST I PRESENT I LIFE CYCLE COST I
I I I (ACOP) I WOBTH COST I SAVING I COST I WORTH I AVERAGE INARGINAL I

QSl._g.O~, , J___1 S ! I ____-- 1 s _1___L___i__ AI S ___ __-__ { I
I1 IL. FURNACE AND WATER RHEATR, CENTRAL ACI 1.15 I 914. 1 627.08 I REP. I BEF. I 11657. 1 15833. 1 29943.
2 (HEAT PoUP WITH ELEC. RES. WATER HEATER 1.55 1 2162. I 462.27 I 164.81 99. 1 8594. I 14115. 2 24517.

I 3 IHEAT PURP, DESUPERHEATER WATER HEATER I 1.76 I 2468. 1 407.65 1 219.43 659. 1 7578. 1 13966. 1 23139.
1 4 ININ. ACES, BIB- 11.9 H3 PANEL- 19.2 R2 I 2.64 I 2432. 1 272.75 1 354.33 I 6641. I 5070. 1 17404. 1 23542. I
I 5 IFULL ACES, BIN- 46.3 H3 PANEL- 5.9 52 3.01 I 2432. I 239.19 1 387.90 1 7952. 1 4446. 1 18092. I 23474. 1
I 6 GAS FURNACE, GAS HOT WATER, CENTRAL C 2.01 1 889. 1 371.01 I 256.07 I 628. 1 10917. 15696. 1 19263. I

7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.53 1 914. I 753.05 1 -125.97 I 1084. I 17428. 1 22687. 1 26959.
I 8 IPeLSE Gas F'ORACS. GAS R,.CENTBAl AC i__Z2.LI 960, | 317.50 i 309.58 __868. I 9223. I 1I312__.125xl



PORBTLID, OFEGOF

167 SQ H HOnE, WLL INSULATED EL. (S/KWHB) s 0.0402, 0.0850 PUP - 18.59, 16.48 DESIGN WEATHER: WINTER SOBEBB
DESIGN BEATIG6 LOAD (WLTTSI T 8763. GAS (S/THRB, , 0.3022, 0.8150 PUP - 31.67, 16.48 OUTDOOR TEMP. - -7 C 32 C
DESIGN COOLING LOAD (WATTS) * 4795. OIl (S/OSL.) * 1.1200, 1.4600 PFU - 25.25, 16.48 TOTAL/SBESIBLE COOLING = 1.00

___________ __________DESIGN AND PERFORMA NCE
! I _BUILDING LORDS I SYSTN Bi8RG 'COWNSU tIPTIOQ .

I ATER I SPACE I SPCE I (1) 1 (2) I (3) (4) 1 (5) 1(6) I (7) I (8)
ONTH I HEAT I BEAT I COOL I ELEC. I HEAT I HP I BII. I ULL I GAS FURNAtCE JI IL fiUR E iPLSE GAS FgRsa,

I tI JI I R1BES. I PUP I DS kCES I CES I GAS I BLEC. I OIL I BLEC. I GAS I LEC. I
___ _/__ - _ .__./__..___ _Lt__ -- I I -K -L- IE Ky M IK I - BBB lL__ _fl_. GAL I __..i _LT ! 5I.Sil__ I _1

I JAg I 1804.1 8337.1 0.1 2817.1 1730.1 1589.1 1145.1 1145.1 141.1 26.1 93.1 527.1 115.1 26. 1
I FEB 1 1634.1 5415.1 0.1 1958.1 1202.1 1089.1 805.1 817.1 101.1 17.1 62.1 471.1 82.1 17. I
1 " - 3. .1 .1753.1 74.{ 765.1 96.1 _161 __1.1 503.1 79.1 16, 1
I ALP I 1598.1 3233.1 0.1 1342.l 894.1 802.1 548.1 556.1 71.1 10.1 38.1 4545. 60.1 10.
I HAY I 1525.1 1934.1 785.1 1046.1 776.1 684.1 399.1 402.1 53.1 92.1 25.1 515.1 45.1 92. I
I-__P _1 1370.1 _91.I__1402.__ ._ 88LL 697 1 5981 9 2 79 .. 3___3_1 156.1 ]. _J___---__ 536.lA__ 2__, _156._ L
I JUL 1 1346.1 0.1 2936.1 694.1 856.1 705.1 199.1 199.1 29.1 320.1 7.1 694.1 22.1 320. 1
I AG I 1339.1 0.1 2592.1 654.1 800.1 661.1 506.1 193.1 28.1 282.1 7.1 654.1 22.1 282. 1
ISP 1350. 1 913.1 152 211 795*L 710. 608.1 319. 284 . I 36. 169,1 l.4l 544 ._ 32.1 169. .
I OCT I 1502.1 2323.1 0.5 1062.1 761.1 683.1 402.1 418.1 58.1 7.1 30.1 425.1 49.1 7. I

NOV ! 1572.1 4734.1 0.1 1752.1 1084. 984.1 665.1 698.1 91.1 15.1 55.1 452.1 74.1 15. 1
LP. L 2 2 L l 2 L9__L]iL L 4L.J ~I0L.o!1Q._..1313. 982. 994,.1 i2L. .22.1 80. .05. .__01___22. I
1_IaPaLI 18527.1 39772,l -9237i'172_22.. 12126.1 0764.1 7003. 6749.1 865 .1 132&1 482.l 6279,1 713.1 1132. I

__________-----S~bIlEo 5USTSTUs FIRST _________ _____STS
i ___- i___ rsCOSCPOREHTS COSTS. S _1 TOTAL 1

I 8_O. C5ONVI TIOAL B1ELECTRIC SYSTIHS giVrF Ir & I /C. H.P. I CONTROL IAgILTZARl HEIHATRs I CS{ I ISTALN.L COST. IJ.
I1 IBL. FURNACE AND WATER BEATER, CENTRAL ACI 280. I 1129. I 48. I 236. I 275. I 811. I 482. I 3261. I

2 IHEAT POUP WITH ELEC. RES. WATE HEATER I 280. I 1199. I 45. 236. 1 275. 1 843. 482. 1 3360.
L 2_I iEAT. UgaI_ 9 UQUE_!afiiIT s &PEfAT, - a- I 1IS9 I _19 45. 6 .36 _ 315, I 843. 1 582. I 3920. I
L._.J .IIWROt CCLE EBn.X.ST STTB"S (lCEa S _ E P ICE BIN P EAL AUXLIARYIN. HEATERi- DUCTS I NS.ALL....Q1 TAL. I
I 4 1II1. ACES, BINB 12.6 H3 PAwEL- 12.3 32 I 3130. I 2352. I 1556. I 636. I 335. I 1049. I 534. 5 9591. I
I 5 IF LL ACES. BIN 21.1 3_A1 8-9L._L I PAL_.9.._. i 2946, I 1365, 1 ___L_____35__ I __ 104.9 _l_ __53_.I__._292L I
I _ 1__-OQILFJ _REL-n D SS_ L ..!S2SB5_Y_ L ....__ _.R . HClg __. ..]__._EiS S_HTff.__.gf IQ_ tlI XaSAL AQTOTAl.li

6 IGAS FURNACE, GAS OT WATER, CENTRAL AC I 745. 1 1129. 1 26. 1 376. 1 270. 1 811. 1 532. 1 3889. 1
7 OIL. FURRBCE, EL. HOT WATER, CEHTRAL AC l 690. l 1129. 1 26. { 632. I 275. 811 782. 7 4345.

1 8 IPS GS FURBACI. GAS HE. CEBTRAL AC I 1125. 1 1129. 1 26. 1 236..1 70. 1 811. I 532__

__ -__ --________ - ____ sTIssB-sa~lausiaos& ----- ________,,,,,-- -------
|I {l~ I SYSTEN I HAINT. I1ST YER llST YEAR I INCREN. I ENERGI I

I BNEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENEBGY I BEERGYI FIRST I PRESBIT j__IF]CYgL COQ21T
I I I (ACOP) I WORTH I COST I SATING I COST I OBRTH I AVERAGE NBARGINAL I

LlI t O I I t I I S I S -- s
I 1 LEt. FURNACE AID &WTBR HBETER, CENTRAL Cl 1.09 1 914. 1 691.70 I REF. I RBF. 5 12859. 1 17034. l 28272. {
l 2 |HEAT PUMP WITH ELEC. RES. WATERB EATER I 1.55 1 2162. I 487.60 204.10 1 99. 1 9065. l 14586. 1 22509.
1 3 IHEAT PUMP, DESUPERHEATER WATER BHETEB I 1.74 1 2468. 1 432.82 1 258.88 1 659. 1 8046. 1 14434. 1 21466. 1

I 4 {IH. ACES, BIN- 12.6 13 PANEL- 12.3 02 I 2.68 1 2432. 1 281.57 I 410.13 I 6330. 1 5234. l 17258. { 21833. 1
5 5 IFULL ACES, BIRN 21.1 R3 PANEL- 8.9 02 I 2.78 l 2432. 1 271.37 l 420.33 l 6733. { 5045. 1 17471. 1 21880. l

6 (IGS FURNACE, GAS NOT WATER, CENTRAL AC I 1.96 I 889. J 306.87 1 384.83 1 628. 1 9123. 1 13901. 1 17980. 1
1 7 IOIL FORNCE, EL. HOT WATER, CENTRAL IC 1 1.46 1 914. J 791.86 1 -100.16 1 1084. 1 18313. 1 23572. 1 25642. 1

L-gliSfiJ iCg. GfAS .CEiTBiLC _2__l __ 1 960. I , 21.1q L.4 .1g ,._5i_-__l-H. I 7675. I 1_76_. I 16 58,. I

C)d0~ 6



HIDDLETOWN, PBSSYTLv&AIA

167 SQ SH BOE, ELL IISULATBD EL. (S/KRUB) - 0.0261, 0.0850 PUF - 18.59. 16.48 DESIGN HEITHER: WINTER SUMOHE
DESIGN HBITING LOAD (WITTS) a 10857. GAS ($/THBBBR * 0.6319, 0.8150 PUP - 31.67, 16.48 OUTDOOR TEBP. = -13 C 33 C
DESIG COOLING LOAD (WATTS) u 5965. OIL (S/GAL.) - 1.1800, 1.4600 PIFP 25.25, 16.48 TOTAL/SENSIBLE COOLING . 1.21

------ _ P__iAND PERFORBAINCE .____ ,--__________
1I 1_I--_IgZ!-l_ o __L.___ _ -- _ l . ____s_ _o___BGgPt_ -- ___

I WATER I SPAC I SPACE I (1) 1 (2) 1 (3) 1 (4) I (5) (6) I (7) 1 (8) I
I ONTH I HEAT I BEAT COOL I ELBC. I HEAT I HP I SIN. I FULL 1 G FOCI LCE l| FRQ E g._EAs F

I I I I I BES. I PUP I DS I ACES I iCES GIS I ELEC. I OIL I ELEC. I GS I ELEC. I
1I________ J I -NI J -RJ. LWfl IB.I I KRfLB II ITR BBS I KnV I GL H I .. KIH ITHtERS I _K_ I
I JAN 1 1890.1 12307.1 0.l 3944.1 2683.1 2583.1 1586.1 1586.1 193.1 39.1 135.1 564.1 157.1 39. I
I FB I1 1736.1 10230.1 0.1 3324.1 2218.1 2121.1 1343.1 1344.1 163.1 32.1 112.1 515.1 133.1 32. I
1 BA_ - 1Q!,§L__ ?76941_--_L O.__ 655.1 6Q§ 1_J55ll 1062. 1 ]Q9IL__831_ ___24 I___ .I _54i._____J --- i___2.ql
I PP 1673.1 3345. 0.1 1394.1 990.1 883.1 558.1 577.1 74.1 11.1 39.) 475.1 62.1 11. I
I BAY I 1546.1 1092.1 1725.1 921.1 819.1 697.1 323.1 323.1 41.1 191.1 15.1 621.1 37.1 191.
I JBP I 1329!-- 0.- I 36_2.1 -765. 926 -752_.1 207.1 207, I 25. 1_ 96X, 3.1 765,.1 2. 396,I
I JUL I 1249.1 0.1 5194.1 913.1 1118.) 900.1 968.1 220.1 21.1 566.1 0.1 913.1 21.' 566. I

I AG I 1213.1 0.1 4556.1 833.1 1017.1 823.1 854.1 207.1 21.1 496.1 1.) 833.1 20.) 496.
I__SEP_1 1231 ___55-,.l-___22§2 l___ ?L_ 782- L__iS.L82 L- _0q1 315. 1 L___29L_._.280.____ _ 22.--. .- .2i .l__ _ Q_.
I OCT I 1413.1 2289.1 672.1 1102.1 787.1 694.1 370.1 388.1 56.1 80.1 28.1 473.1 47.1 80.

NOV I 1540. 5616.1 0.1 1988.1 1226.1 1119.1 723.1 770. 102.1 18.1 65.1 446.1 83.1 18.
L-SS c__il_]IhL768t1 1111. Ll _ L_3579,1 _279 1 2264.1 1400.1 1422l ___ 76.1 35.1 22.1_ 526.1 143._1 35. 1
1 I A_ U& I 18451. L__5.SO. 833__L 22194.I 1 16652e6. 1QQ8.l 9897.1 8463.1 1033.1 2169,1 615.1 7294. 1_,86.Q1 2169i_1

---------- E…S- COSTS -- __ - _--________„_ -- ___ -
I I j) -....... _ oFs COQPIBTS …COSTS, ___ .. LT TOTA I

r l.i.._cojh~fB"3Bg~HiLEl££2I;TP~-c-SEs ISTBBS BrPnB f_1jKX C . r oyT£1-iLnIAJ811IT-B L PCTS :1_IMVLST4LtNICOSsLEA
1 IEL. FURNICE AND OLWER HEATER, CENTRAL ICI 310. 1 1129. I 48. 253. 1 275. 1 811. I 482. 1 3308. 1
2 IREIT POUP WITH ELEC. RES. WATER HEATER I 310. 1 1199. 1 77. I 253. 5 275. 1 843. 1 482. 1 3439.

__3Ai AT gH pE. SgPBERFEATBEl WTEgijTIR I__ i 310. 1 1199. I 77. 1 653. 1 335. 1_ _ 843_J -___--jZ 39229,_1
. I A NOAL C CLE_ GSlT SSTEJ__s_.ICL S_ I EcaH. P, .ICEI INgI I IPABl LaUXT kL IN.AE i ,___AT a£ C__ _IS&T LALBTAL .Qk -i
14 ININ. ACES, HBI- 17.6 R3 PANEL- 28.2 B2 1 3500. 1 2833. ) 2444. I 710. I 335. 1 1267. 1 638. 1 11728.

I__5 IlFtL ACS,_BIN 63.1 03 PA EL I10. 02 1 33500. 1 5312, 1 125,. 1 L710, 335. 1 126. 1 __638. 13187. 1
I J FOSSLJSItWL- ISRE SYsTe_ _ __JEBAg I 5I _/-A CONTROL I UXIILAR iLBA-HETE- D .UCTS I INSTALNH._I TOAIA,

6 IGAS FURNACB, GAS HOT WITER, CENTRAL AC ) 745. ) 1129. 1 26. 376. I 270. I 811. 1 532. I 3889. I
7 (OIL FORNACE, EL. HOT SATER, CENTRAL AC C 690. 1 1129. I 26. I 632. I 275. I 811. I 782. 1 4345.

L__-IgULSEBGASt RACE. G^ S Rf._CET.LA __ IJ__ 5 1125 9. 1 __26^1 2L _ 6_ -L___27Q I_ 81J.L__ 532. 1 4129. I

__----6STIflS_-Co MPARfISONS
I | I SYSTER I HMINT. 11ST YEAR 1ST YEAR IINCRE. I ENERGY I

NEW CONSTRUCTION ALTERNATIVES I BFFIC. I PRESENT I ENERGY BENERGY I FIRST I PRESENT I LIF8 CYCLE COST I
I| I~~ |{(ICOP) I NORTH I COST SAVING COST I NORTH I AVERAGE IHARGINAL I

-E1___--___ _ _______--_-_--- I -- I s ___ _ I __________£___
I1 IEL. FROHICE AnD RTBE HREATER, CENTRBL ACI 1.14 914. ) 579.25 BEF. I REF. 10768. 1 14991. 1 35311.

2 (REIT POHP iITH ELEC. BES. ATEB BHETEBR 1.52 1 2162. 1 433.99 145.26 I 131. I 8068. 5 13669. 1 28894. I
3 (HET POUP, DESUPERHEATER lITER HEATER I 1.68 1 2468. 1 392.76 186.50 1 691. 1 7331. 1 13768. 1 27546. 1
4 IJIN. ICES, BIN- 17.6 H3 PANEL- 28.2 H2 ) 2.56 1 2432. 1 258.32 1 320.94 1 8420. I 4802. I 18962. I 28024.
5 IFULL ICES, BIN- 63.1 R3 PAlBt- 10.0 R2 I 2.99 1 2432. I 220.89 1 358.36 1 9879. 1 4106. I 19725. 1 27475.
6 IGLS FORNACE, GAS HOT WATER, CENTRAL AC I 2.06 1 889. 1 709.31 1 -130.06 1 581. I 21723. 1 26502. 1 21690.
7 IOIL FUROACE, EL. HOT 1TBER, CENTRIL IC C 1.61 1 914. 5 916.58 1 -337.33 1 1037. I 21876. I 27135. 1 30285. 1

-I l-PQLS GAS FORHACE, CGS H,_ t98_-TiL.C I 2.39 1 960. 1 6.99.88_ -20.63 I 821 . | 18258. 1 _2347._L 1_9625.



PHILADELPHIA, PBHNISLVANI

167 SO 0 H08B, YBLL INSOULTED EL. (S/KIER) * 0.0718, 0.0850 PVSF 18.59, 16.48 DBSIGN WEATHEB: WINTBB SUOBHE
DESIGI BHATIIG LOAD (IATTS) a 10215. GAS ($/TBHBHE ) 0.5407, 0.8150 Pa1 - 31.67, 16.48 OUTDOOR TEBP. = -11 C 32 C
DESIGN COOLIIG LOAD (IAITS) - 4655. OIl ($/GAL.) - 1.1500, 1.4600 PW - 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.20

DSXGiR- UAD P RFORNECB_
1 1/_ B flDLDi&E. -LOADS I SYSTBS .ENRG% C:OSQ!.PIiiitI . _ I

I I W aTE I SPACE I SPaCBE (1) l (2) I (3) (4) I (5) I (6) 1 (7) I (8) I
I MONTH I HEAT I HIT I COOL I ELC. I HEAT I HP I BIN. I FULL I G6S FURNLCE I OiL PFBURACB IJP1SBLS FEBRN 1

I I ~ I ~ I REBS. I PUP I S I ACES I CBS I GAS I ELEC. I OIL GI LEC I ELEC. I
J.- - -__, --_g-- J -_ Ns I H _ I W IN I KVH I lKH 1TR -RR "_KVH__ GILl K _ _LlaHBBS I _Kjfi I
I JaN 1 1916.1 11780.1 0.1 3805.1 2545.1 2455.1 1521.1 1521.1 186.1 37.1 129.1 570.1 152.1 37.
I FEB I 1740.1 9459.1 0.I 3111.1 2023.1 1914.1 1255.1 1258.1 154.1 30.1 104.1 513.1 125.1 30. I

l I 1839.1__ 707.1 0.1 247.1 1536 14051 9891 1022.1 125. 533.1 103.1 22. 1
I APp I 1622.1 2872.1 595. 1313.1 922.1 823.1 506.1 518.1 67.1 74.1 35.1 525.1 56.1 74. I
I wAt I 1474. 970.1 1725.1 867.1 785.1 662.1 301.1 301.1 38.1 191.1 13.1 600.1 34.1 191. I
__Jg__l. .1255.1 lx 1 3312.1 __.7J,1 82sL 6t79 1 194.l 1?941 .23.l 1}61 J ___20.1 1__ 219 _ 23L_

! JOL 1183.1 0.1 5275.1 903.1 1109.1 874.1 981.1 214.1 20.1 575.1 0.5 903.1 20.1 575. 1
O AUG l 1171.1 0.I 3707.1 729.1 881.1 693.1 704. 190.1 20.1 404.1 1.1 729.1 19.1 404. I

i SEP I __218.1 0.1 2175. 575.1 6921 570.1 435.1 248.1 _ 24.l 237,1 _ 4 575, _.1 20.1 237. 1
I OCT I 1429.1 2148.1 646.1 1064.1 771.1 682.1 356.1 372.1 54. 77.1 27.1 474.- 46. 77. 1

NOV I 1572.1 5164.1 0.1 1871.1 1184.1 1086.1 676.1 732.1 96.1 16.1 59.1 453.1 79.1 16. 1
i ._____.Ja .-_107 .I2a ...... -- L_35_ a.L22.1_O _ 2126-. _1367.1_ 12a. L-__lZL..____ .! - __119 9L_,L---L___lIlI--3 ___ I1
JPJul.aL. 1822 1 50255.1 17_L 4316 92 L 1554l0. 1L 13967. i 91 9282059L_.._ 57T._L-L __8lL__ 5.LL 2059. 1

_______________ _____Sll nS cSt _____ S.__5--...... ,Xflg!..SFIRST COSTS ..........
---I S -- _- 1_-. -.-. -COBPO.BBTS cOSTS. _, ____ ....... I TOTIA

I .. QLL. CSQoThTInL LECTBZ C SYSTBES -IFi UNIT IA/C. H.P.I COITIOL LOXILIlR , HETE1 DCTS INSTALH.I COST, S I
1 I IEL. FURNACE AND WATER HRTEBR, CENTRAL ACI 280. 1 1129. I 48. I 236. I 275. 1 811. 1 482. 1 3261. I

1 2 I1EAT POIP WITH ELBC. EBS. ATEBR HEFATER 280. 1 1199. 1 45. I 236. 1 275. 1 843. I 482. 1 3360. I
I 3 IHEAT PaUP, DesSPahAI AB E _L___ 80. I 1199. I 4s. I 4 16_L x-j____ 331._1 I 84 L___ .__ L3920._ 1

_A___L _ll! 'CB BENSP. S_ T]gs5 j£ psSL___i-Sy...__LEA z ZB &_ff IBaS . TOTLL. $SI
1 4 IHI. ACES, BDI- 17.0 B3 PBANEL 30.4 12 1 3500. 1 2754. 1 2565. 1 636. 1 335. 1 1267. 1 638. 1 11696. 1
JI 5 .J L ACES. DIN1s 9.2 13 PIBiLt 10..6. 2: I .3500. I 5087. I 1458, L 636. 1 335. I 127. L__63. I__1
I I FOSSXL FEL rfilD STElif S.-____ I F.I IlL __- i.Q OL I A2o£ABIAIx-LU[ A TLAi/lJ l__Dg's l_ XTlE&IN .SaS, L J^I_
1 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 745. 5 1129. 1 26. 1 376. 1 270. 1 811. l 532. l 3889. I
1 7 011 FIRNACB, BL. DOT wITER, CENTRAL LC 690. 1 1129. 1 26. 1 632. 1 275. 1 811. 1 782. I 4345. I
1 L P.tSLi ALS FPBUa c- G6AS i9 . CENTRAL A jC I 1125. 1 1129. I 26. 1 236. ...._ZO 1I 811. 1 532. 1 42t .i_

__~_________________s_._l!_C__is o l!ilCs,- ....... __-. ..-. …
5I SYSTSTEH I HSIT. 11T I EAR 1ST EBAR I ICRES. I EBGr I I

I I NIE COBSTRUCTIOIN LTERNATIVES I ErIC. I PRESHET I BNERGY I BNEBG I FIBST PRESENT 1_LI.L.S E CLST_
I I I (ACOP) N NORTH COST SAVING I COST WORTH I AVEBRGB ISMARINAL I
I- I _____ S _____ S I S l I I_ _._ -1 iS __I
I I L. FOURACE AND WATER HEATER, CENTRAL ACI 1.14 1 914. 1 1501.50 I REF. RBEF. I 27913. 1 32088. 1 33486. 1
1 2 IHEAT PoUP VITH ELEC. RES. WATER HATER I 1.54 2162. 1 1115.15 1 386.35 1 99. I 20731. 1 26253. 1 27290. I

3 18IEa POOP, DESOPIEHBATBER ATER 8ETE8 1 1.71 2 2468. 11002.29 1 499.21 1 659. 1 18633. I 25021. 1 25953. 1
I4 #18I. ACES, BDIN 17.0 13 PABEL- 30.4 82 2.57 I 2432. I 666.25 1 835.25 1 8435. . 12386. i 26513. 1 27133. 1

1 5 IFrLL ACBS, BINs 59.2 13 PIAELr 10.6 12 3.00 1 2432. I 570.35 1 931.16 1 9660. 1 10603. I 25956. I 26487. 1
I 6 6ICS FURNACE, GAS HOT WTER, CTETRAL AC 2.05 889. 1 677.57 1 823.93 1 628. 1 19526. 1 21305. I 2)23.

7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC 1.59 I 914. 1 1171.00 1 330.51 1 1084. 1 26164. 1 31423. 29043.
I -- lPJULS LiG S IrfhiCl. CG IfS al C l I ..L _.2.38 I 960, 1 S8.5l_6 i 912.94_L __ 868. I 16707. 1 21797. i 18923. 1

6 €



PITTSBURGH, PBENSILVANIA

167 SQ B HORN, WLL INSOLATED EL. (S/KHBR) - 0.0588, 0.0850 PE - 18.59, 16.48 DESIGN WEATHER: WINTER SUBHER
DESIGN HBETING LOAD (WATTS) - 12175. GAS (S/THRBB)- 0.3592, 0.8150 PIP - 31.67, 16.48 OUTDOOR TEMP. = -16 C 31 C
DESIGN COOLIRG LOAD (WATTS) - 4600. OIL (S/GAL.) - 1.1500, 1.4600 PWF - 25.25, 16.48 TOTAL/SENSIBLE COOLING - 1.15

__ -__ _ _ _ _ _ ___ - _--_S II! _ mmIftffc __ ____ __-__----- -----------1 i2_- ___'LB]L_ AL... _ _5ma].BfX-S.B.afmUU__ND PzRFOB)IfNg
I WATER I SPCE I SPICE (1) 1(2) 1 (3)1 (4) 1 (5) 1 (61 1 (7) (8)

I MORTH I HEAT I HEAT I COOL I ELEC. I HEAT I HP I III. I POLL I GAS FIi1ACE ._Ql_ OI tIATS_i LaeLSQAS Fi
I I I I I RES. I PUHP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I

I -J a I. J I J ._ KAH i. 1.-- 1 1.I Wa I La VH1 ITHERS W. I K.U II KH S JTHEBSI KWHl I
I JA 1 1882.1 14102.1 0.1 4441.1 3376.1 3357.1 1753.1 1753.1 215.1 45.1 154.1 567.1 175.1 45. 1
I FEB I 1742.1 11230.1 0.1 3604.1 2648.1 2619.1 1440.1 1453.1 176.1 36.1 123.1 519.1 143.1 36. 1
L 3_W1_i 1LQ2L .. 29004 .1 _0. Pa-__2029L.1 1971.1 1206.1 1218 ,1 51___ ...._29L_ 100.1 __.5. ___1231____29. _
I APB I 1737.1 4017.1 0.1 1599.1 1106.1 1015.1 635.1 640.1 84.1 13.1 47.1 495.1 70.1 13. I
I BAY 1 1641.1 1607.1 1416.1 1057.1 871.1 753.1 386.1 386.1 50.1 159.1 20.1 615.1 44.1 159. 1
I U!L 1439.1 21 274. 699.1_O I .. 201 207.1 31. 11 _.29_.__7. 1 699.1 24.1 J_9-_
I JUL 1 1364.1 0.1 3831.1 796.1 959.1 775.1 344.1 214.1 24.1 417.1 2.1 796.1 23.1 417.
I AUG I 1313.1 0.1 3463.1 742.1 897.1 728.1 664.1 203.1 24.1 377.1 3.1 742.1 22.1 377.
ISLP-_--_1.-LL-___ 824!.-_ 2012I1 10L__762, 1 L__6 1.__ I 411.i 265 ___j3ji__.222J_ __111 _ -1i____0Ql__a222.-1
I OCT I 1453.1 2772.1 0.1 1174.1 851.1 758.1 409.1 416.1 63.1 9.1 34.1 412.1 52.j 9.
I NOV I 1551.1 6797.1 0.1 2319.1 1456.1 1381.1 827.1 854.1 117.1 22.1 77.1 452.1 95.1 22. 1
I DEC I 1761.1 126_611 _0.1 4006.1 2 L9341 t 153I8.1 1538.1 195.1 __40 _ _f 139.1 529.1 158.1 _40.
_IALLtlj 2 1909.1 63015. 13468,1 24273.i1 i !79. 1 17609.1 9821.1 9146.1 1163.1 1667.1 716.1 6967. 1_960 i66_7.1_

I I __ COPOETS CO STS ___s_________ ____ OTAL I
LOS.l__cq]Eg oNLkELCTicsxT B __I .......!IAiLgjIT l _/c, .P. 2I CI 2OL iAULJIas_ AT, Ai BTSh_..INS iTAL fi.LCoST.L

1 1L. FORIACE AND ATER BEATER, CENTRAL ACI 310. 1 1129. 1 48. 1 253. 1 275. 1 811. 1 482. 1 3308. 1
5 2 IRHEAT PUHP WITH ELEC. RES. WATER BEATER 5 310. 1 1199. I 77. 5 253. 1 275. 1 843. 1 482. 1 3439. 1
I 3 IBEAT PMP,. DISPPBERI ATER WITER RHETELi I 310. I 1199. I 77. 1 653. 1 335. I 843_ 1 5- ___2...8 3..S

I ANNUAL CYCLE ENEGYT SISTRS flUC SL a-_LaE ._ L Ic E BIN I EANEL HI] .. !S,_T_-HEAT._ PuaCS__ IBSTiLNStlT_ AaI
I 4 13N1. ACBS, BIN- 19.8 13 PANELs 59.3 22 1 3500. 1 3057. 1 4187. 5 710. I 335. | 1267. 1 638. I 13695. 1
l r-5_iALL ACBPIi 41..i.2 3 PANEL- 36.1 02 1 3500. _1 43Q, 2887. 1 710, 1 _5._A__J 267. 1 638. j 136422.
__1._ FQ _ rFIRE. .YSTIfl-_______ RUEAC I A,/C I CONTROL IAUXILAi!t#. HEAlTEIl PDCTS I INSTAL.1 TOTAL. $1
1 6 IGAS FURNACE, GAS HOT WATER, CENTBRL AC I 745. 1 1129. 1 26. 1 376. 1 270. 1 811. 1 532. 1 3889. 1
1 7 (OIL FURNACE, EL. HOT WATER, CENTRAL AC 1 690. 1 1129. 1 26. 1 632. 1 275. 1 811. 1 782. 1 4345. 1
.LlPIotLSB GAS REACEL. GA_ L _-,_jl"LBa _L C ___ 25 1 1___1129 _26. _ 236. _ I 2i1 811i. ___532. 1 4129. I

SSTTBN COPARISOBNS_ ..
I I I SYSTEN I HAINT. I1ST YEAR I1ST EAR INCEEM. I ENERGY I I
I BEW CONSTRUCTIO IALTERNATIVES I EFFIC. I PRESENT I ENERGY I 8EBRGY I FIRST PRESENT I LIFE CYCLE COST I
* I I (ACOP) I NORTH I COST I SAVING COST I OBRTH I ITERAGE I1ARGINAL

L1-____________ _ _ _ _ ._ I _ __ S I -_____l _ S I -- L--_ I -_ I
1 IBE. FURNACE AnD WATER BEATER, CENTRAL ACI 1.09 1 914. 1 1427.75 RBEP. I REF. 1 26542. 1 30764. 1 38224.
2 IEAT PHUP WITH ELEC. BES. WATER HEATER 5 1.42 1 2162. I 1102.84 1 324.92 1 131. 1 20502. 1 26103. 1 31865.
3 IREAT POHP, DESUPRBHBATEB WATER HEATBR I 1.51 1 2468. 1 1035.75 1 392.00 1 691. 1 19255. 1 25722. 1 31133.
4 11HI. ACES, BIN- 19.8 13 PAEBL- 59.3 2 I 2.70 1 2432. 1 577.66 1 850.10 1 10387. | 10739. 1 26866. 1 29884.
5 FULL ACES, BIN- 41.2 13 PANEL- 36.1 I2 2.90 1 2432. 1 537.97 1 889.78 1 10333. 1 10001. 1 26075. 1 28885.
6 IGAS MURNACE, GAS HOT WATER, CBETRAL AC 5 2.04 1 889. 1 515.66 1 912.09 1 581. 1 15049. 1 19827. 1 22729. 1
7 iOIL FURNACE, L. HOT WATER, CENTRAL AC I 1.58 1 914. 1 1232.89 | 194.86 1 1037. 1 28401. 1 33660. 1 32240.
8.a-ItULSE GAS FURNACE. GAS HI.-CENTRAL AC t 2.401 960. I 442.711 985.05 I 821. I 12738. I 17827. I _L20_ j IJ



WILKES-BARRE, PENBSYLVANIA

167 SO 8 ONE, WBLL INSULATED EL. (S/KBBHR) a 0.0442, 0.0850 PiF · 18.59, 16.48 DBSIGN WEATHER: WINTER SUMiER
DESIGN BBHTING LOAD (WITTS) - 12186. 'LS (S/TBERN)- 0.6319, 0.8150 PFP - 31.67, 16.48 OUTDOOR TEMP. = -16 C 31 C
DESIGN COOLING LOAD (WATTS) - *737. OIL ($/GiL.) - 1.1800, 1.4600 P9P - 25.25, 16.48 TOTAL/SENSIBLE COOLING - 1.15

____PBDESIG AND PERORBA MC. . .....
II BUILDING.LOIDS I _SYSTm EBERGY COWSVPIOM_ -

I WATER I SPCR I SPACE I (1) I (2) 1 (3) 1 (4) j (5) I (6) I (7) I (8) I
I B01rT I HBAT I HEAT I COOL I ELEC. I HEIT I HP I rI. I POLL I GAS FURIICE I OIL FIRHIACE IPOLSB GAS PBURB I

~~~I I I ~ I I RES. I PUP I DS I ACES I CES I GAS I LEC. I OIL I BLEC. I GAS ELEC. I
I____ Ia_ 1__Ji _ i1 __J._..-_K I di_ FB I KiH t KSB -_L2]tBS.-1_EBI- GL- -GLI a[RlZU--_._T l R-LAB__l
I JA I 1876.1 13310.1 0.1 4219.1 3156.1 3133.1 1686.1 1686.1 205.1 42.1 145.1 563.1 167.1 42. I
I FEB I 1741.1 10246. 0.1 3330.1 2381.1 2340.1 1338.1 1348.1 164.1 32.1 113.1 516.1 133.1 32. I
1 ar I B909. 09. 32 __92l _ . 3039.1 2039.1: 1978.1 1216. 1231.1 151. ._ 292 _ l..A 559. 12L41 . ..29,

1 PR I 1761. 4,012.1 0.1 1604.1 1091.1 1001. 641.1 647.1 84.1 13. 47.1 502.1 70.1 13.
I TaY I 1678.1 1799.1 1129.1 1089.1 860.1 751.1 398.1 399.1 53.1 129.1 23.1 595.1 4 6.1 129. I
__ i 4811 _ l __0.1 2676L--__72JL--_855. 710.1 211.1 211.1 31. 2ZL __2__ . L___-03- .- 2 A--25 l_92. L

I JUL I 1409.1 0.1 3883.1 814.1 979.1 789.1 350.1 220.1 25.1 423.1 2.1 814.1 23.1 423. I
I AUG I 1351.1 0.1 3419.1 7481. 901.1 732.1 655.1 206.1 25.1 373.1 3.1 748.1 22.1 373. I
I $SBP 1 1327.1 870. 1921.1 819,1 761.1 643.1 394.1 270.1 35. t 212.1 12.1 581.1 31.1 212. 1
I OCT I 1465. 2959.1 0.1 1229.1 869.1 780.1 433.1 443.1 65.1 9. 35.1 416.1 55.1 9.
I No I 1551.1 6739.1 0. . 2303.1 1440.1 1365.1 831.1 854.1 116.1 21.1 76.1 452.1 94.1 21. I

SI DS& C l 2 193..ll__1-2l_.-]2__25 .. 1 1I11_9II .. 4 1_4 49..1 . 51.4,L_.3LL1__1 21 U .__ Lq..j_ _ 1 3l_
AI I LI ro19305.1 60259.1 13029..23.2L_17909.16753, 1 957.1 8934.1 1132.1 1610 .L__.i .l : 973L. 935.1 1610, 1

SYSTIBS FIRST- COSTS _ -O

{ I I CONPOWBTS COSTS S _ .... iLO TOTAI I
I 10 .1 COTVEITIODIIL BLBCTIC S STEBS I__F__gIJ l T 1/C H. .P.1 CONTROL LkILIUARYIW._HE>IhTEI PgCTS I IrNSTAL. I COST. t I
I I (BL. FUR1CBE AND WiMTB BEATER, CBTRABL ACI 310. I 1129. I 48. 1 253. 1 275. I 81. 482. 1 3308. I
I 2 10EAT PUHP WITHI ELEC. RES. WATER HEATER 310. 1 1199. 1 77. I 253. 1 275. 1 843. 1 482. 1 3439. I
I _-/IT Ii - §..P ffSJ5IJEATL _BL BEAT BR L ___-31.*, 1l 1199 1 .77. 1 653b 7 __335_1 __83- 1 582. 1 399. _
L __l _AU]2lI CT I!R 5gX.SI-lS S 9ACESS -· t I , P.BS. I SICB BINl PAEBL IXLTIII. .0AIt DUCTS I lISTALL, TOTAL. 1i
I 4 Iill. ACES, BISN 18.9 13 PANEL= 42.5 a2 I 3500. I 2991. 1 3248. I 710. 1 335. 1 1267. 1 638. 1 12690. 1
I 5 I"ULL ICES. BIl- 39,8 _3 PABL _26.5 i2 l__300. | 4229. C 2349. _l___liL__- 35_. 1 1 2671 1 _- Ll 63A__-1-028t
I _1_ - FSSQl, T!UEL!Lr sTI .... .....I IEBS S&i I /C: I- OSBQOL LIAUXILIkRyIL_-BLAI ._JSS-_ -l. IS1IAlLLI TO.&L-
I 6 IGIS FURNACE, GAS HOT WATEB, CENTRAL AC 745. I 1129. 1 26. 1 376. 1 270. I 811. I 532. 1 3889. I
I 7 (OIL FURNACE, EL. HOT WATER, CENTRAL AC I 690. 1 1129. 1 26. 1 632. 1 275. 1 811. 1 782. 1 4345. I
1 IPUSE GAS FURlNACE GAS 1B, CENTRAIC 1125. -- 1129. 1 26. 1 236. 1 10 I 811. I __50_2__ L l2

|I I I SYSTEH I HAINT. lI & 1ST 1RIR IST TEAR IXCREN. I ENERGY I
1 E1W CONSTRUCTfIOw LTERNATIVES BFFPIC. I PRBBSBT ENEBBGY BBEERG I FIRST I PRESENT _LTE CSILS CQST I

I I I (tCO"P I NORTH I COST SI I I I COST I ORTH I AVERAGE ISARGINAL I
I B10.! -I S I i _ S I $ I I t I ,I ___ ____ I

I IL. FUROACB A1D IATR HEATE R, CBETRAL ICI 1.09 I 914. 1 1040.64 BBE. I REP. 1 19345. 1 23568. 1 37173.
I 2 IHBAT PONP WITHB LEC. RBS. WATER HEATER I 1.44 ( 2162. 1 792.27 1 248.36 1 131. 1 14728. 1 20329. 1 30687. I
1 3 1B1AT POUP, DSUPRBBATERB WATE HBEATER 1 1.54 1 2468. 1 741.17 1 299.47 1 691. 1 13778. 1 20245. 1 29935. I
1 4 1(IB. ACES, BiNs 18.9 83 PANBL= 42.5 82 1 2.69 I 2432. 1 423.42 I 617.22 1 9382. 1 7871. I 22993. 1 28529. I
I 5 IFOLL ACBS, BDI 39.8 83 PAtBL- 26.5 12 I 2.88 I 2432. 1 395.24 I 645.40 I 9720. I 7348. I 22808. I 27975. I

6 IGFS FUB1ACE, GAS HOT WATER. CBRTBAL AC I 2.03 I 889. 1 786.60 1 254.03 1 581. 1 23980. 1 28758. 1 22239. I
I 7 IOIL FURNACE, EL. HOT WATER, CEBBTBL AC I 1.57 914. 1 1119.43 1 -78.79 1 1037. 1 26211. 1 31470. 1 31563. 1
I lP.iU.SGIA ELA GAS .. as a.ES. _cTRL A _I . ^ _ tL _iZL 1 9 78.6. 1 Iz i .J 2 -_fl 120040,1 25^ 1299 OI6.L 1

I- 2Oq.t.212.t196



CHBALESTON, SOUTH CAROLINA

167 SQ B HOME, WELL INSUOLTED EL. ($/KEEH) - 0.0511, 0.0850 PVF - 18.59, 16.48 DESIGN WEATHEB: WINTER SOUMER
DBSIGN HEATING LOAD (WATTS) a 7293. GAS ($/THERB) 0.3685, 0.8150 PUP - 31.67, 16.48 OOTDOOR TEMP. = -3 C 33 C
DESIGN COOLING LOAD (WATTS) - 7502. OIL (S/SLL.) - 1.1900, 1.4600 PCF a 25.25, 16.48 TOTAL/SENSIBLB COOLING = 1.44

-___---____,,___ ___-_-,_ m eaDP...... _E Sc__N_ _____ ____RO____R __
1 1 E-- UIl8Dl$__ -I _ ( ____ SY STE SElsiXrBsQuf C5B _Ig.T .- __ON _ ___ I

WATER I SPACE SPACB (1) (2) (3) 4I (5) I (6 (7) 1 (8)
ONTH H EAT I EAT I COOL I BLEC. I HEAT RHP I IN. I POLL I GAS rALBCl_J__I I fll lAcB_llPLSUS __B l

~I I| I I I RES. I PUP I DS I CES I ACES I GAS I ELBC. I OIL I ELEC. I GAS ELEC.
j-I _ L JJI - I HiJ I -J_-__ fL.I _.1 IR Fl Igy I KWH i iTRUlBS _I__r H! I GAL I KH. B __HEBS I l__KH__1
I JAN I 1618.1 4825.1 0.1 1790.1 1172.1 1071.1 763.1 702.1 92.1 15.1 55.1 465.1 76.1 15. I

FEB 1 1456. 3212.1 0.1 1297.1 923.1 828.1 567.1 509.1 68.1 10.1 38.1 415.1 57.1 10.
L_-_L_-I___-- 1531___260^L_ 94?L__.5IZ2.L___L21,_ 80Q. |, 493.1 44i ._____2- ..__ll____ 11_5.___ 52l__11_l

I PR I 13.1.1 848.1 2154.1 846.1 799.1 674.1 280.1 280.1 35.1 237.1 11.1 613.1 31.1 237. I
I HT 1 1239. 0.1 4346. 818.1 1005.1 821.1 809.1 207.1 23.1 473.1 2.1 818.1 21.1 473. I

I JUN I 1073IL....-- , 621^ 2 . I 8.-122,L_ 1001 1. 1137.1 454,1 18.1 _6. 81__ °. I 978. L__ ,__ 680. I
IJUL I 1034. 0.1 8034.1 1163.1 1475.1 1221.1 1453.1 1491. 17.1 875.1 0.1 1163.1 17.1 875. I

AUG I 1040.1 0.! 7854. 1145.1 1450.1 1202.1 1423.1 1463.1 17.1 856.1 0.1 1145.1 17.1 856.
1 :SE--1 _I i ---- 0 -- 55.Q L 1___I.__90Q __112 JL__LAljAI 1012.1- 1049.1 12 i ___L___L__l.l_ __90i L-____1,sl___ ..--- 6 L

I OCT 1261.1 732.1 2629.1 840.1 830.1 691.1 514.1 547.1 32.1 289.1 10.1 639.1 28.1 289. 1
! NOV I 1368.1 2144. 1099.1 1095.1 829.1 722.1 382.1 353.1 53.1 127.1 26.1 507.1 45.1 127. 1
I DEC I 5£_ 1 6. _1 4440 _ _. 1663J 112,1 10141 692.1 644, 86.1 .. 1 .i _51, J_ _ 444. 1__ 7 11 14. i
I ABOALI 15602,| 18809. 3880.i t 13787.1 12848.L 10960.1 9524.1 8163.1 5[21.1 4l87.J_227.1 8622.1___4.1 _287. !

__ __S_§STI COST i S __ _ _ __ __
1I I IJ-....-. .. .. .Ck ____O R __ E lPSlQ IL.____.CO TS _S___T i TOTAI I

L. l-_oS m -,_! L _ELUITC SIST s II asU ______IPABUBiiu &&, A. .I cfLO L iAXILi!AIL.___E TE__c _Ts_ A LIST-_ iL-iosTA_,_
1 IlL. FURBNCE AND BATER HEATER, CENTBRL ACI 280. 1 1279. 1 48. 1 236. 1 275. 1 907. 1 534. 1 3559. I

I 2 IRBAT POUP RITH ELEC. RES. WATER HEATER I 280. 1 1329. 1 45. 1 236. 1 275. 1 940. 1 534. 1 3639. 1
1 1l3 TM OfiP. .DSUPEBHATEB HATE AT EL I __2e0.I I 2 1329. I 45, I 636. I 335. 940. I _L__6. I 41 _. 1
I I .AIALS C*L] E M EE GBG SIST.ES_JjCESl.___ aCB.L PI CS BINI __tABEL I klII ._ _-EATMi.L_-IHS__I!_N L TOTsLLA $1

4 IIIH. ACES, BIN- 8.0 53 PANELS 3.4 H2 1 3130. I 1892. 1 1058. 1 636. 1 335. 1 1049. 1 534. 1 8634. 1
1_l5 1.LTk-AS. BIBIp39.9 3 PA4EL- 0.0 2H _1_ 130. I 3937. I 0°. _ 636, 1 335,- 1049l .,____4, --1 i532. 1
I | ross IgU Lt'ILS srZft SISTEMS . !- RIcE LI A/c CONTROL A UXILiX I .Ll_ HEEEI _.DCTS =I1 INST-AL. _TOTAXLI.$
I 6 IGAS FURNACE, GAS HOT WATER, CENTRIL AC I T45. 1 1279. I 26. 1 376. 1 270. 1 907. I 584. 1 4187. 1

7 IOIL POURACE, EL. HOT WATER, CENTRAL AC 690. 1 1279. 1 26. 1 632. 1 275. 1 907. 1 834. I 4643. I
I 8 I.....P SB GAS 1RI AC I§S1agEIBk 6Ig----___ l1125 ._a__1Z2 _ _____2 _ 23 . 22.__i__ l____927 L___584_L___I _ 14 _

- S1S---O-______ ___ __________C R BIS _--- ------ ___--___
I I I srsrFEa T I AINT. 1ST YEAR (1ST YEAR I INCEEH. ENEGYI I

NE CONSTRUCTION ALTERNATIVES I EFFIC. PRESENT I ENERG I ENERGY I FIRST I PRESENT I LIFE CYCLE COST
I I I (A:OP) I NORTH I COST I SAVING I COSr I OBRTH I AVERAGE IHAR3IHIL I

1.-.i-~.1 t I -- ;-I-;____. _________11__1 ....l _-.._ t - ----L ... __L_ __L__, 1
I1 IEL. FURNACE AND WATERB HETER, CENTRAL ACI 1.48 9 914. 1 704.39 I REF. I REF. I 13095. 117567. 1 23786. I

2 IHEAT PUMP IITH ELEC. RES. WATER HEtTER I 1.58 1 2162. i 656.42 1 47.97 1 80. 1 12203. 18004. 1 23799. I
3 IHEAT PUoP, DESUPERHEATER WATER HEATER ) 1.86 1 2468. 1 559.93 144.46 1 640. 1 10409. 17076. 1 22019. I
4 INBI. ACES, BINa 8.0 H3 PANEL- 3.4 M2 I 2.14 I 2432. I 486.58 1 217.81 1 5075. 1 9046. 1 20111. 1 24407.
5 IFULL ACES, BIN" 39.9 13 PANEL- 0.0 H2 I 2.49 I 2432. 417.03 I 287.36 i 6062. | 7753. 1 19805. | 23487.

I 6 IGS FURNACE, GAS HOT MATER, CENTRAL AC ) 2.17 1 889. 1 410.89 1 293.50 1 628. 1 10148. 1 15224. 1 18074.
7 IOIL F0RNACE, EL. HOT WATER, CENTRAL AC I 1.73 1 914. I 710.56 1 -6.17 1 1084. 1 15008. 1 20565. 1 23095.

1 6 IPULSB GAS FURBBCE, GAS B. _CETBRAL AC 1 2.34 960. I 385.29 | 319.10 __868. I 9337, I 1472j.1L__ 1 52. I



GREE11ILLE, SOUTH CAROLINA

167 SQ R HONE, BELL INSOLATED BL. ($/KHRB) - 0.0400, 0.0850 PYP - 18.59, 16.48 DESIGN WEATBER: WINTER SUONER
DESIGN HB1TING LOAD (WATTS) * 8499. GAS (S/THERNB - 0.3685, 0.8150 PFP a 31.67, 16.48 OUTDOOR TEHP. = -7 C 34 C
DESIGN COOLIXG LOAD (WATTS) - 6596. JIL (t/SgL.) - 1.1900. 1.4600 PVF - 25.25. 16.48 TOTAL/SENSIBLE COOLING - 1.24

_____.__ _ _DESINI AID PERBORBNANCE_ --_
I BJSIIjNG LOADS _I S -sSTEB EBERGlY COXsgR DPTo ......._____

WATER SPACE SPACE (1) 1 (2) (3) (4) (5) I (6) 1 (7) I (8)
M ONTH I BEAT I EAT COOL B ELEC. BHEAT I HP I IN. FULL I GAS FURNACE I OIL FRBEACE _.P1 LSE GAS FRB. I

I I I RES. POBP I DS CBS I CES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC.
___. .__..__._J_____§__I _..._q__I Ra _ X__ _#H_1_ - a__B iM K8 __KaBH__IBSBH _ __Ii__a I GAL __ .. EL toLA S l {U_ .L

I JAN 1 1735.1 6470.1 0.1 2280.1 1437.1 1330.1 948.1 894.1 116.1 20.1 74.1 503.1 95.1 20.
I FEB I 1563.1 4725.1 0.1 1747.1 1131.1 1040.1 742.1 685.1 90.1 15.1 54.1 449.1 74.I 15.
I HA I 1638.1 3852.1 01.. 1525.1 1049.1 .945,1 643.i 598,1 980. _i12L __45. I 467.1 67.1 _ 12 1
I APR » 1438. 1336. 1 1502.1 935.1 790.1 675.1 334.1 334.1 3.1 168.1 17.1 567.1 38.1 168. I

HAYT 1307.1 0.1 2970.1 686.1 834.1 693.1 195.1 195.1 26.1 324.1 4.I 686.1 22.1 324.
_I- 1-120.__1 i 45-1_ _82S.L 1017..j 933.1. : 878,Lt_ 199.1 19_ l 2 l1 518,L__ ___. i_____ 19J__SlB.L

I JUL I 1070.1 0.1 6434.1 998.1 1248.1 1021.1 1175.1 218.1 18.1 701.1 0.1 998.1 18.1 701.
I AUG 5 1075.1 0.1 6244. 979.1 1221.1 997.1 1143.1 1206.1 18.1 680.1 0.1 979.1 18.1 680. I
I SEP 1 1128.1 0.1 3868.1 735.1 897.1 735.1 727.1 778.1 20.1 421 1 2.1 735.1__ 19.1 421. 1
1 OCT 1 1324. 1043.1 1300.1 799.1 690.1 600.1 270.1 329.1 37.1 145.1 14.1 513.1 33.1 145. 1

I NOTV 1450.1 3004.1 0.1 1237.1 876.1 786.1 488.1 450.1 66.1 10.1 36.1 412.1 55.1 10. I
L __DcE1J_ _1hl __-5926l __._ L_ 2105.L__L 2 _ 12 26.1 .857.1 825 I__ _o_ .L___1.l__ §1 2__ ..... i__ 1._
.L.N~iAL 16501, 1 26357.1 __i 2.q12 2 -855*_1S12s1. 2 1 0880.1 6712 __ 63 303 __7 5431 3033. 1

__* . __ _l F_.S OSTS________TSMI FI8ST COSTS___
II ! CON1PO BETS COSTS. S _:: TOTAL I

I Ho. I coIYIXg OEAI L E!CTRIC SYSTERS IS . A NIT A/Cs C. tH.P CONTROL I XLIAXILIBI LgHEAZiLp DUCTS I INSTALN.1I COST. t_
I1 IEL. BURNACE AiD WATER HEATER, CENTRAL ACI 280. 1 1129. 1 48. 1 236. 1 275. I 811. i 534. 1 3313. |

I 2 IREAT POUP rITH ELEC. RES. iATBR HEATER 5 280. I 1199. 1 45. 1 236. 1 275. 843. 534. 3412.
L_3 L_FAS^._lUe_DBS.QPBRE§ RSE gTEER RATIR __L___aAat 1 1__ 99 1 45. 1 6__ 36. i _335. 1 843. 1 _634. 1 3972. 1
L_-l.ALL LcL ___ss -AgsL IB_ P.I TCB BIN I PAlEL AUXILIARYIN. HEATERI DUCTS I LaSTAL 1 SJOAL. $I

4 lIffr. ACES, BDIN 10.2 B3 PAntEL 6.3 -2 I 3130. i 2146. I 1219. 5 636. | 335. 5 1049. 1 534. i 9049. |

i 5 tLOtL ACFESB. BI 63LO Pi3_PaE_ 0 0_2-__L__3130. . 5153. 1 O._ L __ __6. L____35,_1 _ 1.49_1________10.tL_
JL_ OSSIL FUEflKI-PsD_ ST ..5____ _l FUSA I __A/C I CONTROL IAUXILIUARYI. HEITERI UOCTS I IHSTIAN! . T_2a L. t1

1 6 IGAS FURNACE, GAS HOT IATER, CENTRAL AC I 745. 1 1129. 1 26. 1 376. 1 270. 1 811. 1 584. 1 3941. 1
5 7 (OIL PERNACE, EL. HOT WATER, CENTRAL AC 690. I 1129. 5 26. I 632. 1 275. 811. 1 834. 1 4397. 1
1 8 I PLSE GAS PURN1CE. ES H.._ CETiAL_ C__ 1125L_L_ 1129. 1 __ __ 216. 3._ I __ Z70. I 8 .____ L i 584._ I 4181. 1

.... SYST~E~s PARISsOm
I S I SYSTEI I NAINT. l1ST YEAR 11ST YEAR I INCREN. I ENERGY
I NBE CONSTRUCTION ALTERNATIVES EFFIC. PRSET EG G FIST PESENT EEG EEGY T I LIFE CYCLE COST

5I I 5!~~ I (ACOP) HORTH COST I SAVING I COST I OBRTH I AVERAGE IHAEGINAL I
I__ __ - _ P9 I .... J. $ ! $ __ A ..._ __I___L__L.__1[___J.

1 IEL. FORNACB AND WATER HRATER, CENTRIL ACI 1.31 1 914. 1 594.96 t RBF. I BEF. 5 11060. 1 15287. 1 25037.
1 2 I1EAT POUP WITH ELEC. RES. WATER HEATER t 1.55 I 2162. 5 501.39 1 93.56 1 99. 1 9321. 1 14895. 1 23111.

3 RBEIT PUOP, DESUPEREBATER WATER HEATER 1.79 I 2468. 5 435.75 1 159.20 5 659. 1 8101. 14540. 1 21681.
4 INI. ACES, BIN- 10.2 13 PANBL- 6.3 H2 2.31 5 2432. 1 336.42 1 258.54 1 5736. 1 6254. 1 17735. 5 23248.
5 IFOLL ACES, BIBN 63.0 13 PANEL» 0.0 82 2.89 1 2432. 5 268.80 1 326.15 7523. 1 4997. 5 18266. 1 22670.
6 IGAS FURNACE, GAS OT WATBR, CETRAL iC 2.09 5 889. 1 356.91 1 238.04 1 628. 1 9715. 114545. 1 17660.
7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC 1.63 1 914. I 678.66 1 -83.70 1 1084. I 15104. 5 20416. I 23535.

1 8 IPULSE GAS FURNACE, GAS RH. CEINTRAL AC .I 2.33 1 960. 1 321.57 I 273.39 1 868. I 8595. 1 13737._L 1668.L_

6- P`6



SUOTER, SOUTH CAROLINA

167 SQ HOBBE, BBEL INSULATED EL. (S/KRHB) - 0.0507, 0.0850 PWF - 18.59, 16.48 DESIGN WEATHER: WINTER SUNOEB

DESIGN REATIIG LOAD (WATTS) * 7687. GAS ($/TREeB!)- 0.3685, 0.8150 PUP - 31.67, 16.48 OUTDOOR TEMP. = -5 C 34 C

DESIGN COOLING LOAD (WATTS) - 7301. OIL ($/gAL.) a 1.1900, 1.4600 PUF - 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.29

DESIGNAWD PBRFORNANCE
I BUI-LDING LOADS I S YSTE R E- _RGY _cowsIPX O ._
I WATER I SPACE SPACE (11) (2) 1 (3) (4) (5) I (6) (7) 1 (8)

MOTH I HEAT I HEAT T COOL I ELEC. I HEAT I HP I BIl. I FULL _ GAS IFO CE _ OIL TFoRNACB .JPULQS GAS tOr. I

I l I I RES.I PUMP I DS I ACES I ACES I GS I ELEC. I OIL ELEC. GAS I ELEC. I

I l./-___U ._- -__ 1 __ _ ___ I K I_ TIBt_-_L K BU__ L G& L _L K RH ITE -S_L__f -L_ _
I JAN 1658.1 5061.1 0.1 1866.1 1224.1 1122.1 789.1 732.1 96.1 16.1 58.1 477.1 79.1 16. I

EeB 1491.1 3627.1 0.1 1422.1 967.1 877.1 616.1 558.1 74.1 11.1 42.1 426.1 62.1 11.

PI "by 156h1. _289_g! __ 6iel8 1287.1 -Q2.L__9 522, 471 7L__4L1__. 512.1 551-7___3 _. 1t
I APR I 1370. 912.1 1964.1 848.1 783.1 659.1 287.1 287.1 36.1 217.1 12.1 597.1 32.1 217. I

I BAY 1 1245.1 0.1 4133.1 796.1 974.1 792.1 630.1 205.1 23.1 450.1 2.1 796.1 21.1 450. I

1__.J 1J 1068 1- _- -i ~--_52- 1 -.-. 6-1__L __, 1072.1- 2 _10 1 4 18-A - -- 9 -1 --- 1 -! _ l
1

I JUL I 1023.1 0.1 7322.1 1082.1 1367.1 1121.1 1328.1 1372.1 17.1 798.1 0.1 1082.1 17.1 798. I

I AUG I 1030.1 0.1 7196.1 1070.1 1350.1 1109.1 1308.1 1352.1 17.1 784.1 0.1 1070.1 17.1 784. I

I SP I 10831 .I 8040. 1 . 824.1 1020. Q1 830.1 889.1 930,1 19.1 523.J 1,1i 824- 1 18_.1- 523. -
OCT I 1271.1 732.1 2039.1 779.1 745.1 627.1 411.1 447.1 32.1 224.1 10.1 577.1 29.1 224. I

NOV I 1390.1 2036.1 874.1 1047.1 783.1 687.1 375.1 344.1 52.1 102.1 25.1 488.1 44.1 102.

I £EZ__! I_ 1If_12. _ 4475.1 .L 1 682lLt 111.LLL ,l10a2 1 700. 1 651s1___il .. ___14 j -_52L _ 531__ _2a1 ._ A

LAMI/&L . JI 1966.1 ~ 34_84_ 6 391ii9A22_1l l7__ -1 13 1 __?LG_3 _858 -L 23.I--__82 -IA___463L 3858. 1

- _- - -- ,-_ -------- - -_ -_--- - - - -___ _2 _Th^LSt COSS_______ _---;-- - ____-- _- _T- --

I mI mI _ _ _-_ _sQ--eTS cqs---. s TI,_-- .. _ JI TOTA I

I a.QI .OVl!HIs _LLEYcSlTTSrMS .____ L ... I CoTL I 11AUL AI gHC T S INSTALN.[I co S I
I 1 L. FURNACE AND WATER HEATER, CETBRAL ACI 280. ) 1279. ) 48. I 236. | 275. I 907. I 534. I 3559.

I 2 IHEAT PUMP WITH LEC. RES. WAT5 R HEATER 280. I 1329. I 45. I 236. | 275. I 940. 1 534. I 3639. I

1 3 iBET PXBP, DESUP R ITEB A__ 2I* __ 13 --L.s- 1636._1_ 35. 1 _, I Q. 636 A__ iL. I 4 - i19.-t_1
±L- I ifl i3B_ ; ISg I NI£I ,^ P I JSLPIL. 1 flf-l IA1& M1 e I .pg . .CT! 1 __IkST_ l lT1 4SL

1 4 ImHI. ICES, BIN- 8.3 H3 PIBEI- 4.4 H2 I 3130. 1 1944. 1 1112. 1 636. 1 335. 1 1049. I 534. 1 8740-

g1 5 1FL _ . BI_ -_43.0 B PJAL-g- 0. S 31 30, 1 4164 .1 _ 0. 636. I 325L. __L1 2_I ____5 _.L 2a4_ I

1 I FOSSI …gEL…_r RD STYRslts....L_ .ffI& _. _ -- Q :£ ~E9-L I-& -iLLLAALaL- - tTEL- _ - .ET-s __- - li& f LtTOT IL L

( 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 745. 1 1279. 26. I 376. 270. 907. 1 584. 4187.

( 7 IOlL FURNACE, EL. HOT WATER, CENTRAL AC 1 690. 1 1279. I 26. I 632. 1 275. 1 907. 1 834. I 4643. 1

l__lPRI_-9SfAsUtCL E G -S NVu, CaTBiAL _C i 1L2t I 1 1279. 1 26. 1 236J______1QSl- 907, I___8--- 4.I--IL-A

___SSTh_ _f__iTSOBS _______ § - _…

I I ) SYSTEM I MAlINT. i1ST YEAR liST YEAR I INCREn. I ERERGY I
I EW CONSTRUCTION ALTERNATIVES FFIC. I PRESENT I ENERGY I ENERGY I FIRST I PRESENT I _LUt£I £QStI__--

I | I (ACOP I NORTH I COST I SAVING I COST I IORTH I AVERAGE SIARINAL I

IBL. FURNACE AND WATER HEATR, CENTRAL A C - 23579. I
IE. FURNCE ID WATE BBHTB~R, CBiTBAL ACI 1.43 1 9 691. 69178 E. BRE. BF12860. 1 1733 2379

2 IHEAT POUP WITH ELEC. RES. WATER HEATER 1.57 1 2162. 628.88 ) 62.90 1 80. 1 11691. 1 17492. 23169.

3 IREAT PUMP, DESOPIRHBATER WATEB TER BTE 1.84 I 2468. 537.46 154.33 640. 9991. 16658. 21510.

4 BlIN. ACES, Bll- 8.3 H3 PANEL- 4.4 82 I 2.19 1 2432. I 452.76 239.02 1 5181. I 8417. I 19589. 23676. I

5 IFOLL ACES, BIN- 43.8 H3 PANEL- 0.0 H2 I 2.58 1 2432. I 384.10 1 307.68 1 6289. 1 7140. 1 19420. 22888.

6 IGAS PFRNACE, GAS HOT WATER, CENTBAL AC I 2.15 1 889. 1 393.07 1 298.72 1 628. I 9889. 1 14965. 17675. I

1 7 IOIL FBNACE, L. HOT WATER, CBeNTRL A= 1.70 ) 914. 1 700.71 I -8.93 I 1084. I 14910. I 20467. 22817. I

-L 9LR-fi]-t cB_. GAS HW._Si.NtEAL AC i .3 l 960. I 366. 17 I 325.61 I ... it. I _9037. I m2- 1__12921 05_



HOBON, SOUTH DAKOTA

167 SQ I H01N, WELL INSOLATED iL. ($/KIII) - 0.0620, 0.0850 PII - 18.59, 16.48 DESI1G WBATHER: WINTEB SOUMER
DESIGI H2ETING LOAD (WATTS) a 16703. GAS ($/THBBH)- 0.3702, 0.8150 PUF - 31.67, 16.48 OUTDOOR TEMP. = -27 C 34 C
DESIGN COOLING LOAD (lATTS) - 5787. OIL (S/GUL.) - 1.0600, 1.4600 PIF - 25.25, 16.48 TOTAL/SEBSIBLE COOLING - 1.10

DSIG__ID__RP_____N________ _DB__S__GI MAlD PRFQHAECB_
I J.__.-MHBUTL___Dwg9LLOADS II______________________

I aTE I SPACE I SPACE (1) (2) 1 (3) ('4) I (5) (6) I (7) 1 (8) I
HOITH I HEAT I AT I COOL I ELEC. IHBAT I Bp I A. I LL I GAS FORNACE I OIL FBRNACE _gLS GAS FB. I

~I ~~ I I I ~ I RES. I PP I DS CES I ACES I GAS I ELEC. I OIL I BLEC. I GAS I ELEC. I
_J.__ _ _n._ l I HJ.JI Rt- _ _1L__§lBl l -tH I RIIH H l a z_ SJLX__lg___ AL _I__lliQLSl-i_ MU _]
I JAH I 1793.1 20546.1 0.1 6206.1 5332.1 5317.1 2447.1 2447.1 298.1 65.1 223.1 563.1 239.1 65. I
I FEB I 1693.1 15674.1 0.1 4825.1 3951.1 3915.1 1908.1 1920.1 234.1 50.1 171.1 520.1 188.1 50. 1

t B 1926.1 12310.1 0.1 3955.1 2859.1 2776.1 1562. 1572.1 196. 39_ 1 137.-1 5741l 157.1 39. 1
I APB I 1863.1 5866.1 0.1 2147. 1452.1 1330.1 848. 852.1 112.1 19.1 68.1 536.1 91.1 19. I

I BAY 1 1871.1 2446.1 1370.1 1349.1 1040.1 905.1 492.1 493.1 66.1 157.1 31.1 677.1 56.1 157. I
ila._ 1_1_ 2 L____i - __.--32fiJLL_ j3l,1 fl8-18.fi___ .-1_ 247L1 37.J1 .sL____ -a . ..L Lq. ___19&l___ 55,_i
I JL 1 1677.1 0.1 5022.1 1013.1 1229.1 991.1 443.1 268.1 31.1 547.1 3.1 1013.1 28.1 547.

I AUG 1 1587.1 0.1 4672. 950.1 1156.1 937.1 887.1 252.1 30.1 509.1 3.1 950.1 26.1 509. I
I HlE I 149.1 1617.1 203 .l1 4 I Q j 92t.1 779.1 426.1 33 I ..... 2271 22.1 641 41.1 227. 1
I OCT I 1541. 4512.1 0.1 1682.1 1158.1 1040.1 577.1 584.1 89.1 14.1 54.1 442.1 72.1 14. I
I OT 1 1543.1 10748.1 0.1 3414.1 2353.1 2269.1 1176.1 1194.1 170.1 34.1 120.1 463.1 135.1 34.

lAl~iAtA ~2ffin9, 2_90286 §_165~.~1t37230^1_26476U_255? 12?7l TfJIZQ.1 IS5gil .aP&2 - !P-^,!| 2068, |I JIULI I ... J0A 4 I I72.-L 163&1 . j022§8_21..A- 2.9.20L._,gi_22lLh i_]25. 068. i

__-_„___ _-_ Sus 19as5 sss _X'-I§--- -FIRST cos- -- _
_I I __I _____I COPOBET? COSTS. L_, ...._ _____ TOTAL I

I 0.I__. COICyNMOL ELCTIC SSTS_ IFAR UNIT IL/C. .P.11, CO0TROL AUILII IIHBIL_.HBE I DOCTS I INSTALI. I COST, I
I1 IBL. FURNACE AND AXTBE HEATER, CENTRAL ACI 350. 1 1129. 1 48. 1 305. 1 275. 1 811. 1 482. I 3400. 1

I 2 IHEAT PUMP WITH ELEC. RES. ATER BBATER I 350. I 1199. I 77. 1 305. 1 275. 1 843. 1 482. 1 3531.
L3 IRE&TlPUIIP. D ESPAAIJTBRB I T T EaT E.1RLlR. _ L _ __ 1199. 77._. . .8, ___582I _L 4 tAXL_J
I lAa iL SL- 'Ia_BsiI-j 1ASTEBS-_ABSCES _I Er .LL _g;..aI__NEL IA XILILXI _s^ltr i - gXSl I ISSA1fI .l_-ZAl 1J
I 4 IIR. ACBS, BIN- 27.7 B3 PAIEL-115.1 B2* I 4000. I 3811. I 7309. I 830. I 335. I 1520. 1 638. I 18442.*|
-. _LIjp LL A EgS , If- 49.3 a3 Pgai_-j§ ff 2_ 1 4000. 1 4996. 1 4367. I 830. i 315- 1 12iQ,_ 1. .__63._I_ §6_1
I 1 FOSSIL-. ]EL .IBED 1ST!MS --- _ _ -- 2fiEI LL _AS-JL- Sffit IAUal:Ia-Ll._iAZSHL.E CL.e I IeBST&L. &AI JTaL ._.I
I 6 G16S FURiNCE, GAS HOT iLTER, CENTRAL AC I 15. 1 1129. 1 26. I 376. I 270. 811. I 532. I 3959. I
I 7 IOIL FOBUNCE, EL. HOT WATEB, CENTRAL AC I 720. 1 1129. 1 26. 1 632. 1 275. 1 811. I 782. 1 4375. I
L-I QLEugIte alrt!sFARC. Gk S HIWlrc TRAL AC I l .1125.I J tl129. ......1 26. I L216. I___2ZOL,_---I 1 _ .532 1 ._ 1 .. 2

________________ §___,.r» JOPlIRI=IS ___________________---------
I I I SYSTEB I Hi:NT. 1IST YEA1 lIST TYAR I INCREM. I ENERG I I
I I BNE CONSTRUCTIOS ALTERNATIVES I EFFIC. I PEBSBET ENRGY I ENERGBGY I FIRST I PRESENT JLiE.-. CtL[L] QST fI
I I I (&COP) I NORTH I COST I SAVING I COST I WORT AVERAGE INARGINAL I
1IO.I I I I: I I 1 f I 1 _ I $ I
I1 IBL. FURNBCE AND WATEB HEATER, CBWTRAL ACI 1.08 I 914. 1 2015.89 I REF. I REF. I37475. 41790. 49882. 1

2 IEBBT POUP WITH ELBC. RES. WATER HEATER I 1.33 1 2162. 1 1640.69 I 375.20 1 131. 1 30500. 36193. 1 42780.
1 3 IHEAT PUMP, DISUPEBRBATER WlATH HEATER I 1.41 1 2468. 1 1552.89 1 463.00 1 691. 1 28868. 35427. 1 41661.

4 1lXf. ACES, BIl- 27.7 13 PANIL-115.1 12 1 2.72 1 2432. 1 802.96 1 1212.93 1 15042. 1 14927. 1 35801.*l 39025.
I 5 IFULL ACBS, BIN- 49.3 13 PANIL- 62.5 12 1 2.91 2432. 1 751.08 1 1264.80 1 13286. 1 13963. 1 33081.*1 36096.
1 6 16AS FBN1ACB, GAS HOT iATER, CBETRAL AC I 2.04 1 U89. 1 704.82 1 1311.07 I 559. 1 20645. 1 25493. 1 28667.
I 7 IOIL FURPICB, EL. HOT iATEB, CENTRAL AC I 1.63 I 914. 1 1562.97 1 452.92 1 975. I 36273. 1 41562. 1 40722.
I 8 IPLBLS1-GASB FIBLNACE .GS NH. CENTIL IC I 2.46 1 960. I 694.38 I 1421.51 . 729.I 17148. I 222al _.L__ 290l.

*BiGLAZED PANIL EXCBEDS A PRACTICAL SIZE, AN iLTERNATIVE SUPPLBHIENT&RI BEAT SOOBCE SaOULD BE USED IN THIS DESIGN.

*I. t



. i

RAPID CITI, SOUTH DAKOTA

167 SQ H HONE, WELL INSULATED EL. (S/K«HB) - 0.0583, 0.0850 PP - 18.59. 16.48 DESIGN HEATHER: HINTER SUMBER

DESIGN HEATING LOaD (W1TTS) - 14950. GAS ($/THERB)- 0.3702, 0.8150 PUP - 31.67, 16.48 OUTDOOR TEBP. - -23 C 33 C

DESIGN COOLIIG LOAD (HATTS) - 5087. OIL (S/GAL.) - 1.0600. 1.4600 PUP - 25.25, 16.48 TOTAL/SEnSIBLE COOLING 5 1.00

.]_D lIgBgaliFORACE-------------------------
II _I niTL P _s_1~.i_-"I ...: ___________ = aISTl AIg C-gTI I
I WATER SPCSPACI sPAC I (1) 1 (2) (31 (4) (5) I (6) (7) I (8) l

I HOEe I HBtT I HEAT I C03L I ELEC. I HEAT I HP I HIB. I POLL I _ii§_ZE-- Q I C -IOQL- IRMSLALeS-ISASEBaL-

I I I I I BBS. I PUBP I DS I ACBS I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC.
____ _ i____I l__ U I NH K INI _ B I KI H I - WHIH ITRHli Ul_ I _-__l 6AL I KWH ITIHERS I WE IJ

I JA I 1838.1 14565.1 0.1 4557.1 3578.1 3518.1 1829.1 1829.1 222.1 46.1 158.1 557.1 179.1 46.

5 BED B 1726.1 12053.1 0.1 3828.1 2938.1 2881.1 1544.1 1544.1 187.1 38.1 131. 518.1 152.1 38. I

L l^l_l_ 1930. L_1Q_1stl__,t _...,La__~62.1 2q65.1 t, ?! L96.t^___ , 19. 17t1_..32..1 t__ 11 .__5173 i___12 --1-__ 3._L
I APR I 1821. 1 5841.1 0.1 2128.1 1389.1 1270.1 858.1 865.1 110.1 18.1 66.1 524.1 90.1 18. I

BI H I 1776.1 2377.1 1099.1 1273.1 958.1 838.1 475.1 477.1 63.1 127.1 29.1 621.1 54.1 127.

_J l 59 555 i L 880.I 732. 2825 L__2i8 35.1 -- 5.1 _L, 38.1 3 ,--J-2 25,
I JoL I 1523.1 0.1 4029.1 862.1 1029.1 837.1 235.1 235.1 27.1 439.1 1.1 862.1 25.1 439.

I OAG l 1442.1 0.1 4154.1 853.1 1040.1 853.1 788.1 228.1 27.1 453.1 3.1 853.1 24.1 453.

L_ ~_ : :lZL _ ._.2_ 20xLt__2..3 1_Z ?L_ 8?D.-7Qj_ 738.1 4201. I 31qL__,I ---.l___ 2j2.l___l. 6§,.L___Z~1,. 2271

I OCT I 1477.1 3515.1 853.1 1480.1 1019.1 903.1 501.1 506.1 74.1 104.1 41.1 514.1 60.1 104. 1

I NOV 5 1530.1 9128.1 0.1 2961.1 2004.1 1917.1 1066.1 1098.1 148.1 29.1 101. 454.1 118. 29.

I DEC i 1714.1 12415.1 0lI 3925.1 290] t L 2,27.I 1538. 1551.15- 193.1 39.1 I 155.1 39.

.q97§], I 7 q. I 1.6 10932.11 1_ 7242. I - IJ !'-8.29,1 810.I 73!6.t__10 _1 .22-I1

_I I L. E__sIBS _ C1OS_ __ 1_COMPONNTS CO __ ___ _TOTAL I

fAi.lm cQJ~iEP]TOl L__~IiL _ alg !± _ hLs L Df t I/C. & e.l C.TSIZmL I &lA AlLT] LH^Us It _LtZU. TitL I tsIBAL ICO I ST,_L
I 1 IBL. PURNACE AND WATER HEATER, CElT]RL ACI 310. 1 1129. 1 48. 1 253. I 275. 1 811. 482. 1 3308. 1

1 2 IHEAT PUoP WITH BLEC. RES. ATEB HEATER I 310. 1 1199. I 77. I 253. I 275. 843. 482. 3439.

1 3 lIEAT PUaP, DESUPREHATgI WateR HEATER I 310. 1 1199, I 77. 1 653.T 1 1 431___ 52L 39

I I AJNNUL CYCLE ENERGY S I YSZfiAlLCEL. _ __L.CL. _I. I BZ I KAIIL' I 1IILIIIII N E&T DI I__l_;nST.II I
I 4 IHI1. ACES, BIi- 20.4 13 PANEL- 24.7 i2 I 4000. 1 3246. I 2246. I 830. 5 335. I 1520. 1 638. 1 12815. I

I.._ LLLACESI. .BIl_ 39J.4 13 PAEL 1 18 2 1 4q90.0___U76. I 1916. 1 830. I 335, 4 1520. 1 638. I 1.414. 1
I ... FOSSIL FUEL F_1IRD S YSTE 9__ ___ I!laCE Ain I CONTEOL IaUXLLIAEYtI. AeTAEI CTLS I IX.STALN, j.Q1 _J Si

1 6 IGAS FURNACE, GAS HOT 4ATER, CENTRAL AC I 775. I 1129. 1 26. 1 376. I 270. 1 811. I 532. I 3919. 1

l 7 IOIL FURNACE, EL. HOT WATES, CENTRAL IC I 690. I 1129. I 26. I 632. 5 275. l 811. I 782. 4345.

__ lPaiSA 25ALSE GA TURN£5AC _1. I -GAS BCEfTRI&C I 12 i 1129. _ 26. 1 236. 1 ___ .t .-_- t.l 1___ 532. 1 4129. t

I---I :SYSTJ E I R-lTi .l iST YEaR lST YEA^R INCR__. I ENERGY II

I NEW CONSTRUCTION ALTERBB TIVES I BFFIC. I PRESBET I ENERGY ENERGY I FIRST PBESENT l LIFE CICLg COST I

5 5 I (ACOP) I NORTH I COST I SAlING I COST I WORTH I AVERAGE 1NABGITAL I
0 ~ 1_ _ ____ _ -J____-___ __ _ _ _ _ __1_=___ 1 _I--__-_ I I

I1 IBL. FURNACiE AD WATER HEATERB CENTRIL ACl 1.09 5 914. 1585.05 I REF. I BEF. I 29466. I 33688. 5 42333.

2 IHEAT POUP WITH BLEC. BBS. WATER HBeTE BB 1.41 l 2162. 1227.54 1 357.51 l 131. 22820. 28421. 35116.

3 lHEAT PULP, DESUPBRHBETER WATER HEATER I 1.51 I 2468. 1147.06 1 437.99 1 691. I 21324. I 27791. I 34047.

4 JIIN. ACBS, BI-3 20.4 13 PANEL- 24.7 H2 2.72 1 2432. 636.89 1 948.17 1 9506. 1 11840. 1 27086. 1 30560. 1

5 IIFLL ACES, BIB- 39.4 B3 PANEL- 18.8 2 I 2.87 2432. 602.23 l 982.82 1 10306. 5 11196. 5 27242. 5 30527.

6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 2.04 889. 588.25 1 996.80 I 611. 1 17236. I 22044. I 24846.

7 lOIL FURNBCE, EL. HOT WATER, CBBTRAL AC 1.61 914. 1284.72 1 300.34 I 1037. 1 29600. 34860. 34994.

8- IPULSE GAS GBBCB, GaS HBY C TBLC 42 1 2 A2 960. I 501.43 1-1083.63 1 821, 1 14486T 1 19575. -_I2219771,



BBISTOL, TENIB SSEI

167 SQ0 BHOn, WBLL INSULATED EL. (S/KsBB) - 0.0378, 0.0850 PUQ - 18.59, 16.48 DBSIGI WiTBBER: IINTBR SOUBBE
DISIGIN HBTIIG LOAD (IATTS) - 10372. GAS (S/THBRI)- 0.3685, 0.8150 PVl - 31.67, 16.48 OUTDOOR TEBP. - -12 C 32 C
DBSIGN COOLING LOAD (WATTS) - 5487. OIL (St/UL.) - 1.1900, 1.4600 PIP - 25.25, 16.48 TOTAL/SBBSIBLE COOLING - 1.15

_9_ _____________________DBXGI6B UUBAND PBERPOQHANCE
I _BlI1�L.O __gDS I SYSTlD B Y_________BilU-COsBII--
I TER ISPAC I SPAC I (1) I (2 I (3) I (4) I (51 I (6) 1 (7) I (8) I

I ORTH I HEAT I HEAT I COOL I ELBC. I HBT I P I BI. I FULL 1- :GS FURHACB I OIL FIBHACB lE.. tS GAS FUBi. I
~I JI ~ I ~ I I RES. I PUPI DS I ACBS I ACES I GAS I ELEC. I OIL I BLEC. I GAS I LBC. I

L__ ...... _ __L_ S_ , | wiLlTlJ !__1[I_ GAL I E Lts sa
I JAN I 1842.1 8384.1 0.1 2841.1 1839.1 1740.1 1169.1 1169.1 142.1 27.1 94.1 538.1 116.1 27.
I FEB I 1658.1 57418. 0.1 2057.1 1356.1 1268.1 858.1 870.1 105.1 18.1 65.1 479.1 86.1 18. I
I A I 1735. __5106. I 0. 1 1901.1 1265.1 1163. I 786.1 828.1 98.i _---.J11 59.l 498-.1 1.l 16,
I PR 1520.1 2173.1 1101. 1 1146.1 875.1 763.1 428.1 537.1 56.1 127.1 27.1 549.1 47.1 127. I
I AT I 1377.1 569. 2581.1 822.1 834.1 689.1 259.1 259.1 31.1 283.1 8.1 666.1 29.1 283. I
_ _gp 1 1 178.1 _0.1 38111__ 745.1 __ 903L 731,1 589.-1 _I122.1 ,21.1 411; _ 1.1. -2 .-__2!.r-L__ L 417. 1

JUL I 1125.1 0.1 5142.1 873.1 1074.1 873.1 950.1 205.1 19.1 560.1 0.1 873.1 19.1 560. I
I OG I 1131.1 0.1 4794.1 837.1 1025.1 837.1 891.1 201.1 19.1 522.1 0.1 837.1 19.1 522. I
I SBP I 1191.1 0.1 3175.1 677,1_ 8_311 680.1 607.1 184.1 24.l 346.1 4.1 677.1 -- 20.1 46. 1
I OCT I 1402.1 1647.1 1209.1 979.1 783.1 678.1 314.1 432.1 47.1 137.1 21.1 526.1 40.1 137. I

I NOT 1538.1 4389.1 0.1 1647.1 1096.1 1001.1 623.1 680.1 85.1 14.1 51.1 441.1 70.1 14. I
iM__L) 12a I_23 _7. ..I 0.1l 2625._14j 9.L_17,1 10 54. l 1089.6_ .__! a,____24. 6. 17.- 511_1 ,l_4I._--2i. 1.

|--_ Li_ 17..51.1 35713.1 2182-17,.718.1 183617.1 12060.1 8528.1_ 6646.1 777.1 2492,1 417.. _7349.l _ 654,1 2492. 1

____ _____ _____________________SSTISTS FiRST COSTS-
I I .I ·... _COUPO__ElTS COSTS. S_ ' TOTAL I

I O. CORVIlTIOIL BELCTlIC SYSTEIIBS _IIgT II/C, H .P. I CONTROL IAUXILIABRTl Za..HTIIl S DICTS I I NSTALlN. COST,
I1 EL. FURNACEB lD ATER HBATER, CENTRAL ACI 310. I 1129. I 48. I 253. I 275. 1 811. 482. 3308.
I 2 IHEAT PU!P WITH ELEC. RES. IATER HEBTER I 310. 1 1199. 1 77. 1 253. 1 275. 1 843. 1 482. 3439.
IL_,_1ii^T:_, P { BS..._.ABK{ LTEB HEATB I _10.. 1199 77, I 6543. 582. 1 3999, 1

_ C. .I A CiUAL gLLJIILTST ST as (ACBS) I C. P.l ICE BIN I PAHItL AXILIARXIN. HEAThtI DUCTS I 1.i A&LLI, .tQA L. I
I 4 IiT. ACES, BIE- 12.7 13 PAlNEL 11.8 12 1 3500. I 2449. 1527. I 710. I 335. 1267. 638. 1 10426.

5 IFULL ACES. BIN- 79.8 13 PABl 0L.0 B2__ __. 00, 1 6045, _ 0. I 710_ 1.. . 1____267. ____ __12496,
I_ 1 LSt INTOL A.Z IMTIiL SISTT_; _L..SLt___ I :_=._._ Qi -E1MBl ..&aU aiL _Bl ASi IBSl &L f l T ,L_.i
I 6 IG1S tURACE, GAS NOT WATBR, CENTRL AC 745. I 1129. I 26. I 376 2. 811. 1 532. 1 3889.

7 IOIL FURBACE, EL. HOT WATBR, CBETRBAL C 690. I 1129. 1 26. I 632. I 275. I 811. I 782. I 4345. I
I 8 IPtULS GAS FURNACE. GAS NW. CETRAL AC I 1129. 26. 1 236. 1 270, 1 811. 1 _L_ 12 1

-_-___ __-- -____ __-_ __-_-RHPISOS _ __ __ _ --- _---------
I SYSTE I HAINT. I 1ST YEAR I1ST YEAR I INCREN. I ENERGY I I

I I W CONSTRUCTION ALTBERTIVES I sFFIC. I PBBSENT I ENERGY I ENERGY I FIBST I PBESENT "InIiCZ.BQ CaQ I
I I I (ACOP) I WORTH I COST I SAVING I COST I NORTH I AVERAGE I(BRINRAL I
i Q. I _ I $ I $ a I _ I SI t I_ $_ I

I1 |IBL. TOURACE AND WATER HEATER, CENTRAL ACI 1.21 I 914. 1 648.87 REP. I REF. I 12062. I 16285. I 28243. I
1 2 (l8ET PUMP WITH ILEC. BBS. WATER HBATER 1 1.53 I 2162. 1 515.27 1 133.60 1 131. 1 9579. I 15180. 24676. I
I 3 IHBAT PUP, DBSOPHBBEATBR WATEB HBIATBE 1.73 I 2468. I 456.36 1 192.50 1 691. I 8484. I 14951. I 23361. I

4 IMIN. ACES, BIN- 12.7 83 PANBL- 11.8 52 I 2.44 2432. I 322.70 I 326.17 I 7118. I 5999. I 18857. I 24804. I
I5 IFULL ACBS, BIN- 79.8 13 PANEL- 0.0 02 1 3.13 1 2432. I 251.49 1 397.38 1 9188. 1 4675. 1 19603. 1 24238. I

6 IGAS FURNACE, GAS HOT WATER, CENTRAL. AC 2.07 889. 1 380.78 1 268.09 I 581. 1 10826. 1 15604. 1 18711. I
7 lOtL FUOBACE, EL. HOT IATER, CENTRAL AC I 1.60 I 914. 1 773.42 1 -124.56 1 1037. 1 17679. 1 22939. 1 25563. I

_ l.ULS!a G f.CSZLL GS BW. S CENTaML AC .J_.__2_2.35 I 960. 1 335.35 1 313.52 1__ Sl_, 1 9387, , 14477. 1 17366, |



KNOXVILLE, TENNESSEE

167 SQ R BOME, WILL INSULATED EL. ($/KWBR) - 0.0378, 0.0850 PWF - 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER
DESIGN EAkTING LOID (WATTS) " 9529. GAS ($/THEBH)" 0.3667, 0.8150 PUP = 31.67, 16.48 OUTDOOR TEMP. = -10 C 33 C
DESIGN6B COOLING LOID (WATTS) - 6783. OIL (S/GiL.) - 1.1700, 1.4600 PaP - 25.25, 16.48 TOTAL/SENSIBLE COOLING 5 1.26

_ _____ _______I_ ,YO _____ _________________ ___ _
I I.__gUfL1iiQA_ LDs _ I _ -- S---T I_s3iQIo .. Q...___P___ -__
I I TER I SPICE I SPACE I (1) ( 2)1) (3) 1 (41 I (5) 1 (6) I (7) 1 (8) I

MOTH I HEAT I NHET I COOL I ELEC. I BEAT I HP I HKI. I FULL I GAS FURQLtCL _J_1 ItgEJZiRA.t_ ULkS Gis L.

I I I I I RES. I PURP I DS I ACES ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC. I
JI ._. J I fI.J I nJ__i9B . 1. _ WlL . I KWH I KUH llITHERIS II Kl . I GAL I FIR iTHEHaS I KwH I
I JAN I 1808.1 9071.1 0.1 3022.1 1909.1 1790.1 1220.1 1185.1 151.1 29.1 101.1 531.1 123.1 29. I
I TEB I 1625.1 5345.1 0.1 1936.1 1288.1 1203.1 801.1 759.1 99.1 17.1 61.1 468.1 81.1 17. I

lEI -i__16 14.9,1 t 46112.1 0.1 1752.1 1114.1 1008.1 716.1 687.1 91.1 15.11 54. 4 85 .1 751 I 15, .
AI PR I 1475.1 1220.1 1079.1 866.1 726.1 632.1 322.1 319.1 42.1 121.1 16.1 531.1 37.1 121. I

I HIT I 1327.1 0.1 2552.1 647.1 793.1 636.1 191.1 191.1 27.1 278.1 5.1 647.1 22.1 278. I
I Joy I 1128.1 0.I 4__198, I 803.1 __995.1 7?961 679.1_ 196.1 21.____i1 49__ 20...1.]2~__3 __ 9LJ__4.qsi
I JUL I 1074.1 0.1 6120.1 965.1 1203.1 966.1 1123.1 214.1 18.1 667.1 0.1 965.1 18.1 667. I
I AUG I 1084.1 0.4 6145.1 971.1 1209.1 962.1 1130.1 465.1 18.1 669.1 0.1 971.1 18.1 669. I
I 52_- 115 __ O. 3I O33 91 6Q0.1 821. 647.1 633.1 689 .1 21.1 360.1 2.1 680t1 19.1 ,360. 1
I OCT I 1364.1 1192.1 903.1 808.1 662.1 578.1 291.1 283.1 40.1 102.1 16.1 481.1 35.1 102. I

OI T 1 1505.1 3658.1 0.1 1434.1 930.1 84117.1 541.1 521.1 75.1 12.1 44.1 430.1 62.1 12. I
! DC I 1721.1 709L221j_ _0.1 244Q.L -1552.1_1439.1 985.1 960.1 1241 -____2 L___Q.L_ I _2-i ___IIQ -L___-22. I

ll ti 16955.31 390._ 24615 13. 1320 2.1 1153.1 8631.1 6470L__2LL_j831_ 1A__7 i ____i 21l_2 i

___..________ __ _M FIRST COSTS__
I I -______________WBP9NBHT<?S~gI _Q I ... _. C___STS_, I TOTAL I
I !QdS h DISgI -kia&M ThC-SLSIJs&STES __I __ g jaT IvC. H.P. I COSBTOIL I kmtLI II-_B&ITRIL- DUCTS I1 S T l C.£QOST, I
I 1 18L. FURNACE ARD WATR HEATER, CENTRAL ACI 280. I 1279. 1 48. I 236. 1 275. 1 907. 1 534. 1 3559. I
I 2 IHEAT POUP WITH ELEC. RES. IATEB HEATER I 280. I 1199. 1 45. I 236. 1 275. I 843. 1 534. 1 3412. 1
I W tiEIT POOP P,.S.lfPhAIB NATI1.Jg_.... | 1199, I AS. 45 __ 3_.____I _ 5- 1....35 83 1 39i72_I_.. i
L- I _._amlgfflL criLE _ ]ng. .sT~lt ~Cigs __JL-fl.a. J ! , .I..,t_ - I _g&fL. I U.XI;&E&XIg-A.Ei l _.png. 5L.LIL__ l_ _ I H WTAL~_t_
1 4 ImIN. ACES, BIN- 13.5 33 PANEL- 14.6 32 1 3130. 1 2464. 1 1684. I 636. 1 335. I 1049. 1 534. 1 9832. 1

_2 IflLLtCzS. BIIB- 76.14 3 PAEL 1 313_. 3L, 1 5839 . 1 636. 1 335. 1 1049o_____5 l_l__ll52.l.
I I FOSSIL fiL] EPDSl SYSTElS .___ _ _ E2A AUEL._ /C _I_SJiQItQL l.,LLtUL_,jl Bj__QT _ _1iSTLiALII._ToTAEL&_.i
I 6 |IGS PURNAICE, GAS HOT WATER, CENTRAL AC I 745. I 1279. I 26. I 376. 1 270. I 907. | 584. 1 4187. 1
I 7 lOlL fURNACE, EL. HO? WATER, CENTRAL AC 1 690. I 1279. I 26. 1 632. 1 275. I 907. | 834. 1 4643. 1
IiLalgQLSES] 6i._ ACEg . .B G S HS_,_CBlTB.L AC I 1125, 1 1279. 1 26. 1 236, 1 270, 1 907. 1 584. 1 4427L.

I I 1 SYSTEM I BilNT. I1ST YEAR 1ST YEAR I INCRH. I ENRGY I
I I BNE COSTRUBBCTION ALTBRNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY I FIRST I PRESENT 1__LfI.XLX.~ E ST ..i
I I I (&COP) I WORTH 1 COST I SAVING I COST I WORTH I AVERAGE IHARGINAL
jI N0&__ _ 1 I i_ S t_ ! S I $ I S , L t I

I 1L. FURNACE ABD EATER HEATER, CENTRAL ACI 1.25 I 914. I 618.05 1 REF. I REF. I 11490. 1 15962. 1 27353. 1
I 2 IHEAT PUMP WITH ELEC. RES. WATER HEATER I 1.55 I 2162. I 499.55 I 118.50 I -147. I 9287. 1 14861. 24067.

3 IHEit POUP, DESUPERHEATER WATER HITBER I 1.78 I 2468. 1 435.26 1 182.79 1 413. | 8091. I 14531. 22553.
4 IIN. ACES, BIN- 13.5 H3 PANEL- 14.6 32 5 2.37 1 2432. I 326.61 1 291.44 1 6273. I 6072. I 18336. 1 24355. I
I5 IFLL ACES, BIR- 76.4 H3 PANEL, 0.0 32 1 3.17 I 2432. I 244.83 I 373.22 I 7964. 1 4551. I 18506. I 23018. l

I 6 IGAS OURNACE, G&S HOT WATER, CENTRAL AC I 2.07 1 889. I 371.88 I 246.17 I 628. I 10400. 1 15476. 1 18738. 1
I 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC I 1.61 I 914. 1 729.83 5 -111.78 I 1084. I 16540. I 22097. I 25231. 1
ALaLItg]f-gL§siAgi.]BiAs&_Bg!- aBA~i_._i___-ta I 960. I 328-99_L^iij_ .... isij. - 90142i.-I_.1.2442 II 17478, i



BIePHIS, TBIENSSEB

167 SQ aH BHO , BULL INSOLATED EB. (S/KII8) a 0.0388, 0.0850 PWP - 18.59, 16.48 DESIGNB BETHER: WINTER SUSEBB
DESIGI HBATING LOAD (ATTS) * 9497. GAS ($/THEBRI 0.3550, 0.8150 PIF - 31.67, 16.48 OUTDOOR TBMP. - -10 C 36 C
DBSI6G COOLING LOAD (WATTS) - 7637. OIL (S/GIL.) - 1.1700, 1.4600 PWe - 25.25, 16.48 TOTAL/SBESIBLE COOLING - 1.33

-_-____n~ m___::C-- .- ^ 3DEaIgN D IPBRFORHA CE

I I WATER I SPCEI SPCE I sP1) I (2) I (3)1 (4) I (5) I (6)) I (7)
I rOUTH I HBT I HET I COOL I LC HT I. II FULL I GI P _ 1 OIL 0giMACBiS-lffi

I RS. I PUP I DS I ACE S C S IS I LEC. I OIL I BLC. I GAS I ELC. I
1 _.I..J.1 .._ xi I J..2 I !JA - - i. K-MLH i i.AH.N I KIH- ITHERSIJ .S I GAL± I 1 iTHERSS I KH I

I ilk I 1763.1 8215.1 0.1 2772.1 1788.1 1679.1 1142.1 1087.1 138.1 26.1 92.1 516.1 113.1 26.

i FEE I 1586.1 5368.1 0.1 1932.1 1254.1 1162.1 816.1 758.1 98.1 17.1 61.1 458.1 81.1 17. I

I APR I 1428.1 1191.1 1679.1 910.1 794.1 675.1 320.1 320.1 . 187--- . 15.1 -583.1 36.1 187. 1

I NAT I 1271.1 0.1 4026.1 792.1 977.1 797.1 343.1 206.1 25.1 439.1 4.1 792.1 21.1 439. I
I JUN I 10671____ - . 1 600 5.1 95.1 1186.-1_.268.1 1099,! 211.1 18.1 _il, I 0 l 950. 1.1 654. 1
I JUL I 1005.1 0.1 8292.1 1182.1 1505.1 1259.1 1503.1 571.1 17.1 903.1 0.1 1182.1 17.1 903. i

I ObG I 1013.1 0.1 7826.1 1134.1 1438.1 1203.1 1424.1 1489.1 17.1 853.1 0.1 1134.1 17.1 853. I

I OCT I 1299.1 1067.1 2253.1 903.1 -82.1 696.1 455.1 506.1 37.1 249.1 14.1 610.1 32.1 249. I

I NOT 1 1449.1 3637.1 0.l 1413.1 975.1 877.1 550.1 513.1 74.1 12.1 43.1 414.1 61.1 12.

I o ~I !670. i 6222 l . _LIL_ 19S_ 1 32 81 1279,J 1 898.1 860.1 11.1. 20. L____.LL__..AL49 L. .iL 20
I A11NUAI 16280.372..1l290, I 3 2 I 116578.1 !21 .1..2392.1 10101.1 8089.1 677.1 3 893, I 3481 8816.1 57J. ,[-I 693,_/

-_ -- __-__aa^STISTIHS FIRST -�-COSTS _-�---
ii -_ _ _ - CO__IMW IPO jIEIS.TS CO"T - jj--IA l TOTAL I

I 1.1 CONVEINTIONAL LECTRIC SSTRS :__.. COTROL I 1UIL1AB]RL,_Hs27dL.__DQSI'~ MNLIJ L C°ST
I 1 IEH. FURNACE AND ATER HBATER, CENTRAL ACI 280. I 1279. I 48. 1 236. 1 275. I 907. 1 534. 1 3559. 1

I 2 IEAT PUlP WITH ELEC. RES. ITER HEATER I 280. 1329. 45. 236. 275. 940. 534. 3639.
L_3_A~;.AT:~TQL_ Dss. ~]L~LET~BfT [ W~l[ ]LL__ 80.K " 1329. I 45At 63&6 1i___5 _940. 1 634. 1 4t99. 1

I 4 IHig .i ACE1SB1-1.8HL-. 
j2: I 13.4I 4 IIW. ACES, BIN 12.4 53 PANEL- 7.3 52 1 3130. 1 2377. 1 1277. 1 636. 1 335. 1 1049. 1 534. I 9337. I

I _ IFULL Es, Bl-I 70.I2 I j3 PAisL -0.0 2-_1 1.13°0. 1 5554 . - iL. I , ---- 3 I& 1049 1 _ 53U1.L
i__LJ.1q O LlLh n s .. I-..- I I AC I I/C I ATHTROL IAOXXLXARYIUA2EP. k__Dg~ I XgiULL. Lh_1L

6 IGAS FURNACE, GAS HOT ATER, CENTRAL AC I 745. 1279. I 26. I 376. I 270. 907. I 584. I 4187. I

I 7 OIL FURNACE. EL. HOT ATER, CENTBRL C I 690. I 1279. I 26. 632. I 275. I 907. I 834. I 4643. I

1 8 IPULSE GAS FURRlCa GAS BH. CENTRAL C 1 -1125, I 1279- . 26 236. 1 270- I 97 _ _n

- _ ---I I -I SYSTEB I HAI^T. 15T YEAR iST I~EA I INCHRE. EHNERGY
I I EIe CONSTRUCTION ALTERNATIVES I BFFIC. I PRESENT I EERGT I BEBBGY I FIRST I PRESENT L_LIESIISLE CQ2ST

; I I (ACOaP I BORTH I COST I sATING I COST I WORTH I AVERAGE ISARGINAL I
I 110. I- I I s . I $ I W I S I ._ S I S I

I 1 OBL. FUHBAC! IBD WI2 B HEATER, CENTRAL AI 1.36 1 914. 643.07 EP. I EF 11955. 1 16428. 27696.
1 2 RlBIT PUMP WITH ELEC. RES. TIeR HBEATER 1.58 1 2162. 551.35 1 91.72 I 80. 10250. I 16050. 25711. I

I 3 IHBAT PUMP, DESoPBEBEATER WATER BEATER 1.81 I 2468. 480.70 1 162.371 640. I 8936. I 15603. 24026. I

I 4 llIl. ACES, BIN- 12.4 53 PANEL- 7.3 H2 2.22 I 2432. 391.81 I 251.26 i 5778. I 7284. I 19053. 25919. i

I5 IFULL ACES, BIl- 70.2 53 PANEL- 0.0 2 I 2.78 1 2432. I 313.78 1 329.29 I 7679. I 5833. I 19503. 25001.

I 6 IAS TURNACE, GAS HOT 1ATER, CENTRAL AC I 2.14 I 889. I 391.42 1 251.65 I 628. I 10421. 1 15497. I19625.
1 7 OL FURNACE, EL. HOT ATER, CENTRAL AC I 1.71 1 914. I 733.43 1 -90.36 1 1084. 16345. I 21902. 25715.

__ lE.iZ. ILZi grNCEi, wG S N. I 2.lAI_6._1 _._A_.iz L _l __. 54 -l..1 .I- 92257.A: I 2 l.4..4 1_Q I 8_S-1451.



ASHVIILLE, TENNESSEE

167 SQ HR HOE, WELL INSULATED EL. ($/KSHRIB 0.0369, 0.0850 POP = 18.59, 16.48 DESIGN IEATHEE: WINTER SUMMER
DESIGN HEATING LOAD (ATTS) - 10354. GAS (S/THERB)- 0.3550. 0.8150 P]F - 31.67, 16.48 OUTDOOR TEIP. = -12 C 35 C
DESIGN COOLING LOAD (WATTS) - 6806. OIL (S/GAL.) - 1.1700, 1.4600 PWF - 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.24

3 --…-ILB2i!PfIia hR-lIOAB .- 1- __. . S__- _ _{_B5--X1- .OIEcoHS . fl..I.. ..____ ---- _..---1.
I WATER I SPCE I SPICE I (1) I (2) I (3) (4) I (5) 1 (6) 1 (7) 1 (8) I

MONTH I HEAT I HET I COOL I BLEC. I HEAT HP I HIN. I FULL I GAS FUBNACE __ _QIJIHBAC_ _IEULSE SAS Ffip._
~I I 31.PI I I RES. I POP I DS I ACBS I ACES I GAS I ELEC. I OIL | ELEC. I GAS I ELEC. |

1 _ I RJ I NJ I aJ-__ 1 KW_ H -1- H l J r H I I uH I KBH ITHBERS I KWH I GAL 1__ RWH ITHERMS I -_fW I
JI N I 1821.1 8959.4 0.1 2995.1 2000.1 1900.1 1232.1 1174.1 149.1 28.1 100.1 534.1 122.1 28. I

3 FEB I 1639.1 6399.1 0.1 2233.1 1477.1 1393.1 934.1 876.1 113.1 20.1 72.1 475.1 92.1 20. 1
La lQ 12__iZ2tL__-9__.1 _87 4..__!_- _1829 L. __2Q4 l_!JO 1Ll 757.1 7.L___2L1,- 1 5 .... 5,L___ 56i-_ 490 L--___ 78---15.l
I APBR 1487.1 1709.1 1369.1 1037.1 837.1 721.1 371.1 368.1 49.1 155.1 21.1 568.1 42.1 155. 1
I RAY 1 1333.1 0.1 3207.1 720.1 902.1 744.1 201.1 201.1 29.1 349.1 7.1 720.1 22.1 349. I
1 JPN I 1tI128l L.. - O 4972 1_ 8551_ _1056ISL__86 921.1 _201t ____ _52l__ 1, I 855.1 19. __92 1

JUL 3 1069. 0.1 6490.1 1004.1 1258. 1035.1 1188.1 219. 18.1 707.1 0.I 1004. 18.1 707. 1
1 AUG I 1076. 0.1 6114.1 965.1 1205. 992.1 1124.1 459.1 18.1 666.1 0. 965.1 18.1 666. I
_sE_ I 1113. 1 _ .__ 323_ ___l46 2Z___22_ L_ 763.i ._1_ ---. __ __L_l 4,--___746Ei .._____i -... 19___428._£

OCT 1 1361.1 1612.1 1583.1 998.1 821.1 702.1 304.1 390.1 45.1 178.1 21.1 556.1 39.1 178. 1
NOV I 1507.1 4163.1 0.1 1575.1 1072.1 978.1 601.1 572.1 82.1 13.1 48.1 432.1 67.1 13. 1
PDEC I 1728.1 7294.1 __ 2506.1 628.1 1536.1 1017.1 983.1 126.1 23_1 82.1 503,1__ 103,1 23. 1

1IAa.t l !92 10jU,__2 I01 27666. 1 17463.1389. 1 12732.1 9390.1 69611 76551 _125i_412. 784818. _ 0__ 3125.

__ _ _ .. ___._ sTsES _.lRST_COSTS ____ _ _-- -- -_-_-_ __ __ ______-___ --
I I _E____________NT COSTS. _________------- TOTAL I
_L-Ol-__C£QNV NIQRSot LEgTeI£cis EB.S_______ gN qj T WC. BIP.LS ILIUTIIISSIgILL -HQ rs L- g -LI a^NI-acST-I -i

I 1 IEL. FURNACE AND WATER BEATER, CENTRAL LCI 310. 1 1279. 1 48. 1 253. 1 275. 1 907. 1 534. 1 3606. 1
1 2 IHEAT POUP WITH ELEC. RES. WATER HEATER 3 310. 1 1199. 1 77. 1 253. 1 275. 1 843. I 534. 1 3491. 1
1 l31 T PoUP. DESOPERHE TER ATE TEE_ _ ___310. 1 1199, I 77, 1 653. I 335. I___1L _ _.1_..6___.1_ 4i51.-_
1- I Ml ANNUL__tCLB EnERGY STSrEs--_.( .L_ .___ icBC|L_ _ I-BIL-_-&E_ lAUXLLATli_.-t__aE6TL_-_2Crs__ l_iNSTiLNL_.TOTL_i

14 BII. ACES, BDIN 13.4 13 PANEL- 11.1 12 3500. 1 2500. 1 1487. 1 710. 1 335. 1 1267. | 638. 1 10438. 1
I 5_i FOLL _CES. BI _8_R.86 13 PANEL CO0_.L2 1 3500. I 6079. 1 0._i 710. 1 335. __1I67. __6.38. _ 112530._ L
I tI foSSlga_l3SEE D STel§ls I-LcE A/c i CONTROL LHAXIILIAB_ ̂BHIAIUM Ducrs i ISTAL- LTOTAL, _ 1
1 6 IGAS FURNACE, GAS HCT WATER, CENTRAL AC 3 745. 1 1279. 1 26. 1 376. 1 270. 1 907. 1 584. 1 4187. 1

I 7 IOIL FURNACE, EL. HOT HATER, CENTRAL AC 1 690. 1 1279. 1 26. i 632. 1 275. 1 907. 1 834. 1 4643. 1
I _- lPLSls 2_QINACELGAS H,._cEs.-TEL_.A __ 1__ 1125_l 1279. 1 ..... _ 6,_1___2i-_ _ 9207.___ _584. 4_427,

-____ __________S_ STE. COHPARISONS _____
3 3 I SYSTEM I SAINT. lIST YEARB IST YEA I INCBEN. I ENERGY I

NEBBW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY I FIEST I PRESENT LJ__I.E CLECOST I
I 1 3 (ACOP) I 8ORTH i COST I SAVING I COST I WORTH | AVERAGE JIARGItAL I

l-- _------I i__ ---- --- ... __- -- ___1__ _ ______....... _ . .--_--- __-i---_-
1 EL. FURNACE AND WATER HEATER, CENTRAL ACI 1.27 1 914. 1 644.38 1 REF. I REF. I 11979. 1 16499. 1 28982.

1 2 IHEAT PUCP WITH ELEC. RES. HATTB HEATER 1.54 1 2162. 1 530.96 1 113. 43 1 -115. 1 9870. 1 15523. 1 25809.
3 IHEAT POMP, DESUPERBHETER HATER HEATER 1 1.74 1 2468. 1 469.80 1 174.58 1 445. 1 8734. 1 15252. 1 24353.
4 1 LIN. ACES, BIN- 13.4 13 PANEL- 11.1 82 1 2.36 1 2432. 1 346.49 1 297.89 1 6832. I 6441. 19311. 1 26023.
5 IFULL ACES, BIN- 80.6 R3 PANEL- 0.0 H2 1 3.18 1 2432. 1 256.99 1 387.40 1 8924. 1 4777. 1 19739. 1 24717.

1 6 IGAS FURNACE, GAS HOT WATER, CENTIRL AC 1 2.09 1 889. 1 386.93 1 257.46 1 581. 1 10746. 1 15822. 1 19730. 1
1 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC 1 1.64 1 914. 1 771.93 1 -127.54 1 1037. 1 17563.-1 23119. 1 26469. 1
I 8 |tIPtS GSiS rfUOEaC GRS R. _CBKOTPBLAC-_ I 2.36 1 960. 1 342.35 ! 302.04 1 821, | 9334. 1 _1472I._1_ 18_j51._L



EL PASO, TEXIS

167 SQ DOEhB NELL INSOLATED BL. (S/KWlB) - 0.0725, 0.0850 PFP - 18.59, 16.48 DESIGN WEATHER: WINTER SUBBER

DESIGN BHRTIBG LOAD (WATTS) - 8077. GAS (S/THERH - 0.3550. 0.8150 PRF - 31.67, 16.48 OUTDOOR TERP. * -6 C 37 C

DBSIGN COOLING LOAD (IATTS) - 5996. OIL (/GAL.) - 1.1700, 1.4600 PWF - 25.25. 16.48 TOTtL/SBESIBLB COOLING - 1.00

ULDING OBSI D N- IDp P.R OR1CE S-STE RG CO SO - -- - -1

I WATER SPACE I SPACE I (1) I (2) (31 () ! (5) I (6) 5 (7 1 (_8) I

I MONTH I HEAT I BEAT I COOL I ELEC. I BEAT I HP I NIE. I FULL I - AS FLU&]__L_ OIL FURNACE IPOLSE GALS UR.N I

I I I I I RES. I P!P I DS I ACES I ACES I GS I BLEC. I OIL I ELEC. I GS IELC. I

I ___I--!.. HJ L __N___L__JL__L-K.H_# I YL L.H_ I WflKE I T HE IKI& ___L G& LLL_ L L..I L_ J IL__ ... L.A L

I JA 1683.1 5518.1 0.1 2001.1 1310.1 1207.1 843.1 785.1 102.1 17.1 62.1 485.1 84.1 17. 1

I FE I 1502.1 3914.1 0.I 1505.1 1043.1 942.1 649.1 590.1 78.1 12.1 45.1 430.1 65.1 12. 1

1! N 1_ 1552.1 2734.1 12qhl 1326,1_ 900,1 850. 505-1 48S.1 63.1 144.1 33.1 575,J_ 54.1 1,4. 1

I APR I 1338.1 956.1 2638. 925.1 879.1 723.1 298.1 298.1 36.1 290.1 13.1 662.1 32.1 290. 1

I BAY I 1191.1 0.1 4331.1 803.1 994. 816.1 807.1 201.1 23. 472.1 3.1 803.1 20.1 472. 1

m: Ii2__4J_ __177.1 6___ _ _I 675. I

I JOL I 963.1 0.1 6330.1 957.1 1203.1 1009.1 1156.1 1205.1 16.1 690.1 0.1 957.1 16.1 690.

1 AG I 984.1 0.1 592».1 919.1 1149.1 961.1 1086.1 1138.1 16.1 645.1 0.1 919.1 16.1 645.

I 11SEP I 059._.. 0.1 4546.1 790.1 97h- l .. 800. 1 805.1 892.1 18o.. .1 9j __1_ 790.1 i 8.1 2495, l

I OCT I 1271. 752.1 2793.1 866.1 858.5 712.1 544.l 585. 32. 307.1 11. 660. 29.1 307.

I NOT I 1408.1 3373.1 752.1 1410.1 963.1 849.1 522.1 494. 70.1 93.1 39.1 484.1 58.1 93. 1

IIucI 1. 112ALf!S 12 .I -A 8 I 609j.j I Ai:i8. _ I... 197. 1239.! 1130,,I 7 6.1 7/56.1..iIZL I 9j. _ ._~.1. I A L.1jA l7. I
5_ _. __§_S_9__ S.l1#382.1 J12785, U__000 91S70.l 79.L_] , 267.1 -182L-_ _ 9 3857. t

-------------- _I I IS I I-- I CO__PO NUT fOi-_ I TOTAL I 00
I DIQNITIO5I i I _UZ T liLa. .. 1t/C HPI CONLTROL IAUXILIARYTI. HEATERI DUCTS L iNSTALNE, COST. S I

I IL. FURNCE AND WATER HEATER, CENTRAL ACI 280. I 1129. I 48. I 236. R 275. 811B. ^ 482. 1 3261. 1

2 IHBAT PBBP WITH ELBC. RES. WATER HEATER I 280. 1 1199. 1 45. 1 236. 1 275. 1 843. 1 482. 1 3360. 1

L IIATLE R I __80 I 1199. I 66 I 1§L_--___5. I 8,, i ___ N2. DS-11 
220 I

I_1L_ _! y SyST S __.C _ E1Q1- IC BII -PANE1 L I&TZLIJAEILHI&TII DUCT -_I_ STLVL SAP-2 ,Z
1 4 INSN. ACES. BISI 8.9 13 PANEL 3.5 32 1 3130. 1 2018. I 1060. 1 636. 1 335. I 1049. 1 534. 1 8762.

1 5 FUOLL ACES. DIg! q48,.5 03 P&NLBL 0.0 12 I 31306 1 4424 1 0. 1 636 . 335 1049. 53L_1_ 10. tl
i _ FOSSIL FruE PREDL .. _AC A/C COTROL AjL L2 DLT -i Ll OTAL,

1 6 IGS FmRNACE, GAS NOT >ATRa, CENTRAL AC ?745. 1 1129. 26. 1 376. 1 270. 1 811. 1 532. 1 3889. 1

7 IOIL FUROlACc EL. HOf »ATER. CENTRAL AC 690. 1 1129. 26. 632. 275. 811. 782. 4345.

1__ILJ2ILSEi GAS AC GAS CENTRL C I 1125. I 1129. 1 260. 36. I 270. 11o I 532, I j29. 1

l----- I S7j-Y--- - - IST2 l SAINT. l-ST TEAR 1ST YEAR I INCRBE. I ENER8GY l

BNi COBSTRUCTION ALTERNATIVES I BFFIC. I PRESET I ENERGY IENERGY I FIRST I PRESENT JI.LZ CICLECQjT I

I l I (ACOP) I WORTH I COST I SAVING I COST I WORTH l AVERAGE ISlRGINAL I

IJQ*1 EO.__ I____- 1 -$ , I L-.A L i I $ I I _

I- IL. FURNACE AID IATER HEATER, CENTRAL AC 1.41 ; 914. i 1042.41 l RBF. I REF. 5 19378. 23554. 24322.

1 2 IBBET PUMP WITH BLEC. RES. WATR HEATR I 1.58 1 2162. 1 926.69 I 115.72 1 99. 17227. 1 22749. 1 23432. I

1 3 1BEIT PUP, DESUPRHEBATER ATER HEATER I 1.84 5 2468. 1 797.85 1 244.56 1 659. 1 14832. 1 21220. 1 21808. 1

l 4 tSI. ACES, BI- 8.9 53 PANEL- 3.5 12 2.21 2432. 664.65 1 377.76 5500. l 12356. 23550. 2 24339. l

5 IFULL ACES, BIR- 48.5 B3 PAIEL- 0.0 12 2.57 l 2432. l 571.45 1470.96 1 6847. 10623. l 23164. l 23584. I

1 6 IGAS TF lCE, GAS HOT ATER, CENTRAL AC I 2.15 1 889. 481.70 1 560.71 628. 11599. 1 16377. I 17829. 1

I 7 lOlL FORACE. L. OT WATER. CENTRAL IC 1.71 914. 1 905.13 1 137.28 1 1084. 1 18905. 24 164 . I 23139. 1

/lI~aG|S FURNACE GAS HI efTBAL IC I 2.35 I 960,. 453.15 | 589,26 1 _86L 1 10695. 1 15784., 17060. I



EL PASO, TEXAS

167 SQ DOUH, IIBLL INSOLITED EL. ($/KWRI) - 0.0725, 0.0850 PYF - 18.59, 16.48 DESI61 WEATBER: WINTER SUOHER
DBSIGNI BATING LOD (WlTTS) u 8077. GAS ($/THREBMI 0.3550, 0.8150 PiP - 31.67, 16.48 OUTDOOR TEMP. = -6 C 37 C
DESIGN COOLING LOAD (WATTS) - 5996. OIL (S/OAL.) 1.1700, 1.4600 PUP " 25.25, 16.48 TOTIL/SENSIBLB COOLING - 1.00

______ _____P__--_ _____DESI__GR N-AND PBERFORANCEiRT C
I U9]LDX!OADS --.Li__ . . .... -- GI | rae SYBS (N j (5) STR (6) CO7U 8PTION)

I 5 WATER I SPIC! I SPICE I (1) (21 < (31 (4» I (5) I (6) 1 (7t I (8) I
MONTH I HEAT I BEAT COOL I ELBC. I EnAT I HP I INX. I FYLL I GAS FlOIAp L __1 OIL FURNmACE .IPULBS GAS URoN. I

I I I3 .RERS. I PUIP I DS I ACBS I ACBS I GAS BLEC. t OIL I ELBC. | GAS I ELBC. I
1 __. .I e -___.__ 4_ -- jL--i-- - I K_ _L-_ - I K! .I- ._ ITHBUi I HB__!]S ILL :A.HE ITEeL I K:HRI L_1
I JAR I 1683.1 5518.1 0.1 2001.1 1310. 1207.1 843.1 785.1 102.1 17.1 62.1 485.1 84.1 17. I

I EDB I 1502.1 3914.1 0.1 1505.1 1043.1 942. 649.1 590.1 78.1 12.1 45.1 430. 65.1 12.
I BfR I 1552 27304.1 12411 ^3261 980,1 850.1 505. 485. 63.1 144.1 33.1 575AJ_ 54.1 144. 1

1 PR I 1338.1 956.1 2638.1 925.1 879.1 723.1 298.1 298.1 36.1 290.1 13.1 662.1 32.1 290. 1
I BTA I 1191.1 0. 4331.1 803.1 994. 816.1 807.1 201.1 23.1 472.1 3.1 803.1 20.1 472. I

l_ _ L__IlQl___L - L. L__2; 6 1__S3.l 55,1-U_2Z. _ , I . . _12 .6__2 ,__._ _955. i___ 12__I675. I
JUL 963.1 0.1 6330.1 957.1 1203.1. 1009.1 1156.1 1205.1 16.1 690. 0.1 957.1 16.1 690.
AUG I 984.1 0.1 5924.1 919.1 1149.1 961.1 1086.1 1138.1 16.1 645.1 0.1 919. 16.1 645.

I SEP .I__!059.-L o.I 4546.1 790.1 9711, ,_ l80 85.1 892.1 18.1 _95.J____ 1- 790.1 18.1 495. I
OCT I 127 1. 752.1 2793.1 866.1 858. 712. 544.I 585. 32. 307. 11.1 660.1 29.1 307.

I NOV 1408.1 3373.1 752.1 1410.1 963.1 849.1 522.1 494.1 70.1 93.1 39.1 484.1 58.1 93. 1
_I.E _ 629.1 3. .__5 ___ -. 1- 2 12229. i 1130l 786.1 756.1 98.1 17|L__1__6il__14i___ t_17. i

L.A]JIUJ568__.L 22575-_ 34749.1 14382.1 12785. i11008.1 9170.1 7884.J_.56itJL .L385871267.882L . ! _91 3857. I

___________-_iSTs_8BS FIRST COSTS ______________
I I I_ ._.._ COgS;1POuT sL2sSi_ C, -_ _. 2__- i TITAL I
L_ 1-OL-L__coL TIONAL _EsETBIS S§TIs 1lA NIT !I/C. H.P.I CO HTOL SlAqXLLBLITI. HATEBR DJOCTS I IISTAIIwi COST. S I

1 IEL. PFORNCE AND IWATR RBTERB, CENTRABL CI 280. 1 1129. 1 48. 1 236. 1 275. 1 811. 1 482. 1 3261. 1
2 I BEAT PUP WITH BLBC. RES. WATIR HEATER B 280. 1 1199. s45. 1 236. 1 275. 1 843. 1 482. 1 3360. 1

1 3 IHBAT IPUMP DSUPERIBBR ATB A!TBR HETEB I -,80. 1I 1199. 1 45.. 1 636.. _.___5. ... ... .. __8. . 20 I1
L __.t.Alt-aL _jeRGT S§TsSjsS C§___BB_ I ICE. ,_ BiN P> iNEL I A&aM]ZSLAR BI Eg TBB _ DCTS_ IMIN 2AaLL2_2lA_-L

4 IlIR. &CES, BINs 8.9 13 PANEL, 3.5 12 I 3130. I 2018. 1 1060. 1 636. 1 335. 1 1049. 1 534. 1 8762. 1
1 5 ItULL ACES. BINf 48.5 ! 3 PINL. 0.0 K2 1 3130. 1 4424. 1 0. t1 636. t| 35. 1 1049. 1 ._53._AIQ108J I
I l I FOSSI.L oWL FTIRD SISTasE __ ..... _ B nI L L cIe L . I iIACONTROL LSIL I &BL EA I lI I A DUTS I-I.L S TEtkL,._.
1 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 745. I 1129. 1 26. 1 376. 1 270. 1 811. 1 532. 1 3889. I

1 7 1OIL FORWiCE, EL. HOT WATER, CENTRAL AC I 690. I 1129. I 26. 1 632. 1 275. 1 811. 1 782. 1 4345. 1
JlPLMSBE GAiS FURBACia, 6S H.L CrlErT BL ACI I 1125, 1 1129. 1 26. 1 236. 1 270. I .811. 5i32. 1 4129. 1

_______E IoTXPr>B;SOB§_Q. ___ _________ ___ ___________
I I I STSTESa HAINT. I1ST TIBB 1IST YEBB I CBEA. I ENERGY I

I BEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I EERG I FIRST I PRESET .IF B CTLLO C2T:LI
I I I (ACOP) I ORTH I COST I SAVIG I COST I WORTH I AVERGE IMARGINAL I

BJQL - I_________ I _ __ iI.. L_ & ._.. I I . I S I
I 1EL. OFUIRAC AND WTR HEATEBR, CERTRAL ACI 1.41 1 914. I 1042.41 B REF. I REF. I 19378. 1 23554. I 24322. I

1 2 IREAT PUMP WITH ELEC. RES. WATER UEATER 1.58 1 2162. 1 926.69 1 115.72 1 99. I 17227. I 22749. I 23432. I
1 3 IlBAT POHP, DBSUPERIkTER WATEB HEATR I 1.84 I 2468. 1 797.85 1 244.56 1 659. 1 14832. I 21220. I 21808. I
1 4 Illl. tCBS, BIl- 8.9 H3 PAEL- 3.5 82 I 2.21 1 2432. 1 664.65 1 377.76 1 5500. I 12356. i 23550. I 243039. I

5I IFULL ACES, BDI 48.5 13 PINEL- 0.0 12 1 2.57 I 2432. I 571.45 I 470.96 I 6847. I 10623. I 23164. I 23584. I
5 6 (GOS FURNICE, GAS HOT WATER, CENTRAL AC 2.15 1 889. I 481.70 1 560.71 1 628. 1 11599. I 16377. I 17829.
I 7 jOIL P8URNIC, L. BD0 WATER, CENTRAL AC 1 1.71 1 914. 1 905.13 I 137.28 I 1084. I 18905. 1 24164. 1 23139. 1
1 _.LLP LIiSALZfA&SlDu BC IIACt C 3 . I 5 5 8.26 1 0695. 1 15784. I 17060. I

^ <^> .^" 1



FORTH NORTS, TBXAS

167 SQ I HONE, WBLL IWSOILTBD EL. (S/Klal) - 0.0566, 0.0850 PPF N 18.59, 16.48 DBSIGN WEATHER: WINTER SOUMER
DESIGN HBEATIG LOAD (ATTS) - 8634. GAS (S/rBREE)- 0.3508, 0.8150 PW - 31.67, 16.48 OUTDOOR TEMP. ' -7 C 38 C
DESIGN COOLING LOAD (WATTS) - 7861. OIL ($/GAL.) - 1.1700. 1.4600 POP - 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.23

--- gESIG-NIa D PERFORMHAiNCE ___
I 1.__- BB-Lg] G_- LOADS I STE eI__e_ CEOIIfiLSQIilIHQL -_

I WATE Is SPCE I SPIC! I (1) » (24 (3) 1 (4) 1 (5) 1 (6) 1 (7) I (8) I
I MONTH I HBAT I HeAT I COOL I ELBC. I HEAT I BP I HB. I FULL I 6AS FURBICE I OIL F URACE IeLSE GAS Fpal. I

I I I SI I RES. I POMP I DS I ACES I CES I GAS I ELEC. I OIL I ELEC. I GAS I ELBC.
_I - - aHi ll lEL___ - tB -1 IJ M lLW__US GAL I S UalZuJiall- k i__ I
I JABN 1658.1 6255.1 0.1 2198.1 1430.1 1314.1 923.1 862.1 111.1 20.1 71.1 480.1 91.1 20. 1
1 FEB 1 496.1 4159.1 0.1 1571.1 1053.1 946.1 685.1 616.1 81.1 13.1 48.1 429.1 67.1 13. 1
I His I 1558.1-2953.1 954.1 1357.1 969.1 850.1 536.1 505.1 67.1 113 __ 35.1 546.1 56.1 113. 1
1 APR 1 1345.1 801.1 2121.1 827.1 786.1 655.1 274.1 274.1 34.1 234.1 11.1 607.1 31.1 234. 1
I maY I 1188.1 0.1 4804.1 853.1 1050.1 850.1 721.1 208.1 21.1 523.1 1.1 853.1 20.1 523. 1

3IS 1-_2_Q5_l _ .li 7lL__ 2 --lll25.jL__ia29l 1197.1I i15, -___850,1 16.1 _ 81i__.lL-___ JJ2I_- 1t,1-l__ 52.L
I JULt 916.1 0.1 9814.1 1324.1 1705.1 1464.1 1767.1 1817. 15.1 1069.1 0.1 1324.1 15.1 1069. 1
4 AUG 5 917.1 0.1 9190.1 1256.1 1613.1 1380.1 1660.1 1713.1 15.1 1001.1 0.1 1256.1 15.1 1001. I
I SEP I- 982.1 I 0.1 63. I 963.1 2 212, 1 002 . 1160.1 1209.1 12.1 690.1 0. 963.1 16. 690I. |
I OCt I 1190.1 0.1 3027.1 660.1 831.1 686.1 584.1 628.1 26.1 330.1 6.1 660.1 20.1 330. I

BI NOV 131.1 2582.1 924.1 1190.1 854.1 746.1 428.1 399.1 58.1 109.1 31.1 481.1 49.1 109. I
LIs_____j5.LL__. . 435. l___ .LL_1I776LL-i. 1-5. 105 74 687.7 _91. . .- ___15,LL 56i. 49At____S. __ 5L^_1

AIEiA Ll 15135 L_21581 __9.a22S 1 15 loZL-l4082.11l 23l-l !i6__, 9767.1 553. l.l 9629L_-_ ,2tLS 9174-__- 472.1 969, i

-___-_______ -BE_____W1Icss__-__________-_________....-- ~I.~ !~,TL~ g/~L~ COST
I I~I __I_ COPIQ S COST,-_ _ TOT 1 I

l:O.2L-_ III2SIRIAIL .LEgTRIC STSTE L__ MBI A l[ T I/C. H.P.tI CNTBROL I AUXLIABIL W. _AZJIII DUCTS I IHSTAL'.I COST, S I
1 I1L. FURNACE AID lWTER HBATBR, CENTRAL ACI 280. 1 1279. 1 48. 1 236. 1 275. 1 907. 1 534. 1 3559. 1

1 2 HEB&T PHUP WITH RLBC. RES. WATBE HELTER I 280. 1 1329. 1 45. 1 236. 1 275. 1 940. 1 534. 1 3639. 1
I 3 IIT T PP, S DESUPER SATE gAT TBL--i .- I - 2M. I 1329. . | 45, L_1.6- .L___-335, 1. 1 _6i 1 4199, 2
I--lI-AI AL CCLe s LGLSl-sTiB.._JAl .. .lI C_ _aBS iI IL I ._RBBIIL Bi L XLIKA E±IBl.-IIIILlL1TBSSi___ 1IsL! ,LL.T9O!T&LL.jj
I 4 1I1n. ACES, BRI- 9.8 83 PANRLt 3.7 H2 I 3130. 1 2123. 1 1072. 1 636. 1 335. 1 1049. 1 534. 1 8880. 1
I 5 IPFUL ICES. BIl i47.7 A3PLBI.L- 0.0 12 I 3130. 1 4418. I 0. 1 636. I 335. I 1049. 1 __ 3 .LL __1012.Q -
I I FOSSIL FEL N Si I gs ____S _ .BU 1_ . / c. IlRoL i lIMtUIi AIRLP._HaTB _ SS_ I IIJS§iLLE. TOI l. S1
I 6 IGAS FURlNCB, GAS HOT WATER, CBRTRBL AC I 745. 1 1279. 1 26. 1 376. 1 270. 1 907. 5 584. 1 4187. 1

I 7 IOIL FBURNAC, EL. HOT WATEB, CBETRAL AC I 690. 1 1279. 1 26. 1 632. 1 275. 1 907. 1 834. 1 4643. 1
11_ 2.qltLsi .G IURIACE .As R- CENTrRAL AC I 1125. I 1271 . 1 26. I 236. I 2 ... I 907. 1 584. I 4427. 1

... ISaco.&1Tazsoli . . . .
II 5I SYSTEMH I nINT. I1ST YEAR 1ST IYEAR I NCIRE. I ENERGY I I

I I NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I EBBERY I ENERGY I FIRST I PRESENT I __L _CLE CQT _1
I I I (ACOP) I NOBTH I COST I SAVING I COST I WOBTH I AVERAGE IEARGINAL I

L]-iB I______ ______LA C h L I I I s L i ? I I
1 1EL. FURNOCE AND WATER EHBTER, CENTRAL ACI 1.50 1 914. ; 854.60 1 BP. I REP. I 15887. 1 20360. 1 25627.

I 2 IHBAT POUP WITH LEC . S. ATER HEATER 1.61 1 2162. 1 797.28 1 57.32 1 80. 1 14822. 1 20622. 1 25536. 1
1 3 HEART PUOP, DISUPERHBATEB WBTER BEATER I 1.87 I 2468. 1 686.91 1 167.70 1 640. 1 12770. 1 19436. 1 23670. 1
I 4 IIl. ACES, BIB- 9.8 B3 PANEL- 3.7 82 I 2.08 1 2432. 1 616.60 1 238.01 1 5321. 1 11463. 1 22774. 1 26575. 1

5 IPULL ACS, BIll- 47.7 3' PAIBL- 0.0 12 I 2.32 1 2432. 1 552.72 1 301.88 1 6543. 1 10275. 1 22809. 1 26216. 1
I 6 IG6O FURBACB, GAS HOT ATSR, CENTRAL AC I 2.19 I 8e9. 1 475.18 1 379.42 I 628. 1 11371. 1 16447. 1 19464. 1
1 7 IOIL URNBACE, EL. HOT WATER, CEITRAL AC 1 1.78 1 914. 1 822.15 1 32.46 1 1084. 1 17302. 1 22859. 1 24639. 1
L -i-f s lS. A S 1BBU -AA rau._LIUAL AC I. ___L.237 1 960 . ^___q._ q7.9 ._ lV.Qi__il 0IaL_.i iQ-l-lL186e3. !i



BOUSTON, TBIAS

167 SQ H BONE, DULL IBSOULATD EL. (S/KiB) - 0.0594, 0.0850 PWF - 18.59, 16.48 DBSIGN ABTHBBR: WINTBE SDUBER
DBSIGN BEATIIG LOAD (WATTS) * 6669. GAS (S/THBR) 0.3893, 0.8150 PVF * 31.67, 16.48 OOTDOOR TIHP. -2 C 34 C
DESIGN COOLING LOAD (WATTS) - 8124. OIL (S/OIL.) - 1.1300, 1.4600 P4F a 25.25, 16.48 TOTIL/SBISIBLB COOLING · 1.47

-_-------.--_____ - __--- -CB _______ ________
1.L BLDXG 1p _-I-,Q____ .SSTBB _IIBB COE-PTI__-- I
I ATER I SPACB I SPACpi (41) 2 (13 (4) (5) (6) 1 (7 I (8) I

I oUTH I HBET I BEAT I COOL I BEBC. I HEAT I UP I RIB. I PULL L^..tSA_1FUIBLg_. OrII fIB_ LgLUBAaS FgR,. l
I I I I I BBS. I PU P I DS I ACES I ACS I GAS I LEC. I OIL I BLEC. I GS I BLEC. I
I I Hi I - I Hi I KIM I L[ _ I- LK 1 ! BBH IT.R.S I gIKKJl i S&L I KB ITnI.RS KI MU. I
I JAN I 1501. 3423.1 0.1 1368.1 979.1 878.1 619.5 536.1 72.1 11.1 40.1 428. 60.1 11.
I FEDB 1352.1 2258.1 823.1 1093.1 794.1 698.1 474.1 405.1 54.1 97.1 27.1 472.1 46.1 97. 1
I-BAl- 192l. uld 175.1 SZ._-- 953 a. t 688.t 338. 338. .43. 18 .! - 1.__.S -__5- _ __R_.t · , I
I APi 1 1252.1 0.1 3513.1 731.1 904.1 737.1 545.1 196.1 25.1 383.1 5.1 731.1 21.1 383. l
I rAY l 1143.1 0.1 6147.1 987.1 1229.1 1001.1 1120.1 1139.1 19.1 670.1 0.1 987.1 19.1 670. 1
I j3u 1 985.1 0.1 836 1, 1184,1 1510.1 1264.1 1506. 1 523. 1 16 911. 1 0, . .84. l1 911. I
I JoL t 944.1 0.1 9709.1 1320.1 1697.1 1449.1 1744.1 17640. 16.1 1058.1 0.1 1320.1 16.1 1058. I
I AUG 1 947.1 0.1 9609.1 1310.1 1684.1 1435.1 1727.1 1748.1 16.1 1047.1 0.1 1310.1 16.1 1047. I
BI B- - __2.00» s.l*. 7 . L242^1 1-08q4J._1373 _1142 .! 1345.1 136.41 17. 8 .09.AJ OL 1084. I ...1_.L L _8

IOCT I 1156.1 0.1 4342.J 794.1 993.1 824.1 808.1 826.1 23.1 473.1 4.1 794.1 19.1 473. I
I OV I 1259.1 1392.1 2072.1 962.1 835.1 705.1 416.1 431.1 41.1 230.1 18.1 580.1 35.1 230.
I DEC I 1430.1 2585.1 804. 1 1203.1 861.1 760. 591. 1 428. 60.. 3 3961_,. 493. 1 50. 1 96. 1
I ] 14 .L 380.1 110]3,1 544l.6.1 129891 016.1 11161.1 1001.1 1,1 359641 143.1 9959.1 352. _5964. 1

STSTY S FIBST COSTS .
I I !I- . ..... CO-HPEBINTS COSTS. S ____.1 TOTAL I
I BO. CONVET!TIOA& LLEBCTRIC STSTBES _ _ Iil UlIT IBA/C, H. I SONfTIOL A11^UILIABIL, EAZSI PD .. IMT.L_, XiST&L. I CST, S I1
I 1 IEL. FURNACE AID ATEBR BELTER, CENTRAL AC| 280. 1 1379. 1 48. 1 236. 1 275. 1 1005. I 534. 1 3757. 1
I 2 BBEAT POBP WITH LEC. BES. ATER HBkTBB I 280. I 1329. 1 45. 1 236. I 275. 1 940. 1 534. 1 3639. 1
I .Ll.t. T BIIU _Dl. SD TI WgBB ATLBER HEUATE f 2.80L . 1 1329.. 45. 1 636. 1 i315. 1 940. 1 634. 1 4199. 1
. I J ABNA CECLE EIEG SISTBBS IACES _. I H, P. ICE BII PANHBL &UEZILiRY. H&TERI DCTS I ISTAYi. OAL,

I 4 BI. ACES, BIB- 6.1 83 PANBLs 1.4 82 I 2950. 1 1681. ! 945, I 636. 1 335. 1 843. 1 482. I 7871. 1
I 5lS L &CBS. g-Tl.5..1],I' _ I_ _. =_2,_5Ia IL . ____.. 2653,I _I 0L. I 636. _ __ 35. I 843. 1 482. I 7899. I
-- 1 FOSSIL FURL mrm YJUI SS I Po CUA I AL./C I TI CPO Q I J iZLUARTII, fAtTERI D LCTS I IZSTIL I TOTiAL,. S

I 6 IGAS FOURACE, GAS 0OT ATERB, CENTRAL AC I 745. 1 1379. 1 26. 1 376. 1 270. 1 1005. I 584. 1 4385.
I 7 iOIL FUBBACE, EL. BOT WtAER, CENTRAL AC 690. I 1379. 1 26. 1 632. 1 275. I 1005. 1 834. I 4841. 1
I 8 IPLSE GIS TBURICB. GAS w._CBTlt AC I _1125. | 1379. I _ 26, I 236. I _270._ . I __l , _ ___1 iL I 4f2,.

SYSTIB - CO BPIE SONSI SON_
I I9 I STYSTEMB I AIT. I1ST YARB 1STAR I YEAR INCRBE. I EERGY I I

I I NEW COrSTRUCTION ALTBRNATIVES I EFFIC. I PRBSBET I BEEBBGI BBRGY I FIRST I PREBSET I LIFE CYCLE COST I
I I (ACOP) I WORTH I COST I STAVIG I COST I WORTH I AVERAGE IRARGINAL I
I Eo.1 ! I s . I __t1 I = L 1 _ I .
I 1 IBL. FURNACB lBD 91BTR HEATER, CENTBAL ACI 1.71 I 914. I 771.57 I REP. I REF. l 1434E3. 19015. I 22867. I

2 IEBIT PUOP TTH ELEBC. RES. ATEBB HEAT BB 1.62 1 2162. 1 811.82 1 -40.25 1 -119. 1 15092. 1 20892. I 24945. 1
I 3 IBEAT PUBP, DESUPERBATBB TBB BBEATB 1.92 1 2468. I 687.91 1 83.66 1 441. I 12788. 1 19455. 1 22889. I

4 lIIN. &CBS, BDIn 6.1 13 PAlBL- 1.4 2 I 1.99 2432. 1 662.95 I 108.62 1 4114. 1 12324. 1 22628. 1 25937. 1
I5 IFULL ACBS, BI-1 18.5 N3 PIBNL- 0.0 2 1 2.07 2432. 1 635.62 1 135.95 1 4142. 1 11816. 1 22147. 1 25320. I

6 IGIS FUBNACB, GAS HOT WATBE, CBETBIL AC 2.24 5 889. 1 510.37 5 261.20 I 628. 1 11530. 1 16804. 5 19014. I
I 7 0IL FPURAC, BL. ROT ATBB, CENTRAL AC I 1.86 1 914. I 753.04 1 18.52 1 1084. 1 15074. I 20830. 1 23144.

1 6 IPULSB GiAS-FIACE.o CElCNTRAL AiC . 2.36 960 1 491.15 280.42 1 868. 1 10921. 1 6L06.1_1 Il6d l

.- .



SAN I TOBIO, TEXAS

167 SOQ H OHR, WELL INSULATED EL. ($/KHVR) a 0.0468, 0.0850 PUP - 18.59, 16.48 DESIGN BEATHER: WINTER SOUrdER
DESIGN REATING LOAD (WATTS) u 7018. GAS ($/THERNH) 0.3550, 0.8150 PYP - 31.67, 16.48 OUTDOOR TEMP. = -3 C 36 C
DBSIGN COOLIBG LOAD (WATTS) * 7691. OIL (S/GAL.) - 1.1700, 1.4600 PUP - 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.28

--- lI!_lLS. __________________
I 1._U __]LBs z, LRL LL___ ! sQeB _ _ _ IU_ _a __ c gsCIPgo_ .._._.I

I T2 I SPACE I SPACE I (1) (2) I (3)1 (4) 1 (5) 1 (6) 1 (7) (8) I
I MO!TH I BEAT I BEAT I COOL I BLBC. I HEAT I HP I p IN. I POLL I GAS FURUiCL _ 0L ^ FURAtgCE IPULSE .S FUBN. I

I I I I I RES. I PURP I DS I ACES I ACES I GS I ELEC. I OIL I ELEC. I GAS I ELEC. I
I_ I LJ i J - I HlJ I K.! . _L KW I !KH I KHI 1 KeH ITHERHS I I H .I GAL I K1H ITHBERS I iVe I
I JAN I 1469.1 2514.1 844.1 1199.1 871.1 767.1 531.1 446.1 59.1 100.1 30.1 508.1 50.1 100. I
I FEB I 1322.1 1787.1 1092.1 983.1 766.1 666.1 421.1 355.1 47.1 125.1 22.1 492.1 40.1 125. I
: IL _.-125.L__..U i _ __.. ._ 188__1 904.1 806.1__ 683.1 311.1 311.11 ,LBU_0M3ll_.1J ._2 .L_ 1__L.L .__35.1_A209- 1
I &PB I 1216.1 0.1 2942.1 658.1 810.1 660.1 464.1 281.1 25.1 320.1 5.1 658.1 20.1 320. I
I NAY I 1106.1 0.1 5784.1 937.1 1166.1 950.1 1055.1 1064.1 19.1 630.1 1.1 937.1 18.1 630. I
I JUa I 9949. 8601 860 4. 1201.1 1536.1 1297.1 1546.1 1557.1 16.1 937_A 0.1 1201.1 16.1 937,-
I JUL I 909.1 0.1 10092.1 1352.1 1744.1 1504.1 1808.1 1820.1 15.1 1099.1 0.1 1352.1 15.1 1099. 1
I AUG I 915.1 0.1 9639.1 1304.1 1679.1 1439.1 1730.1 1742.1 15.1 1050.1 0.1 1304.1 15.1 1050. I

_ sL _1. 961. 1 _ .l_.__7154.1 1046.L_132Z5. 1 01 I 12195. 1307.1 6.____9.,.1 L .__z __.. --l! 7_Z, __119- 1
I OCT I 1127.1 0.1 4089.1 758.1 943.1 777.1 762.1 772.1 22.1 445.1 3.1 758.1 19.1 445.
I NV I1 1232.1 1365.1 1611.1 897.1 755.1 642.1 333.1 342.1 40.5 180.1 18.1 522.1 34.i 180. I
I PDC I 1400.1 2352.1 8 0.1 1129.iL 817. 718.1 493.1 406.1 56.1 9,1 929.1 484.1_ 4L7.1 __ 95, 1
I ANOALLI 13990.1 9149.1 5435.1 12369.1 13217. 11206.1 10750.1 10403.1 369.1 9270l1 122,1 9857.1 321 _59170,_

__~_ _____________S__S TPfSl FIRST COSTS
I I IL......._..._. _COHPORENTS COSTS, __......_ _ TOTAL I -

I No.1 CONVENTIONAL ELECTRIC SYSTSlaS .... .l.H. T IA/C. H.P.I| cOOTIOL LAg.SlLIBl_.-HEATEll DgCS__ _ lsNsT^L1 CoST:_L_
1 IIL. FURNACE AND *ATER HBETER, CEBTRAL ACI 280. 1 1279. 1 48. 1 236. 1 275. 1 907. I 534. 1 3559. I

1 2 IHEAT POUP WITH ELEC. RES. WATER HEATER I 280. 1 1329. 1 45. 1 236. 1 275. 1 940. 1 534. 1 3639. 1
1 J IHEAT PHP. DESV!ERHNBEAR VTER __I HET i 1329. 1 45. I 636. t 335. 1 940, t _ 6_34_1 I_ 199.,
I I IANIAL CYCLE ERGY StSTE. S (ICES _IfliCH, P. I ICB BI LI PAESL I&UIXILTIARYI HE, T__TE U_ 2 IS IC ISTA.I TOTAL. ft
1 4 tINI. ACES, BIN- 4.9 R3 PABELs 0.0 52 1 2950. I 1577. I 0. 1 636. 1 335. 1 843. 1 482. i 6823. I
IL U- .LI .!B] -gL___,L_950, I _ 2136. I Q616Q ... _. I 26__.. | Il___82 _ 7I82.
I 1 .1. _ IL_ H !. yitBj.sYSTBs NSi I I AC ICE iC/e I CONTR i0 A OXILTUAI L _HEiTEL POUCTS i IlSTAY.1,i TOTAL.. $
1 6 IGAS FURNACE, GAS HOT ATEB, CENTRAL AC 1 745. I 1279. 1 26. 1 376. I 270. 1 907. 1 584. i 4187. 5
1 7 1OIL FURNACE, EL. HOT BATER, CENTRAL AC I 690. 1 1279. 1 26. 1 632. 1 275. 1 907. 1 834. 1 4643. 1
I 8 IPULSE GAS FURNACE._S jB.I-In&L..-.a _ IA1I2. I| 1279., 26, 1__ __ __207_ L___.58. _427_

s s_. STI LCOBPARI:SONS _________2- ________ _ ___________

I I ~~~I I SYSTEM I kaINT. I1ST YEAR I1ST YEAR I ZICRBE. ENERGY I
I B NEW COSTRUCTION ALTERATIVES I EfFIC. I PRESENT I ENERGY I ENERGY I FIRST I PBESENT __LFE CYCLE COST I

I I I (ACOP) I WT CO I IOS SAVING I COST I iORTH I AVERAGE INARGINAL I
A Sl.1._________].___.___ ___ ___- $! _ Il ___-1_--_l I, I

1 IEL. FURNACEB AD NaTER HEATER, CBNTRAL iCI 1.74 I 914. 1 578.52 I REF. I BEF. I 10755. 1 15227. 1 21800. I
1 2 INEAT PUMP WITH ELEC. BR5. WATER BEATEB I 1.63 1 2162. 1 618.18 1 -39.66 I 80. 1 11492. I 17293. I 24316. 1
1 3 IHEAT PUNP, DESUPBBBRRTER WATERB EATER I 1.93 1 2468. 1 524.11 1 54.41 I 610. 1 9743. 16410. 1 22364. I

4 HINi. ACES, BIN- 4.9 H3 PANEL- 0.0 H2 1 2.01 1 2432. I 502.79 1 75.72 1 3264. 1 9347. 1 18602. 1 24314. 1
I 5 IFULL ACES, BINl 11.1 N3 PANEL» 0.0 2 I 2.07 1 2432. 1 486.55 1 91.96 1 3823. 1 9045. 1 18859. I 24387. I
5 6 IGAS FUIRACE, GAS NOT ATERB, CBETRAL AC I 2.25 1 889. 1 410.17 1 168.34 1 628. 1 9338. 1 14414. I 18393.
1 7 10IL FURNACE, EL. HOT WATER, CBNTiRL AC 1.87 1 914. 1 603.58 1 -25.06 1 1084. 1 12170. 1 17727. 1 22296.
1 8 IPLSIE GAS FUlACEB. GaS ,. CElTRAL AC Ij2_.36 I 960. I 394.92 I 183.60 1 868. 1 8855. 1 14242,- __L1127. L



SILT I6KB CITY, UTAH

167 SQ N hOhB, WBLL INSULATUD EL. (i/KEWlB) 0.0583, 0.8850 PBF - 18.59, 16.48 DESIGN VBaiTH-R: UITFBh SIUHtUB
DESIGI HEATING LOAD (WATTS) - 11738. GAS ($/THBEBR- 0.3022, 0.8150 PRF - 31.67, 16.48 OUTDOOR TBEP. = -15 C 34 C
DESIGN COOLING LOAD (WITTS) - 5202. OIL (S/GAL.) - 1.1200, 1.4600 PUF - 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.00

ESIUCNAwD PnFORAIBCE
! I BUILDIG6 LOADS I SI__STER EBNERGY CONSURPTIOY _I

I I WATER I SPC! I SPACE I (1) 1(2) 1 (3) 1 (4) 5) 1 (6) I (7) I (8)
MORTH I BEAT I BEAT I COOL I ELC. I HEAT P .I HGS PURBACB I OIL BURNABICE -b S GAS FURN. I

I I I RES. I PUP I DS I ACBS I ACES I GAS I BLEC. I OIL I ELEC. I GAS I ELEC.
L- -- -BJ - -p - .II- .IL E- -H le -C -ITH IIsLESH_ I G I K#H ITH RNSI. _ L
IJA I 1881. 1 145.1 0.1 3897.1 2682.1 2605.1 1563.1 1563.1 190.1 38.1 133.1 561.1 155.1 38. I

I FEB I 1742.1 8890.1 0.1 2954.1 1954.1 1867.1 1188.1 1201.1 146.1 28.1 99.1 512.1 120. 28. I
t BAR I 1896.1 7581.1 _ .1 2633.1 1711.1 1602.1 1056.1 1085.1 133.1 _ ^1 85.1 551.1 109.1 -24. I

APER 1732.1 4078.1 0.1 1614.1 1087.1 978.1 647.1 663.1 84.1 13.1 47.1 494.1 70.1 13. 1
SITY I 1631.1 1995.1 1300.1 1149.1 901.1 779.1 417.1 418.1 55.1 148. 25.1 601.1 47.1 148. 1

I I 0__ a ____ 706 . 2all _706. ___ _86t 731.1 207.1_ 207. 1 32.J _t1 l_____l_2l1__-_-t._ ___. 311.
I JUL I 1346.1 0.1 4788.1 896.1 1087.1 888.1 730.1 226.1 23.1 522.1 1. 896.1 22.1 522. 1

1 AUG I 1294.1 0.1 4235.1 821.1 1001.1 821.1 798.1 212.1 23.1 461.1 2.1 821.1 22.1 461. 1
I SBP I 1284.1 881.1 2241.1 L- 86.1 798l1 669.1 450.1 i 271.1 34.1 247.1 12.1 604.1 30.1 247. 1
I OCT I 1439.1 2886.1 656.1 1273.1 877.1 772.1 429.1 444.1 64.1 81.1 35.1 480.1 53.1 81. I
I Nov 1 1542. 7149.1 0.1 2510.1 1553.1 1452.1 894.1 959.1 126.1 24. 84.1 452.1 102.1 24. 1
I PE__I_17571 L.- 10588 1I _ .1 34291 .22 1 _l2121. 1 1344.1 1372.L I 169i.1__34J __ J17JL. 22.1__ 137.f 1__ _3.
I YWI l. 1 ^.968.1 5654_ . I I6074.L1J22728.1 16750 L_ 15285.1 9721.1 8620.1 1080 _ 1930.1___ 647S_72Q.1 892.1 _ 1930 .1

SYSTES S FIRST-COSTS ___
I I 9 j.....I_ COMPOIENTS COSTS. s _ TOTAI I

I 30.l CONIVETIOINL ZLBCRIC SYSTEBS JIFA _lIT In/cl . a.P.i CONTROL IA XILIARYI:!x .HZTI DUCTS I INSTALNl. COST. .S i
I1 L. BURVACE AND WATER HEATER, CENTRAL ACI 310. 1 1129. 1 48. 1 253. | 275. I 811. I 482. 1 3308. I
1 2 HEAT POUP WITH ELEC. RES. WATER HEATER 9 310. 1 1199. 1 77. 1 253. 1 275. 1 843. 1 482. 1 3439. 1
I __ .L iT PJZLP . 1PUFlHB1T] A LIk T HEAZL. I 310. I 1199. I 77. I L Al_35 I 83. 582. 1 3999. I
I. ! _ I B1- iL TCCLE mi l l SJSiS (ACESI I S, P.E.I ICE BI IN PIAEL IAIILITARYI., EATRI DUCTS I JSTALI. I TQTjAL. $1
I 4 1N1. ACES, BIrI 17.4 f3 PANEL- 29.0 52 I 3500. 1 2868. 1 2489. 1 710. I 335. 1 1267. 1 638. 1 11807. 1
J 5 IFLL . CS. BIs 50.8 3 PAEL _ I 21 35L.. 1 4769.. 18 158. 7267 . 1 l___68. 1__1_iL.
1 _l-AZALn SS gIP S ST"SB S______ _ ISIiS OL Iil UtIX^L"_BTIE>B '3_ BS £__C _STA^"
1 6 IGAS FURNACE, GAS HOT WATR, CENTRAL AC 745. 1 1129. 1 26. 1 376. 1 270. 1 811. 1 532. 1 3889.. 1
1 7 lOIL FURBtCE, EL. HOT WATER, CENTRAL AC 690. 1 1129. 1 26. 1 632. 1 275. 1 811. 1 782. 1 4345. 1
1 8 IPULSE GAS FURNACE. GAS H8.CEBTRAL &C 1125 1129. 1 270, 1 11, 1 , L_ 4129

__ _ ___8________Sass ___ ______2_i _______---
I I I SYSTEN I HINT. 1IST YEAR j ST YEAR I IrCBEH. I ENBBGY

I NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY PI RST I PRSENT jI ECI... C COTQ
I I I (ACOPI I WORTH I COST I SAVING I COST I WORTH I AVERAGE INARGIBNL I

I U O.IJ II I s -II W I W I Wt I W I LS I tF I
I1 Iet. UOBNACE AND WATER BEATER, CENTRAL ACI 1.12 1 914. 1 1324.11 RBF. I RF. I 24615. 1 28837. 1 36059. 1

1 2 RIEAT PUMP WITH ELEC. EBS. WATER HEATER 1.52 1 2162. 1 975.83 1 348.29 1 131. 1 18141. 1 23741. 1 29064. 1
1 3 IRHAT PUMP, DbSUPERHEATBR WATER HEATER 1.66 1 2468. 1 890.50 1 433.61 1 691. 1 16554. 1 23021. 1 27878. 1
1 4 I1X. ACES, BIn- 17.4 R3 PANEL- 29.0 2 I 2.62 2 2432. I 566.37 1 757.74 1 8499. 1 10529. 1 24768. 1 27857. 1
1 5 IFULL ACES, BIN 50.8 83 PEIBL- 12.9 H2 1 2.95 1 2432. 1 502.23 1 821.89 1 9499. 1 9336. 1 24576. 1 27315. 1
1 6 IGAS URBBACE, GAS HOT WATER, CBBTBAL AC 2.04 1 889. 1 438.78 1 885.33 I 581. I 12425. 1 17204. 1 21986. 1
9 7 OIL FURBBCE, EL. HOT ATEB, CNTBRAL AC 1.59 1 914. 1 1144.18 179.93 1 1037. 1 26097. 1 31356. 1 30914. 1
I -IllUgSI GSS. Ba£_, as C _IL ___al9 | 960. 1 381.92 i ?12.91 9 . __ f21. 10625,. I 1514, 1 19770.-

;·' *^ \



BURLIIGTON, YE8NOfT

167 SQ H HOIE, BELL INSULATED EL. (S/KIUHB) 0.0395, 0.0850 PIP - 18.59, 16.48 DESIGN WEATHER: WINTER SOHBER
DESIG BHEATING LOAD (WATTS) - 15236. GAS (S/THREB)- 0.6319, 0.8150 PUF - 31.67, 16.48 OUTDOOR TEMP. = -23 C 31 C
DESIGN COOLING LOAD (ALTTS) a 4666. OIL (S/GL..) - 1.1800, 1.4600 PIP - 25.25, 16.48 TOTAL/SEISIBLE COOLING = 1.11

.-- ........ DB:IG D PEBFOBBANCE _-- -
-I 1 . ._-.___X$D-l-i LO_ __ASss I1s ss STQEu N TIBEZ _____ ;_ .- __i__
I I WITER SPACE SPAC I (1) I (2) I (3) 1 (4) I (5) I (6) 1 (7) 1 (8)

I NHOTH I HEAT I HBET I COOL I ELEC. I HBET I HP I BIN. I PULL I GAS UfIBSAC I__1 OL . XHBACE ILSE fiSl fILSt
I ~ I I I I RES. I PUIP ) DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC.

1J_ IJ _ I RJ H I W I WIL KIH I KH R I KlHl I KIB IBTEReS I KWH 11L I [GA .W1 I ZJsL __[ I
I JA I 1810.1 18204.1 0.1 5560.1 4538.1 4508.1 2199.1 2199.1 267.1 58.1 196.1 561.1 216.1 58. I

FEB 1 1701.1 15236.1 0.1 1705.1 3735.1 3697.1 1863.1 1862.1 227.1 48.1 165.1 521.1 184.1 48. I
I1_IAL.l__12 32 J- 12238 1 __ .L__3936.1 2744lt. 2656.1 1557.1 1556. ___ 2.J 9 __j2 134.1_ 57.l___ 5 L___1521__ 39, 1
I BPR I 1865.1 5958.1 o.I 2173.1 1404. 1289.1 858.1 857.1 112.1 19.1 68.1 537.1 92.1 19. I
I HAY I 1877.1 2588.1 898.1 1338.1 996.1 885.1 502.1 502.1 68.1 106.1 31.1 628.1 58.1 106. 1

J.__ J I P 1738,1 791.1 2120.1 934.1 893.1 754.i 318.1 318.1 41.1 _33.1 _-. 1 716.1__ 37.1 233. t
I JUL I 1700.1 0.1 3188.1 820.1 977.1 799.1 243.1 243.. 1 .1 347.1 4.1 820.1 28.1 347. I
I AUG 1619.1 0.1 2655.1 739.1 903.1 745.1 226.1 305.1 35.1 289.1 8.1 739.1 27.1 289. ,
1_.s!P __j 1525,1 1635.1 1315x1-_J2JlI.___-- 2L__ Z, 1 7J_317.1 31 1 49.1 14_81 __2,0 i__572,l___ 42,l__ljlE,_1
I OCT I 1579.1 4126.1 0.1 1585.1 1031.1 935.1 545.1 544.1 84.1 13.1 49.) 452.1 68.1 13. I

H 0o 1 1576.1 8277.1 0.1 2737.1 1699.1 1591.1 953.1 950.1 138.1 26.1 93.1 464.1 111.1 26. I
i_ C 1 1714.1 15857.1 _ 0.1 _.01 LJ 3756.Il 3706.1 1865.1 1864.1 236.1 50.1 172.1 526.1_i 90I__ 50,-
IJMALaI 20635. 1__8J2. I 10126.1 304130J 23504. 1 22280.1 11448.1ll1517. I 1485,1 1177,L_9502JL__I7Qt1 __1i202_L _ 12-L

__._ .__ .J_ m____ 5i-ZISt COSTS -_________ _ ______
I I L.. _ ____CPONSB rTS CoSS,_. ____----J TOTAL I
].ot I _cX.CQ IO2 A LjCTRZC_..STI US EIIIS ItPI LIAT II A/C, IH.E.1 COHO I STA, COS

1 1EL. FORNACE AND WATER HEATER, CENTRAL AC1 310. 1 1129. 1 48. I 253. 1 275. 1 811. 1 482. 1 3308. I
I 2 HEAT PUOP WITH BLEC. BES. IATTR HEATER I 310. 1 1199. 1 77. 1 253. I 275. I 843. 1 482. 1 3439. I
L 3 1 IHEPT PffP. DESUPBE Hi&TTEERAT J8I - 77. __- _ 5 1 ___35_1 __ 843, 1 __ 58. 399, 1
,. I Ii__ A_ J L & __;_B XU_- E _-S I _STS_.__ _U.ABe B _A -_LL__I-ILI-BIB- EL IL __-BADIILT__IILI-fi aPPs___II LI__ST TAlc,_ji
1 4 lHIH. iCES, BIN- 24.8 H3 PaiEL-132.6 H2* 4000. 1 3551. 1 8289. 1 830. 1 335. 1 1520. 1 638. 1 19163.*1
1 _5 rlFOILAC.L BIW. 24.8 3 PAN L132.6 B_ * 1 4000. 1 3551. 1 8289. -__ 830. 1 335. L _ .iAQ-- ___38.-_1 _J912
I__ AL nsmI% PUa IR!Ie LS.__s . ..__ -_ L1C.BA L1Ag.IE_ _.Ac__ AG!toL T LAQXU:A.U LEiSEJ .]l__g:-_T- :gsITALM Ta L,_ tl
I 6 IGAS FtURBCE, GAS HOT llTER, CENTRAL AC ) 775. 1 1129. 1 26. 1 376. 1 270. 3811. | 532. 1 3919. t
I 7 IOIL POURACE, BL. HO WAITER, CENTRAL AC I 690. 1 1129. 1 26. I 632. 1 275. I 811. I 782. 1 4345.
iel8 gLSSGA c.s GS w. CBENTRAL AC I _1 2 11259. 26. I 236 . I 27.jj_ , 811. _532._ 4__ 129,

- --- -.. -__- _--.. ____- SISTEB OJ&BUIOS __S -_____ __-_____________- .…____ __---- - - - -
I I ) SYSTEH I BINTl. 1iST TIBB lIST YEAR I INCREM. I ENERGY I

I I NE COSTRIUCTION ALTERIIATIES I EFFIC. I PRESENT I ENERGY I EIERGYI PIRST I PBESENT I L_.I _SXE_ OST_
I I ) (AC3P) I WUOTH I COST SAING I COST I WORTB | AVERAGE IHAR-INiAL

ti-P i fI-__________-- -J __ I S t_ __ ___t. ! I S $_ I__ _-_I__ ... ___
1 gIL. FEURICE AND ATEBR HEATEB, CENTRAL ACI 1.06 1 914. I 1200.45 I REP. I BEF. 22316. 1 26539. # 46848.
2 EBEAT PUOP WITH ELEC. BES. ATER HEATER I 1.37 1 2162. ) 927.241 273.21 1 131. 1 17237. 22838. 1 33525.

1 3 |EiAT PUMP, DESOPERHEATER WITER HEATER 1.44 1 2468. i 878.94 1 321.51 1 691. 1 16339. 1 22806. 1 37676.
1 4 IIW. ACES, Bill 24.8 03 PAIEBL132.6 82 1 2.81 1 2432. 1 451.63 1 748.82 1 15854. I 8396. 29990.*1 37631.

I 5 jIOLL ACES, BIN- 24.8 83 PANBL-132.6 H2 I 2.79 1 2432. I 451.63 1 748.82 1 15854. I 8396. 1 29990.*1 37631.
1 6 IGiS FDOBRAC, GAS HaT BITER, CBENTRL AC 2.02 1 889. 1 992.61 1 207.84 1 611. 1 30725. 1 35533. I 26681.

I 7 (OIL OURnBCE, BL. HOT ATHS,. CBETRAL C 1.60 1 914. i 1402.01 1 -201.56 1 1037. 1 33533. 1 38792. 1 38087.
l*U _ItAEtD A Pi _£R EXCEEDS L tS_..Cg ALA_ iS -,.. ^£ SJ___ _i_ .Ji _.TL fiJi 1 _ 8 .RZ2 1____aL1_it26__.I_3026_ G._23151j

*ULZfaD Peist BxCBDS » PiiisCt'itltm STLi, I' S .v'^r;iXvE SOPPLfka'i;i F iB'i H-ai^ Soiit~b sn£yL9 bir UseID iy YrtIS DiSIGni.



NORFOLK, VIROINIA

167 SQ HI BOE, NELL INSULATED EL. (S/KWHR) - 0.0643, 0.0850 PPWE 18.59, 16.48 DESIGN WEATHER: HINTER SUMMER
DESIGr HBETING LOAD (WATTS) - 8135. CIS (/THEBBN) 0.3667, 0.8150 PWP - 31.67, 16.48 OUTDOOR TEMP. = -6 C 33 C
DESIGN COOLING LOAD (WATTS) - 7332. OIL (S/GAL.) - 1.1700, 1.4600 PBF - 25.25, 16.48 TOTIL/SBESIBLE COOLING = 1.40

I Bt _ _ILD LOADS 1__-I .. .- ST ENEBRi si fl____ _____2 I
I WATE I SPACE I SPACE (Il (2) I (3 1(4) I (5) 1 (6) I 17) I (8)

HI OTH I BEAT HBEAT I COOL I BLBC. I BEAT I P p I NI. I FULL I GS-tPgflJC__lJ 1 Pf LEU _LPlSG AIC§_g
I I I I I iES. I POP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GS I ELEC.

I I NJ B I NJ _I *J i KW I H B-i KMH I KA AI KV sTITESI KIH__I G_ A I KsH ITHEBRS I KiH I
I JAl 1788.1 7928.1 0.1 2699.1 1707.1 1596.1 1105.1 1058.1 135.1 25.1 89.1 522.1 111.1 25. 1
I FEB 4 1622.1 6152.1 0.1 2160.1 1367.1 1261.1 894.1 847.1 109.1 19.1 70.1 470.1 90.1 19.
1_a__ _ 170s.1 4853.1 _-Ls_ 1823.1 1__17LI lI2.1 753.1 715.1 94.1 _-_- _S§ ___ : 49oJ___ -s 71_ JS._L
I APR I 1503.1 2035.1 996.1 1091.1 823.1 720.1 409.1 400.1 53.1 115.1 25.1 532.1 46.1 115. I
I NAT I 1361.1 0.1 2591.1 660.1 819.1 681.1 195.1 195.1 30.1 282.1 7.1 660.1 23.1 282. I
1 3011 I 1156.1 _- 0.1 4999.1 .866.1 1065.J1 863.1 925.1 207.1 20.1 5451l 1.1 866.1 19. 2 545. I
I JUL I 1089.1 0.1 7064.1 1072.1 1347.1 1098.1 1286.1 229.1 18.1 770.1 0.1 1072.1 18.1 770. I
I A0G I 1080.1 0.1 6918.1 1054.1 1324.1 1080.1 1263.1 779.1 18.1 754. 0.1 1054.1 18.1 7554.
__E..__J__.1292___ j__SL.-15.1 784 . -- 962.1 776. 1 8807. 866-_.1__ 20.l_7iI 2___ 7.__24.1__12,__i_ 2o,

I OCT I 1329.1 1078.1 1323.,1 813.1 699.1 603.1 290.1 342.1 38.1 148.1 14.1 517.1 33. 148. I
I NV 1 1467.1 3074.1 0.1 1261.1 872.1 784.1 482.1 452.1 67.1 10.1 37.1 417.1 56.1 10. I

I DEC I 1686.1 6834. I _0.1 2367.1 11498L-4394.l 952.1 928.1 120.1 1 49. 1 98.1 22. 1
I AI^gILI 16918.1 31953.1 28296.1 16649.1 13659.1 161.1 7019.1 722.1 31741 378.1 7874.1L___6Q7_3.21.._1

______.Isasm tS COSSS __CS__ _______--___
I I I C__O CpoNwIgS COSTSI. t__ _ T___ __ I !OTAL I

I -1... _ .I ITIOI BL ECTrSIC STJESSl___E _ Ut" T I/C. H.PS i . .lTglOt AXROL IIlUPIItL.Y g,_TBEjIT P CTS L INST^,l_.COSL, f I
1 1 IBL. POBFRCB UND WATER BEITER. CENTRAL CI 280. 1 1279. 1 48. 1 236. 1 275. 1 907. 1 534. 1 3559. I

I 2 IHEAT PUMP WITH BLBC. RES. iWTER HEATEB 280. 1 1329. 1 45. 1 236. 1 275. 1 910. 1 534. 1 3639. I
1 3 IHEAT PUP. IDiBSPRBBEBTBR WATER HEtTER I 8.I 1 1329. 1 45. 1 636. 335. 1 94Q.-L_ 631,j_1___9221_1
I I A11NUAL CYCLE 8EBERG SrSTh BSIS I l. 1.l ICE LI L BI k I II l PANEL IAIi l._HES_ ISA l CQ2AL_-lI

I4 ItIR. ACES, BIN, 12.1 H3 PAeIL= 7.4 82 I 3130. 1 2276. I 1277. 1 636. I 335. 1 1049. I 534. I 9237. I
I S IFi L .ACLS. Bl .77.0 83 PNlELt 0.0 12 1 3130. I 5771. I 0. 1 636. I _35. I !049, 1 534. L 11455, I
I I .OSSIL FUEL FIRED SYSTEDMSI iAIBrEAT DUCTS L ISTALN. TIOT I
1 6 1GAS FUORNCE, GAS HOT A1TER, CENTRAL AC I 745. 1 1279. I 26. 1 376. 1 270. 1 907. I 584. I 4187. I
! 7 IOIL POUNACE, EL. HOT WATER, CENTABL &C 1 690. I 1279. I 26. I 632. I 275. 1 907. 1 834. I 4643. 1
_1 LJIUtLS GAS FltRNABE. _S H__c_.E_ _.h C I _112. I 1279. I 26. I 236.. I __270. a _l L_. I 4827. 4427I

SYSSB# CORPRENISOUS
I I I SYSTEM I HIANT. I1ST YTER l1ST YEAR I ICREM. I ENERGY I I
I I NBE CONSTRUOCIONI LTERNATIVES I EFFIC. I PBRSENT I ENEBGI I ENERGY I FIRST I PRESENT LIFE CYCLE COST I
I I I (ACOP) I ORTH I COST I SAVING I COST I NORTH I AVERAGE INARGINAL I

f nomt__ ____ I I ! t__ _----I___ I _ --- ___ _L-_
1 EIt. FURNACE AND WTEBR iEATER, CBETRBL iCI 1.29 I 914. I 1070.89 I RBB. I REF. I 19908. I 24381. I 27795.
2 IBlAT PUMP WITH ELEC. RES. wATBR HEATER I 1.57 1 2162. I 878.54 I 192.35 1 80. I 16332. I 22133. I 24934. I

1 3 IBEAT POOP, DESUPEBREATEBR WTBR BEATER I 1.80 I 2468. 1 766.56 1 304.34 1 640. 1 14250. 1 20917. 1 23361. I
I 4 IMIN. &CBS, BIRl 12.1 13 PLABL- 7.4 12 2.29 1 2432. I 602.13 I 468.77 I 5679. I 11194. I 22863. 1 24783. I
I 5 IFULL ICES, BIlN 77.0 83 PABEL- 0.0 2 I 3.05 I 2432. 1 451.47 1 619.42 1 7896. 1 8393. 1 22280. I 23719. I
I 6 IGIS PFURNCE, GAS 8OT WITER, CEBTRAL AC I 2.09 ! 889. I 468.97 1 601.92 I 628. I 12182. 1 17258. 1 19221. I
I 7 IOIL FURNACE, EL. HOT WATEB, CBITRAL IC I 1.64 I 914. 5 948.14 I 122.76 I 1084. 1 20567. I 26124. I 25670. I
1 8 IPULSI GAS FoRUACE. GAS B1, CENTRAL AC I 2.35 1 960. I 426.741 644.15 1 868. 1 10845. 1 16231.__ 17986. 1

48)



RICHBOID, VIRGINIA

167 SQ B HONE, WBLL INSUIaTBD EL. ($/KWRH) - 0.0643, 0.0850 PEi - 18.59, 16.48 DESIXG WEATHBB: WINTB1 SUOEBR
DESIGN HEATING LOAD (WATTS) a 9325. GAS ($/THREB)- 0.3667, 0.8150 PR? - 31.67, 16.48 OUTDOOR TEMP. - -9 C 33 C
DESIGN COOLING LOAD (WATTS) ° 6741. OIL (S/GAL.) - 1.1700, 1.4600 PuF - 25.25, 16.48 TOTAL/SEBSIBLE COOLING = 1.29

-- ________ _ __ DESu G_ AND PERFORHANCE
I BUILDN LOADS I _S_ _ _STH BENERGY COIISUiP_ =J t

I I WATER SPACE I SPACE I ( (2) (3)1 (4) I (5) I (6) 1 (7) I (8) I
I OTH I BEAT HEAT I COOL I ELEC. I HEAT I HP I WI. I PULL I GIS FURNACE 1 OIL FBRNACE IPULSE GAS PRI., I

| ~~I ! ! I I I RES. IS PUP I DS I ACES I ACES I GAS I BLEC. I OIL I ELEC. I GAS I LEC. I
LJ..Ii__L..B_ .. i-A _ L iL -- _1.._ L.I_ .-- I I Ul I L ITh IiBS_I___--- GAL I _..-aLH LTaBBaIIL i ILD. I

I JAW 1 1794.1 6861.1 0.1 2404.1 1541.1 1438.1 1005.1 943.1 122.1 22.1 78.1 520.1 100.1 22. 1
I FEB I 1615.1 5691.1 0.1 2030.1 1308.1 1215.1 853.1 796.1 103,1 18.1 65.1 467.1 85.1 18.
I BaR I 1693.1 4690.1 0.1 1773.1 1167 L_062.1 741.1 695.1 2.___ 2_-.IS.l__ 54. 485, 1 76.1 15. .

APR I 1487.1 1963.1 1278.1 1097.1 857.1 742.1 401.1 394.1 52.1 145.1 24.1 558.1 45.1 145.
I Iat I 1352.1 580.1 2687.1 829.1 843.1 703.1 259.1 259.1 31.1 295.1 8.1 670.1 28.1 295. 1
LI- B-l - 116QI1 __ .l_ 912, L__857.1_106a.LL_ _-a0. t 908.1__ 20Q6l__21xL__535_1 _ 2A__L7Li---___- 1 _L 535 1
I JUL I 1110.1 0.1 6592.1 1026.1 1284.1 1053.1 1202.1 225.1 19.1 718.1 0.1 1026.1 18.1 718. 1
I AUG I 1116.1 0. 5671.1 928.1 1150.1 946.1 1043.1 435.1 19.1 618.1 0.1 928.1 19.1 618. 1
I SEP . 1 .A171,1 0.1 3603.1 718.1 892.1 736.1 681.1 736.1 24.1 .393.2 51 718.1 12.1 393, i
I OCT I 1373.1 1522. 1320.1 948.1 770.1 665.1 299.1 337.1 45.1 149.5 20.1 530.1 38.1 149.
5 NOV 1 1502.1 4147.1 0.1 1569.1 1054.1 956.1 606.1 570.1 81.1 13.1 48.1 430.1 67.1 13.
l__ _ IL_.__18e _1 62 L.___ . ULt__ , L I -. 551ti_.J5L. 1 961. 1 ! 933.1_ 120.1 __2J._ 77 1_.4 .. 96L___.2 __ 22- _
1-A1ILi 17080o.l__,I 9 l26p__ -1J559L.1j132 9111 .l _ 8960.1-- 6530. 1221 72LL_22,l ___l.. I 787 613.1 2942, I

............. S-STEa rFSSt cosntrTOa- _____-- -- ___________Xfl& FINS COSTS ___________________- _

tI 1________ _I COfPONBjSS COSTS . ____ TOTAl I
I No. CPI PYUUILALLLEIIC SYSTBHS .. LFgPH P1T I/Ca. g., P. COlTROL i &iULu IKI I[LtlAHEII DUCTS I M§ST La.l_ cOSL,.t_
I1 I EL. FURBBCE 1AD WATE1 HEBTER, CENTRAL ACI 280. 1 1279. 1 48. 1 236. 1 275. I 907. 1 534. 1 3559. 1
1 2 IaHIT PUOP WITH ELEC. RES. WATER HEATER 1 280. 1199. 1 45. 1 236. 1 275. 1 843. I 534. 5 3412. I
I lB.i -PSai 5BSflSE_ A- I EB-SWISETB AT R _._. _ I LAL 45. BA__ , _ L6,.._j___3j5 | 843, I 634, 1 3972,

L -- _ .LaoL_ CYCLB EsWgisrSTraS Iacs i ECKR. P. ICB ESB Pi .IEL. I IXL RBYII. RAHTEAB DPCTS I I eSTA,. TOT L. $S
I 4 I1IN. ACES, BIN- 10.7 13 PANEL- 8.1 12 1 3130. 1 2237. 1 1321. 1 636. 1 335. 1 1049. 1 534. 1 9241. I
I5 .IFULL ACES, B-I 75.1 13 PAEL_.Ol 2-- L 130. 1 574 I ___ L_. __.6,_L__. }35. _ 10.49.. L____51.i__1 4
L_ _IL rossIL fl ln p__sTaXff ____ __I_YLeqllIis __ So BIE L .I. IL--Ig . E-,_U TEBtI __ i .`sJ`ii L.I TI &L. Ui
1 6 IGOS FRNIICE, GAS HOT WATER, CENTBAL AC I 745. 1 1279. 1 26. I 376. 1 270. 1 907. 1 584. 1 4187. 1
1 7 IOXL FOBIACB, EL. HOT WATER, CENTRAL IC I 690. 1 1279. 1 26. 1 632. I 275. 1 907. 1 834. 1 4643. 1
1 8 IPOLSB GAS SfURAC -_S§_flGCBiLC _U125 _ 1 127 9.S_ ___ 26, S 236._iL____._Ql..___I..s_l ___ _L_ 4iS--2-

..... _ - SYISTLCBPLARISOF O-_ _____-
~I ~I ~~I ssrEH aT I UAIT. lIST YRIR IST YEARB IICBRE. I ENERGY I

| NEW CONSTRUCTION ALTEBRNTIVES I BFFIC. I PRBSBET I BENEGY I ERBBGY I FIRST I PRESENT I LIFI CYCLB COST I
I I I (ACOP) I ORTH I COST I SIAING I COST I NOBTH I AVERAGE IBARGINAL I

Igol, II L _____-___ L. I____ -__ __ .__$ I _____LI
1 IRL. FURNACE AND WATE1 HEATBB, CBNTRAL ACI 1.27 5 914. I 1065.05 REFB. I REF. i 19799. 2 24272. t 27668. I
2 IB1AT PUOP WITH BLBC. B1S. WATER HBEATR I 1.55 | 2162. 1 866.98 1 198.07 1 -147. 1 16117. 1 21691. l 24455. I
3 IHBAT POOP, DBSUPEBHBETBR WATER HEATBER 1.77 1 2468. I 761.74 5 303.30 I 413. 1 14161. 1 20601. 1 23030.
4 6I1IN. ACES, BDI- 10.7 H3 PANEL- 8.1 82 I 2.34 1 2432. 1 576.30 1 488.75 1 5683. 1 10713. 1 22387. 1 24224.
5 IFOLL ACES, BIN- 75.1 R3 PKELL- 0.0 B2 I 3.21 2 2432. 1 420.02 1 645.03 I 7889. 1 7808. 1 21688. I 23027. l
6 IG&S FURNACE, GAS HOT WATER, CENTRL U C C 2.09 1 869. 1 456.08 1 608.97 1 628. 1 11969. 1 17045. I 18971.
7 IOIL FURNACB, EL. HOT WATBR, CENTRAL AC 1.62 1 914. 1 940.66 1 124.38 1 1084. 1 20459. 1 26016. 1 25502. 5

1 8 IPl.E GAS FURNACE. GRS Hl. CI£TRAL IC I 2.35 1 960. I 414.10 1 650.95 1 _868. 1 10640. 1 16026.,_ 17__ 1 _1



ROAIOKE, VIRGINIA

167 SQ HOBNE, BULL INSULATED BL. (S/KWHR) a 0.0471, 0.0850 PWF a 18.59, 16.48 DESIGN WEATHER: WINTER SoUMER
DESIGN BBATIBG LOAD (WATTS) - 9755. GAS ($/THBERB) 0.3667, 0.8150 PWF - 31.67, 16.48 OUTDOOR TERP. s -10 C 33 C
DESIXG COOLING LOAD (WATTS) s 5733. 'IL (S/G&L.) 1.1700, 1.4600 PUf = 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.15

~__________________.ESIGN ANR--FNND PlSRS1CB ___
I eUB«IGH= t Q OfDS I ___s.... SSTEERS ENv RGy CoySElPTION __
I I WATER SPACE SPACE () () 1 (3)J (4) l (5) I (6) I (7) I (8)

I MORTH I BEAT I BAT I COOL I BLEC. I HBAT I UP I eIM. I FULL I -GAS JFURJAC I OIL PURNACE IPULSE GAS tFB N. I
I I I I I RES. I PUMTP DS I ACBS ACES I GAS I BLBC. I OIL I BELC. I GAS I ELEC.

IJ_____ ___ .L_ . ._L-J I IKl _I_ BlB .__B I B I K_ H j ?I_ BBaLSu_J.__"iH__ GBL I _!| an iLaSl5Ii_ KjaLi__J
JAl l 1844.1 8628.1 0.1 2909.1 1873.1 1760.1 1193. 1193. 145.1 27.1 96.1 540.1 119.1 27. I

I FEB I 1660.1 6598.1 0.1 2291.1 1469.1 1368.1 951.1 954.1 116.1 21.1 74.1 482.1 95.1 21. I
I BA 1- 1738.1 5652.1 0.1 2053.1 1333.1 2. 847. 8.1 1 105.1 18.1 65.1 501.1 87.1 l8. I
I APR I 1523.1 2157.1 1204.1 1154.1 882.1 766. 426.1 478.1 55.) 138.1 26.1 561.1 47.1 138. I
I BAT I 1380.1 709.1 2322.1 833.1 813.1 678.1 271.1 271.1 33.1 255.1 10.1 638.1 30.1 255. I
LJOLJ 1180lf .1 9f._ 99.__i- 763L 931l 766.1 47I1 195.1 22- 2 42. __ El__L7631.2. 35. 1

JoL I 1126.1 0.1 5457.1 907.1 1121.1 913.1 1006.1 210.1 19.1 595.1 0.1 907.1 19.1 595.
I AUG I 1132.1 0.1 4940.1 853.1 1048.1 853.1 917.1 203.1 19.1 538.1 1.1 853.1 19.1 538.
1 SEP I 91tJ_.1 O.1 2983.1 -656,1 815.1 671.1 574.1 297.1 25.1 325.1 5.1 656.1 __ 20.1 325. 1
I OCT I 1402.1 1797.1 1086.1 1007.1 780.1 679.1 331.1 436.1 49.1 124.1 23.1 513.1 42.1 124.

OI oT 1538.1 4743.1 0.1 1745.1 1138.1 1042.1 665.1 710.1 90.1 15.1 55.1 442.1 74.1 15. 1
1_-_2]-1__. l S -1 2_ 7 -.1 -__.QLL- 2626-1 l.67-tL_1573.1 105,1 L108-7.1 132.1 __24,1 861 __512.-- l081__24_ l
IA IgAL 1767. 3798.1 216388. 12287.1 8703.1 69131 810.1I 2515a__ 444L.1__7368,1 678.1 2515. 1

_________ _S__ 5b_____YSTENOS FIrST COTS T
I I -I _ COHEPQBNTS COSTS. S _I TOT

1 O.1t CONVENTIONAL ELECTRIC SySTES... IJiLiIT IA /c. H.P.I CONTROL liUxILIARYIXi HEIJTERI pCTS I STAL. 1 COST. S I
1 IBL. FBRNACB AND WATER HEATER. CENTRAL ACI 280. 1 1129. 1 48. 1 236. 1 275. I 811. 1 482. 1 3261.

f 2 IRHAT POUP WITH ELEC. RES. ATER HEATER | 280. 1 1199. 1 45. 1 236. | 275. I 843. I 482. I 3360.
L 3_B1 B-LSuEI,_ -DB SP!leTE-RI A. TE-.TaliB __L _ 28 , 1 1199, ,L 645. _ 8 3___ 1335 8. 1 582. 58, 920. 1

_ _ ANNUAL^ CTYCL gE!E R_ ST sTSLC .._ I "BCH). J.ILx I PAUBL LIfXIA EIW. HEATERT DUCTS I xIMSTA .I TOTAL, $1
1 41 I I. ACES, BIWr 13.0 13 PANIEL 10.3 52 1 3130. I 2438. 1 1443. 1 636. 1 335. 1 1049. 1 534. 1 9565. I

i 5 LrULL ACES. l Ya 79.14 -l3__ - 0.g LP. _l_1,J30._l 5971.1 ___Q ,,OJ._-_621i 1_____L ,3352_ _109_ 53 ___L16.55_. 1
I I roQSSIlg LIBRQSIS Sa! L .._ 1_ SBISFA. --I /_ - OlBJL-&a-I&QILQ-L- IUBL--tll E l-fEBL __gcTL-__ LZ I TLL-TAI lL-AL

6 lGOS FOBUACE, GAS HOT WATER, CENTRAL AC I 745. I 1129. ! 26. 1 376. 1 270. 1 811. 1 532. 1 3889. I
7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC l 690. I 1129. I 26. l 632. I 275. l 811. l 782. i 4345. 1

1 8 IPUTSB GAS FPURICS- GAS WI. CINTRAL AC I ;1125 I - 1129. 1 26. 1 236. 1 _ 278,. 811. 1 _532. 1 412_.1

__ -______________SaS-~f£B......ISO_.... .......S L_CA_- - _-------
I I I SYSTBE I AINT. 11ST YEAR ST R )1T ER INCREI. I ENERGY

I EW CONSTBUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I EiERGr I FIRST I PRESENT I T l _LtE C.IE_.ST_I
l~ ~~I~ l ~I (ACOP) I ORTH COST I SAVIG I COST I WOBTH I AVERAGE INARGINAL I

I RO0.1 _ _I I S I t , .S I S I -S I S1 S I
I 1 IlL. FURNACE rAD IWAER BHTER, CENTRAL ACI 1.21 l 914. l 838.01 BRE. I REF. I 15579. l 19754. l 29109.

2 I(HET POUP WITH ELEC. RES. WATER HEATER 1.55 I 2162. 1 653.67 l 184.33 1 99. l 12152. l 17674. I 24971. I
I 3 I1EkT POUP, DESUPEBREATER 1ATER BBETER l 1.75 1 2468. 1 578.46 l 259.55 1 659. I 10753. i 17141. 1 23599. I
I 4 ININ. ACES, BIl* 13.0 H3 PANELs 10.3 32 I 2.47 l 2432. l 409.74 I 428.26 1 6304. l 7617. l 19614. I 24188. 1

5 IPFULL ACES, BIN 79.1 13 PANELs 0.0 52 3.11 l 2432. 1 325.44 I 512.56 I 8393. I 6050. l 20137. 1 23770.
I 6 IG&S POURACE, GAS HOT WATER, CENTRBL IC I 2.06 1 889. 1 415.49 I 422.52 1 628. 1 11609. 1 16388. 1 19182. 1
1 7 IOIL FURNACE, EL. HOT ltR, CENTRAL AC 1 1.60 1 914. 1 866.50 1 -28.49 1 1084. 1 19569. 1 24828. 1 26266. 1

_a.L1LLSE "JSS iBEI§ GACS fy. CENTRAL A I -2.35 I .60. I 366.90 471.10 1 __.8U.. I 1p071. j 15160. 1 17714.

^. 7 I



ROSES LAKB, WISHINGTOI

167 SQ a IOaB, WELL IISUL&TBD EL. (S/KHIR) - 0.0180, 0.0850 PIP - 18.59, 16.148 DSIGN WEATHBR: INTIEB SOUMER
DESIGI HBEITIG LOAD (WATTS) a 12174. GAS (S/THBR)- 0.3178, 0.8150 PBIF 31.67, 16.48 OUTDOOR TEMP. a -16 C 34 C
DISIGN COOLING LOAD (WATTS) - 6028. OIL (S/GAL.) 1.0400, 1.4600 PP - 25.25, 16.48 TOTAL/SlESILE COOLING a 1.00

- ,t__ k_____11_ ______-L_____s H____ - A, lAD PERFORUANCE ..
I 1 ._B is i5___ ____ _ .... ,,_S__i_.!I . . 1:TOiI . . . . I

I I WTBR I SPCl I SPACB I (1) 1 (2) I (3) 1 (41 1 (5) (6) 1 (7) I (8)
SONTH I HErT I HBAT I COOL I BLBC. I HEAT I HP I AIR. I PULL I G1 __ GAS FBICk I_ ., 1 IBaCE SiGS flP1. l

! I I I I RaE. I PUQP I DS I CIS I ACES I GAS I BLEC. I OIL I ELEC. I GAS I ELEC.
I I RJd _I JL I 3 I I I9f. wfl I U KH I KWH I KWl ITHEBRS I K!H I SAL I KIH . ITlHEIES I KIH I
I J3A 1904.1 12064.1 0.1 3880.1 2656.1 2530.1 1561.1 1561.1 190.1 38.1 132.1 567. 155.1 38. 1
I FEB I 1739.1 7849.1 0.1 2664.1 1731.1 1611.1 1065.1 1095.1 133.1 25.1 88.1 508.1 109.1 25. I

lB1__ff1865Q4 j_81 _-0 60. I Q0.1 2 19.1 TJ.l - i_127S. I| 75. I 902.I -1- 2 57_12.- _ iAl_ l.._~ l___. 2 1__ -j1
I APR I 1680.1 3331.1 0.1 1392.1 971.1 866.1 554.1 570.1 74.1 11.1 39.1 477.1 62.1 11. I
I AY 1 1568.1 1651.1 1765.1 1086.1 903. 767.1 376.1 376.1 50.1 198.1 21.1 633.1 43.1 198. I
I JuN I 1369.1 0. 3179.1 I 727l 90 . 735.1 205.1 205. 30.1 _6___. 727.1 23.1 3l46q_
I JUL I 1307.1 0.1 4877.1 895.1 1103.1 902.1 74.1 223.1 24.1 531.1 3.1 895.1 22.1 531. I

I UG I 1283.1 0.1 4584.1 856.1 1062.1 877.1 858.1 216.1 25.1 499.1 4.1 856.1 21.1 499. 1
L-5P I 1 301.1 1 -0 I 1 2358.q1 900 . __ 5.1 67.1 470.1 341.J___i._1 I36. 21Q60,__ _.1421.--_ 3._ .-2^_
I OCT I 1478.1 3445.1 0.1 1368.1 913.1 817.1 481.1 516.1 72.1 11.1 41.1 422.1 60.1 11. I
I NOV 3 1589.1 7857.1 0.1 2624.1 1643.1 1517.1 937.1 1039.1 131.1 25.1 88.1 466.1 106.1 25. 1
I C I 800. 391 10788.197 2253.1 209 1371 4181 172 34..1 019, 53 L. 1 3
I AetLI 18882.1 514046.1 16764.1 22086. 1 7 147061 9495.1 8461.1 1049.1 19981. 624.1 7243._65.1 198,. 1

S_____SS_]_ZRS COSTS -- ------ __ --------
_ ___________OPOB__5_ GP5lflIR______l ToTIOl S T COMPONENTSCOSTSQ . _1 _ __ TOTAL 1 I

l- ioi-S2lCo ETZL2 ..LESR...icSTs _ISa_ T I/CI , i.PRO.l co LsIAI iLIU _-AiERl DUCTS _I_ 11UALHLI COSIS .- 1.
1 I EL. FUBRWAC AND WATE1 HE1ATB, CENTRAL ACI 310. I 1129. f 48. I 253. 1 275. 1 811. I 482. 1 3308. 1

1 2 tBEAT PUMP WITHR LEC. RES. WATER HEATER I 310. 1 1199. 1 77. 1 253. 1 275. 1 843. 1 482. 1 3439. 1
I 3 IAT PUP. DEBSPEIBHBEITBB W TEB HBEATB I 310, 1 1199. 1 77. 1 653. I 335. 1 843. 1 5_Q2.l _1_ 22 3_.1
1 I ABaliL 'C'.B '' CYCLE EPGY SY STSJ _L I BCHt_.I . B BiL l I _PAIL_ L ItAUXtILIATI HIEAE ij.t__DL__l. ._IsAiLLOTsQU
1 4 (IIB. ACES, BDrI 17.3 R3 PAEBL- 41.0 H2 1 3500. 1 2887. 1 3163. 1 710. 1 335. 1 1267. 1 638. 1 12501. 1
I _ _jPOLt ACES. BIe _54.9 3 PBEL,- 13.5 H2 I 3500. t 5000. I 1618. I 710. . I 335. I 1267. I 638. 1 13069. 1

J PiFOSSI L FUEL I STSBS I aI I iC OL AOIA LIT iACT STALB. I TOTAL, l1
3 6 IGAS FURNACB, GAS HOT WATER, CEBTRAL AC I 745. I 1129. 1 26. 1 376. 1 270. 1 811. 1 532. 1 3889. 1
1 7 1OIL FORIACE, EL. HOT WATEB, CERTRAL AC I 690. 1 1129. I 26. 1 632. 1 275. 1 811. 1 782. 1 4345. I
I 1. g.LSB6L S Q...klL Sca aLi. CENTBRL C I _ .1125. I 1129. l 26. 1 236_i___. 21., I 811._ 532. 41 29. 1

,,- YSTRM -!LNPARISNq S

I I___________ - I SYSTEM I HAImT. I1ST TEAR 1ST TEAR I rNCEE. I ENERGY I I
I I NEw CONSTRUCTION ALTERWATIVES I EFFIC. I PBESBNT I ENERGY I RNERGY I FIRST I PRESENT L CYCLE COST I
I I I (ACOP) I WORTH I COST I STAIBG I COST I WORTH I AVERAGE IlARGINAL l
/.j8o"j__ __ I I L _. . I ..L ,iL ...-. LL _ $

1 JIBL. FURWACE lAD WATER HEATER, CENTRAL ACI 1.13 3 914. I 397.55 I REP. I RB.. 1 7390. 1 11613. 1 35160. I
2 IHBEA PeOP WITH LEBC. RES. WATER BEATBR I 1.52 1 2162. 1 294.77 1 102.78 1 131. 1 5480. 1 11081. 1 28540. 1

l 3 IHIET POMP, DBSUPERHEATER WATER HEATE R H 1.69 1 2468. 1 264.70 1 132.85 1 691. 1 4921. 1 11388. 1 27066. l
I 4 INIW. ACES, BIN- 17.3 H3 P iLE- 41.0 82 l 2.62 I 2432. 1 170.91 l 226.64 l 9192. 1 3177. 1 18110. l 28233. 1
1 5 IPOLL ACBS, BIN- 54.9 13 PANIBL 13.5 B2 I 2.94 l 2432. I 152.29 l 245.25 1 9760. I 2831. 1 18332. 1 27353. l
3 6 IG3S FURBICE, GAS HOT WA4TR, CETRABL AC 3 2.04 1 889. I 400.73 1 -3.18 1 581. 1 12221. 1 16999. 1 21663. 1
I 7 lOIL FUROACI, EL. NOT WATER, CETRAL AC I 1.58 1 914. 1 779.11 1 -381.56 1 1037. 1 18804. 1 24063. 1 30414. 1
l.PGa3EflM& S IhI.ACAB. IGAS Ei, LS CEITBAL.C , .._ __ lL.39 960. I 336.74 .!I 60.-0 I____211 9... I 1019_. I 52. i i9503.



SBSTTLB, WASHINGTON

167 SQ a HOBE, WBLL INSULATED EL. ($/KNIB) a 0.0161, 0.0850 PWF * 18. S9 16.48 DBSIGN NEBTHBB: WINTBB SUBBB
DESISG BBIATIG LOAD (WAMTS) - 7817. GAS ($/THBRB4 0.5402, 0.8150 PBB P 31.67, 16.48 OUTDOOR TBaP. -5 C 28 C
DESIGN COOLING LOAD (WATTS) m 3516. OIL ($/GIL.) a 1.1300, 1.4600 POF - 25.25, 16.48 TOTAL/SENSIBLE COOLING - 1.00

___- IHP roBstac _____-
I1 __ JLIXILls _AS_ _I 7____ fSYSTS flu ImSBnUN . I______ I
I I WATBE I SACe I SPICE I (1) (2) 1 3 (13 1 (5) I (6) I (7) 1 (8) I

I SOTH I HBAT I BBAT I COOL I BLEC. I BEAT I BP I AIB. I fULL 1 GAS FIUBBI .L_, L _RB A LL../LSE_,QA_ FL RLI
I I I I I RES. I PUP I OS 1ACS I ACES I GAS ELEC. I OIL I BLEC. I GAS I LBC. I

I Ji 1 821,1 7980.1 0. I 272=. 1690.1I iAk I 1 924.1 7980.1 0.1 2724.1 1690.1 1595.1 1109. 1109. 1 137.1 25.1 90.1 532. 1 112.1 25. 1
I tEB I 1651.1 5540.1 0.1 1998.1 1228.1 1133.1 813.1 810.1 103.1 18.1 64.1 476.1 84.1 18. I
LffAJ-__L 2_a.J_ -5U _ __ fl6.1 , 2g53. 1_1222. te5.f 827.1 925. f 105. l Ifil 64.1 511.1 8,L__ 8s, II APR I 1626.1 3789.1 0.1 1504.1 970.1 880.1 606.i 605.1 79.1 12.1 44.1 464.1 66.1 12. I

I HIY 1 1564.1 2746.1 624.1 1265.1 875.1 776.1 489.1 488.1 64.1 77.1 33.1 511.1 54.1 77. I
I JOB L IL.I . I I ...1 243. 1 931.1 752.1 64S.I 332. 332.1 .44.1 .140. I 20.1 534.1 38 . L 4.40. I
I JUL I 1403.1 778.1 2266.1 853.1 818.1 681.1 280.1 280.1 35.1 249.1 12.1 639.1 31.1 249.

I AUG I 1399.1 763.1 1937.1 812.1 766.1 643.1 273.1 273.1 35.1 213.1 12.1 602.1 31.1 213. I
L-,SB[ I lq05.1 1519;1 821f-2 910.1 70921 619.1 2297. 297.* 5is ,.I 1_ll2.*_ _.. _92 39.1__I02-
I OCT I 1550.1 2996.1 0.1 1263.1 832.1 756.1 467.1 463. 1 68. 9.1 37.1 44-0. 56.1 9. I
I NO I 1609.1 5592. 0.1 2000.1 1207.1 1109.1 796.1 793.1 103.1 18.1 65.1 465.1 84.1 18. I
I DEC t 1764, 71160.1 0.1 2562.1 IS641, 1463.1 1039.1 1039.1 130.l 24. 84, 5114.J 105.1 24, I
I iIBlIN 18986.1 46226.1 6963.1 J18875.1 12684.l 11115.1 7330.1 7314.! 949.1 90.1l 545.1 6179.1 782.1t___9 1

SXI5Im -FIRST -COSTS
II -- COBPO!fi igTS-COSTS.,- ___.___ T___- ,OTAL I
gI Q.i COVTNTI NBL ELECTRIC sfl_- fi l _ .JrILI T IA/C. H.P.L COBTBOL L0IIIBT1B.ZZLX&ZI.A&TBI DICTS I 1TAL. COSL,. I I

I 1 IBL. URNACB -UD iTR BEATER, CENTRAL AkC 280. 1 1129. I 48. I 236. 1 275. 1 811. I 482. 1 3261. I
I 2 IHEAT POUP WITH ELBC. RBS. WATBR HBETBR I 280. 1 1199. 1 45. I 236. I 275. 1 843. I 482. I 3360. I
J -3 I ABT PUP. DBSUP ]BBATB ATHRB HEA TSB _I 280. I 1199, I 45. I 636. i 335. I 843, i 582. I 3920. I

i AI iL S1 ICL.BBBGY SISTEnS ( ACESI II- .1 CBPANEL AUXZLAHIT _ fk I DUCTS I IBSTBAL9o T&,_
I 4 1lBI. ACES, BIs- 12.2 13 PABL- 15.3 n2 I 3130. 2267. I 1724. I 636. I 335. I 1049. I 534. I 9675.

5-1'.kL ACBS, Blf- 1i_2.fliLU][_! 15.3 12 31130. 1_2267. 1724. 1 636, 1 __1, J.___l 9. i ___534. 1 9675. 1
_ -- _lSILt-__riL_ D sy ST·HIs - UI CI I/c ? C CO S L IAZZLAUI , LAI&BUI -f.tI DUCTS I HSfiAL*i 7GThAL, tl

I 6 16S FOBU CE, GAS HOT WATBER CENTRL AC 1 745. 1 1129. 1 26. I 376. I 270. 1 811. 1 532. 1 3889. I
I 7 lOIL FPURNAC, BL. NOT WATER, CENTRAL AC I 690. I 1129. 1 26. I 632. 1 275. 1 811. 1 782. 1 4345. I
I 8 1_ULS_ GAS _ __NA E____._ _ i2oL .2 l,____21__I__l. 1 1__129. 26.-. I 236_& --....,o all . I -___1

|I"~ I --~I SYST I SAIT. 1 ST TIAR IlS TAR C I IC RBH. ERG I I
I I NEW COISTUBCTION ALTBBNATIBVS I IFFIC. PI RP8ST I HEERGY I BENRGY I FIRST I PRESEBT I L.FS CYCLE COST I
I I I (ACOP) I WORTH i COST I SATIG COST T I NORTH I AVERAGB INARGINAL I

lIQa I I I $ i . _____ ___ __I -I I L I ._ I _ I I -__ L _I--.___
1 I 1L. FURNACE AND STUR HEATER, CBNTABL ACI 1.06 I 914. 1 303.69 i REr. I BEP. I 5646. 1 9821. 1 30615. 1

1 2 IH1AT PUHa *ITXH LBC. RBS. IATR BHEATB I 1.58 1 2162. 1 204.08 1 99.61 1 99. I 3794. I 9316. 1 23289. I
I 3 IDEAT PUOP, DBSUPERHBkTBB W&TR BNATBE I 1.75 1 2468. 1 184.79 1 118.90 1 659. I 3435. I 9823. 1 22476. I
I4 11 X. ACES, BINr 12.2 13 PA1NLE 15.3 32 I 2.741 2432. I 117.94 1 185.75 1 6414. * 2192. 1 14300. 1 22375. 1
I 5 IFULL ACES, BI- 12.2 H3 P&ANLS 15.3 32 I 2.74 1 2432. 1 117.94 1 185.75 I 6414. I 2192. 1 14300, 1 22375. I
I 6 IGSS aFURAC, GAS 8HOT ATER, CETRAL AC I 1.97 I 889. I 527.08 I -223.39 1 628. 1 16502. 1 21280. I 18789. I
I 7 IOIL IRWIACB, EL. HOT ATEB, CEBTRAL AC I 1.47 I 914. I 714.87 I -411.17 I 1084. I 17388. 1 22647. 1 27020. I
I 8 IPULSB GAS -t lUAC. GAS B, CElBTRA1 C I _ 2.33 _ 969. L 439.62 -_135.93 A .868 .f 2. 13732.. 22. I 169i25. 1

* * d-



SPOKABN, NASHBIGTON

167 SQ H HONH, WELL INSULATED EL. ($/KNHR) s 0.0200, 0.0850 PU8P 18.59, 16.48 DESIGN NEITHER: WINTER SUOMER
DESIGN B8ETING LOAD (WATTS) w 13782. GAS (f/THEReB) 0.3022, 0.8150 PEU - 31.67, 16.48 OUTDOOR TEBP. a -20 C 31 C
DBSIGN COOLING LOAD (WITTS) u 4702. OIL (S/GAL.) - 1.1200, 1.4600 PB? - 25.25, 16.48 TOTIL/S1BSIBLB COOLIBG 3 1.00

IIT_ LIIgIQ RILlL.___ _ 3Si .5(i)a __ (7_)_ _ (
ATER SP I ACEI SPC I (1) I (2) 1 (3 14 (5) I (6) (7) I 8)

aI ONT I HBET BBHT I COOL I BLEC. I BEAT I BP I NIN. I PULL I GAS FURBCL_ U CB IF .
I I I I I RES. I POUP I DS I CES I ACES I GAS I ELEC. I OIL I LEC. I GS I ELC.

I___ I HJi I NJ I Hi I gym -L W- I WnE I .H I KHR ITrEENS I KWi I gILS KfNH _ IInEB.ES 1I .K I
I JAi I 1879.1 13375.1 0.1 4238.1 3004.1 2922.1 1697.1 1697.1 208.1 42.1 146.1 564.1 168.1 42. 1

t FBD I 1740.1 9563.1 0.1 3140.1 2066.1 1961.1 1254.1 1257.1 157.1 30.1 106.1 514.1 126.1 30. I
-flJ--12li-_. I& --- 0 l-2785.11767.L 1647 1 -A107. 11-.-21 - - 1 1- .JS^__ .26. 1

» PB 1 1792.1 4642.i 0. 1787. 1157.1 1049.1 709.1 711. 94. 15.1 53. 512. 77. 15.
I AT I 1740.1 2739.1 923.1 1345.1 976.1 858.1 506.1 506.1 68.1 109.1 33.1 593.1 57.1 109. I

Jil --I 15167,A 1I1 -- IIS. 1 960.1 855.1 721.1 334.1 334.1 43. .210,1 _ 6.1 646.1 38.1 I21
I JU I 1517.1 0.1 3707.1 825.1 1019. 833.1 230. 230. 32.1 40444.
1 LUG 1 1464.1 0.1 3116.1 746.1 934.1 768.1 508.1 317.1 33.1 339.1 8.1 746.1 24.1 339. I
L_ as _J. 1tL26L i 1608.1 4! . 1 t00a3.L 814|1 698 1 308.1 308.e JL___47 1.__ 6^__J_, . I__A _1L.. 166._ 1

OCT I 1544.1 4490.1 0.1 1676.1 1064.1 959.1 586.1 589.1 88.1 14.1 52.1 443.1 71.1 14.
B NOV I 1600.1 9389.1 0.1 3053.1 1925.1 1813.1 1088.1 1116.1 153.1 30.1 104.1 474.1 122.1 30. I

1 DEC 1 17.1 12069. _.L..1 3847. 2516.1 2414.I 1480.1 1493.1 190.1 38.1 132.1 532.1 153.1 138.
I i Ai 19963,1 61_28.1 11112.i 25405.1 12095662.1 9807.1 9668.1 1254.1 142j 1 167.1 6969. L_.1016.1 lq2.I 1

--.- I--------_ I I RCS COSIIUSi _T_____ ________ TOTA 11I iQ_ I--------___Qs--_---- ____s |hiSc.. A TOT 11CS I_I .l-_.COWIV aMl S1A 5 ELECTRICAX S Ias JfALfIIT !A/c. B.P.I ¢OS IBOf L ILXUIU BILATBL._ §EREI DUCTS . I STLH. lCOSTl. $i
I1 I B. FURNACE AND WATER HEITER, CENTRAL ACI 310. 1 1129. 1 48. 1 253. 1 275. I 811. 1 482. 1 3308. I

I 2 IDEAT POUP WITH EtEC. RES. WATER BEATER I 310. I 1199. 1 77. 1 253. 1 275. 1 843. I 482. 1 3439. I
1 3 IEALT PUS, PDESUPERBATE A LB a BEATER 310. I 119. I 77. I 653 1 .I 335. I 84 I __2.__I 3999. I
- I A1NU1L CYCLEE ISaLG (I ,I AIBUA. .E ? CdS _=. SE ICE D__iv DTS.l. p 1BAIJ.IAL..JE.A D2t& l ]&SlIPlSAL.A L

I 4 IBr. ACES, BIN- 18.9 H3 PBAEL- 53.5 32 1 4000. 1 3086. 1 3862. 1 830. 1 335. 1 1520. 1 638. I 14270. I
l__ .IULL ACELS Bi__2_0 3 P ̂ L- 46U.0 H2 I 4000A. 1 3478. 3441, 1 8.30, 1 335. 1 1520. 1 _638, 1 14244.
I 1 !J FOSSIL FnUL L . SgEBY S I I FUl ACE I A/g I COBTROL AOXI §ZLZAiI J_ UfS DBCS I ISTAL.i TOTAiL 8
I 6 IGAS FURNACE, GAS HOT NAT2R, CENTBIL AC I 775. 1129. I 26. I 376. I 270. I 811. 1 532. 1 3919. I
I 7 lOIL FURNACE, EL. HOT IATER, CENTRAL AC 1 690. 1 1129. 1 26. 1 632. 1 275. 1 811. 1 782. 1 4345. I
I ._!Z_l.j.. LLL_6A PAJCE.C 1G.C.S T RL Ir 1._LI25. .1 ..129. i29, 26. I 23.. I ._ 0. I . 11. 532. I 4129. f

.... STATEI CO f1RZ SQOS
I I I STSTEM I BiNT. I1ST YEAR I1ST TEA I NCREB. I BBRGY I I

I I NEW CONSTBUCTIONB LTBRATIVES I BFFIC. I PRBSBBT I BEERGY I EEBBRG I FIRST I PBRSBET I LIFE CYCLE COSTI
I I I (iCOP) I NORTH I COST I SAiING I COST I WORTH I AVBBAGE INARGINAL I

LU_ ___ _-_ IS - I S I __ i :__ _ _I s ___
I1 I i. FURNACE AND WATER HBiTEB CENTRAL IC1 1.07 I 914. 1 508.60 I RBP. I REF. I 9455. 1 13677. 1 39809. I

I 2 IEBAT PUOP WITH BLEC. EBB. WATBB HBETER I 1.51 2162. 362.32 1 146.28 1 131. 1 6735. 1 12336. 1 30952. I
I 3 IBBAT PONP, DEBSPERIATR WABTR HEITBBE I 1.64 I 2468. 1 333.16 175.44 1 691. 1 6193. 1 12660. 1 29778. I
I 4 I1t. &CBS, BI- 18.9 G3 PilEL 53.5 S2 2.78 1 2432. 1 196.34 1 312.26 I 10962. I 3650. 1 20352. 1 30440. I
I 5 IFULL ACBS, BEIm 25.0 f3 PBNEL- 46.0 82 2.82 1 2432. 193.55 315.05 1 10935. I 3598. 1 20274. 1 30219.
1 6 IGAS FURNACE, GAS HOT 81B8, CENTRAL AC 2.00 I 889. 407.45 I 101.15 I 611. I 12531. 1 17339. I 23644.
I 7 OIL FURBACE, IL. NOT WATER, CBTBAL AC I 1.56 I 914. 1 998.90 1 -490.30 I 1037. 1 24293. 1 29552. 1 33483.
I a Iv1SB Gis FURNA¢S. GAS By. CBITBAL AC I 2.40 1 960. i 335.57 1 173.03 I 821i. 102S5. 1 15344LL 207l1. I



CHiPLESTOf, aBST VIRG6IBI

167 SQ H OHBN, VELL INSLBSATD EL. ($/KWHR) * 0.0468, 0.0850 PeP - 18.59, 16.48 DESIGN NEITHBR: VINTER SOUBER
DESIGI HBATING L01D (eITTS) - 10803. GAS ($/TIBBE ) 0.3685, 0.8150 PPF - 31.67, 16.48 OUTDOOR TEBP. - -13 C 32 C
DBSIGN COOLING LOAD (WATTS) - 5726. OIL (S/GAL.) 1.1900, 1.4600 PWF - 25.25, 16.48 TOTAL/SBNSIBLB COOLIBG - 1.17

DBSIGN- AND PBPORBAICB -_
I t UI -LDXI G 'LU.S.... I. TIfTINERGr CONSUNPTI .N .I

I I MITER I S SPI C E SP I ( 1 ( 2 (31 1 (41 I (5) I (6) (71) (8)
I HOTH I HsAT I BT I COOL I BLBC. I HeBT I BP I Il. I FULL I AS -FUR.LB l -OIL FURNCB JIPLS GAS UIBi . I

I~ I !S I I RBS. I POUP I DS I ACBS I CES I GAS I BLBC. I OIL I LEC. I GAS I BLEC. I
--- -tH si I NJ Iva I el -I ENS i KWu H JBS___.__Hl G~ 1B__IHB SG I K._I__L

I Jl IB 1866.1 9294.1 0.1 3100.1 2058.1 1962.1 1270.1 1270.1 154.1 29.1 103.1 548.1 126.1 29. I
! FBB I 1681.1 6832.1 0.1 2365.1 1548.1 1459.1 986.1 987.1 119.1 22.1 77.1 489.1 98.1 22. 1
I Bi t 1762.1 5813.1 ___, 210. ! . 2 - s. 12 .! ,___.21. 90 107 I ]____ 6I___ _ s. fi& 8a2I ._J. I
I APR 1546.1 2254. 1122.1 1178.1 898.1 785.1 439.1 475.1 57.1 129.1 27.1 559.1 49.1 129. I

BIAY T 1402.1 879.1 2256.1 879.1 832.1 694.1 291.1 291.1 36.1 249.1 12.1 638.1 32.1 249. 1
I JaW I 19 9.l 0l 39?18, 760 935. 763.1 8. 196. 23.1 427.1 3.1 760.1 20,1 427. 1
5 JUL I 1144.1 0.1 5256.1 890.1 1099.1 899.1 971.1 209.1 20.1 573.1 1.l 890.1 19.1 573. 1

AUG 5 1149.1 0.1 4831.1 846.1 1042.1 853.1 898.1 204. 20.1 526.1 1.1 846.1 19.1 526. I
I sBpr__L___!]OzzI--Q.__ 30 _ _O.1 661 1690. 588. t 301;I ., 1__._3l 6.1 669.1 _ _ _1,~.,_.

i oT 1419.1 1963.1 1113.1 1061.1 818.1 711.1 349.1 408.1 51.1 127. 25.1 522.1 44.1 127. 1
B gOVt 1557.1 4893.1 0.1 1792.1 1194.1 1095.1 677.1 735.1 92.1 15.1 56.1 448.1 76.1 15. I

I DSC I 1775.1 .7745.1 0.l 2645.! 1752.1 1652,I 1066.1 1102.1 133.1. _2_.. .L _87.1 518.1 108.1 25.-1
! INUALI 17708.1 39674.1 21552.1 18289.1 144O0.1 12843.1 8872.1 7084, 838.1 2474.1 465.1 7393.1 699.1 2474. 1

·

ST STISR.S FIRST COSTS_ -
I I CO--PONENTS COSTS. S TOTiL

j-Lo I COWVINTIOAL ILCTRIC SYSTEISg .Z- IANl S IT I/C... B.lI CONTBOL IX AeflTATIIW. BAIBTI DCIS I..ISTLL. _ LOST, S
I I IL. FURIACE AND WATER HEATBR, CENTRAL ACI 310. I 1129. 1 48. 1 253. 1 275. I 811. 1 482. 1 3308. 1
1 2 IHEAT PUPR WITH ELEC. BBS. ATERB HETBER 310. 1 1199. 1 77. 1 253. I 275. 1 843. I 482. 1 3439. 1
I _LIlMA1 _PBEAL. SCPJ BHEATB1 WATER HIBTBE I 310. I 1199. 1 77.-1 653. 1 335. 1 843. 1 582. 1 3999. 1
J I ANNUAL CYCLe BEFBGYT STyrlS fACESI HB«CE. P«l-IC I- PAL IA6XZLXABtIW. HEATEl· pCTS I INSTALN*. TOTAL. $1

4 IaSI. ACBS, BTIM 13.9 13 PAEBL- 13.1 32 1 3500. 2560. 1 1599. 7 I 335. 1267. 638. 10610.
1 I-5lLLf,3S . ls75.i7 H3 iLw . 2 N]__- 1 .7 2_ 500. I 5888. I . 962 1 710. I - . 1 1267. I 638. I 13300. I
I r1 FOSSxL UpL IELBD TIITS _ I BBII I A/ I CONTROLII IXXI L Wti AL. II TTAL.l
I 6 G01S FURNIB C, GAS HOT IBTER, CENTRAL AC I 745. 1 1129. 1 26. 1 376. 1 270. I 811. 1 532. 1 3889.
! 7 IOIL FURNACE, BL. HOT ITERB, CENTRAL AC I 690. I 1129. 1 26. 1 632. 1 275. I 811. 1 782. 1 4345. 1
i 8 IPULSE GAS FUEACE, GAS._,xLTfi AC _ 1125, 129. I __ 26, i 236, 1 _..io. 1 I -__a M_53 lI__ l41292_

_______ __._.M 1 ..... -_SSTE_- IOn IBAn SOIS____ __ --
I I I STSTEM I AINTB. I1ST TEAR I1ST YE AR INCREB. I ENBBRG I

I 8E CONSTRUCTION LLTERBATIVES I FFIC. I PRESET I EBBRGY I ENERGT I FIRST I PRBSEBT I IPE CYCL COST I
1 I I (&COP) I WORTH COST I STAING I COST I NOBTH I AVERAGE INARGIBAL I

I_,t . I I I ___- -_____ S I _ J____l
1 1LL. PUROBCB AND ITBEB BB8ATR, CENTBRL &C 1.20 1 914. 1 856.28 1 RBB. I REF. I 15918. 1 20141. 1 29841. 1
2 B1EAT PUMP WITH ELBC. RES. ATER BEATEB 1 1.52 1 2162. 1 674.19 5 182.09 1 131. 1 12533. 1 18134. 1 25772. 1
3 IHBAT PUMP, DeSUPRBHATER WATER BEATBR I 1.71 5 2468. 1 601.31 1 254.97 1 691. 11178. 17645. 24457.
4 1 Ir. ACBS, BIM= 13.9 53 P&BELm 13.1 B2 I 2.47 1 2432. 41 15.40 1 440.88 1 7302. 1 7722. 1 20764. 1 25470. 1

I 5 IFOLL ACIS, BI11 75.7 H3 PkBEL· 1.7 12 I 3.10 1 2432. 1 331.70 1 524.59 1 9992. 1 6166. 1 21898, 1 25656. 1
1 6 GIcS FURoACE, GAS HOT WATER, CBENTRL IC 2.06 1 889. 1 424.68 1 431.60 581. 11935. 1 16713. 1 19501. 1
1 7 OIL FURNACE, EL. HOT WITER, CBETRAL AC 1.59 1 914. 1 899.23 1 -42.95 I 1037. I 20400. 1 25659. 1 26798. 1
1 8 IPULSB GAS FURB1Ce. GAS BU.-CBITRA L AC I 2.36 1 960, l 373.33 1 482.95 1 821. 1 10309. 1 15398. !I 179Ai. 1

' ̂  1.4



ELKINS, BEST VIRGINIA

167 SQ 8 HOHN, *BELL INSLATBD EL. ($/K8HRB - 0.0470, 0.0850 PYT - 18.59, 16.48 DESIGN WEATHER: WINTRB SUOBER
DESIGN BEATING LOaD (WATTS) - 12165. GAS (S/THEBeOI 0.3685, 0.8150 PIVT 31.67, 16.48 OUTDOOR TEBP. a -16 C 29 C
DESIGN COOLING LOaD (WATTS) - 4175. OIL (S/LU. ) a 1.1900, 1.4600 PUF - 25.25, 16.48 TOTAL/SBESIBLE COOLING - 1.12

---------------------- ------ P51GW* AND PEFPORS&ICE
I RB IrL B P LOAIDS I ISlYSTra I al El&I O - -O.lIINlT.. --

I I WTER I SPACE I SPACE (1) (2) I (3) I (4) I (51 I (6) I (7) I (8) I
I INOTH I HEAT I HET I C0aL I ELEC. I BEaT I HP I 11. I OULL I 6SL I IFOICB .1 I LFPBIURACE PILS GAS I RN,. I

I II I I ReS.I I PWP I DS I ACBS I ACES I GAS I ELEC. I OIL I ELBC. I GAS I ELEC. I
I J_ _ IJ__ L _ -J 1._. t u~ -1._ ! L;. .__ P8 IB -N i BNgn_- B1Igai_.§1__i 1|AL I EV L IIB.S. I IS I1

-JANI 1905. I 11062.1 0.1 3602. 2630.1 2587. 1461.1 1461.1 177.1 35.1 122.1 564. 144.1 35. I
BB I 1738.1 8530.1 0.1 2852.1 2006.1 1955.1 1167.1 1174.1 142.1 27.1 95.1 510.1 116.1 27. I

I lAIr 10968.1 7501.1 9.i 2603.1 1720. t661 10S9. 1078. 131.1 24J1 84.1 543.1 108.1 24. 1
IAP I 1693.1 3681.1 0. 1493.1 1099.1 998.1 606.i 616.1 78.1 12.1 43.1 482.1 66.1 12. i

I Y I 1594.I 1789.l 1471. 1100.1 894.1 768.1 392.1 392.1 52.1 166.1 22.1 609.1 45.1 166.
l JLe_ I 1405.1 671.1 -264l 186i9.L 869g, 721.1 27L.I 271. _ 33.1 295l. l-OL_ 685.1 30.1 295, I
I JuL I 1353.1 0.1 3584.1 766.1 935.1 770.1 326.1 209.1 26.1 390.1 4.1 766.1 23.1 390. I
I AUG I 1331.1 0.1 3137.1 712.1 873.1 720.1 602.1 200.1 27.1 342.1 5.1 712.1 22.1 342. 1
1_5._/1_119LL__J21J.1 19__ 78 _ .__ 927 __Q82,L,_ 69Q, 402.1 308.1 0.1L -__ 2J92lJ_ 16.1 5932L___5. 1 __219, 1
I OCT I 1512.1 3742.1 0.I 1460.1 1035. 938.1 528.1 545.1 76.1 12.1 44.1 432.1 63.1 12. I
I ROV 1 1609.1 6621.1 0.1 2287.) 1549. 1488.1 838.1 875.1 115.1 21.1 75.1 468.1 94.) 21. I
I DEC I 1809.1 10136.1 o0. 3318.1 2352.1 2302.1 1311.1 1322.1 164.1 32 12. 535. 133.1 32.
IABIOLA 19160.1 54951.1 112854.1 219891 16781.1 15602.1 8967.1 8455.1 1061.1 1574.1 631.1 6897.1__9JZ12._lJL l

______1 L-SSS]laIRST COSTS -. ,_
*~I I 1-~___)_I;}*IS COa _I:TS _S _______ _, TOTAL I

1_il__ CON MEtIrtAL ELEAcI TsS L___IPtg T I A/C. HP.I :OTOL !taOXLijXJttIrsETJl DJPgCS 1 _IBSTAL.1 COST_. 1
1 EL. FURNACB AID LWTER HEATER, CBITRAL ACI 310. I 1129. 1 48. 1 253. 1 275. 1 811. 1 482. 1 3308. 1
2 RHEAT POUP IITH BLEC. RES. WITTE HEATER I 310. I 1199. I 77. 1 253. I 275. 1 843. ) 482. I 3439. 1

I 3 IET10 PUoP. DlESUOPEREAI WATER BHETER I 310. I 1199, 1 77.1 653. 1 3 5. I 843. I __ :_23 32299,:1
I I a IUIL C CLE ENERGY SYSTeIS (1CBSL_ _f I I_ .P.I ICE 1.. I P IAXL AILIXARTII fl. TEI DI .ICTS I INSTAI L _TS ^ -L1
I4 1 81. aCES. BIls 16.1 13 PANEL- 22.3 02 1 3500. 1 2799. 1 2114. 1 710. 1 335. 1 1267. 1 638. 1 11363. 1
I_5 IFBLLACLBS. BHI 35.083 PanEL- 14.7 12 I 3500. I 3969. . 1689. I .710. 3.5 1 1 I267. 1 638I t 12109. I
I I OSII-ssl l Z, i fiRD SIrSTl _ L_ _ _ I RAC I &,/ I COT l L ITAUJLIIIA&I . EA RTEal DqCTS -I IXSTAIIJ.1 SOal.l S
I 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC I 745. ) 1129. 1 26. 1 376. 1 270. 1 811. 1 532. 1 3889. 1
I 7 IOIL GFURNAC, IL. HOT WATER, CENTRAL AC 690. ) 1129. I 26. 1 632. 275. 1 811. 1 782. I 4345. 1
1 -6_.lgSE GAS FitBACE, CS L _SEjTB LL c__ I 125S. I 1129. I 26. 1 236.L 2 I 70. 1 811. I 532. 1_ 129. 1

AlST 3S' nPAHZE211S
I I I STSTER I tAINT. I ST EAR I lST YEAR I ICREB. I ENERGY I

I BE COBSTRUCTIONH LTBERATIVES I EFFTC. I PRBSENB I ENERGY I ENERGY I FIRST PRESENT I LIFE CYCLE COST I
I I I (ACOP) I OBTB I COST I SAVING I COST )I ORTH I AVERAGE IHABGINAL I

L4 "O.11,--------,,~ Lr_ $ - ___-AI i I I _--_1-J__I__! _L
I RL. FURNiCE AND WATER B1ETER, CENTRAL ACI 1.10 1 914. I 1034.12 1 REF. I REF. 1 19224. 1 23447. 35024.
2 IHBAT PUBP WITH ELRC. RES. S ATER HEATER I 1.44 2162. 1 789.23 1 244.89 1 131. 1 14672. 1 20273. 1 29108.

I 3 IREAT POUP, DESOPEBBEATER WATER HBEITR 1.55 I 2468. 1 733.77 1 300.35 1 691. 1 13641. 1 20108. 1 28322.
I 4 |INN. ACES, BIE- 16.1 R3 PAIELm 22.3 12 2.69 ! 2432. 1 421.73 1 612.39 1 8055. I 7840. I 21635. 1 26356. I
I 5 IFULL ACBS, BIN- 35.0 83 PiAELi 14.7 2 2.86 2432. 1 397.62 1 636.50 1 8801. 1 7392. 1 21933. 1 26384. I

6 lGiS TFRNICE, GAS HOT WATER, CENTRAL AC I 2.02 1 889. I 464.96 I 569.16 1 581. I 13757. 1 18535. 1 21232. I
I 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC 1 1.56 1 914. I 1075.55 1 -41.43 1 1037. I 2%997. I 30257. 1 30109.
I 8 a P .LE Il I Ais sGis I V . cEITRAL IC I _2.38 1 960. I 397.84 1 636h29.1 8l. 11631, 1 16720. __l9.2Ii_



GREEN DY , WISCONSIN

167 SQ H NONE, WELL INSULITED EL. (S/KHnBR 0.0418, 0.0850 PIF a 18.59, 16.48 DESIGN WEATHER: WINTER SUNHES
DESIGN BEATING LOAD (WITTS) a 15475. GAS ($/THBIRN- 0.3697, 0.8150 PUF - 31.67, 16.48 OUTDOOR TEHP. * -24 C 29 C
DESIGN COOLING LOID (WATTS) - 4683. OIL ($/GAL.| - 1.1100, 1.4600 PEP - 25.25, 16.48 TOTAL/SENSIBLB COOLING a 1.14

___ _ _______ ________-DESIGN AID PERFORNANC____
I MBiPflD116I WIQSIP I______ SYSTEs ENERSL. fmlQUSr s- lON- 1.

I I 9ATER SPAC I SPACE I (1) (2) (3) (4) (5) 1 (6) (7) 1 (8)
NONrH I HEsT I HBT I COOL I ELEC. I HEAT I P I NIl. I FULL 1 gIS IFUBACE I OIL FURBNCE 1P LSE GAS UBRN. I

I I I gI ~ I RES. PU P I DS I CES I ACES I GAS I LEC. I OIL I BLEC. I GAS I ELEC. I
1j.I___ 1_ __BJ 2. N9 .1L_.__ __ ___ I_ E.L Bfl I__ __I H ms I KH -- TBB__ PB51 __--6 ___ GL1 _1 B iltEBSa __-ils -_L
I JiN I 1811.1 18314.1 0.1 5591.1 4737.1 4735.1 2210.1. 2210.1 269.1 58.1 200.1 561.1 217.1 58. I
I FEB B 1702.1 14449.1 0.1 4487.) 3631.1 3621.1 1776.1 1777.1 218.1 46.1 158.1 519.1 176.1 46. I

lnap 1 1929.1 12518..1 0.1 4014.1 2945. _2131, I 1586.1 1587.1 198,1 -___4 l__13922_ 576.1 160.1 40/i9
aI PR 1864.1 5999.1 0.1 2184.1 1424.1 1337.1 862.1 862.1 113.1 19.1 70.1 537.1 92.1 19. I

I TAY I 1875.1 3045.1 799.1 1454.1 1038.1 927.1 550.1 550.1 74.1 97.1 38.1 618.1 62.1 97. I
I ll_ 1735. __B.f 24.__ 04._ 979_.1.---__ 4UL_ 790. 32l 1___ 328,1 41. -265[L__5 1 -.__2.___?_37.L_265_1i
I JUL I 1696.1 0.1 3438.1 846.1 1011.1 818.1 247.1 247.1 32.1 375.1 5.1 846.1 28.1 375. I

AOG 1 1615.1 0.) 3442.1 824.1 996.1 815.1 346.1 350.1 32.1 375.l 6.1 824.1 27.1 375. I
I SEP 1522.1 1655.1 1373.1 1032.1 837-1 726.1 319.1 320.1 49.R 155, 231 578.1 ___42.1 155.

OCT I 1578.1 4359.1 0.1 1649.1 1074.1 985.1 567.1 567.1 87.1 14.1 53.1 452.1 71.1 14.
I NOV I 1576.1 10161.1 0.1 3261.1 2244.1 2199.1 1132.1 1134.1 162.1 32.I 114.1 470.1 130.1 32. 1
liLX__174.1_sJ53t____oat q75_3722.i _q_ 7Jzi 1819.1 _ 182Q| O 230.i___41J___168sL__5§ZSL___18_5. _ _49^i

AIBUAALl 217L 9 _86680. 1 U4SS_ 2 f_260._ 27. .235. 74. . 1.1752.1 L1505,Ld L__ L-52 _ t_9_2 1_ 75 1226. 1522, i

__- ______________________ SYSTPaS__i~RST COSTS-_______ --
I I -L----I-__ .CORPqiENTS COSTS. S* I.Or L Il

I 0.1 CON'IBTTi L IA ECTRIC SYSTEBS .- __f!,[ I- /C. H.lP. l Co ITnOL) ia ujLABi j,_ _AZ- D UCS I NSTACLN 1 CO ST. . I
I 1 IFL. FORNICE AND ITBR TBEATER, CENTRAL AC 350. 1129. I 18. I 305. I 275. 11. 482. 3400.
I 2 IHEAT POUP WITH ELEC. RES. WATER HEATER I 350. ) 1199. I 77. I 305. 1 275. 1 843. 1 482. I 3531.
1_ l..J. aF. TPALgUB_-LeSPF LBT AjglAt ..BA'TB_ .__. _ t±I 1199, I __ 77. 1__70j _ _335 1 85 4 3. 1 582. 1 4091. I
. _I _LAIALCCLET EElC BFIy SISTB.lS IICS!a _I . Cf. P.1 ICE BSX I PBANEL IAU]JXIIABYI. HEABTElI DUCTS I lXSNTALL. I TOTAL. $1
I4 IHl. ACES, BIN- 25.0 H3 PANEL-132.5 12* 1 4000. 1 3573. 1 8286. 1 830. 1 335. 1 1520. 1 638. 1 19182.*1
I. 5_-iLLE_-LSS TL Z I_2. B3 PAIE'_=123.6 _2* L 1 -QP ._ ! 3699. J 7785. 1 830. 1 335. | 1520. i 638.J 1 18806.*
1 1 OSSIL FUEL FlIT L SYSTCSL ..... I FURa_! I &/C I CONTROL I AUZZILARYI. Ht &T3a1 DUCTS I INSTALl.I TOT^A. $1

6 IG6S FURNACE, GAS HOT IATER, CENTRAL AC I 775. 1 1129. 1 26. 1 376. 1 270. 1 811. 1 532. 1 3919. I
I 7 IOIL FURNACE, EL. HOT WATER, CENTRAL AC 1 720. I 1129. 26. I 632. 1 275. 1 811. 1 782. 1 4375. 1
.I ._ SL.CttL.S IG> _§^L__ , CI TR..LAC I .125, I 1129. __ 26, L 236. 1 _l_0.Z L _ l 1___ 532, _ 4 129. 1

._.. SYTECI§OBB-NPARI SOQNS
I I I SYSTEr I MAINT. lIST YEAR I 1T YEAR I INCRE8. I ENERGY I
I I REW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY I FI6ST I PRESENT I LJ E CYCLE COST I

I I I (ACOP) I WORTH I COST I SAVING I COST I WORTH I AVERAGE INARGINAL I
Jmat__R__ I I _____ __ ..-. ___ L __t _ t -,I,,I_$- -- ___L __L L___ -- L
1 IEL. FURNDCE lAD kTBB BHETERB, CENTRAL ACI 1.06 I 914. I 1297.81 I REF. I REF. I 24126. 1 28440. 1 47817.

1 2 IBEAT PUNP ITH ELEC. RES. WATER HEATER I 1.34 1 2162. 1 1028.14 1 269.67 1 '131. 1 19113. 1 24806. I 40156.
3 IHEAT POMP, DSUPERREBTEB WATER HEATER I 1.40 1 2468. I 985.32 1 312.48 1 691. I 18317. I 24876. I 39587. I
1 4 BII. ACES, BIor 25.0 13 PANEBL132.5 12 1 2.81 1 2432. I 490.67 1 807.14 1 15782. I 9122. I 30735.*1 38061. I

I 5 IOULL ICES, BINB 27.0 13 PIBEL=123.6 12 1 2.81 1 2432. I 491.11 1 806.70 1 15406. I 9130. 1 30368.*l 37700. I
1 6 IGIS FURNACE, GAS HOT WTER. CENTRAL AC I 2.03 1 889. I 619.98 I 677.83 1 519. I 18802. I 23611. I 27153.

7 OIL FURACBE, EL. HOT WATER, CENTRAL C I 1.59 1 914. I 1398.06 I -100.25 1 975. 1 33283. I 38572. 1 39182. I
1 8 IPLSBE GAS FURNICBE GAS BH. CENTRAL AC I _2.44 1 960. 1 516.991 780.82 1 29. 1 15541. 1 20630. 1__26_ . _

*UeGLAZED PANEL BXCBBDS A PRACTICIL SIZE, AN ALTEBNATIVE SUPPLBUENLTRY HEAT SOURCB SHOULD BE USED IN THIS DESIGN.

;, * ' e ̂ - 'ct ,·



RMDISON, WISCONSII

167 SQ H HO8, BiLL. INSULATED EL. ($/KEHR) - 0.0415, 0.0850 PUP - 18.59, 16.48 DESIGH WEATHER: WINTER SUSNER
DESIGNI BETIHG LOAD (WATTS) - 14973. GAS (S/THRB ) - 0.3697, 0.8150 PUP - 31.67, 16.48 OUTDOOR TEMP. = -23 C 31 C
DBSIGS COOLING LOAD (WATTS) a 5167. OIL (S/GAL.) = 1.1100, 1.4600 PFP - 25.25, 16.48 TOTAL/SBESIBLE COOLING = 1.16

_____- __________ _________ _ _ ___f DIfi AD PERVFQORMACE ___ __
.g I=L-S 05-- _1---- i-5__lfi__SoBiP3 __ __ _

I I WATER SPACE I SPAC I (1) (2) 1 (3 1 (4) I (5) I (6) (7) 5 (8) I
I ONTH I HEAT I HEAT I COOL I LEC. I HEAT I HP I MIX. I FULL L GA S FM_] Ce _ _ OIL FURNACE i L.g GL__S FURh. _~I I II R 1RES. I PUMP I DS ACES I ACES I GAS I ELEC. OIL I ELEC. I GAS I ELEC. I
1 l J I f-J- I RJ I' KWH I EWH I EHH I KHH I KWH ITHERfS I _K# 1l I KNH ITHERHS I KNH I

I JAB I 1810.1 17585.1 0.1 5388.1 4297.1 4268.1 2134.1 2134.1 260.1 56.1 190.1 558.1 209.1 56. I
I FEE I 1703.1 13379.1 0.1 4190.1 3143.1 3087.1 1664. 1677.1 204.1 42.1 145.1 516.1 165.1 42. I
-_In l _192___2__0-112. . ..1J__-3,99 1__25i6 _.2418.1t q66l _l 175. t___183.t __3_6§ 1l475___ J-/ 1 _9 J_8. 1__36_ 1

I APR I 1832.1 5203.1 0.1 1954.1 1295.1 1177.1 773.1 777.1 102.1 16.1 60.1 525.1 83.1 16. I
I "a! 1 1812.1 2183.1 1236.1 1244.1 970.1 848.1 455.1 455.1 61.1 142.1 27.1 645.1 52.1 142.
I Ja0 1-I A. - 0.1 2991 72a.1 9601 793 2. 234.1 234.1 35.1 324.1 7, 712.1 _ _27.1 324. 1

I JL I 1588.1 0.1 4306.1 910.1 1095.1 881.1 247.1 247.1 29.1 469.1 2.1 910.1 26.1 469.
I AUG l 1504.1 0.1 4056.1 860.1 1044.1 846.1 774.1 233.1 28.1 442.1 3.1 860.1 25.1 442.
LEe 14__! 25L1__ 21 l 18241 __ 93I t d_ .__.-l 25. 8 _ ]1,__L_ _l .. 1_,_ _31___.i __ ^L-L .3..1_. 2_Lo_-03_L
I OCT I 1502.1 3784.1 0. 1468. 995. 891.1 507. 512.1 78.1 12.1 44.1 429.1 64.) 12.
I NOV I 1530.1 9087.1 0.1 2949.1 1895.1 1792.1 1032.1 1053.1 148.1 29.1 101.l 454.1 118.1 29. 1
I DEc 5 31695l 14625.1 1 l 534.1 -322i.l 3231, I 171 175.4.1 221.1 ..__.6_l__1J59 L 517.1 177 L__ 46. 1
I BAIALIm 19968. 78457.1 144q1.i 28912.1 22324.1 20929.1 11420.1 10865.1 13190.1 1817.1 880.1 _7Z51__ 112._ IJ17._

------------------- _--- SIZST IRST COSTS____ --________-__ _________________.---_______ _
I I ; __CONVEN_ -IlB SSTCas____- -_T WC. R.P R.- _...... I j TOTA _LI Bad_ ONEB iA_ LESI&I£S!T_§£B__ .....I. IFiL. RLT I/C. H.PI :W2ROL IagfXlIA.BXI.gBs ._ITTEBI._ £TS !- TAl.Lci--._L

I1 IE1. FROIInC AND OHTBE REATBR, CENTRAL aCI 310. 1 1129. 1 48. 1 253. 1 275. 1 811. I 482. 1 3308. I
2 IHERT PUBP WITH ELEC. RES. WATER HEATER I 310. 1 1199. 1 77. 1 253. 1 275. 1 843. 1 482. 1 3439. 1

I 3 T PU Pf. DlSUPIeP &2.EBgIR EL8_& i__R.a. _ ___I nl 19I 77.- 653i - .3_5_...___,S -- L5___tI- 3999_L
--__L-i __Ba!L_ LaLSiI § BlS__ (_S.LCBs I _1]Je£tB 8L ICE plyS I IABL _lAlLItIAI._HS&Il_ _UCTS__l. I 3_tALiToTA,_111
I I|IN. CES, Bill- 24.1 B3 PANEL= 92.7 a2* 1 4000. I 3488. I 6055. I 830. 1 335. 1 1520. 1 638. 1 6865.*1

l 5 L iCES, 1BIN , 42.9 N3 PIWEL- 57.5 12 I| q400. 4561. I 4087, I 830, 1 315. __ 1520 1__..__ § ._I_ 15 .9-
I I FOssI Ut L FInErBsP sYsrTI ___ _ .._ 2 LB I A....../ I 2/oL I Ag LIABL Mi-Hl iTEIi D2TS__i_NIs2TALLi_TOTILLil

6 lGAS FURACE, GAS HOT WATER, CENTRAL IC l 775. 1 1129. 1 26. 1 376. 1 270. 1 811. 1 532. I 3919. 1
7 lOIL FURNACE, EL. HOT RATER, CENTRAL AC I 690. 1 1129. I 26. 1 632. 1 275. 1 811. 1 782. 1 4345. 1

1 8l LIl i G AS S rE BslCj GAS Br. CEgTBRAL C I 1125. 1 1129. J . I 23681. 1 _20 53 1. _ 4129. I

-------------- I ss _------_________________-
~~~I )~~I I SYSTEM I HIINT. lIST YEAR l1ST YEAR I INCrEM. I ENERGY I I

I hE CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY I FIST I PRESENT 1__LYFE CYCLE COST
(ACOP) I BORTH I COST I SAVING I COST I WORTH I AVERAGE IlARGINB L I

I ro.I I I S_ I S I S l _I __ .t $ I I
1 tEL. FURNACE bAD WATERB HETER, CENTPIR L AC 1. 108 914. l 1200.42 RBEF. I REF. I 22316. l 26538. 1 44722. I
2 IHEAT PHUP WITH ELEC. RES. WTIER HEATER 1.40 1 2162. l 926.88 I 273.54 l 131. 1 17231. I 22832. 1 36872. I
3 IHEAT PUMP, DESUPBBRHBITR WATE HEATEB I 1.50 I 2468. I 868.99 I 331.43 1 691. I 16154. I 22621. I 35785. I
4 1BI. ACES, BIN- 24.1 B3 PBANEL 92.7 H2 I 2.74 1 2432. 1474.14 726.27 1 13557. 1 8814. i 28112.*1 35294. I
5 IFOLL ACES, BIN- 42.9 53 PANEL- 57.5 H2 3 2.88 I 2432. I 451.11 l 749.30 1 12662. l 8386. l 26788.*1 33621.
6 IGAS FURBNCE, GAS HOT WATER, CENTRAL lC l 2.04 1 889. I 589.32 I 611.10 1 611. 1 17677. l 22485. 1 26023. I
7 1OIL FRNBCE, IL. HOT WATER, CENTRIL AC l 1.62 1 914. 1 1283.08 1 -82.67 l 1037. 1 30361. I 35621. l 36760. l

L__LPLLSE iAS UPIQAC.BgAS . _B-__ETIL --C I 2. 143 I 960. I 493.84 I 706.57 I _821 .-1 1653, 1-i l9742. 22835.

UOBGLIZED PANEL EXCEEDS A PRACTICAL SIZE, A& ALTERBNTIVE SUPPLIIESSTARY HEAT SOUBCE SHOULD BE USED IN THIS DESIGN.



CASPER, ITOUING

167 SQ ! HOB, WELL INSULATED BL. (S/KERR) - 0.0343, 0.0850 PUF - 18.59, 16.48 DESIGN WEATHER: WINTEB SUOIER

DESIGN HEATINl LOAD (WITTS) - 14957. GAS (S/TBERl l 0.3478, 0.8150 PTF - 31.67. 16.48 OUTDOOR TBEP. = -23 C 32 C

DESIGN COOLING LOAD (WATTS) - 4773. OIL (S/GAL.) - 1.0400, 1.4600 PUFP 25.25. 16.48 TOTIL/SBNSIBLE COOLING = 1.00

------ ___ DESIGN AI E ROREANC _ _, __iSsW M-n PB___o C___
I I XLDNG LOADS .I ST TRIIENERGY CONSUnPTIOB _ _ I

I I WTER I SPICE I SPC I (1) 1 (2) I (3 I (41 I (5) I (6) 1 (7) 1 (0)
I MONTH I HEAT I BEAT I COOL I ELEC. I HEAT I BP I IN. I FULL I GAS FUPiACE I OIL FPRACE IPULSE GAS rUBhN I

I~ I I ~ I I RES. I PUMP I DS I ACCS ICS GAS I ELEC. OIL I ES LEC.S ELEC.

=L .___i HI _1_ Js..UI _-_[_li _t H LKIHIIi K LB i KSiH ITHERMa§S ! L.L S.L L AL _1_fiH LI-Sfi JL KjU I
I JiA I 1835.1 14530.1 0.1 4546.1 3380.1 3320.1 1830.1 1830.1 222.1 46.1 158.1 556.1 179.1 46.

I FED I 1719.1 12192.1 0.1 3864.1 2845.1 2786.1 1558.1 1558.1 189.1 39.1 133.1 516.1 153.1 39.
* _1! l 1925.1 11116.1 L1 3623,1 2 - 2421.1 1460.i 1468.l 179.1 _ -35 -1 12 -145.1 _ 35. 1

I iPB I 1827.1 6658.1 0.1 2357.1 1553.1 1439.1 950.1 955.1 120.1 21.1 75.1 529.1 98.1 21. I

I BAY 1799.1 3338.1 1065.1 1543.1 1103.1 966.1 585.1 587.1 77.1 127.1 39.1 626.1 64.1 127.

__L_U 21 12 1 __11.03..___ . n _ 1592.1__2..L 827.1 -349. _ 349. -__3 -_ _ 302.L__ -1_ . i__5L__ 3a7 __3_2._
I JL I 157.5.1 0.1 4091.1 883.1 1084.1 891.1 242.1 242.1 31.1 446.1 5.1 883.1 25.1 446.

1 AUG I 1500.1 0.1 3720.1 822.1 1010.1 836.1 711.1 228.1 30.1 405.1 5.1 822.1 25.1 405.
I SEP I 1432.1 1977.1 2(023.1 1168.1 9562 L 815.1 -- 417.1 363.1 52.1 __227_jA_ 24-..I 625.1 44.1 227 i
I OCT I 1520.1 4948.1 0.1 1797.1 1216.1 1087.1 640.1 646.1 93.1 16.1 56.1 438.1 76.1 16. I

I OV I 1556.1 10506.1 0.1 3351.1 2319.1 2235.1 1266.1 1274.1 165.1 33.1 116.1 465.1 133.1 33.
DEC _1 724.,1 571 42.__ 6. 294Q. 11 20 ___4j-1 481 167.1 i1 _

_PiQSlQgb' a.3_ZLI_93)tl3 _).29261) 209iO.].. 06 2.1 117q6, ._1197, __1411_17239 896. 3 , 1148.1 17339. 17

_ __STEHS FIRST COSTS____ -
! I _........ _____B___-------^r-NTS C POSTS. O.TS. C.T.. -_- _ TOTAL I

I QO.I COtISTIONlt ELBECT IC SYTS TSE NIT II/C. H.P.1 CONTROL I AXILIARYI. HEaTBI DUCTS .IISTAi. COST. $ I

I IEL. FURNACE AND WTEB HEATER, CENTBRAL AC 310. 1 1129. 1 48. I 253. 1 275. 1 811. 1 482. 1 3308.

I 2 IHEAT PUP WITH ELFC. RES. WATER HEATER I 310. I 1199. 1 77. I 253. 1 275. 1 843. 1 482. 3439.
J__3__Qli~tT..~_._ DPS'RtfEin BM. ..__HATfR - _3_10z 1 1199. 1 77. 1 653. I _ _.Q _ _ 1 3999. 1

L.__.__-A I AII S!] L I C BEtIG SSTERS (ACES) __L _.ef!,_PL.LIXCR BIN I PANEL IAUXL LXL_§aAZFlfL, _ cs I TNSTALN. I T &LL ISk

4 lINIS. ICES, BIBs 20.33 P3 PAL- 23.2 )2 I 4300. I 3244. 1 2165. 1 830. i 335. 1 1520. I 638. 1 12731. I
1 5 IFULL ACES. BINs 35.j_113 P&L_ 19_.l 2_ 4Q.Q. _ 4136., 1 _ 17, 1 830 _L____35,____1_,___j_.8__L 1 406, 1

I I___!ZQ IL__fa- HFf L T ID STBR ---S _a _ 1 FRiS I /_ I CITBOL A1LTLIiXtl_ _HEA.- i D __12UCT LL.._ s I IIl. -o-TAl-,
I 6 IGAS FURNCEB, GAS BOT WATER, CENTRAL IC 775. 1129. 1 26. 1 376. 1 270. 1 811. I 532. 3919. I

1 7 IOIL FURNACE, EL. HOT RaTEh, CENTRAL AC 690. 1129. I 26. I 632. I 275. 1 811. 1 782. 4345. 1

I L IPLSB GAS PINLCE. GAS 1E. AlL 2A _ 1250 11298 1 26. 1 236, 1 270. 1 I __532._l__ ._

----- ____ ,- __ t-s~srgcoap-------sS___ __ ___________ _ -------- --------_
I I I SYSTEM I SAINT. I1ST YEAB IIST YEAR I INCRE. I ENERGY I I

I I eNe CONSTRUCTIOII LTERNATIVES I EFIC. I PBRSET I ENERGY I ENERGY I FIBST I PBESENT JI_L- E_£GCLIE CST

I I I (ACOP) I ORTH I COST I SAVIG I COST I WOBTH I AVERAGE INARGINAL I
1 1-. I I I .... S I S I ; I S I ; I _ _L___- ___L- 1- I

I 1 IEL. FOPUICE AND WATER REATEB. CENTRAL ACI 1.08 1 914. I 1003.37 I BEF. I REF. I 18653. 1 22875. 1 45212.

I 2 IRAT POP! WITH ELEC. BES. WATRB HEATER 1 1.43 I 2162. 756.10 1 247.27 I 131. 1 14056. 1 19657. 36489. I

I 3 IHEAT PUMP, DESOPERHIETER WATEB HBATER I 1.53 1 2468. I 707.48 1 295.90 1 691. I 13152. I 19619. 35368. I

I4 I 11. ACES, BIN- 20.3 13 PANBEL 23.2 2 1 2.70 1 2432. 11401.39 1 601.98 I 9422. I 7462. I 22625. 31560. I

I 5 IFULL ACES. BIN- 35.1 13 PABiL s 19.3 12 2.82 1 2432. I 383.96 1 619.42 1 10097. 1 7138. I 22975. 31523. I

I 6 IGAS TURNACE, GAS ROT WATER, CENTRAL AC I 2.03 1 889. I 550.26 1 453.12 1 611. I 16646. I 21455. 126191. I

1 7 IOIL FURNACE, EL. HOT WATER, CENTBRL iC I 1.61 I 914. I 1182.39 I -179.02 I 1037. I 28187. I 33446. 31054. 1

1 L8- PLSB GAS LUNAEB. GAS HflB-CJTIT 1 _C--- I 2.4 I | 960iJ. _458._j 544.44 1 821. 1 137l54. L.Q113. I 22945.



CHEYEHNE, WYOMING

167 SQ B BOBB, WELL INSULATED EL. ($/KWHR) - 0.0267, 0.0850 PUP - 18.59, 16. 48 DESIGN EiATHEB: WINTER SUMMER
DESIGN HEATIIG LOAD (WATTS) - 14479. GAS (S/THEBEM= 0.3478, 0.8150 PUF - 31.67, 16.48 OUTDOOR TEMP. = -22 C 30 C
DESIGN COOLING LOAD (WATTS) - 4197. OIL (S/GAL.) - 1.0400, 1.4600 PUP - 25.25, 16.48 TOTAL/SENSIBL3 COOLING = 1.00

--- _------------_-__ ____B E __ _ __ _ _ _ __ __________ _____ _ _ _______ _ _
_I I B!.IIB-1 __--js ______________ __- SYSTEMB G CO-HS…PTON.__ - ~..--- -- ~ I

I ATER SPACE SPACE (1 1 (2) (3) (14) (5) 1 (6) 1 (7) 1 (8)
MONTH I HEAT I HEAT I COOL I ELEC. I BEAT I HP I MIH. I FULL _GAS Zj AB -L__ QOL L_BiLACE__iEOLSE__GASFaFQR_
I I I I I RES. I PUMP I DS I ACES I ACES I GAS I ELEC. I OIL I ELEC. I GAS I ELEC.

I _ _ __I J L_ J I .J ! KsH I KWH 1 K ll KWH I KWH IT HRS I _KHTe__Ls G1L I KjWH ITHERMS I| EH 1
I JAN I 1846.1 14071.1 0.9 4422.1 3337.1 3278.1 1780.1 1780.1 216.1 45.1 153.1 557.1 174.1 45. 1

FEB 9 1724.1 11267.1 0.1 3609.1 2646.1 2580.1 1465.1 1465.1 177.1 36.1 123.1 515.1 143.1 36. 1
ILjA__ l _J 2 19. 1256 _ __°*1_ _013662 I__2581_21_99_t ___LL_ __31 21____711___81 36 1 1. l1I APt P 1827.1 6994. 0.1 2450.1 1625.1 1514.1 993.1 994.1 125.1 22.1 78.1 530.1 102.1 22. 1
I MAT 1 1801.1 3585.1 835.1 1587.1 1104.1 974.1 615.1 615.1 80.1 102.1 42.1 603.1 66.1 102. 1
Ij i 1 16Q0.1 -1279.1 2249.-1 1055,1 __ 944., 792 . 362.i 362,1 46.1 248.1 17.1 704.1 40._1 248. 1

JUL 1 1590. 0.1 3174.1 788.1 967.1 797.1 230.1 230.1 34.1 346.1 7.1 788.1 26.1 346. 1
I AUG I 1521. 0.1 3051.1 755.1 938.1 774.1 409.1 318.1 33.1 332.1 8.1 755.1 25.1 332. 1

L Sl__1 __.14571.__ 2190__ 1796..L__12 0 9,L___S6 _.J15.- 372.L l37 L__--- .15._Z I_____.27. I-___-- .91 ..___. 1l__._- _I OCT 9 1546.1 4822.1 0.1 1769.1 1199.1 1071.1 640.1 642.1 92.1 15.1 55.1 445.1 75.1 15. 1
NOV I 1579.1 9371.1 0.1 3042.1 2050.1 1965.1 1156.1 1159.1 151.1 30.1 103.1 468.1 122.1 30. I

I DEC I 1742.1 _116 1 !____ .0. I 3728A_. 258, E_ 25 L 1_J49 1 1498 1i8 1q841 .... 3xL1J_ 128. 1 52.L___148.____ 37. 1
LARN_.lJ._. 20198.1 7651, 1_0_197t L_2§_01,J 20943.1 19576.1 1006L 109211. 3 1375.1 1451.1 86 6 .1__7 062 .i__! 6 ._1__! 1 _14 1

------------- SYSTEIS_ IRSr_ OSTS _______ __ ________ ______ _ _9 I JI _____ - COPONENTS CQSTS ___ _____________ TOTAL II N_ _-SONVFeiTIONAL ELECTRIC SYSTES ______.F qNIT _II/_C. .Ptl__OTROL_ laUlLAR_ i. HEATER D UCTS __LINSTALN,I_ COST, _L
I 1 IEL. FUPNACE AND WATER HEATER, CENTRAL ACI 310. 1 1129. 1 48. 1 253. 1 275. I 811. 1 482. 1 3308. 1
I 2 IREAT PUOP WITH ELFC. RES. WATER HEATER 9 310. 1 1199. 1 77. 1 253. 1 275. 1 843. 1 482. 1 3439. 1
1 3 _JEAT PUMP. DESUPEBHEATER UATEB HEATER I _110. 1 1199. 77. 1 653.i 1_ 3351__ _ 43. 1_ 58_221_ _3299.-_
I I AUr L CYCLE EPeGY ss_-sAc _ re__c_ .PL ICE BIN PAS __l &I A!tI LI&l I t.-q iTLTS TNSTALL-TOA Ll,_14 I INh. ACES, BIN= 19.8 H3 PANELt 18.6 12 1 4000. 1 3180. 1 1907. 1 830. 1 335. 1 1520. 1 638. i 12410. 1
__5_LOLL ACES _Bt= 23.0 ,3 PANEL= 17.9 N2 _1 400Q. 3393. 1 1868. 1 830. 1_ 335. 1_ 1520. I 638. 1 12583. iI-_1_ .. J IL R RED SYIE 2__ _.___ .__----I NACE I a/C I CONTROL LAUXILIARYIl. HETERIB DUCTS_ I__ STIALHNI TOTA. , 1

I 6 IGAS FURNACE, GAS HOT 0 ATER, CENTRAL AC I 775. 1 1129. 1 26. 1 376. 1 270. 1 811. 1 532. I 3919. 1
I 7 lOIL FURNACE, EL. ROT WATER, CENTRAL AC I 690. 1 1129. 1 26. 1 632. 1 275. I 811. 1 782. t 4345. 1
_ 8IPULSE GIS FORNACE_GAS_a ,_CETatC _ I _1 1125 _ 1129. I 26. I 236. L _2_7. t I 1 8._L1 ___532. 1_ !4129. J

C_ _ _ST ____SISTE COHPARI SOS _____ ___
1 ~I~~ 1~~I9 SYSTEM HMAINT. IIST TEAR 91ST YEAR i INCREN. I ENERGY

I NEW CONSTRUCTION ALTERNATIVES I EFFIC. I PRESENT I ENERGY I ENERGY FIRST I PRESENT j LIFE CYCLE COST
I I (AZOP) I WORTH COST I SAVING I COST I WORTH I AVERA;E 1MARGIHAL i

U1oSI- __ _ I -_ I , I $ I i I S_ __ L...__.._ I. _L. ___
1 IEL. FURNACE &ND WATER HEATER, CENTRAL ACI 1.07 1 914. 1 749.61 1 REF. I REF. 1 13935. 1 18158. | 43550.
2 RHEAT PH"P lITH ELEC. RES. WATEE HEATER 1 1.43 1 2162. 559.18 1 190.43 1 131. 10395. 15996. 34938.

1 3 IHPAT PUMP, DESOPFRHEATER WATER HEATER 1.53 1 2468. 1 522.69 1 226.92 1 691. 1 9717. 1 16184. 33889.
4 IBa. ACES, BIN- 19.8 13 PANEL- 18.6 M2 1 2.72 1 2432. 1 293.85 1 455.76 1 9102. 5463. 20305. 30259.
5 IFULL ACES, BI= 23.0 13 PANEL= 17.9 12 1 2.74 1 2432. 1 291.64 1 457.97 1 9275. 5422. 20437. 30316.

1 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 1 2.01 1 889. 516.96 1 232.65 1 611. 15865. 20674. 25309.
1 7 OIL FURNACE, Pt. HOT WATER, CENTRAL AC 1.58 1 914. 1 1089.06 1 -339.45 1 1037. 26243. 31502. 35986.
L8_ /£LSPGLE_SG _gRNACE_GAS B, CEfTRAL AC L -_2.42 1 960. _1 426.7 L 3__2 8____- 82 lL 13Q010L__ 18099. 22107-i



LANDEB, WTOI NG

167 SO N HBOH, NELL INSULATED EL. ($/KWHBRI 0.0343. 0.0850 PPF m 18.59, 16.49 DESIGB 1EATHER: WINTER SOUIER
DESIGN HEBTING LOAD (WiTTS - 16184. GAS ($/THNBN) 0.3478, 0.8150 PRP a 31.67, 16.48 OUTD3OR TEMP. - -26 C 31 C
DESIGN COOLING LOAD (AETTS) - 4672. OIL (S/GAL.) - 1.0400, 1.4600 PFP " 25.25, 16.48 TOTAL/SENSIBLE COOLING - 1.00

i--BBSBIBS-iaiE5--- i- Y~Y~,ICYL~L~sP~LBX~--- ------------- fl ---------
-_--- _____fl._____--- -l-L------ -…. ___3-_S----------E-----P

I WATERBI SPAC I SPiCE ( I 1 (2) (3 (4) (5) I (6) (7) I (8)
MONTH I HET I BEAT I COOL I LEC. I HEAT I HP I HIN. I FPLL I GAS SFBBICL IOLLPAiCLLPLSEGtAS__U Ql _l

I I I I I RES. PP I DS I ACES I CES I GAS I ELEC. I OIL I ELEC. GAS I ELEC.
I _ I J I l J I KJ .I B!_H _ L __ 11 I KH. I K18 I K1 H ITHERIS I KVH I 6AL I K1H I1THREBS I KH I
I JAN 1818.1 14107.1 0.1 4424.1 3443.1 3402.1 1770.1 1770.1 216.1 45.1 156.1 550.1 174.1 45.

I B I 1703.1 10512.1 0.1 3393.5 2524.1 2476.1 1367.1 1370.1 168.1 33.1 117.1 506.1 135.1 33. I
L.l -_L__g-__2? P L_1!99ZI --L ... L..tt_,l__234qo,_sl sL1 1341.1 13441i -_ 161 __3*_ ___-- l _l 566_ - l-- l _,-- ._L
I APB I 1852.1 6014.1 0.1 2185.1 1454.1 1349.1 881.1 883.1 113.1 19.1 69.1 534.1 92.1 19. 1

EAY 1 1859. 1 3165.1 798.1 1483.1 1062.1 944.1 572.1 573.1 75.5 97. 40.1 613.1 63.1 97. 1
I aU1C 171. 1 a ___ 007,l IO14.« 1_ 3101,81 IL 3..1 366L. .1 -7.1 22 -- I J____ 700.-1 l.1 223i.

I JUL 1684.1 0.1 3412.1 840.1 1009. 831.1 245.1 245. 33.1 372.1 5.1 840.1 28. 372.
I AUG 5 1610.1 0.1 3313.1 808.1 979.1 805.1 440.1 235.1 32.1 361.1 6.1 808.1 27.1 361. 1

5 OCT I 1586.1 4447. 1 0,o 1676.1 1151. 5 1038.1 597.1 600.1 88.1 14. 53.1 155.1 72.5 14.

I OT- 1 1587.1 9320.5 0.1 3030.1 2143.1 2077.1 1075.1 1079.1 151.1 30.1 105.1 470.1 121.1 30. 1
L-DC I 17 26. 1 132a1 . __ -__ 1i - Ia0 -1 29l__157 1 198.1 41.1 1i,!tL-__ Q9___ -1 , 41. 1
I A~NHALI 2059o0.- Llt-S7 l_-51-2171 27354-1 20913-1g.9684-1 10561.1 10373.1 1337.1 14S.!I1 848.1 7 81 1,__!09j2LL14 L,_j

I I _I__ _ _____ U LEIRS___________T COSTS
B_ S COBT TgIL EItI ,STB _____ _m B UN l I COn POL EgI T CLTS iCEAtS _ Ts CT _IJSTAlH.I.I STOTI_
As o. _ A a l . t ICQI&__(cDOky~~l~xqL--lH I _ _sl! ....- Ln _ I A/C HPCT.:!-CONIROL- t IL CSXHTJHID/
I 1 EL. FURNOCE RAD WITER HEATER, CENTRIL AI 350. I 1129. 48. 305. 275. 1 811. 482. 3400. I

I 2 INEAT PUMP WITH ELEC. RES. WATER HEATER 1 350. I 1199. 77. 305. 275. I 843. 4 82. I 3531. 1
I 3 RlEAT PUMP. DESOPBBREATER ATEBR BEATB __E I 350. I 1199. 1 77. 1 705. 1 335. 843_ ____5 _ _4091_1
I I AtNNAL CYCLE ENEPRY STSTEnS_jICSl__. I ECB. P.L ICEB l__ I g..IA I XLAIL_ LILIInI I *& _lAs lCTS IJLST.&L .TOTA. i
I4 (151. ACES, BIN- 19.8 H3 PAlEL- 27.6 B2 I 4000. I 3274. I 2412. I 830. I 335. I 1520. I 638. 1 13009. I

1_5 lFpLL ACES. BlI - "_3,9 3 PAELI_ 25.2_ 2 L 4000 35 . 3545. 2279 1 830. 1 335_L- 6352 0 .i 1 163. -7_
I I FOSSIL FuEL Bo SYSTlEMS U- _F ICE A/C I CONTROL IA AUELLAXXL.__HEA!R.J_ DoCrs INIZ BAL _-L.ITALJ-l
1 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 775. 1129. I 26. C 376. I 270. 1 811. I 532. 1 3919. 1

l 7 lOIL FURNACE, EL. HOT HITEB, CENTRAL AC 720. 1129. l 26. 1 632. l 275. I 811. l 782. 1 4375. 1
I IflPaSL_§_ IS BA£,_QS HW._CE _A AC I _1125L_1 1129 1 26. 1 __26_1__....__70. I __J L 532. 1 4L129.

________ ________ I__ RSTBR1 1o29gas__s_ _ __------------SYSTFF~ COPAISONS__
I I l SYSTEM I RAINT. I1ST YEAR I1ST YEAR I INCRER. I ENERGY

l I NEW CONSTRUCTION ALTERNATIVES l EFFIC. l PRESENT I ENERGY I ENERGY I FIRST I PRESENT jLIFE CYCLE COST I

l l j I (ACOP) I DORTH I COST l SAVING I COST I NOBTH I AVERAGE IIARGINAL I

I 1 iEL. PURACE AND iTBER i EATER. CENTRAL ACt 1.07 f 914. 1 937.98 t REF. I REF. i 17437. 1 21751. 1 42632. 1

l 2 IHEAT PRMP WITH ELEC. RES. WATER HEATER 1.40 ! 2162. ! 717.12 1 220.87 1 131. l 13331. 1 19024. l 34988. 1

1 3 INEAT POUP, DESUPEREATER WATER HEATER I 1.49 1 2468. 1 674.95 1 263.03 1 691. 1 12547. 1 19106. 134132. 1

1 4 lINI. ACES, BIN- 19.8 13 PANEL- 27.6 R2 l 2.77 2 2432. ! 362.14 I 575.85 I 9608. l 6732. l 22173. 1 30234. I
5 IFULL ACES, BIN- 23.9 n3 PANEL- 25.2 02 l 2.82 l 2432. I 355.70 I 582.28 I 9747. 1 6613. l 22191. I 30110. l

1 6 IGAS FURNACE, GAS HOT WATER, CENTRAL AC 5 2.02 1 889. 514.95 1423.03 519. 15653. 20461. 24806. 1

! 7 tOIL BFRNACE, EL. HOT WATER, CENTRAL AC 1 1.56 I 914. l 1128.37 -190.39 I 975. 1 26851. l 32141. l 35757. l

i 8 IPLSEB GAS PfURlCBE GAS NW ,CENTRAL AC _. 2.41 I 960. i 429.57 2 508.41 1 729. 1 1i99. 103-,_1 _279 _1

^ 'y



SHERIDAN, TYO8ING

167 SO Q HOME, WELL INSULATED EL. ($/WHRB) - 0.0272. 0.0850 PwF = 18.59, 16.48 DESIGN WEATHER: WINTER SUMMER

DESIGN HEATING LOAD (WATTS) a 15682. GAS (S/THeRH)- 0.3478, 0.8150 P9P = 31.67, 16.48 OUTDOOR TEMP. = -25 C 33 C

DESIGN COOLING LOAD (WATTS) - 5031. OIL (S/GAL.) - 1.0400, 1.4600 PUP - 25.25, 16.48 TOTAL/SENSIBLE COOLING = 1.00

_ _ES-_ _ _I6_ AND PERFORBANCE
BUILDX ..L L-OA--DS I _ E ..___ NERGY CONSU flPON ___

I WITE SPICE I SPACE (1) 1 (2) 1 (3) 1 (4) (5) 1 (6) 1 (7) I (8) I

IONTH I HeAT I HEAT I COOL ELEC. I HEAT I HP I IN. I POFULL I . 5GAS FoRNAC I L. L FURNACE IPLSE GASLzURN. I

I I I I,.> RES. I POMP I DS I ACES I ACES I GAS ELEC. I OIL I ELEC. GAS I LEC.

"i-IKWH_I l_ _..q_,l___1___l sJ L--_ . ~----L ~wE J__L l_.1!] 6H H1 5t [_ __J..T~, RlSl__1 2_l._Fl___l 6&L l__ _l.V. ~le_l.~~.lt_:M G
-JAN 1 1833.1 14075.1 0.1 4419.1 3399.1 3344.1 1751.1 1778.1 216.1 45.1 155.1 554.1 174.1 45. I

I FEB 5 1717.1 11130.1 0.1 3569.1 2653.1 2595.1 1412.1 1435.1 176.1 35.1 124.1 512.1 142.1 35.

I BR I 1926,1 _9751.1 . 3244. I _225 1_ 21_67- 122.1 130I1.1 162.1 __31,l5__ 101 566.1 131.1 _312 1
...... 2 889 1(58: 2'77. 1942. .33: 5%: air: 2a:

AY H82881 -60-04 l4 17 1 l46 I 1237 g531. gis. ' 71 I 135. 361 638 6

IaI8G 1521. 0. 3799.1 836.1 1027.1 849.1 726.1 232.1 31.1 414.1 6.1 836.1 25.1 414. 1

I SEP IJ 50. 1961.1 2018.1 1168.1 959.1 819.1 i. 16AL___ 1 .1 361 52.1 226-1 _I 6i1__ 629 1____iL __26. .363, 52.1 226, ____26.1 629, 1 -4. 1 226I

I OCT I 1533.1 4891.1 0.1 1785.1 1202.1 1083.1 617.1 643.1 93.1 15.1 58.1 441.1 75.1 15.
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,c ,7?5. _ ? 735 o .?. 30o? nlt o. ___"-

-_ _- ___SYSTEMSFIS_____EJNTMS FIRST COSTS O__
I- --I j.._-----_ _ ___'ENTS COSMETSC. $___ TOTAL 5
LL CONVENTIONALkL ECTRIC SYSTEMS IL_. UlTiizgC. H.-P-I CONTROL I.iLQ[[IA N , HE TM_ DCTS I IrS L_. COST,- _
I 1 IEL. FURNACE AND WATER HEATER, CENTRAL ACI 350. 1 1129. 1 48. 1 305. 1 275. 1 811. 1 482. 3400.

1 2 IHEAT POMP WITH ELEC. RES. WATER HEATER | 350. 1 1199. 1 77. 1 305. 1 275. 1 843. I 482. 1 3531. 1

3I IlEAT PoQP _DRSPRHfATE ! !lTER -. ATHL _I !o-T I 1199. 1i 77. 1 705_. 1.. 3325.__843. 1 582. ! 1 4091. I

51 _l_ _ - A _ _LE AUAL C EEG __ST S (AC L__EP I sEHCE HBNEA I I I___l. _e!L__ iUCTiS ! _.1_--SLN-.1 IOTAiL. S

-- --- ------- --- ------ - --------- ALj. - g^ii,3,t ^p sT E-___lE. BBG

5 5 5 (ACOP) 5 OBTH 5 COST 5 SAVING COST NOBTH I AVBEAGE ISAEGINAL 5

51EL. FURNICE AID WlTEIR HETER, CENTRAL AC5 1.08 5 914. 5 762.62 5 REF". 5 SE?. 5 14177. 5 18491. 43561.

2 SHEAT POUP WITH ELEC. YES. WaTER HEATER 1.42 2162. 579.94 5 182.68 5 131. 10781. 16474. 35538.

3 gREAT POUP9 DESOPEPHEATER WATEB HETEBR 1.52 2468. 542.22 220.40 691. 10080. 16639. 34463.

1 4 1HIN. ACES, BINI 19.8 M3 PANEL- 95.1 2 0002.78 2432. 61297.29 846530. 133. 1 527. 719.*1 34491.

6 IGLS FURACE, GS HOT LTEB. CENTRL C 2.03 889. 517. 2 79 1 24.84_ 519. 1 _15786. 620594. 125405.

7 OiL PORBIACE, EL. EBOt, WATEg , CENTRtL AC 1.58 5 914. 1102.22 1 -339.60 975. 26504. 31794. 36433.

I 8 IPLseI AS P YSNTl!toL I L. I SAIN. I 43.54 332_STe___AR ST YE2A2R I INC
3E. I ENELGY I I

*OGLAZED PA NEL CONSTCTION P LTICEL SIZE, IEFFIC. I PTESNT I ENEET HEGYAT SOOI CE SIHOLD BE IRED I THIS DESIG COST

I ! I (ACOP) I WORTH I COST I SAVING I COST I WORTH I AV!:RAGE IMARGINAL I

I I 1IL. FURNACE AND WATER HEATE{, CENTRAL ACI 1.08 1 914. 1 762.62 I REP. I REP. I 14177. 1 18491. 1 43561.1

1 2 IREAT PUMP WITH ELEC. FES. WATeR HEATER I 1.42 I 2162. 1 579.94 1 182.68 1 131. 1 10781. 1 16474. 1 35538. 1

1 3 IHEaT PUMP, DESUPEP TER Wee HATER ReITeR I 1.52 1 2468. 1 542.22 1 220.40 1 691. 1 10080. 1 16639. 1 34463. 1

! 4 IJIN. ACES, 9INR 19.8 M3 PANEL= 95.1 M2 1 2.78 1 2432. I 297.29 1 465.34 1 13360. I 5527. I 24719.*1 34491. I

1 5 {FULL ACES, BIN. 34.4 a3 PANTL= 32.6 82 1 2.87 1 2432. I 287.77 1 474.86 1 10757. I 5350. I 21939.*1 31399. I

I 6 IGAS FURNACE, GAS HOT WATeR, CENTRAL AC 1 2.03 1 889. I 517.79 1 244.84 1 51q. I 15786. I 20594. I 25405. I

1 7 lOIL FUeNACE, EL. HOT WATR, CENTRAL AC I 1.58 1 914. I 1102.22 1 -339.60 1 975. I 26504. I 31794. I 36433. I

I a IPleSE GAS FURNe,._ GOS _HWCEeTBRtAL A.C I1___.43 960. 1 430.54 1 332_9 L ...._ _29. A 13023. 31 I.UL -L,__gg!7--_1

*UNGLAZED PANEL ecEoEDs A PNACTICAL SIZE, AN ALTEeNATIVe SUpPLENENTAsY HEAT SOURiCE SHOuLD BE uSED IN THIs DESIGN.



C'



249

ORNL/CON-89
INTERNAL DISTRIBUTION

1. L. A. Abbatiello 43. C. G. Lawson
2. H. G. Arnold 44. W. P. Levins
3. M. Baker 45. A. S. Loebl
4. R. W. Barnes 46. J. F. Martin
5. P. R. Barnes 47. B. W. McConnell
6. H. F. Bauman 48. H. A. McLain
7. V. D. Baxter 49. V. C. Mei
8. J. L. Bledsoe 50. J. W. Michel
9. C. R. Boston 51. W. A. Miller

10. V. R. Brantley 52. R. E. Minturn
11. R. S. Carlsmith 53. W. R. Mixon
12. F. C. Chen 54. L. I. Moss, Consultant
13. J. E. Christian 55. J. C. Moyers
14. S. M. Cohn 56. E. A. Nephew
15. W. L. Cooper, Jr. 57. H. Perez-Blanco
16. G. E. Courville 58. A. M. Perry
17. F. A. Creswick 59. G. D. Pine
18. R. M. Davis 60. G. T. Privon
19. S. G. DeCicco 61. C. K. Rice
20. J. G. Delene 62. D. T. Rizy
21. J. R. DeMonbrun 63. C. S. Robinson
22. R. C. DeVault 64. R. C. Robertson
23. R. D. Ellison 65. M. W. Rosenthal
24. P. D. Fairchild 66. M. Russell, Consultant
25. S. K. Fischer 67. C. A. Sady
26. W. Fulkerson 68. G. Samuels, Jr.
27. K. S. Gaddis 69. I. Spiewak
28. R. E. Goodson, Consultant 70. J. P. Stovall
29. J. Googin 71. T. K. Stovall
30. D. L. Greene 72. R. C. Tepel
31. D. M. Hamblin 73. L. H. Thomas
32. V. 0. Haynes 74. D. B. Trauger
33. K. E. Heidenreich 75. E. A. Vineyard
34. E. A. Hirst 76. T. A. Vineyard
35. H. W. Hoffman 77. T. J. Wilbanks
36. J. O. Hylton 78. W. H. Williams, Consultant
37. W. L. Jackson 79. Biology Division Library
38. G. E. Kamp 80-81. Central Research Library
39. S. I. Kaplan 82. Document Reference Section
40. M. A. Karnitz 83. Laboratory Records - RC
41. 0. H. Klepper 84-86. Laboratory Records Department
42. T. R. LaPorte, Consultant 87. ORNL Patent Section



250

EXTERNAL DISTRIBUTION

88. Roy W. Abbott, General Electric Company, Appliance Park, Building 6-208, Louisville,
KY 40225

89. Richard Alben, General Electric Company, Corporation R&D Center, Building K-1, Rm
5B37, P.O. Box 8, Schenectady, NY 12301

90. C. A. Allen, Energy Information Administration, EI-60, Federal Building, 1200 Pennsyl-
vania Avenue, NW, Washington, DC 20461

91. Kent Anderson, The Trane Company, 2020 14th Street, Arlington, VA 22101
92. Carmen Anzalone, Fedders Corporation, Design Engineering, Edison, NJ 08817
93. Howard Barkley, Duo Therm, Division of Motor Wheel Corporation, LaGrange, Indiana

46761
94. Hamp Barnett, Power Research Staff, Tennessee Valley Authority, 350 Commerce

Union Bank Building, Chattanooga, TN 37401
95. T. R. Barratt, Manager, Compressor Design, Fedders Compressor Co., P.O. Box 1168,

Frederick, MD 21701
96. Gene Brewer, NIBS, Suite 700, 1015 15th Street, NW, Washington, DC 20005
97. James Brisee, North Carolina Energy Institute, Department of Commerce, P.O. Box

12235, Research Triangle Park, NC 27709
98. James M. Calm, PE, Project Manager, Heat Pump Development, Electric Power

Research Institute, 3412 Hillview Avenue, Palo Alto, CA 94303
99. Joe Canal, General Electric Company, Troup Highway, Tyler, TX 75711
100. W. James Cole, Program Director, New York State Energy Research & Development

Authority, Agency Building No. 2, Empire State Plaza, Albany, NY 12223
101. David Colvin, Triangle Research & Development Corporation, P.O. Box 12696, Res. Tri-

angle Park, NC 27709
102. Ken Cooper, York Division, Borg-Warner Corporation, P.O. Box 1592, York, PA 17405
103. James Crawford, Manager, Advanced Systems, General Electric Company, 6200 Troup

Highway, Tyler, TX 75711
104. John J. Cuttica, Gas Research Institute, 8600 West Byrn Mawr Ave., Chicago, IL 60631
105. Nicholas D'Aleandro, Vice-President, A/C Engineering, Fedders Corporation, Wood-

bridge Avenue, Edison, NJ 08817
106. H. E. Davis, Concentration Specialists, Inc., 26 Dundee Park, Andover, MA 01810
107. David Didion, Mechanical Systems Section, Building Environment Division, National

Bureau of Standards, Building 226, Room B126, Washington, DC 20234
108. Bill Dittman, Vice-President Engineering and Research, Copeland Corporation, Camp-

bell Road, Sydney, OH 45365
109. Albert Domingorena, Carrier Corporation, Building TR-4, Carrier Parkway, P.O. Box

4808, Syracuse, NY 13221
110. P. G. Donginda, Rheem Manufacturing Company, 7600 Kedzie, Chicago, IL 60652
111. Edward J. Doyle, Jr., Doyle Associates, 14 East Lyon Farm Drive, Greenwich, CT 06830
112. G. D. Duffy, Air Conditioning News, P.O. Box 2600, Troy, MI 48084
113. Scott Farley, The Coleman Company, Inc., Special Products Group, 250 North St.

Francis, Wichita, KS 67201
114. Harry Fischer, P.O. Box 1687, Cocoa, FL 32922
115. R. J. Fiskum, Energy Conversion Equipment Branch, CE-113.2, Department of Energy,

1000 Independence Ave., SW, Washington, DC 20585
116. Ed Fontana, 106 Caldwell Drive, Oak Ridge, TN 37830



251

117. G. W. Gatecliff, Research Laboratory, Tecumseh Products Company, Ann Arbor, MI
48105

118. J. H. Gibbons, Office of Technology Assessment, U. S. Congress, 600 Pennsylvania Ave-
nue, SW, Washington, DC 20510

119. Ted Gillis, Lennox, Promenade Towers, P.O. Box 400450, Dallas, TX 75240
120. David Goldenberg, TRW Energy Systems, Inc., 800 Oak Ridge Turnpike, Oak Ridge, TN

37830
121. Dieter Grether, Vice President, Engineering, Friedrich A. C. & Refr., P.O. Box 1540, San

Antonio, TX 78295
122. G. C. Groff, Research Division, Carrier Corporation, Syracuse, NY 13201
123. Floyd Hayes, Thermal Systems, The Trane Company, 3600 Pammell Creek Road,

LaCrosse, WI 54601
124. R. J. Hemphill, Gas Research Institute, 8600 Bryn Mawr Avenue, Residential & Com-

mercial Utilization, Chicago, IL 60631
125. Robert Hemphill, Deputy Manager of Power, 546 Chestnut Street Tower II, Tennessee

Valley Authority, Chattanooga, TN 37401
126. Tina Hobson, Building Equipment Division, CE-113.2, Department of Energy, 1000

Independence Ave., SW, Washington, DC 20585
127. Allen Holman, Mechanical Data, 215 Center Park Drive, Suite 100, Knoxville, TN 37922
128. H. Jaster, General Electric Corporation Research & Development, General Electric

Company, P.O. Box 43, Schenectady, NY 13201
129. W. R. Jones, Ontario Hydro, Research Division, 800 Kipling Avenue, Toronto, Canada

M8Z5S4
130. F. R. Kalhammer, Energy Management and Utilization Division, Electric Power

Research Institute, 3412 Hillview Avenue, P.O. Box 10412, Palo Alto, CA 94303
131. Ken Kasmer, Gas Research Institute, 8600 West Bryn Mawr Avenue, Chicago, IL 60631
132. Herbert Kaufman, Empire State Electric Energy Research Corporation, 1271 Avenue of

the Americas, New York, NY 10002
133. Richard Kavanagh, Office of Research, Development and Technology Applications,

International Energy Agency, 2, Rue Andre-Pascal, 75775 Paris CEDEX 16
134. Richard M. Kelso, University of Tennessee, School of Architecture, 100 Estabrook Hall,

Knoxville, TN 37916
135. R. W. King, Manager, Advanced Engineering, Copeland Corporation, Sydney, OH 45365
136. Arvo Lannus, Residential & Commercial Applications, Electric Power Research Insti-

tute, 3412 Hillview Avenue, P.O. Box 10412, Palo Alto, CA 94303
137. Jim Leggoe, Philadelphia Electric Company, 3201 Market Street, Philadelphia, PA

19101

138. D. C. Lim, Energy Conversion Equipment Branch, CE-113.2, Department of Energy,
1000 Independence Avenue, SW, Washington, DC 20585

139. Herbert S. Lindahl, Bohn Aluminum & Brass, Heat Transfer Division, 1625 E. Voorhees
Street, Danville, IL 61832

140. H. P. Luckett, Editor in Chief, Popular Science, 380 Madison Avenue, New York, NY
10017

141. Ward MacArthur, Honeywell, Inc., 2600 Ridgeway Parkway, Minneapolis, MN 55413
142. Calvin D. MacCracken, Calmac Manufacturing Company, 150 South Van Brunt Street,

Englewood, NJ 07631
143. R. A. Macriss, Associate Director, Energy Conservation Research, Institute of Gas

Technology, 3424 S. State Street, Chicago, IL 60616



252

144. Jim McCallum, Executive Editor, Air Conditioning & Refrigeration Business, 614 Supe-
rior Avenue, W, Cleveland, OH 44113

145. Richard H. Merrick, Arkla Industries, Inc., P.O. Box 534, Evansville, IN 47704
146. Philip Metz, Brookhaven National Laboratory, Upton, NY 11973
147. J. P. Millhone, Office of Building Energy Research & Development, CE-11, Department

of Energy, 1000 Independence Avenue, SW, Washington, DC 20585
148. Robert Morse, Tecumseh Products Company, Tecumseh, MI 49286
149. Dan Myers, Refrigeration Systems, 4241 Hogue Road, Evansville, IN 47712
150. Gene Nelson, Honeywell, Inc., 2600 Ridgway Parkway, NE, MN17T789, Minneapolis, MN

55413
151. James M. Porter, The Trane Company, 3600 Pammel Creek Road, LaCrosse, WI 54601
152. K. A. Rademacher, Wisconsin Electric Power Company, P.O. Box 2046, Milwaukee, WI

53201
153. T. Ratchford, Committee on Science and Technology, Subcommittee on Energy R&D,

House of Representatives, Washington, DC 20515
154. Patrick Reynolds, Mechanical Technology, Inc., 968 Albany-Shaker Road, Latham, NY

12110
155. Hal Rhea, Director of Engineering, Lennox Industries, Inc., P.O. Box 877, 1600 Metro

Drive, Carrollton, TX 75006
156. Bill Riley, Advance Development, Heil Quaker Corporation, 647 Thompson Lane, P.O.

Box 40566, Nashville, TN 37204
157. J. Rizzuto, New York State Energy Research & Development Authorization, Agency

Building No. 2, Empire State Plaza, Albany, NY 12223
158. J. H. Rothenburg, Utilities Systems, Department of Housing & Urban Development, 451

Seventh Street, SW, Washington, DC 20410
159. J. D. Ryan, Energy Conversion Equipment Branch, CE-113.2, Department of Energy,

1000 Independence Avenue, SW, Washington, DC 20585
160. M. L. Savitz, Deputy Assistant Secretary for Conservation, CE-10, Department of

Energy, 1000 Independence Avenue, SW, Washington, DC 20585
161. James Schultze, Technology Program Manager, General Electric Company, Appliance

Park, Building 6, Room 208, Louisville, KY 40225
162. Mason Somerville, Department of Mechanical Engineers, University of Arkansas, Fay-

etteville, AK 72701
163. Dr. Yates Sorrell, N.C. Alternative Energy Corporation, P.O. Box 12699, Research Tri-

angle Park, NC 27709
164. Ernest Spannhake, Consulting Engineer, 514 Turtlehatch Road, Naples, FL 33940
165. Hans Spanschus, Director-Energy and Materials Sciences Lab, Georgia Institute of

Technology, Atlanta, GA 30332
166. Richard H. Stamm, 1414 S. Redwood Drive, Mt. Prospect, IL 60056
167. K. E. Starner, Advance Engineering, York Division, Borg-Warner Coporation, P.O. Box

1592, York, PA 17405
168. C. J. Swet, 7040 Woodville Road, Mt. Airy, MD 21771
169. W. D. Syniuta, Advanced Mechanical Technology, Inc., 141 California Street, Newton,

MA 02158
170. C. C. Thiel, Jr., Division of Advanced Technology Applications,, National Science Foun-

dation, 1800 G Street, NW, Washington, DC 20550



253

171. S. E. Veyo, Westinghouse Electric Corporation, Research & Development Center, 1310
Beulah Road, Pittsburgh, PA 15235

172. S. S. Waddle, Oak Ridge Operations Office, Department of Energy, Oak Ridge, TN
37830

173. Michael Wahlig, Lawrence Berkeley Laboratory, Building 90, Room 2024, 1 Cyclotron
Road, University of California, Berkeley, CA 94720

174. Bernie Warning, Friedrich Air Conditioning & Refrigeration, 4200 N. Pan Am Express-
way, P.O. Box 1540, San Antonio, TX 78295

175. David Wensky, Copeland Corporation, 250 East Wilson Bridge Road, Suite.255, Worth-
ington, OH 43085

176. R. G. Werden, President, Robert G. Werden & Ass., Inc., Jenkintown, PA 19046
177. M. W. Woodford, Air-Conditioning & Refrigeration Institute, 1815 N. Fort Myer Drive,

Arlington, VA 22209
178. M. M. Yarosh, Florida Solar Energy Center, Post Office Drawer "N", Cape Canaveral,

FL 32920
179. David Young, Ontario Hydro, Research Division, 800 Kipling Avenue, Toronto, Canada

M8Z 5S4
180. Thomas Zawacki, Institute of Gas Technology, 3425 S. State Street, Chicago, IL 60616
181. Floyd J. Zehr, Department of Physics, Westminster College, New Wilmington, PA

16142
182. Alan Zimmerman, Special Products Group, The Coleman Company, 250 N. St. Francis

Street, Wichita, KS 67201
183. Orin Zimmerman, Energy Management & Utilization Division, Electric Power Research

Institute, 3412 Hillview Avenue, P.O. Box 10412, Palo Alto, CA 94303
184. Congressional Information Service, Research Building 83, Kodak Park, Rochester, NY

14050
185. Institute for Energy Analysis, ORAU-Library
186. Office of the Assistant Manager for Energy R&D, U.S. Department of Energy, Oak

Ridge Operations, Oak Ridge, TN 37830
187-213. Technical Information Center, Department of Energy, P.O. Box 62, Oak Ridge, TN

37830
214-313. Energy Research Library, Building 9102-2, P.O. Box Y, Oak Ridge, TN 37830

aU.S. GOVERNMENT PRINTING OFFICE: 1982-646-055/193




