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GLOSSARY

Accumulator - a vessel installed in a heat pump to prevent excessive

amounts of liquid refrigerant from entering the compressor and causing

possible damage to the bearings and valves.

ACES - an acronym for Annual Cycle Energy System. The ACES is an integrated

system designed to provide space heating, water heating, and air con-

ditioning to a building by utilizing a heat pump that obtains heat from

water stored in an insulated underground bin. As heat is extracted from

the bin during the heating season, most of the water is frozen; the

stored ice provides air conditioning in the summer.

ACES, Full - an ACES designed to maximize beneficial interseasonal energy

transfer. The ice storage bin is large enough to hold all of the

winter-formed ice or that amount of ice needed during the cooling season,

whichever is smaller.

ACES, Minimum - an ACES for which the thermal capacity of the ice storage

bin is just sufficient to supply the total space-heating and water-

heating loads of the building for the coldest two weeks of the heating

season without operation of the solar collector panel.

ACES, Partial - an ACES with an ice storage bin that is intermediate in

size to that of a full ACES and a minimum ACES.

Air coil - a device used for heating or cooling air under forced convection.

A hot or cold fluid is pumped through the heat-exchanger coils of the

unit; air convection around the exterior surface of the coils is main-

tained by means of an electrically driven fan.

Air infiltration - the flow of air into or out of a building caused by

wind or by differences between the densities of inside and outside air.

This leakage occurs through cracks around windows and doors, and cannot

be effectively controlled by the occupants of the building.

Backup heating - a secondary heating system consisting of electrical

resistance units installed in the air duct system to supply heat to the

building in case the primary heating system is inoperable.
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Balance temperature - the outdoor air temperature at which heat losses

from a building are balanced by heat gains from internal and solar

sources.

Ballast - in a brine-chiller ACES, the weight provided to keep the ice

submerged by counteracting the buoyant forces on the ice in the storage

bin.

Brine - a solution of methanol in water that serves as the heat-carrying

medium in the ACES intermediate heat exchanger circuits.

Brine-chiller system - a refrigeration system for the ACES in which ice

is formed around coils immersed in the storage bin. The coils contain

brine chilled by the heat pump evaporator.

Compressor - a component of the heat pump that compresses low-temperature

refrigerant vapor from the evaporator into a high-pressure superheated

gas.

Condenser - a component of the heat pump in which the high-temperature

refrigerant gas gives up heat and becomes a medium-temperature saturated

liquid.

Control logic package - a control device that is programmed to receive

the input signals of various ACES sensors and to respond by implementing

proper modes of operation.

Convection - the transmission of heat by the movement of a mass of fluid

(e.g., air).

Coefficient of performance (COP) - the ratio of the heating or cooling

delivered by a system to the energy consumed, in consistent units.

Degree-days, monthly - the sum of the differences between 65°F and the

mean daily temperature for each day of the month. Alternatively,

the integral of (TBAL - To) with respect to time, where TBAL is the

balance temperature of the house, To is the outdoor temperature, and

the time period of integration is one month.

Design-day temperature - the outdoor air temperature in a given locality

that is equaled or exceeded 99% of the time, on the average, during the

coldest three consecutive months.
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Design hourly heating load - the rate of heat input to a building required

to maintain a desired indoor temperature if the outdoor temperature is at

its design-day value and the building's internal and solar heat gains are

negligible.

Design monthly heating load - the total amount of heat that must be

delivered to the building by the heating plant during any given month

of the design-year weather in order to maintain a desired indoor tempera-

ture regime.

Design-year weather - the 12-month set of outdoor hourly or bin temperatures

that is selected for use in an ACES design. The data should represent

average weather conditions for a given locality over a 5- to 10-year

period.

Discount rate - the rate of return that can be expected on the best

alternative investment available to a prospective ACES purchaser.

Energy efficiency ratio (EER) - the efficiency of an air conditioner,

defined as the ratio of its rate of cooling, in Btu/h, to its rate of

power consumption, in watts. Therefore, EER = 3.412 * COPC, where COPC

is the cooling coefficient of performance of the unit.

Evaporator - a component of the heat pump in which the low-temperature

boiling refrigerant absorbs heat from the heat source to become a

low-temperature saturated, or slightly superheated, vapor.

Fan coil (outdoor) - see air coil. A device for rejecting waste heat from

the heat pump compressor to the outdoor ambient air.

Glazed solar panel - a solar heat collection device connected to a heat

removal system. The device consists of a black plate, insulated on the

bottom and edges, and covered by one or more transparent plates.

Header - a chamber to which the ends of a number of fluid-carrying tubes

are connected so that the fluid may flow freely from one tube to another.

Heat collector panel - an ACES component that is used to collect environ-

mental heat - by convection from the outdoor air and by absorption of

solar energy.
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Heat exchanger - a device that transfers heat from one fluid to another.

Heat of fusion - the quantity of heat necessary to change one pound of a

solid into a liquid material without effecting a temperature change.

The heat of fusion of ice is 144 Btu/lb.

Heat rejector panel - an ACES component that is used to reject waste heat

to the environment - by convection and radiation.

Humidity ratio - the ratio of the mass of water vapor to the mass of dry

air contained in a given sample of moist air.

Ice bin coil - a tube heat exchanger submerged in the ice storage bin, used

to either extract heat from or add heat to the bin.

Ice maker system - a heat pump system for the ACES in which ice is frozen

directly on evaporator plates and is periodically harvested as particulate

ice.

Ice-packing fraction - the ratio of the weight of loosely packed ice that

fills a given volume to the weight of solid ice that would fill the same

volume. The effective density of the loose ice is equal to the ice-

packing fraction times the density of solid ice (57.0 lb/ft3 ).

Ice phase - for the ACES, that portion of the annual cycle that begins in

the autumn when the bin temperature starts to decline from its summer

value of 45°F, as a result of increasing house demands for heating, and

ends during the cooling season when the stored ice in the bin has been

exhausted and the bin temperature has again risen to 45°F.

Ice storage bin - an ACES component used to store ice during the heating

season or to store heat during the cooling season.

Infiltration - see Air infiltration.

Integrated construction - a cost-saving technique in construction that uses

parts of a building, for example, a basement wall, as part of the storage

bin structure.

Latent heat (of vaporization) - the quantity of heat necessary to change

1 lb of a liquid to vapor without change of temperature. The latent heat

of vaporization of water at 78°F is 1049.5 Btu/lb.
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Lattice pitch - the distance between the centers of adjacent pipes, within

a bank of heat exchanger pipes that are arranged in a square grid pattern.

Load - the space-heating, water-heating, or air-conditioning demands of

the building - to be supplied by the HVAC system.

Load management - a planned, purposeful time displacement between the

production of a thermal load capability and its actual delivery. In

the ACES, the nighttime generation of cooling capacity to meet daytime

cooling needs.

Mass flow rate - the rate of flow of a fluid expressed in pounds per hour.

Mechanical package (ACES) - a prefabricated component consisting of the

heat pump compressor, condenser, evaporator, and accumulator as well as

the hot water desuperheater and condenser, and the ACES control logic

package.

MBtu - a unit of heat equal to one thousand British thermal units.

MMBtu - a unit of heat equal to one million British thermal units.

Operating costs - recurring costs for energy, service, maintenance, parts,

and materials that are necessary to operate and maintain the ACES during

its useful life.

Owning costs - the initial installed cost of an ACES plus any annual

charges for property taxes and insurance.

Panel tilt angle - the angle of tilt of the solar collector from the

horizontal, expressed in degrees. For optimum heat collection during

winter months, the panel should be tilted southward at an angle,

T = L + 20°, where L is the latitude (in degrees) of the site location.

Particulate ice - an aggregation of ice granules or particles, as opposed

to a mass of solid ice.

Peak demand - the maximum rate of electricity consumption by the ACES

system during any given time period.

Present value - the amount of money which must be invested today, at a

given discount rate, in order to have a specified amount at a future

time.
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Radiant energy - energy that is emitted and propagated in wave-form

through space or a material medium (e.g. solar energy).

Reference houses - a defined set of single-family houses for which size

and level of thermal insulation differ, and for which monthly thermal

loads have been calculated and tabulated for purposes of comparison.

Refrigerant - a liquid capable of vaporizing at a low temperature and a

low pressure, such as ammonia, which is used for heat transfer in

mechanical refrigeration.

Reynolds number - a dimensionless quantity used to distinguish laminar

from turbulent fluid flow.

Sensible heat - absorbed heat that is manifested by a change in the

temperature of a material rather than a change in its state.

Split-evaporator - for the ACES, a design concept of an evaporator that

consists of two sections, allowing the system to operate either as a

water-source or as an air-source heat pump.

Steady state - a heat flow or other process that is constant with respect

to time.

Supplemental heat - for the ACES, heat that is collected from the environ-

ment or that is provided from some other source for melting ice in the

ice bin, when necessary.

Supplemental phase - for the ACES, that portion of the annual cycle that

begins during the cooling season when the stored ice in the bin has

been exhausted and the bin temperature has risen to 45°F and ends in

the autumn when, as a result of increasing house demands for heating,

the bin temperature starts to decline from its summer value of 45°F.

Thermal envelope - the surface that encloses a building and delineates

between the building and the external environment.

Thermal inertia - a delayed response of heat flow through a material to

changes in its boundary temperatures. This effect, caused by storage

of heat within the material, is sometimes called the "flywheel" effect.
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Viscosity - that property of a fluid which resists forces leading to flow

or any instantaneous change of shape.

Waste heat - heat from the heat pump compressor during ACES supplemental

cooling that must be rejected to the environment.

Waste-heat rejector - a convector panel or outdoor air coil used in ACES

to reject waste heat from the heat pump compressor when the ACES is

operated in the supplemental cooling mode.

Wetted volume - the volume of the ACES ice storage bin that is available

for storing the mixture of ice and water (i.e., the total volume of

the bin minus freeboard volume and any volume occupied by an assembly

located inside the bin).

Wire-to-water efficiency - for an electrically driven pump, the efficiency

of conversion from electrical energy to useful fluid energy.
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PREFACE

The purpose of this report is to help designers and contractors gain

an understanding of the fundamental concepts of the Annual Cycle Energy

System (ACES) for residences and to provide practical procedures and data

for the selection and installation of ACES equipment. The design and

construction of components that distinguish the ACES from conventional

home heating and cooling systems are emphasized. These components are the

energy storage tank (ice bin) and the supplemental heat collector (solar/

convector panel). Methods for estimating the sizes of components and for

computing monthly space-heating, water-heating, and air-conditioning loads

are presented. Construction guidelines and procedures for estimating

the performance and initial and operating costs of the system are also

discussed.

The report is intended to serve the needs of the designer, who seeks

information on the basic theory of the ACES and its components, and the

contractor, who wishes to estimate optimum sizes of ACES components and

to install them with a minimum investment in time. For the contractor,

reading Sects. 1, 5, 8, and 9 may be sufficient. Section 1 describes the

ACES concept briefly. Section 5 discusses construction and installation

and recommends guidelines. Section 8 describes a rapid method for designing

an ACES. Section 9, which may prove to be especially useful in under-

standing the design procedure, is a step-by-step example problem in ACES

design for a hypothetical single-family residence.
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ABSTRACT

The basic concept of the Annual Cycle Energy System (ACES) - an

integrated system for supplying space heating, hot water, and air condi-

tioning to a building - and the theory underlying its design and operation

are described. Practical procedures for designing an ACES for a single-

family residence, together with recommended guidelines for the construction

and installation of system components, are presented. The report gives

methods for estimating the life-cycle cost, component sizes, and annual

energy consumption of the system for residential applications in different

climatic regions of the United States.
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1. INTRODUCTION

1.1 What is an Annual Cycle Energy System?

An annual cycle energy system (ACES) is a system designed to

provide space heating, water heating, and air conditioning to a building,

while consuming significantly less purchased energy than all other known

electric heating, ventilating, and air-conditioning (HVAC) systems. For

example, during the 1978-1979 heating and cooling seasons a demonstration

ACES-equipped house near Knoxville, Tennessee, consumed 6597 kWh while

providing annual space-heating, water-heating, and space-cooling loads

of 30.1, 15.0, and 18.1 MMBtu (106 Btu) respectively. Delivering these

same loads to an identically constructed house equipped with a central

air-to-air heat pump system and a conventional electric hot water tank

required 12,861 kWh of purchased energy. This large energy savings

resulted primarily from the central feature of the ACES concept: low-

temperature storage and interseasonal transfer of environmental energy.

In the ACES, the energy transfer is by an electrically driven

unidirectional heat pump that obtains heat from water stored in an

insulated underground tank. As the heat is extracted during the heating

season, most of the water is frozen, and the stored ice provides air

conditioning in the summer. Thus the heat of fusion of water is avail-

able as a heat source in winter and as a heat sink in summer. Because

both the heating and cooling outputs of the heat pump are used, the

resulting annual coefficient of performance (COP) is very high.

In addition to its function in energy conservation, the ACES lends

itself readily to load management. Ice for air conditioning can be made

and stored at night, allowing users to take advantage of low off-peak

electric rates, where available. If an appreciable fraction of the

buildings being served by a utility system were to utilize the storage

feature offered by the ACES, a substantial reduction in the needed

generating capacity could result.

For the ACES, there are two ice-formation methods that can be

used: (1) a coil-in-bin ACES that utilizes chilled brine to freeze the

water surrounding heat-exchanger coils immersed in the storage bin;

1
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and (2) the plate-type ice maker, in which ice is formed directly on the

evaporator plates of the heat pump and the ice is periodically harvested

into the bin. Both the brine-chiller type and the ice-maker type offer

certain advantages. With the brine-chiller type, bins approximately

one-half the size necessary for the ice-maker type can be used because

of the higher ice-packing density in the bin. The brine-chiller type

also has simpler refrigeration circuitry and provides a nonfreezing

medium, the brine, for the transfer of energy from supplementary sources

such as solar panels. With the ice maker, on the other hand, the ice

bin coil and its attendant costs and field-crew installation are

eliminated and modularization of the system by the manufacturer is made

easier.

In actual application, operation of ACES to meet annual space- and

water-heating needs will seldom, if ever, result in the production of

the exact amount of ice needed for air conditioning. Even in the most

favorable geographic locations where average annual heating and cooling

demands of the building result in an ice-bin heat balance, variations in

weather, living patterns, etc., will upset this balance. Consequently,

the amount of ice produced will not be equal to the amount of ice needed

for all years. Thus, in designing an ACES, provisions must be made for

melting excess ice and for supplemental air conditioning when ice deficits

exist. These balancing functions can be accomplished by use of a solar

collector panel that collects heat from the environment during the

heating season to melt excess ice and by heat pump operation at night

during the cooling season to produce chilled water or ice for supplemental

air conditioning.

Over the period of a year, the amount of heat extracted from the

ice bin to meet space-heating, water-heating, and supplemental cooling

demands must be counterbalanced by heat deposits from the collector

panel, space cooling, and heat leakage into the ice bin from the sur-

roundings. Annual "energy balance" on the ice bin can be achieved by

varying the amounts of ambient heat collected and supplemental cooling

provided. The amounts of environmental heat and supplemental cooling

required depend upon the house thermal loads and the thermal capacity of

the ice bin.
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1.2 Full and Partial ACES

The maximum capacity of the ice bin should be equal to either all

of the ice that can be produced during the heating season or all of the

ice needed for summer cooling, whichever is smaller. A system with a

bin of this size is called a full ACES. A minimum ACES is defined as

a system equipped with a bin having a thermal capacity sufficient to

allow at least two weeks of heat pump operation during the coldest month

without resort to supplemental energy. The minimum ACES is a compromise

unit designed to reduce capital costs, but at the same time it reduces

the energy conservation potential of the system. A partial ACES has a

bin capacity greater than that of a minimum ACES but less than that of

a full ACES.

Of course, systems with smaller bins than those of the minimum

ACES can be fabricated. Such systems function primarily as summer

load-management systems (e.g., by providing all-day cooling in which

the compressor need be operated only during off-peak hours), but

provide little interseasonal energy transfer and cannot properly be

called ACES. If properly designed, they can save some energy by

providing a heating system of constant capacity and efficiency no matter

what the outdoor temperature may be.

1.3 Energy Conservation Advantages

The principal energy conservation advantages of a full ACES are

as follows:

1. During the heating season, the heat pump operates from a constant-

temperature heat source (the ice bin) and functions as a constant-

capacity heat pump without suffering performance degradation at

low outdoor temperatures.

2. During the cooling season, all or some of the cooling needs of the

building are supplied by winter-formed ice (i.e., ice produced as a

by-product during the heating season).

3. Supplemental summer cooling, required after the winter-formed ice

has been exhausted, can be supplied by nighttime heat pump
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operation. This shifts the cooling demand to off-peak hours when

electricity rates may be lower and when base-load utility plants

of higher efficiency are used. In addition, the efficiency of

heat pump operation is slightly greater during the cool of the

night than it is during the heat of the day.

4. Year round, the heat pump produces hot water two to three times more

efficiently than does resistance heating and, in the summer,

produces ice that can be used for air-conditioning purposes.

A partial ACES exhibits the same energy conservation features as

a full ACES; however, because less ice is carried over from the heating

season, more supplemental cooling must be provided during the summer.

The additional electricity required for heat pump operation in the

summer makes the partial ACES less energy efficient than a full ACES.

However, use of the smaller ice bin of a partial ACES effects a reduction

in initial system costs that may offset the cost of higher electricity

consumption. The trade-off between the costs of electricity and ice

bin construction should be carefully examined when selecting the

optimum bin size, taking into account anticipated escalation of

electricity rates.

1.4 Applicability of ACES

The ACES is applicable throughout most of the United States. The

anticipated performance of an ACES varies with the climatic region where

it is located (Fig. 1.1). In Fig. 1.1 the annual coefficient of

performance (ACOP), defined as the annual amount of energy services

delivered to the building divided by the amount of electrical energy

purchased to operate the system, is displayed for a full ACES installed

in a well-insulated home. Annual coefficients of performance as high

as 3.4 may be obtained in some parts of the country, using present-day

compressors.

The ACES performs best in regions where the ice formed during the

heating season can be used to meet a substantial portion of the summer

cooling needs of the building. The system is not applicable in regions
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where very little ice is formed during the heating season, such as in

southern Florida and southern Texas. For these regions, small ice

storage systems designed to accomplish only diurnal summer load manage-

ment are more economical. Economic considerations may also favor the

selection of a minimum ACES over a full ACES, even in areas of the

country where the full-ACES concept is viable. This is because the

poorer performance of a minimum ACES, which exhibits ACOPs ranging

from 2.0 to 3.0, may be offset by the lower initial cost.

The selection of a heat-collector panel is very important. An

unglazed panel that can collect heat from the ambient air as well as

from solar radiation is generally recommended for regions having less

than about 7000 heating degree-days each year. The use of unglazed

panels in colder regions, where very little heat can be collected

from the air, could result in the need for large, expensive panels.

For this reason, the use of either glazed panels or an alternative

supplementary heat system may be desirable in these regions.



2. SYSTEM DESCRIPTION

2.1 Basic Concepts of ACES

The basic concepts of an ACES can best be understood by considering

the monthly heat flows into and out of the ice storage bin. The energy

level of the bin varies continually in response to the heating and cooling

demands of the building; each year the ice inventory in the bin increases

from zero to maximum and then declines back to zero. During the heating

season the heat pump makes monthly withdrawals of energy from the ice bin

to supply heat for water and space heating. As the sensible energy of the

bin is extracted, the bin temperature declines from 45°F to 32°F. Further

energy withdrawals then result in the formation of ice. Heat leakage into

the bin from the surroundings and monthly deliveries of heat from the

collector panel partially replenish the bin energy, but continuing heat

withdrawals eventually cause the ice inventory in the bin to reach storage

bin capacity. The environmental heat delivered to the ice bin by the

collector panel is regulated so that the bin reaches full ice inventory at

the end of the heating season.

At the beginning of the cooling season, the full inventory of

winter-formed ice in the bin is available to provide air conditioning to

the house. As the cooling season progresses, heat is extracted from the

house by circulating chilled brine from the ice-bin heat exchanger through

an indoor fan coil. The house heat that is collected is delivered back to

the ice bin. These energy deposits gradually melt all of the ice in the

bin and raise the bin temperature to 45°F, the maximum useful bin tempera-

ture for providing space cooling. For a full-ACES application in a

northern climate, the bin temperature reaches 45°F at the end of the cooling

season and the system is ready to begin a new annual cycle. For a partial

ACES, or a full-ACES application in a southern climate, the depletion of

winter-formed ice occurs before the end of the cooling season and

supplemental cooling is required.

Supplemental cooling is provided by operating the heat pump at night

during the summer to remove heat from the storage bin. The removal of

7
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heat lowers the temperature of the bin to an acceptable level for use

in air conditioning for the following day. The heat extracted from the

storage bin, together with the energy required to operate the heat pump,

is rejected as waste heat at night to the outdoors. Supplemental cooling

increases the electrical energy consumption of ACES by requiring summertime

operation of the heat pump and also imposes the need for a waste-heat

rejector. The waste-heat rejector can be either an outdoor fan coil or,

if properly sized, the same convector panel that is used to collect heat

during the winter. Supplemental cooling, as provided by the ACES, also

yields effective diurnal load-management capability because the major

electrical draw of the system occurs at off-peak hours.

2.1.1 Heat flows

A quantitative description of ACES operations requires a determination

of the principal heat flows that the system must maintain to supply the

annual thermal loads of the building. In the following discussion, upper

case symbols are used to represent annual heat flows and lower case

symbols represent monthly heat flows. Thus the annual amount of heat

delivered by the system to meet the space-heating needs of the building

is QH MBtu where

QH = qH( ) + qH(2) + ... + qH(l2 )

12

QH = Z qH(m) . (2.1)m=l

Here, qH(1) represents the January space-heating load, qH(2) the February

space-heating load, and so on.

The nomenclature used to denote the principal monthly heat flows of

an ACES is presented below. [Corresponding annual heat flows are obtained

by summing the monthly heat flows, as shown previously (Eq. 2.1)].
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qH(m) = space-heating load (MBtu)

qHW(m) = water-heating load (MBtu)

qHT(m) = combined load for space heating and hot water production

(MBtu)

qc(m) = space-cooling load (MBtu)

qL(m) = heat leakage into the ice storage bin (MBtu)

qCOL(m) = heat collection by solar/convector panel (MBtu)

qBR(m) = bin heat removal for supplemental cooling (MBtu)

qE(m) = electricity consumption (MBtu)

qWD(m) = heat withdrawal from the ice storage bin (MBtu)

qDp(m) = heat deposit in the ice storage bin (MBtu)

The direction of heat flows qH(m), qHw(m), and qBR(m) is "uphill,"

that is, from a lower to a higher temperature. These heat flows require

a driving mechanism - the heat pump - and electrical energy to maintain

the flow. The "downhill" heat flows qc(m), qL(m), and qCOL(m) occur

naturally as a result of the temperature gradient. Because heat flow

out of and into the ice storage bin is of central importance in ACES

design theory, it is useful to define "bin transfer coefficients" that

relate qWD(m) and qDp(m) to the delivered house heating or cooling loads.

Bin transfer coefficients are denoted by ap(M), where the subscript P

refers to the season of the annual cycle and M is the mode of operation.

The four principal bin transfer coefficients that are essential to

an ACES design analysis are:

aI(H) = the quantity of heat withdrawn from the ice bin for each

unit of heat delivered for space or water heating when the

system is operating in the winter heating mode.

aI(C) = the quantity of heat deposited in the ice bin for each unit

of heat removed from the building when the system is operating

in the ice-melt, space-cooling mode.

as(H) = the quantity of heat withdrawn from the ice bin for each unit

of heat delivered for space or water heating when the system

is operating in the summer heating mode.
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as(C) = the quantity of heat deposited in the ice bin for each unit

of heat removed from the building when the system is operating

in the bin heat-rejection, space-cooling mode.

Expressions for the numerical evaluation of these bin transfer coefficients

are provided in Sect. 2.1.2.

The heat flows that occur when the ACES is operating in the ice phase

of its annual cycle (ice buildup - constant ice inventory - ice decline)

are shown in Fig. 2.1. The ice phase of operations begins in the autumn

when heat withdrawals from the bin exceed heat deposits. The ice phase

continues throughout the heating season as the ice inventory increases and

subsequently is held at bin capacity by operation of the collector panel.

Heat deposits by the collector panel are stopped when the ice-decline

portion of the cycle is reached. The ice phase lasts into the cooling

season until all of the ice has been melted by summer air-conditioning

heat deposits and the tank has reached a temperature of 45°F.

The ACES heat flows that occur when the system is operating in the

supplemental phase of its annual cycle are shown in Fig. 2.2. The

supplemental phase of operations begins when the ice phase ends and con-

tinues throughout the remainder of the cooling season. The supplemental

phase ends with the advent of a new heating season. During the supplemental

phase, the daily temperature of the ice bin fluctuates between 45°F and a

lower temperature that is set by the daily space-cooling needs of the

building. Thus the average temperature of the bin is higher than when the

system is operating in the ice phase. This higher average bin temperature

reduces heat leakage into the tank from the surroundings and also lowers

the cooling-rate capacity of the indoor fan coil because of the higher

temperature of the chilled brine that is circulated through it.

2.1.2 Modal operating parameters

The primary operating parameters required for ACES design analysis

include both (1) the coefficients of performance (COPs) and (2) the bin

transfer coefficients for each mode of operation. The modal COPs are

used in computing the monthly and annual electricity consumption and the

annual COP of the system. The bin transfer coefficients are used in
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determining the ice-bin heat flow that results as the system responds

to meet the monthly heating and cooling demands of the building. Based

upon these ice-bin heat flows, seasonal heat balances can be calculated

for the ice bin to determine the amount of heat that must be collected

by the solar panel and/or the amount of heat that must be rejected from

the bin by summertime operation of the heat pump. This information is

used to determine supplemental cooling requirements and the size of the

solar panel.

In the ACES, a variety of different operating modes can be established

by the control system to meet changing load demands. For example,

throughout the annual cycle, the system can be called upon to supply

space heating, water heating, space and water heating, space cooling,

or space cooling and water heating. In each of these operating modes,

the system exhibits a specific COP and the requested house load imposes

an ice-bin heat flow according to a specific bin transfer coefficient.

The operating parameters and duration times of all of the modes are needed

for a full design analysis. In practice, however, space heating and space

cooling predominate during the ice phase of operations, and water heating

and space cooling predominate during the supplemental phase. In the

following analysis, only these four modes of system operation are

distinguished.

The nomenclature used to denote system operating variables is defined

below:

EC = heat pump compressor motor draw, kW;

EF = indoor fan coil motor draw, kW;

EHB= hot brine pump motor draw, kW:

ECB = cold brine pump motor draw, kW;

EHW = hot water pump motor draw, kW;

EOF = outdoor fan coil motor draw, kW;

CI = evaporator-side COP of the compressor (ice phase);

CS = evaporator-side COP of the compressor (supplemental phase);

HI = indoor fan coil cooling rate (32°F ice phase brine), kW;

HS = indoor fan coil cooling rate (45°F supplemental phase brine),

kW;
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HDS = hot water desuperheater capacity rating, kW; and

HCD = hot water condenser capacity rating, kW.

Ice phase heating mode

The system COP in the ice phase heating mode is defined as the ratio

of the heat delivered for water heating or space heating to the electrical

energy consumed by the system, in consistent units,

(1 + CI)EC + EF + EHB + 0.75ECB
COPI(H) = (E + EF + EHB + ECB) (2.2)

The above expression is based on the assumption that the ACES mechanical

package is located indoors and that motor heat losses contribute to the

delivered heating load. The compressor-only cooling COP during the ice

phase is obtained from the manufacturer's listing of the steady-state

rating of the model. The wire-to-water efficiency of the cold brine

circulating pump is assumed to be 25%.

The bin transfer coefficient, or the fraction of the delivered heat

load that is obtained from the ice storage bin, is given by the expression

CI * EC - 0.25ECB
a x{Hl 1= CE;OC( ( 2.3)

I(H)= (1 + C)E + EF + EHB + 0.75EcB

By comparison with Eq. (2.2), this expression can be shown to be equivalent

to

COPI(H) - 1

CI(H) COPI(H) (2.4)

Thus the monthly heat withdrawal from the ice storage bin to meet house

space-heating and water-heating needs when the system is operating in the

ice phase of its annual cycle is equal to

qWD(m) = a(H)[qH(m) + qHW(m)] (2.5)
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Ice phase cooling mode

The system COP in the ice phase cooling mode is defined as the ratio

of the heat removed from the building (or the space cooling delivered)

to the electrical energy consumed by the system, in consistent units.

That is,

HI - EF
COPI(C) EF + ECB (2.6)

The above expression is based on the assumption that, although the ACES

mechanical package is located indoors, motor heat losses from the package

are vented to the outdoors during cooling mode operation. The ACES

exhibits a very high modal COP when operating in the ice phase cooling

mode because only the indoor fan motor and the cold brine pump motor draw

electrical power.

The bin transfer coefficient, or the ratio of heat deposited in the

ice bin to the total cooling load delivered, is expressed by

HI + 0.25ECB
a !(C) -= I C .(2.7)

I ,Hi _EF

Thus the monthly heat deposit in the ice bin that is necessary to meet

house space-cooling needs when operating in the ice phase space-cooling

mode is

qDp(m) = aI(C) * qC(m) . (2.8)

Supplemental phase heating mode

The delivery of heat to the house during the supplemental phase is

principally for the purpose of producing hot water, although some space

heating may be required on cool, late-summer nights. The system COP in

the supplemental phase heating mode is defined as the ratio of the heat

delivered to the electrical energy consumed by the system, in consistent
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units. This COP can be written in terms of the output ratings of the

hot water desuperheater and condenser, HDS and HCD, respectively.

HDS + HCD

COPS(H) E C + ECB + EHW (2-9)

The bin transfer coefficient (or the ratio of the heat extracted from the

bin to the delivered heating) is expressed by

CsEC - 0.25EcB
s(H) (1 + C)EC (2.10)

Supplemental phase cooling mode

The ACES must establish two principal heat flows during the

supplemental phase cooling mode of operation (Fig. 2.2). First, heat

must be delivered from the building and deposited in the ice bin to

provide space cooling to the building. Second, heat must be extracted

from the ice bin and rejected as waste heat to the outdoor environment

in order to maintain an ice-bin heat balance. In the following analysis,

modal operating parameters are defined separately for the bin heat-deposit

and the bin heat-removal systems. These parameters are then combined

to yield an overall system COP for the supplemental phase cooling mode.

The COP of the space-cooling delivery system is defined as the ratio

of the heat removed from the building for space cooling to the electrical

energy consumed by the delivery system, in consistent units. Using the

previously defined nomenclature, the COP of the delivery system for

depositing heat in the bin, COP(BD), is expressed by

HS - EF
COP(BD) = E + E (2.11)

F CB

This equation is based on the assumption that motor heat losses from the

ACES mechanical package are vented to the outdoors during cooling-mode

operation.
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The bin transfer coefficient (or the ratio of the heat deposited in

the ice bin to the total cooling load delivered) is expressed by

HS + 0.25ECB
"s(C) HS - EF (2.12)

Equations (2.11) and (2.12) are identical to the corresponding expressions

for the ice phase cooling parameters, except that a different value is

required for the indoor fan cooling rate. In supplemental phase cooling,

brine at 45°F is circulated through the indoor fan coil, whereas in the

ice phase the temperature of the brine is near 32°F. The cooling rate

of the indoor fan coil is directly proportional to the temperature

difference existing between the circulating brine and the indoor air.

The bin heat-removal system is comprised of the heat pump and an

outdoor waste-heat rejector, which may be either a convector panel or an

outside air coil. The net amount of bin heat removal (MBtu) that is

required during the supplemental phase to maintain an ice-bin heat balance

is expressed by

QBR(SP) = as(C)* Qc(SP) + QL(SP) - as(H) QHT(SP) , (2.13)

where the Qs are the total heat flows occurring during the supplemental

phase. The COP of the heat rejection system is expressed by

CSEC - 0.25ECB
COP(BR) = E + ECB + EHB + EOF(2.14)

This equation is based on the assumption that an outdoor fan coil is

used as the waste-heat rejector.

The overall system COP for the supplemental phase cooling mode,

COPs(C), is defined as the ratio of the delivered space-cooling load to

the total purchased energy consumed by the space-cooling delivery system

and the bin heat-removal system. This ratio is expressed by
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QC(SP)
SCOP (C) QC(SP)/COP(BD) + QBR(SP)/COP(BR) (2.15)

The above expression can be simplified by inserting the definition for

QBR(SP) given in Eq. (2.13) and rearranging the terms. The result is

COPS(C) = [COP(BD)-1 + KoCOP(BR)- 1]-1 , (2.16)

where the variable K is defined as

QL(SP) QHT(SP)
^ ̂  ̂  (^spy- ^ _ (X -- (2.17)Ko =AS(C)+ QC(SP aS(H) QC(SP)

In Eq. (2.17) the value of KO will be reduced by either a decrease

in ground heat leakage into the bin, QL(SP), or by an increase in the

house demands for space heating and hot water production, QHT(SP).

Equation (2.16) reveals that both of these changes will act to increase

the system COP in the supplemental phase cooling mode. Equation (2.16)

is based on the assumption that, although the ACES mechanical package is

located indoors, motor heat losses from the package are vented to the

outdoors during summer supplemental cooling operations. This venting of

waste heat from system components is essential during summer space-cooling

operations to prevent serious degradation of the supplemental phase

cooling mode COP.

2.1.3 Ice-bin heat balance

Over the period of a year, the heat extracted from the ice bin to

meet space-heating, water-heating, and supplemental cooling demands must

be replaced by heat deposits from the collector panel, space cooling, and

heat leakage into the ice bin from the surroundings. Furthermore, this

ice-bin heat balance must be satisfied separately for both the ice phase

and the supplemental phase of the annual cycle.
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Ice phase

Using the previously described notation, the net monthly energy flow

into or out of the ice storage bin can be written as:

qNET(m ) = qCOL(m) + qL(m) + aI(C)qc(m) - aI(H)qHT(m) (2.18)

The quantity qNET(m) represents the net bin heat-flow during any given

month and can be either positive (net heat deposit) or negative (net heat

withdrawal) depending upon the thermal demands of the house. The sum of

qNET(m), however, taken over all of the months of ice phase operation,
must be equal to zero. Thus the ice-bin heat balance condition over this

period of time is expressed by

QCOL + QL + "I(C)Qc = I(H)[QH + QHW ] (2.19)

In Eq. (2.19), QH, QHW' and QC represent the thermal demands of the

house during the ice phase of operations. The ice-bin heat leakage, QL,

is a function of the amount of insulation provided in the bin, the

temperature difference between the inner and outer surfaces of the bin,

and the heat-transfer areas of the ice bin surfaces. Then, the control

variable for satisfying Eq. (2.19) is QCOL' the panel heat collection,

which must be varied to match the thermal demands of the house to the

ice-bin thermal capacity.

Supplemental cooling phase

The net monthly energy flow into or out of the ice bin during the
supplemental cooling phase of annual operations is expressed by

qET(m)= as(C)qC(m) + qL(m) - aS(H)qHT(m) qR(m) (2.20)

Here, qBR(m) represents the amount of heat that must be removed from
the bin each month to provide the needed supplemental cooling capacity.

The amount of heat removal required is equal to the net heat deposits, so



20

that qNET(m) = 0 for each month of supplemental phase operations. The

sum of all the months of supplemental phase operation is expressed by

QBR = aS(C)QC + Q - "S(H)[QH + QHW ] (2.21)

QH' QHW' and QC represent the thermal demands of the house during the
supplemental phase of operation. QL is a function of the ice bin

construction and the temperature of its external surroundings. The

temperature at the inner surface of the ice bin is assumed to be 45°F

during the supplemental phase of annual operation.

Ice-bin thermal capacity

The thermal storage capacity of the ice bin, which determines the

amount of beneficial interseasonal energy transfer that can be effected

with a given ACES design, is expressed by

TCAP = PF . p(I) . V[144 + TMAX - 32]

+ (1 - PF) · p(W) . V[TMAx - 32] , (2.22)

where

TCAP = thermal capacity of bin, Btu;

PF = ice-packing fraction;

p(I) = ice density, 57.0 lb/ft3;

p(W) = water density, 62.4 lb/ft3;

V = ice storage bin wetted volume, ft3;

TMAX = maximum temperature of ice bin, 45°F.

The value of PF in Eq. (2.22) is 0.4 for an ice-maker type ACES and 0.8

for a brine-chiller type ACES.

For a full ACES, it is possible to select an ice bin size, V, that

will result in either QCOL' in Eq. (2.19), or QBR' in Eq. (2.21), becoming

zero. In northern climates, where a surplus of winter ice is produced,

the ice bin can be selected to have a thermal capacity great enough to
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provide for all the summer cooling needs. In this case, the entire

annual cycle operates in the ice phase, and panel heat collection is

provided to melt excess ice formed during the heating season. In southern

climates, the thermal capacity of the ice bin is selected to meet all

of the bin heat-withdrawals without assistance from solar panel heat

collection. Supplemental cooling, however, is required during the

summer. For a partial ACES located in either northern or southern

climates, both panel heat collection and supplemental cooling must be

provided; that is, neither QCOL nor QBR will be zero.

2.2 Basic Design of ACES

2.2.1 Design objectives

As in the case for conventional HVAC systems, the principal objective

in ACES design is to match the capacity of the system to a known set of

heating and cooling demands for a building for a specific reference

weather condition. In ACES, the reference condition is an "average"

weather year (design year) that yields building load demands for which

only a 50% probability of being exceeded in any given year exists. The

ACES is designed to meet these design-year loads and, additionally, is

provided with a backup heating system for use in years having more

severe weather.

Both ACES and conventional HVAC systems must be able to supply peak

heating and cooling demands of a building. The ACES, in addition, must

satisfy energy balances on the ice bin for both heating and cooling

seasons. Satisfying the heating season energy balance may require the

use of an ambient-heat collector to prevent possible energy deficits in

the ice bin. A central task of ACES design is determining the collector

size that is compatible with an arbitrarily selected ice bin volume and

a given set of house heating demands. Similarly, if the selected ice

bin has a thermal capacity that is less than the annual cooling load of

the building, a secondary task of an ACES design is to estimate the

amount of supplemental cooling needed and the additional consumption of

electricity required to provide it.
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The overall objective of the ACES design is to determine the

component sizes and required performance characteristics for a least-

cost system that is capable of satisfying the load demands imposed by

the requirements for space heating, water heating, and space cooling of

a particular building. Specific design parameters that must be deter-

mined and specified for any ACES application are discussed in the

following section.

2.2.2 Design parameters

Detailed methods for calculating ACES component sizes are discussed

in Sect. 4. Specific areas that will need to be addressed for component

size determination are described briefly below.

Ice bin

The owner or builder can choose any arbitrary volume for the ice

bin that lies within the range suitable for minimum and full ACES. The

physical dimensions of the bin, the thermal resistance of insulation in

its walls, floor, and lid, and the extent to which it is to be located

below-grade must then be selected. The thermal capacity of the bin is

then calculated using Eq. (2.22).

Heat pump and ice-bin heat exchanger

The heat pump must have a capacity rating equal to or slightly

larger than the design hourly heat loss of the building. The heat pump

may be either a brine-chiller or a plate-type ice maker. If a brine-

chiller heat pump is selected, design specifications must also be deter-

mined for the ancillary ice-bin heat exchanger. These specifications

include the material, length, diameter, and spacing of the heat-exchanger

tubing. Calculations must be performed to assure that the heat exchanger

meets bin volume constraints and that its heat transfer rate satisfies

the design-day load of the building.
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Environmental energy collection

The source and availability of the energy to be collected must be

specified. If a solar/convector panel is chosen, calculations must be

performed to determine the minimum panel area capable of delivering heat

to the ice bin at rates necessary to prevent premature bin freeze-up.

The monthly energy collection capacity (in MBtu/ft 2), qCOL(m), of the

specific panel type selected must be calculated.

Waste-heat rejector

The type, size, and heat-rejection capacity of the unit selected

must be specified. The rejector may be either a radiant/convector panel

or an outside air coil. Design calculations must be performed to match

the heat-rejection capacity of a panel heat-rejector to the air-

conditioning requirements of the building. An outdoor air coil is an

integral part of the ACES heat pump mechanical package and, therefore,

will normally be designed by the manufacturer.

Annual energy consumption

The design calculations should provide an estimate of the amount of

electricity that a system will consume annually in meeting the design-

year space-heating, water-heating, and space-cooling demands of the

building. The annual COP of the ACES, defined as the ratio of useful

heating and cooling delivered to the electrical energy consumed by the
system, can then be calculated.

System cost analysis

The ACES design calculations should provide estimates of initial

costs, installed costs, maintenance costs, and operating costs, which

can then be compared to the economics of alternative HVAC systems.

Present worth analysis is recommended for computing a total system cost,

including annual expenditures for electricity over a 20-year system

lifetime, because it furnishes a fair basis for comparing ACES with

other systems. The discount rate and the escalation rate of electricity

prices employed in the present worth analysis must be specified.
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2.2.3 Alternative designs

Several alternative ACES designs have been investigated and found

to be technically feasible. At the present time, however, it is not

possible to determine which of these designs will prove to be the most

economical for residential applications. Possible variations in ACES

design range from relatively minor differences in the design and con-

struction of components, such as the ice bin, the waste-heat rejector,

or the ambient-heat collector, to more fundamental differences in the

system concept. Examples of the latter type of design variations are:

(1) providing the heat pump with a split evaporator that can extract

heat either from the ice storage bin or from the outside ambient air

and (2) selecting an ice-maker rather than a brine-chiller heat pump as

the energy-mover of the system. The split-evaporator concept is still

only in an early stage of development and will not be discussed further

here. The selection of an ice-maker heat pump simplifies some design

problems and complicates others and fails to show an economic advantage

over the brine-chiller system.

The primary advantage of an ice-maker heat pump is that it eliminates

the need for an ice-bin heat exchanger. The ice forms as water flows

down over the ice-maker plates and is harvested at intervals by partial

thawing, falling directly into the bin. Unfortunately, the flaky nature

of the sheet ice reduces the storage-packing fraction so that a larger bin

volume is required for a given thermal capacity [refer to Eq. (2.22)].

It is still uncertain whether the cost savings obtained by eliminating the

ice-bin heat exchanger will compensate for the increased cost of the

larger bin.

Elimination of the ice-bin heat exchanger requires the design of an

alternative method of transferring heat from the energy collector panel to

the ice bin. In the brine-chiller system, this heat transfer is accom-

plished by circulating brine between the collector panel and ice-bin heat

exchanger. If, instead, cold water is circulated between the collector

panel and the storage bin, the system must be designed to protect the

collector panel against damage by freezing. An automatic drain-out system

for the collector panel of an ice-maker ACES must be foolproof; not a
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single failure over the 20- to 30-year lifetime of the ACES can be

tolerated.

Although the ice-maker ACES appears promising because of its simpler

design, its use in residential applications is not recommended at the

present time. Additional research, development, and demonstration of the

concept are needed. In contrast, the reliability and performance of the

brine-chiller ACES have been demonstrated over extended periods of time

at several test sites. Some startup problems were encountered, but these

were corrected by minor design changes. Since then the systems have

given reliable and essentially trouble-free service. The brine-chiller

ACES, the more proven of the two systems, is the recommended system for

use in single-family residences. Figure 2.3 is an artist's concept of

an ice-maker ACES for a single-family residence; Fig. 2.4 is an artist's

concept of a brine-chiller ACES for a single-family residence.

2.3 System Components

2.3.1 Primary components

The primary components of an ACES can be subgrouped by function into

three systems: (1) the mechanical package, (2) energy collection and

storage, and (3) energy delivery. The mechanical package is made up of

the heat pump and ancillary equipment together with their associated

components. These compact packages are expected to become commercially

available eventually. The main components of an ACES are listed below:

1. ACES mechanical package

Compressor
Hot water desuperheater
Hot water condenser
Space-heating condenser
Evaporator
Accumulator
Control logic package
Air coil heat-rejector

2. Energy collection and storage

Insulated, covered ice storage bin
Ice-bin heat exchanger (for a brine-chiller ACES)
Environmental energy collector
Collector drain-out facility (for an ice-maker ACES)
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3. Energy delivery

Indoor air coil
Fan coil motor and air circulator
Hot water storage tank
Brine or water pumps.

2.3.2 Auxiliary components

All ACES designs should include a backup space-heating system for

use during those years having colder than average weather. A simple

method of providing backup heating capability is to install electric

resistance heaters in the air ducts of the building. The heaters should

have a heating capacity equal to the design-day heat loss of the building

and should be thermostatically controlled and operable by a manual switch.

Other auxiliary components of an ACES include the piping, valving, and

wiring needed to connect the primary components of the system, and such

conventional HVAC system equipment as air ducts, thermostats, etc.

2.4 System Layout and Operating Modes

Layout and operation of a brine-chiller ACES are discussed in this

section. Basically, the system includes (1) a closed refrigerant circuit

for transferring heat from the evaporator to circuits for space heating,

water heating, or for disposal to the ambient air; (2) closed brine cir-

cuits, containing a solution of methanol in water, which thermally couple

the low-temperature side of the refrigerant circuit to the ice bin and the

high-temperature side of the circuit to the heat delivery systems; and

(3) an open fresh-water circuit in which heat is extracted from the hot

refrigerant to produce hot water. By appropriate valving arrangements,

brine flow paths can be established, as needed, to yield: (1) hot water

production, (2) space heating and water heating, (3) night waste-heat

rejection, (4) space cooling, and (5) environmental energy collection for

melting excess ice. In the first three of these operating modes, the

refrigerant cycle transfers heat from a low-temperature source to a

higher temperature delivery point.
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2.4.1 Refrigerant circuit

The refrigerant circuit of the ACES is of conventional design and is

made up of a compressor, an evaporator, a desuperheater, a condenser,

and a liquid-refrigerant subcooler. The evaporator, desuperheater, and

condenser serve to transfer thermal energy between the refrigerant and the

intermediate brine circuits. The function of the refrigerant cycle is to

extract heat from the low-temperature brine, which passes through the

ice-bin heat exchanger, and deliver it to the high-temperature brine

circuit for space or water heating. Because the heat pump mechanical

package will be factory assembled, the ACES designer is not required to be

familiar with the details of the refrigerant cycle. A short, qualitative

description of the refrigerant cycle is provided here for the interested

reader.

Refrigerant cycle

The refrigerant leaves the evaporator as a low-pressure, low-

temperature, saturated vapor and flows through the liquid subcooler,

where it absorbs heat from hot, liquid refrigerant to become a low-

temperature, slightly superheated vapor. In this form, the refrigerant

then enters the compressor where it is compressed into a high-pressure,

superheated gas. The superheated gas leaves the compressor and enters

the desuperheater, where it gives up heat to the fresh-water circuit to

produce hot water. After leaving the desuperheater as a high-temperature

gas, the refrigerant flows through the hot water and space-heating

condensers and gives up additional heat to the brine circuit.

The refrigerant emerges from the condenser as a high-pressure,

medium-temperature, saturated liquid, which then flows through the liquid

subcooler. As a subcooled liquid, the refrigerant flows through an

expansion valve and expands to become a low-pressure, low-temperature,

boiling liquid. As such, it absorbs heat from the brine surrounding the

evaporator and evaporates to become a low-temperature, saturated vapor.

At this point, it enters the liquid subcooler and flows to the compressor

to begin another cycle. The net effect of the refrigerant cycle is that

heat is pumped from the low-temoerature ice bin and delivered, at higher

temperatures, to be used for heating.
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2.4.2 Water heating

Operation of the ACES to provide space heating will also automatically

produce hot water when needed. However, to supply summer demands for hot

water, the system must also be capable of operating in a water-heating-only

mode. Figure 2.5 illustrates operation in the water-heating mode. The

compressor, the fresh-water circuit pump, and the cold brine pump, which

circulates brine to the evaporator, are all operating. The hot brine

pump is off, so that the heating condenser is inactive. The refrigerant

cycle extracts heat from the ice bin via the cold brine circuit and

delivers it, at higher temperatures, to the desuperheater and the hot

water condenser. There, heat is transferred to the fresh-water circuit to

provide hot water. The ice that is generated as a by-product during this

mode of operation is stored to meet future space-cooling needs.

2.4.3 Space heating and water heating

The ACES mode of operation to meet space-heating and water-heating

demands simultaneously is depicted in Fig. 2.6. Components in operation

during this mode are: the cold brine, hot brine, and fresh-water pumps;

the air-coil fan motor; and the compressor. The only idle component in

the refrigerant circuit is the hot water condenser. Heat is extracted

from the ice bin by the evaporator and delivered, at higher temperatures,

to the fresh-water circuit for water heating and to the brine circuit for

space heating. The ice that is formed in the ice bin is saved for use

in meeting future space-cooling needs.

2.4.4 Night heat rejection

Supplemental air conditioning in the summer is provided by running the

compressor at night to extract heat from the ice bin (Fig. 2.7). In this

manner, chilled water or ice can be produced in the ice bin after the

winter-formed ice has been exhausted. Depending upon the immediate need

for water heating, the heat extracted from the ice bin is either delivered

to the hot water circuit or rejected to the outdoor night air as waste

heat. In Fig. 2.7, the solar/convector panel serves dual functions as

the environmental energy collector in the winter and as the waste-heat
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rejector in the summer. However, use of an outside air coil is generally

considered the preferred method of heat rejection. The night heat

rejection mode requires that the compressor and all brine and water pumps

be in operation.

2.4.5 Space cooling

The simplest primary mode of ACES operation is that of space cooling,

shown in Fig. 2.8. The building is provided with air conditioning by

circulating chilled brine from the ice-bin heat exchanger through the

indoor air fan coil. The heat extracted from the building elevates the

brine temperature and gradually melts the ice stored in the bin. The only

electrical components in operation during this mode are the air coil fan

and the chilled-brine pump.

2.4.6 Environmental energy collection

During thewinter the melting of excess ice is accomplished by

circulating brine from the ice-bin heat exchanger through an outdoor

energy-collector panel. The collector panel collects radiant and convec-

tive energy from the environment if the ambient air temperature exceeds

32°F. The heat collected raises the brine temperature above 32°F and,

as the brine is recirculated to the ice-bin heat exchanger, causes some

of the ice in the bin to melt. The only electrical component used during

the heat-collection mode of operation, shown in Fig. 2.9, is the

chilled-brine pump.
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3. THERMAL LOADS OF THE BUILDING

The ACES is sized to supply the design hourly heating load of the

particular building and to meet the building's monthly demands for space

heating, water heating, and air conditioning. The thermal loads of the

building depend upon the design and construction of the building, the

climate, and the living habits of the occupants. Because many variables

affecting the energy needs of the building are unknown (e.g., life-style

of the occupants, rate of infiltration of outside air into the building,

etc.) an accurate calculation of monthly heating and cooling requirements

is difficult. Indeed, the calculation of monthly heating and cooling

loads for an actual building is an art that requires considerable skill,

experience, and good judgment. For these reasons, empirically determined

space-heating and air-conditioning loads, when available, are preferable

to calculated thermal loads for use in ACES design analysis.

3.1 Design Hourly Loads

3.1.1 Heating load

Calculation of the design hourly heating load of the building must

precede selection of the capacity rating (size) of the heat pump. The

design hourly load represents the rate at which heat must be supplied to

the building to maintain a desired indoor temperature on a cold, sunless

winter day. The design hourly heating load is, therefore, equal to the

rate of heat loss of the building under design-day conditions. The

design hourly heating load depends upon the airtightness of the building

and upon the amount of thermal insulation provided in its exposed surface

(walls, windows, floors, and ceilings). Calculation of the design

hourly heating load requires detailed knowledge of the construction of

the building and the design-day temperature of the particular location.

The design hourly heating load may be calculated using any conventional

method 1 or by using work form 2 and the accompanying instructions provided

in Sect. 8.

37
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3.1.2 Cooling load

The design hourly cooling load is the rate at which heat must be

removed from the building to maintain the room air temperature at a

desired constant value under summer design-day conditions. The cooling

load consists of sensible heat gains resulting from solar radiation,

internal heat sources, air infiltration, heat conduction into the house

through the building's thermal envelope, and latent heat gains resulting

from increases in the moisture content of the air in the building.

Normally, detailed calculation of the design hourly cooling load is

not required in ACES design because the heat pump that is selected to

supply the design hourly heating load will also be capable of supplying

the design hourly cooling load. The design of rate-dependent cooling

components in an ACES mechanical package will be done by the manufacturer.

Only in the case of summer load-management systems with ice storage (not

treated in this report) must additional attention be directed to the

selection of air-coil and heat-transfer capability and mechanical

refrigeration capacity.

3.2 Design Monthly Loads

The monthly demands of the building for space heating, water heating,

and space cooling should be determined empirically, if possible, using

metered fuel-consumption data. If such data are unavailable, the building

loads should be estimated by the best calculational method available.

Computer programs that require input of hourly weather and detailed

building design data are generally too time consuming and too expensive

for use in calculating monthly thermal loads of residences. As an

alternative, this report describes a technique for interpolating between

the thermal loads calculated for a set of reference houses using tempera-

ture bins and average solar data.2 ,3 This interpolation technique,

described in Sect. 8.3, is considered sufficiently accurate for esti-

mating the monthly thermal loads of a building that are needed in ACES

design analysis. The basis of the temperature-bin method of load deter-

mination is described in the Appendix. Tabulations of monthly loads
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computed by this method for the four reference houses in each of the

111 cities are provided in the Appendix, also.

3.2.1 Space-heating loads

The monthly space-heating demands of a building may be obtained from

empirical data, calculated by computer loads programs, or estimated by

the interpolation technique described in Sect. 8.3. Regardless of the

method used, the ACES designer should inspect carefully the estimated

monthly heating loads to judge whether they are realistic. Even if the

estimated loads are judged to be realistic, the ACES designer may adjust

the heating-load estimates to make them more representative of an average

weather year or to take into account differences in life-styles of

prospective occupants of the building. The ACES design procedures

described in Sect. 8 will enable builders to design the system to deliver

whatever monthly heating loads are selected.

Empirical monthly heating loads

Monthly heating loads inferred from empirical data are preferable to

calculated loads because they incorporate actual occupant life-styles and

"as built" properties of the house. Although actual measurement of the

monthly heating loads of a residence is impractical, these loads may be

estimated from fuel-consumption data. For example, if the owner of a

building for which a retrofit ACES is being considered has kept yearly
records of monthly fuel consumption by the present heating plant, the

monthly heating needs of the building can be estimated using a known (or

assumed) efficiency value of the heating plant. For new houses in which

fuel-consumption data are lacking, heating loads can be inferred from fuel-

consumption data of similar houses that have been built locally.

Loads computer programs

In some instances it may be necessary to calculate the monthly

space-heating demands of a residence by using a computer program. The

use of a loads computer program, such as the one described by Kusuda 4 for



40

estimating monthly heating loads, may be advisable if the planned building

has unusual design features. Features that would require the use of a

computer program include: (1) an exceptionally sheltered or exposed

building site, (2) an unusually large south-facing glass exposure, (3) a

house location partly or completely underground, (4) an exceptional amount

of thermal insulation, or (5) use of an air infiltration control system.

In such cases all internal and external heat gains must be calculated

and explicitly taken into account in estimating the monthly heating loads.

This complex task is best performed by using a tested, comprehensive

loads computer program.

Heating-loads interpolation

Table B.2 of the Appendix lists the monthly space-heating loads of

four reference houses in each of 111 geographical locations across the

United States. These values were calculated by the temperature bin

method. A description of the reference houses in each geographical

location is given in Table A.2 of the Appendix. An ACES designer, lacking

both empirical data for estimating the monthly heating loads of a particu-

lar building and access to computer facilities, may estimate monthly

demands for space-heating by using the interpolation technique described

in Sect. 8 of this report. Section 8 also provides a sample work form 3

for recording the estimated monthly space-heating loads (obtained by any

of the above methods) and discusses considerations for modifying them to

obtain the final space-heating loads to be used in the ACES design.

3.2.2 Space-cooling loads

The monthly space-cooling loads of a building depend upon numerous

variables that change in time and in phase with respect to one another.

These cooling-load variables include: solar heat gains, internal heat

sources, air infiltration rates, shell losses or gains by conduction, and

air humidity ratios inside and outside the building. The complex

interaction of these variables makes the computation of monthly cooling
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loads very difficult. Even the use of large computers does not ensure

accurate estimates because many of the variables affecting monthly cooling

loads are either poorly defined or difficult to quantify. Whenever

possible, the monthly cooling loads should be inferred from the monthly

power-consumption data for air-conditioning the building, or similar

buildings in the locality.

If empirical data on the monthly space-cooling needs of a particular

building are lacking and access to computer facilities is not available,

the ACES designer may elect to estimate space-cooling demands using the

interpolation technique described in Sect. 8. If this method is used, the

designer should further determine whether the results should be modified to

take factors into account that could affect the space-cooling loads. These

factors include: an unusual type of house construction, site peculiarities,

orientation of the building, and life-style of the occupants. Regardless

of the estimation method used, the monthly space-cooling loads should be

recorded in work form 3 and carefully evaluated as to whether they represent

average-year weather conditions and are reasonable with respect to local

air-conditioning experience. The monthly space-cooling loads finally

selected in work form 3 will be used in the ACES design analysis.

3.2.3 Water heating loads

The monthly quantity of heat required for the production of domestic

hot water is expressed as:

q = [L + 0.348G(THw - TCW)] h(m) , (3.1)

where the constant 0.348 is a factor for converting gallons of hot water

per day to Btu/h/°F, and

qHW(m) = heat required for hot water production in month m, Btu;
L = standby heat loss from the hot water storage tank, Btu/h;

G = hot water consumption rate, gal/d;

THW = hot water storage temperature, OF;

TCW = cold water inlet temperature, OF;

h(m) = number of hours in month m, h.



42

The hot water storage temperature for the ACES is 120°F and the

cold water inlet temperature is assumed to be the average monthly ground

temperature at a depth just below the frost line. (A method for estimating

ground temperatures as a function of depth, time of year, and geographical

location is described in Sect. 3.3.) The standby heat loss from a typical

residential hot water tank is assumed to be 150 Btu/h. The consumption

of hot water varies with life-style, but for most families is equal to

about 20 gpd for an adult and 15 gpd for a child.

The monthly water-heating loads for a typical family of four, two

adults and two children, have been calculated using Eq. (3.1) and the

parameters given. These monthly water-heating loads are listed in

Table B.2 for the various geographical locations of the reference houses.

The listed water-heating loads may be used directly or they may be

adjusted for hot water consumption rate, G, if desired. The monthly

water-heating loads finally selected and recorded in work form 3 (Sect. 8)

will form the basis of the ACES design.

3.3 Calculation of Ground Temperatures

In designing an ACES, the ability to estimate ground temperatures as

a function of depth and time of year for various locations is important.

Knowledge of the ground temperature is required for calculating the space-

heating and -cooling loads of the building (floor heat flows), for

estimating the inlet water temperature to the hot-water storage tank,

and for determining the ice-bin heat leakage coefficients. In general,

ground temperatures at a specific site can be obtained only by direct

measurements because of the influence of local weather conditions,

groundwater flows, earth surface conditions, and soil properties. Never-

theless, estimation of expected average ground temperatures for broad

regions of the country is useful.

The method of estimating earth temperatures used in this report is

based on relationships of earth temperature oscillations and soil thermal-

diffusivity that were originally developed by Lord Kelvin in 1811.

Recently, Kusuda and Achenbach 5 have shown that statistical data on

annual temperature cycles of outdoor air can be used in the Kelvin
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relationship to predict ground temperatures with reasonable accuracy.

The statistical parameters required for estimating soil temperatures at

a given location are: annual average air temperature, amplitude of the

annual cycle of monthly average outdoor air temperatures, and phase angle

of the earth temperature cycle. In this report, these parameters, denoted

by Ao, Bo, and Po, respectively, are derived from the outdoor air tempera-

ture bin data2 and are listed in Table B.2 of the Appendix.

Using these annual temperature-cycle parameters, the ground tempera-

tures at various depths and at various times of the year are calculated

by the expression:

TG(t,x) = Ao - Bo e Xcos 2 - , (3.2)

where

TG(t,x) = ground temperature at time t and depth x, °F;

x = downward distance from the earth's surface, ft;

t = elapsed time from January 1, h;

T = period of the temperature cycle, equal to 8766 h;

D = thermal diffusivity of the soil or earth, ft2/h.

The thermal diffusivity of soil (D) depends upon soil composition and

moisture content. Average values of D, in ft2/h, that may be used in

Eq. (3.2) for calculating ground temperatures are: 0.010 for dry soils,

0.025 for average soils, and 0.050 for wet soils.

3.4 Bin Heat-Leakage Coefficients

Ice bin heat-leakage coefficients are calculated by assuming that

the thermal driving force for heat flow across the walls of the bin is the

difference between the temperature calculated for soil and the 32°F

interior of the ice storage bin. This assumption implies that the magni-

tude of heat flow to the bin is limited primarily by the level of bin

insulation. The heat-leakage coefficients (MBtu/ft2) are then expressed

by:
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TG(Ym, T) - 32 TG(ym , B) - 32 H(m
TB(m) = LR + R -- (3.3)

and

TG(Y m , xS ) - 32 H(_ 3.4
SD(m) = Rm 3 - 0 (3.4)

Here,

TB(m) = monthly heat flow through the top and bottom of the

ice bin, MBtu/ft2;

SD(m) = monthly heat flow through the sides of the ice bin,

Btu/ft2;

m = time elapsed from January 1 to the end of each

month, h;

H(m) = total number of hours in month m;

R = thermal resistance of the insulated bin surfaces;

XT, XB, and xS = depths into the earth of the midpoints of the bin

top, bottom, and sides, respectively.

The definitions of TB(m) and SD(m) show that a positive value for the

coefficient denotes heat flow from the ground into the storage bin,

whereas a negative value denotes heat flow out of the storage bin.
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4. EQUIPMENT SELECTION AND DESIGN

This section describes theoretical considerations for determining

the sizes of ACES components to supply the given set of monthly thermal

loads that have been chosen for a building, using the methods described

in the preceding section. Because the ACES can be designed to supply

any set of monthly thermal loads, it is important to estimate reasonable

loads for the building to ensure that the capacity of the system is neither

over- nor under-rated.

The principal design criteria of an ACES are (1) the system must be

able to deliver heat at a stated maximum rate of output and (2) the system

must be able to deliver the design monthly energy needs of the building

while satisfying energy balances on the ice bin during both the ice

phase and the supplemental phase of the annual cycle. The first criterion

is set by the design hourly heat loss from the building, which determines

the capacity of the heat pump that must be selected and the required

surface area of the ice-bin heat exchanger. The second criterion stipu-

lates that some ambient heat must be delivered to the ice bin from

atmospheric or ground heat sources and/or that some heat must be removed

from the ice bin by operation of the heat pump during the summertime.

4.1 Heat Pump Mechanical Package

In this report we assume that the market for residential ACES

applications in the United States will develop and that heat pump mechani-

cal packages, designed and assembled at the factory, will become commer-

cially available as a result. The ACES designer will be able to select,

from among models manufactured, a package that will meet the particular

needs of his ACES. Table 4.1 lists capacity ratings and operating

characteristics for four heat pump mechanical packages that represent

the types of high-performance heat pumps that could be built today with

existing technology. The use of Table 4.1, or similar listings of

specifications provided by manufacturers, to design an ACES for a

single-family residence is described in the following sections.
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Table 4.1. Example listing of the capacity ratings of heat
pump mechanical packages

Model number HP 1 HP 2 HP 3 HP 4

Heat pump
Heating mode operationa

Heating output, Btu/h 30,000 45,000 60,000 75,000
Compressor electrical draw, kW 2.931 4.548 6.280 7.327
Compressor-only heating COP 3.0 2.9 2.8 3.0
Evaporator rating, Btu/h 21,180 31,150 41,250 50,800
Compressor-only cooling COP 2.12 2.01 1.95 2.03
Desuperheater rating at 120°F, Btu/h 6,000 9,000 12,000 15,000
Water side pressure drop, psi 2.0 2.0 2.0 2.0
Evaporator brine flow, gpm 11 16 21 26
Hot brine flow, gpm 16 23 31 38
Domestic hot water flow, gpm 6 9 12 15

Cooling mode operationb
Evaporator cooling rating, Btu/h 23,950 36,000 48,800 60,550
Compressor-only cooling COP 2.40 2.55 2.33 2.45
Maximum heat-rejection rate, Btu/h 32,800 50,780 67,550 84,800
Compressor electrical draw, kW 2.92 4.23 6.14 7.24

Associated components
Indoor air coil
Cooling capacity at 32°F bin, Btu/h 31,500 47,300 63,000 71,100
Cooling capacity at 45°F bin, Btu/h 22,621 33,900 45,195 51,000
Water side pressure drop, psi 1.0 1.0 1.0 1.0
Air side pressure drop, in. HoO 0.2 0.2 0.2 0.2
Fan electrical draw, kW 0.53 0.79 1.06 1.32

Outdoor air coil
Maximum heat rejection rate, Btu/h 32,800 50,780 67,550 84,800
Fan electrical draw, kW 0.38 0.58 0.76 0.96
Water side pressure drop, psi 1.0 1.0 1.0 1.0

Pumps
Hot brine pump, kW 0.22 0.33 0.44 0.55
Cold brine pump, kW 0.16 0.24 0.32 0.40
Hot water pump, kW 0.09 0.13 0.18 0.22

alOOF average hot brine temperature and 15°F average evaporator brine
temperature.

b120°F average heat rejection brine temperature and 40°F average
evaporator brine temperature rated at 95°F outdoor air temperature.
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The heat pump model selected for a particular ACES application must

have a heat output rating sufficient to supply the design hourly heat

load of the building. (A method for estimating the design hourly heat

load of a building is detailed in Sect. 8.) The selection of a heat pump

model with a capacity exactly matching the design hourly heat load of the

building is generally not possible because the available heat pump models

(i.e., heating capacity sizes) will be limited. Instead, a model must be

selected the heating capacity of which exceeds, as little as possible,

the estimated design hourly heat load of the building.

For example, if the building has a calculated design hourly heating

load of 40,000 Btu/h, use of Table 4.1 indicates that model HP-2 should

be selected as the heat pump mechanical package because the heat output

rating of model HP-1, 30,000 Btu/h, would be too small. Table 4.1 also

lists the compressor-only heating COP for model HP-2 as 2.9. Note that

this value applies only to the heat pump unit, not to the system as a

whole. If model HP-2 is applied in an ACES, the heating COP of the system

will be lower than 2.9 because of the additional power required for

auxiliary components of the system.

4.2 Ice Storage Bin

The volume of the ice bin can be selected to yield a minimum, partial,

or full ACES with respect to the amount of interseasonal energy transfer

that is to be achieved. The smallest energy storage tank for a residential

ACES should have a thermal storage capacity sufficient for operation under

adverse weather conditions that will preclude the use of the solar collec-

tor panel for a period of at least two weeks during the peak heating

season. This margin of thermal capacity protects the system against loss

of heating capability that could result from fluctuations in the availa-

bility of solar and ambient-air heat during the critical cold months

of the year.

An ice bin for a full ACES must be large enough to store all of the

ice produced during the heating season or the amount of ice needed for

summer air conditioning, whichever is smaller. The volume of an ice bin

for a partial ACES can be anywhere within the range of that for minimum
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and full ACES. After the active storage volume of the bin is selected,

additional requirements must be taken into account to determine the

interior dimensions of the bin. These include provision for additional

bin space for freeboard access and ice-ballast weights and cross sectional

bin dimensions just large enough to accommodate the ice-bin heat exchanger

without wastage of bin volume.

4.2.1 Minimum-ACES bin

Based upon the above considerations, the thermal capacity of the ice

bin for a minimum ACES is

aI(H)[qH(1) + qHW(l)]
TCAP 2---4 ---- '(4.1)

where

TCAP = thermal storage capacity of the minimum-ACES ice bin,

MBtu;

qH(1) = space-heating demand of the building during January, MBtu;

qHW(1) = heat required for hot water production during January,

MBtu;

aI(H) = bin transfer coefficient for heating mode operation during

the ice phase of the annual cycle, as defined by Eq. (2.4).

The required wetted volume of the ice bin (ft3) for a minimum ACES,

exclusive of bin volume for freeboard access and ice-ballast weights, can

be calculated by substituting the latent heat-storage capacity given by

Eq. (4.1) into the expression

VMIN = TCAP/8.208 PF , (4.2)

where the variable PF is the packing fraction of the stored ice.
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4.2.2 Full ACES bin

In climates where the annual heating demand of buildings greatly

exceeds the annual cooling demand, more ice is produced during the heating

season than is required for summer air conditioning. In these cases,

ambient energy (QcoL) must be collected during the heating season to melt

the excess ice. In climates where cooling needs predominate, the amount

of ice formed during the heating season is insufficient to meet the summer

cooling requirements of the building. Here, supplemental air conditioning

(QSC) must be provided by operating the heat pump on summer nights to

produce chilled water or ice. Thus, to provide maximum interseasonal

energy transfer, the selected size of the full-ACES ice bin is such that

either QCOL or QSC goes to zero under design-year weather conditions. If

the bin is smaller than that needed for a full ACES, the system must

provide both heat collection in the winter and supplemental cooling in the

summer.

The ice bin volume required for a full ACES is calculated by an

iterative process beginning with a first estimate of the ice bin volume

obtained from Table B.2 of the Appendix. The estimated bin volume is

successively refined by using work form 5 and work form 6 (Sect. 8.3) to

calculate the values of QCOL and QSC that correspond to each assumed bin

volume. If both QCOL and QSC initially have positive values, the bin

volume must be increased and these variables recalculated. The bin volume

that causes either QCOL or QSC to go to zero is, by definition, the full

ACES bin size. A few iterations are sufficient for calculating the full

ACES bin size because the computed bin volume will maximize the inter-

seasonal energy transfer of the system only for design-year weather

conditions. Deviations from standard weather year conditions will alter

the amount of interseasonal energy transfer that can be achieved by the
system.
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4.3 Ice-Bin Heat Exchanger

4.3.1 Description and design criteria

The ice-bin heat exchanger consists of parallel, interconnected

lengths of tubing arranged horizontally in a square lattice within the

ice bin and connected to the shell of the heat pump evaporator to form

a flow path through it. A low-freezing-point brine is circulated through

the heat exchanger to carry heat from the water in the bin to the

evaporator. The evaporator extracts heat from the brine, cooling it

to an average temperature that can range from 15 to 28°F.

The heat-exchanger tubing can be constructed of any material that is

compatible with the brine-and-water environment and possesses sufficient

tensile strength to support the ice log that forms around it. Common

materials suitable for this purpose include polyethylene, copper, PVC-

plastic, and steel. Plastic tubing is the most attractive of these

materials because of its low cost. Rigid plastic tubing with an outer

diameter of 1 in. and an inner diameter of 0.85 in. can be used to

provide the heat transfer area, in which case structural supports must

be installed in the ice bin at 70-in. intervals or less, to maintain the

lattice position of the tubes and to prevent their rupture in the event

of ice-log fracture.

The principal design requirement of the ice-bin heat exchanger is

that it must be able at all times to deliver heat to the evaporator at a

rate that allows the heat pump to operate at its design heat output and

evaporator temperature. The design heat flow rating of the evaporator can

be obtained from listings of performance data for specific heat pump units

provided by the manufacturer. For example, the evaporator rating for

model HP-2, listed in Table 4.1, is 31,150 Btu/h. Secondary design

criteria for the ice-bin heat exchanger relate to the establishment of

desirable brine flow characteristics within the tubing. Parallel flow

paths may be required in the ice-bin brine circuit so that reasonable

rates of brine flow in the evaporator shell can be obtained with a

reasonable pumping power.
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4.3.2 Total tubing length

The rate of heat extraction from the ice bin depends upon the total

length of active tubing provided in the heat exchanger and the diameter

of the ice log that has formed around it. The bin heat exchanger must

have a total length of tubing that will enable it to deliver the design

heat rating of the heat pump evaporator, HEV, even when the ice logs

have reached their maximum diameter. If the heat exchanger consists of

a number of horizontal tubes, spaced D ft apart in a square lattice and

connected by risers to form a serpentine configuration, the maximum

attainable diameter of the ice logs is equal to the lattice spacing. The

heat extraction rate obtainable by this system can be analyzed on the

basis of radial heat conduction through hollow circular cylinders with

convection at the outer surface.

The physical system in cross section and the thermal-circuit diagram

are shown in Fig. 4.1; the heat flow is assumed to be in a radial direction

and the thermal resistance of the inner fluid film is assumed to be

negligible. The inner and outer diameters of the cylinder are d and D,

respectively; h is the heat transfer coefficient at the water-to-ice

interface. The rate at which heat is extracted from the water (Btu/h),

also equal to the design heat rating of the evaporator, is expressed by

(32 - Tg)
H = (4.3)EV ln(D/d)/27nkt + 1/hAI ' (41

3)

2rrk(32 - TB)
H B i~n~m~T~FS~h~. (4.4)HEV l= n(D/d) + 2k/hD *

Here,

HEV = rate of heat extraction from the bin, Btu/h, also equal to the

evaporator design heat rating;

k = thermal conductivity of the ice and plastic tube,

1.33 Btu/h/ft/°F;

= total active length of ice-bin heat exchanger tubing, ft;
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Fig. 4.1. Heat conduction in ice-bin heat exchanger with outer
surface convection boundary.
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TB = average temperature of brine in the evaporator shell, OF;

d = inner diameter of heat-exchanger tubing, 0.85/12 ft;

D = maximum ice log diameter; also the lattice spacing, ft;

h = convective heat transfer coefficient at water-to-ice interface,

15 Btu/h/ft2/°F;

AI = outer surface area of ice log, 7rD, ft2.

Equation (4.4) can be used to determine the total length of tubing,

Q, that must be installed in the ice bin, at a square lattice pitch of

D inches, to ensure that the heat exchanger can deliver at all times the

heat flow rating of the evaporator when it is operating at its design

point. However, a more useful expression for design calculations can be

obtained by expressing z in terms of the ice bin volume (ft3), V:

V = D2 . (4.5)

Dividing Eq. (4.4) by Eq. (4.5) gives, in Btu/ft3:

2rk(32 - TB)

HEV/V = D21n(D/d) + 2kD/h (4.6)

The ratio HEV/V represents the extraction rate density, ERD, or the heat

extraction rate per unit volume of ice bin. These values are plotted in

Fig. 4.2 and can be used in a convenient three-step procedure to

determine the total length of heat-exchanger tubing required:

1. Calculate the extraction rate density (Btu/h/ft3 ) for the ACES

according to the expression,

ERD = HE/V , (4.7)

where V is the wetted volume of the ice bin, ft3, and HEV is the

design heat flow rating of the heat pump evaporator, Btu/h.

2. From Fig. 4.2, determine the lattice spacing D that is required to

yield this extraction rate density. Note that the units of D,
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obtained from Fig. 4.2, are in inches. Convert the value of D to

units in feet by dividing by 12.

3. Calculate the required total length of tubing in the ice bin (ft)

by the expression

a = V/D2 . (4.8)

The selection of a brine temperature, TB, in step 2 of the above

procedure depends upon the objectives-of the ACES designer. If the

residential ACES is to have maximum energy conservation potential, the

value TB = 28°F should be used in the analysis. A heat exchanger having

a shorter length of tubing than is obtained by using a brine temperature

of 28°F will require a lower refrigerant evaporation temperature to deliver

the heating demand of the building. This will result in a lower COP for

the system and, consequently, a higher power consumption. Whether or not

the dollar savings obtained by using the smaller heat exchanger will

outweigh the increased power costs depends upon the local rate for

electrical power. Table 4.2 shows cost-optimized values of TB, as a

function of local power costs, that are recommended for use in ice-bin

heat exchanger design calculations.

Table 4.2. Cost-optimized brine temperatures
for heat-exchanger design calculationsa

Power costsb Average brine temperature, TB
(/kWh.) (°F)

4 15
7 18
10 21

above 10 28

aAssumes tubing cost of $1.50/ft and a 20-year
amortization time.

bin 1978 dollars.
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4.3.3 Parallel flow circuit design

A secondary objective of ice-bin heat exchanger design is to determine

the arrangement of the heat-exchanger tubing within the ice bin that will

produce an adequate brine flow rate in the tubes, at a reasonable pumping

power. Turbulent flow is preferred because it enhances the heat-transfer

film coefficient between the brine and the tube wall. The heat-exchanger

tubing can be arranged either as a single, long serpentine configuration,

Fig. 4.3(a), or it can be divided into a number of parallel branches,

Fig. 4.3(b).

In Fig. 4.3(b), the total length of heat-exchanger tubing, a, is

considered to be divided into N branches of length, L. These branches are

connected in parallel in the pump and evaporator circuit. The required mass

flow rate of the brine through the evaporator, A (lb/h), is specified

by the evaporator design heat rating and the average temperature drop of

the brine as it flows through the evaporator:

A = HEV/CpAT . (4.9)

The mass flow rate through an individual branch follows from mass balance

requirements.

The principal advantage of the parallel circuit is that the pumping

power required to overcome the frictional resistance to fluid flow through

long tubes is greatly reduced. Typically, a residential ACES may employ a

brine pump capable of delivering a flow rate of about 12 gpm at a pressure

head of 10 psi and an evaporator having a pressure drop of about 4 psi on

the brine side. The design problem in terms of the heat exchanger tubing

configuration is to determine the number of equal-length flow paths that

will produce turbulent flow in each branch of the circuit, with a pressure

drop not to exceed 6 psi.

Turbulent flow is characterized by the presence of eddy currents in

the flow stream, that is, fluid motion occurs across the stream as well as

in a direction parallel to the tube axis. In an ice-bin heat exchanger,

this radial motion serves to increase the transfer of heat from the
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surrounding medium into the tube. Stream flows are characterized by means

of the Reynolds number, Re, which is defined as:

Re = (d)(v)(p) (4.10)

where

d = tube inner diameter, ft;

v = mean velocity of the fluid, ft/h;

p = density of the fluid, lb/ft3;

p = viscosity of the fluid, lb/ft/h.

In tubes of uniform cross section, the fluid flow is laminar if Re

is less than about 2100 and is turbulent if Re exceeds about 4000. The

transition point from laminar to turbulent flow depends upon the surface

roughness of the tube. For rigid plastic tubing, turbulent flow occurs

when Re reaches or exceeds 3500.

The pressure drop resulting from fluid friction, APf, that accompanies

turbulent flow at a mean velocity v in a circular tube of diameter d and

length L is given by the Fanning equation:

AP 4fpv 2L (4.11)
f 2gd (4.11)

where g is the acceleration resulting from gravity (32.2 ft/s2) and f is

a dimensionless quantity called the friction factor. Measured values of

f, as a function of Re, are obtainable in the literature for both smooth

and commercial-grade pipes. The friction factor can also be calculated

by the Blasius equation - a simple correlation that holds with good

accuracy for turbulent flow in smooth pipes:

f = 0.079Re-°0 25 . (4.12)

Maximum number of branches for turbulent flow

The lowest acceptable brine flow velocity through the heat-exchanger

tubing should yield an Re of at least 3500. This requirement determines the
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maximum number, NMAX, of equal-length parallel flow paths into which the

total tubing length of the heat exchanger may be subdivided. An expression

for NMAX may be obtained by solving Eq. (4.10) for the brine flow velocity,

with Re set to 3500, and substituting the result into the mass flow balance

equation. The mass flow balance equation states that the sum of the mass

flows through separate branches of the parallel circuit must equal the mass

flow rate of the brine through the evaporator shell. The expression

obtained is:

Trd2\ 3500 EV (4.13)
(MAX 4 ( pd (4.13)

where

d = inner diameter of the tubing, ft;

p = brine viscosity, lb/ft/h;

Cp = brine specific heat, Btu/lb/°F;

AT = average temperature drop of the brine as it flows through the

evaporator, typically equal to about 4°F.

Assuming AT = 4°F and solving for NMAX, the maximum number of parallel

branches in the ice-bin heat exchanger circuit that will still yield

turbulent flow is:

HEy
NMAX K1 (4.14)

where

K1 = 35007pdCp (4.15)

in Btu/h.

Minimum number of branches for aPf < 6 psi

The brine flow velocity through the heat-exchanger tubing must also

yield a pressure loss resulting from friction that does not exceed 6 psi,
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or 864 lb/ft2, as calculated by means of Eq. (4.11). This requirement

determines the minimum number, NMIN, of parallel flow paths for the

ice-bin heat exchanger that will still yield a pressure drop less than

6 psi. The mass flow balance equation,

N Trd2 HEV
MIN pv = C AT ' (4.16)

provides an expression that can be solved for v, the result of which may

be substituted into the definition of Re [Eq. (4.10)]. The expression

obtained for Re is then substituted into the Blasius equation [Eq. (4.12)]

to obtain the friction factor, f. An inspection of Eq. (4.11) shows

that all of the variables needed for computing the pressure drop in

the parallel tubes resulting from friction are now specified, with the

exception of the tube length, L, which is defined to be Z/NMIN.

Substituting the relationships for f, v2, and L into Eq. (4.11) and

solving the resulting expression for NMIN yields:

H711 4/11

NMIN K2 (4.17)

where

APfTr7/4gpdl9/4C 7 / 4 4 / 11

K2 = 2(0.079)1/4 (4.18)

Application of Eq. (4.14) and (4.17) in designing the ice-bin heat

exchanger circuit requires knowledge of the physical properties of the

brine solution. These properties and computed values of the constants

K1 and K2 for several different brine compositions are listed in Table 4.3.

In selecting a particular brine composition for the ACES, it is important

to ensure that the freezing point of the brine will be well below the

lowest outdoor temperature likely to be encountered in the given location.



Table 4.3. Brine properties at 15°F

Brine Specific Viscosity
Solution Freint density heat of brine Kla (for K2a (for
by wt. % point (lb/ft3) (Btu/lb/°F) (lb/ft/h) NMAX) NMIN)(OF) pC

P

Methanol and water
20 8 60.9 0.980 11.9 9,083 2,344
25 1 60.5 0.950 12.6 9,323 2,281
30 -9 60.2 0.920 13.3 9,530 2,220
35 -21 59.8 0.895 14.5 10,108 2,159
40 -31 59.3 0.865 13.3 8,960 2,122

Ethylene glycol and water

25 13/ 64.8 0.900 12.6 8,832 2,259
30 5 65.3 0.870 14.5 9,825 2,189
35 -3 65.8 0.837 19.0 12,386 2,090
40 -12 66.4 0.803 19.8 12,383 2,034
45 -19 66.9 0.774 32.0 13,865 1,966
50 -31 67.4 0.743 31.4 18,171 1,867

Propylene glycol and water
30 13 64.5 0.930 26.6 19,267 2,152
35 4 64.8 0.910 36.3 25,728 2,066
40 -4 65.2 0.885 48.4 33,361 1,982
45 -14 65.5 0.862 61.7 41,424 1,910
50 -29 65.8 0.835 84.7 55,084 1,821

aEvaluated for a tube inner diameter of 0.85 in. and a pressure drop of 6 psi.
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Number of parallel branches

The following procedure is used to determine the number of parallel

circuits to be provided for an ice-bin heat exchanger having a predetermined

total tubing length of k feet.

1. From Table 4.3 select a brine composition that has a freezing point

well below the lowest outdoor air temperature likely to be encountered

at the given locality. (Table B.2 lists the outdoor air temperature

that is equaled or exceeded 99.0% of the time, on the average, during

the coldest three consecutive months of the year. The brine composi-

tion selected should have a freezing point well below this value.)

From Table 4.3 find the values of K1 and K2 for the brine composition

selected.

2. Calculate the maximum number of parallel branches that can be

provided in the heat-exchanger circuit and still yield turbulent

brine flow within the tubing. This number, NMAX, is calculated

using Eq. (4.14),

NMAX = HEV/K1

where HEV is the design heat rating of the evaporator. The

computed value of NMAX must be rounded to the next lower integer.

3. Calculate the minimum number of parallel branches that can be

provided in the heat-exchanger circuit and still yield a pressure

drop resulting from friction that is less than 6 psi. This number,

NMIN, is obtained from Eq. (4.17),

NM = [HH7 11 ·* 4/11]/K2

Alternatively, NMIN can be read directly from Fig. 4.4 for given

values of & and HEV. In either case, the value of NMIN must be

rounded to the next higher integer.
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Fig. 4.4. Minimum number of parallel circuits in ice-bin heat
exchanger.

4. Determine the number of parallel branches to be provided in the

ice-bin heat exchanger circuit by examining the results of steps 2

and 3. In the case of conflicting requirements, NMIN, the condition

yielding an acceptable pressure drop in each branch of the circuit,

is selected.

4.4 Ice Bin and Heat-Exchanger Design Interaction

The ice storage bin is assumed to be a right parallelepiped of width

W, length L, and height H. Section 4.2 describes a procedure for deter-

mining the required bin volume but does not specify the linear dimensions

of the bin. However, it is important to select two of the tank dimensions

such that the ice-bin heat exchanger can be accommodated without wastage

of bin volume. For horizontally positioned heat-exchanger tubes this

means that the vertical faces of the bin described by the variables W and
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H, or H and L, should be selected to have linear dimensions that are an

integral number of lattice spacings. Section 4.3.2 describes a procedure

for determining the lattice spacing, D, of the heat-exchanger tubing.

The third dimension of the bin should then be adjusted to yield the

required volume of the storage bin.

4.5 Collector Panel Design

In climates where a residential ACES forms more ice than will be

needed during the cooling season, the size of the ice storage bin is

chosen to satisfy the cooling-season requirements alone. As a result,

the thermal capacity of the bin is insufficient to meet the total heat

withdrawals during the heating season. Therefore, the ACES design must

include provisions for collecting ambient energy from the environment

and depositing it in the bin during the heating season. Possible tech-

niques for collecting ambient heat include: (1) use of glazed or unglazed

solar panels, (2) use of underground heat exchangers or heat pipes to

collect heat from the earth, (3) use of recuperators to recover waste

heat from the building, (4) operation of the heat pump to deliver heat

to the bin, or (5) use of various combinations of these. In this report

the authors assume that an unglazed, outdoor panel is used to collect

ambient heat. However, further studies are needed to determine the

economics of other types of heat collectors.

4.5.1 Test panel design and performance

Figure 4.5 shows an unglazed solar/convector panel of the type

proposed for residential ACES applications that was built and tested at the

Oak Ridge National Laboratory. The panel consists of extruded aluminum-

finned tubes that are horizontally positioned and supported in parallel

segments on a wooden frame. The plane of the fins faces southward and

is inclined at an angle from the horizontal equal to the latitude of the

location plus 20°. This angle of tilt, B = L + 20°, is selected to achieve

maximum collection of solar radiation during the winter months. The

experimental panel shown in the figure is similar to some commercial panels

commonly used to heat swimming pools.
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Fig. 4.5. Proposed installation of solar collector panel.



68

Panel dimensions

The total surface area of collector panel that must be installed for

a given ACES depends upon the unit heat-collection capacity of the panel.

Experiments conducted on the test panel indicate that its heat-collection

capacity, in MBtu/ft2/month, is critically affected by the dimensions of

the fins. The results of the experiments show that the fins should be

designed to have a W/T ratio of 40 or less, where W is the distance from

the tube to the fin tip and T is the thickness of the metal at the base

of the fin (Fig. 4.5). This W/T ratio yields a fin efficiency that has

proven satisfactory for finned-tube collector panels that have been

integrally fabricated from conductive metals such as aluminum or copper.

Surface finish

The absorptivity of the collector panel for normal incident solar

radiation is affected by the condition of the panel surface. An untreated

aluminum panel with a natural mill finish will exhibit a low absorptivity -

about 0.50. The absorptivity of the surface can be enhanced to a value

of about 0.93 by applying a coat of absorptive paint. This was done for

the test panel and is recommended for all unglazed solar collector panels

used with the ACES. The unit heat-collection capacities of all panels

listed in Table B.2 of the Appendix are based on the assumption that the

panel surface has been treated to obtain an absorptivity of a = 0.93.

Test panel performance

The heat-collection capability of the test panel was measured at

Oak Ridge, Tennessee, for extended periods of time during both winter and

spring outdoor weather conditions. The experimental data obtained were

fitted to an expression of the form,

Q/A = Ff[aI + 2U(Ta - Tb) - R] , (4.19)

where

Q/A = rate of heat collection per unit area of panel, Btu/h/ft2;

Ff = fin efficiency factor;



69

a= absorptivity of panel surface for normally incident radiation,

I = daytime average solar radiation intensity, Btu/h/ft2;

U = convection coefficient, Btu/h/ft2/°F;

Ta = temperature of the outdoor air, OF;

Tb = entering brine temperature, OF;

R = rate of panel heat loss by longwave radiation interchange with

the sky and surroundings.

The preceding equation represents a heat balance on an unglazed

collector panel through which brine, entering at a temperature of 32°F,

is circulated as the heat-transfer fluid. The equation states that the

heat collected is equal to the absorbed solar radiation plus convective

heat gains (or losses) from the ambient air, less any panel heat losses

by longwave radiation interchange with the surroundings. The term of the

equation representing convective heat transfer between the panel and the

ambient air is defined such that the panel gains heat by this mechanism

only when the ambient air temperature exceeds 32°F. Also, note that this

term of the equation is doubled to taken into account the fact that

convective heat collection occurs on both sides of the panel fins.

The convection coefficient depends strongly upon the outdoor wind

speed, and the fin efficiency factor is, in turn, a function of the

convection coefficient. Analysis of the data obtained from experiments

with the test panel show that these parameters are well represented by

the correlations

Ff = 0.941 - 0.028U , (4.20)

and

U = 0.912 + 0.409W , (4.21)

where U is in units of Btu/h/ft2/°F and W is the outdoor wind speed in

miles per hour. The rate of heat loss from the test panel by longwave

radiation interchange with the surroundings, R, was found to be 15 Btu/h/ft2.
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4.5.2 Collector panel size

The empirical correlations determined for the test collector panel

have been used to compute integrated monthly heat-collection capacities

for this type of panel installed in other geographical locations of the

country. These heat-collection capacities, PAN(m), are listed in Table B.2
of the Appendix. The table values, in MBtu/ft2/month, are based on

average solar radiation intensities predicted by the method of Liu and

Jordan, on design-year bin tabulations of ambient air temperatures for

the given localities, and on the conservative assumption of single-sided
convective heat transfer between the panel and the outdoor air.

The total panel surface area required for a residential ACES depends

upon the imbalance in ice-bin heat flows occurring over an annual cycle
and upon the unit area heat-collection capability of the selected panel

type. Unit heat-collection capacity values PAN(m) for collector panels
of the design described in the preceding section can be obtained from

Appendix B. If commercial panels are used, monthly performance data
for the panels installed in a given locality must be obtained from the
manufacturer. Work form 5, used for determining the size of a solar

collector panel for a particular residential ACES based on known per-

formance characteristics of the specific panel, is described in Sect. 8

of this report.

4.6 Waste-Heat Rejector

In the supplemental phase the heat pump is operated at night to chill

water in the bin for use in space cooling for the following day. The
waste heat generated by the heat pump must be rejected into the environment.

This report recommends that an outdoor fan coil unit be used for this
purpose and that it be purchased as part of the ACES mechanical package.
Thus, the fan coil will be factory-constructed and properly designed to
match the maximum heat-rejection rate of the heat pump. Alternatively,

however, waste heat can be rejected to the environment by circulating hot
brine from the heat pump condenser through an outdoor heat rejector panel.
The heat from the brine is dissipated by convection to the night air and
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by radiation to the surroundings. Design considerations for determining

the heat rejector panel size are described in the following section.

The size of a dual-purpose panel to be used as a heat collector during

the winter and as a heat rejector during the summer must be determined

separately for each function; the size of the panel installed in the

system must be the larger of the two. The required area of the heat

rejector panel can be derived from Eq. (4.19) by setting the variables I

and R to zero and solving for panel area, A. (The solar radiation intensity

is zero because of nighttime panel operation, and the panel radiative heat

loss is conservatively taken to be zero because it depends upon the night

cloud cover, which is highly variable.) Replacing Q with the maximum

heat-rejection rate of the heat pump, Ho Btu/h, and introducing a negative

sign to indicate heat rejection results in the expression,

A o0 (4.22)
Ff[2U(Tb - Ta)] (422)

as ft2.

A design equation for determining the heat rejector panel size can

be obtained from Eq. (4.22) by substituting average summertime values of

the variables into the expression. Using an average summer wind speed

of 7 mph, the variables Ff and U can be computed from their respective

defining equations, Eqs. (4.20) and (4.21). If it is further assumed that

the temperature of the hot brine entering the rejector panel is nearly

equal to the refrigerant condensing-temperature, then 20°F represents a

conservative estimate of the temperature difference available to drive the

convective heat flow between the panel and the night air. Substituting

these values into Eq. (4.22) yields:

A > Ho/125 , (4.23)

as ft2.

The actual heat-rejection capability of a rejector panel sized

according to Eq. (4.23) will vary with the outdoor ambient conditions.
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The panel will be able to reject heat at a rate greater than the design

requirement on clear nights when heat can be radiated to the surroundings

and on cold nights when the temperature difference between the hot brine

and ambient air exceeds 20°F. On warm, calm summer nights, however, the

convective heat transfer coefficient, Eq. (4.21), will decline, reducing

the heat-rejection capability of the panel. When this occurs, the

refrigerant condensing-temperature will be forced to rise, resulting in a

lower system performance. This occasional lowering of ACES performance

in the supplemental phase of the annual cycle is considered to be a

preferable alternative to providing a much larger heat rejector panel to

meet the extremes of summer nighttime weather conditions.



5. RECOMMENDED CONSTRUCTION GUIDELINES

5.1 Ice Storage Bin Construction

5.1.1 General considerations

The ice bin is a major factor in both the cost and performance of the

ACES. A properly designed and constructed bin that achieves a high

ice-utilization factor and avoids the need for costly maintenance is

essential to a successful ACES installation. The ice storage bin should

be located underground to isolate it from the large temperature fluctuations

of the ambient air. An underground location reduces the possibility of

bin freeze-up, even in a northern climate, because the average monthly

ground temperature around the bin is usually greater than 32°F. The

top, bottom, and sides of the bin should be insulated to an equivalent

thermal resistance of at least R-40, using standard insulation materials

that are commercially available. These measures serve to reduce

undesirable bin heat gains and heat losses.

The structural elements of the bin (i.e., roof, floor, and walls)

must be capable of sustaining imposed loads from the surrounding earth,

the weight of the contained water, and any aboveground loads. The bin

should be rendered leak-proof by applying a waterproof coating or by

installing a liner. The use of a liner is recommended because it provides

greater assurance that the bin will remain leak-proof in the event of

settling or other disturbances.

The internal assembly of the ice bin differs according to whether

the bin is to be used with an ice-maker or a brine-chiller ACES. The

storage bin for an ice-maker ACES must have an area at the top for intro-

ducing the ice from the plates of the ice-maker heat pump into the bin,

and a floor grating must be installed in the bin to protect the waterproof

membrane against possible puncture by falling ice. In addition, ice

mounding must be prevented either by floating the ice or by installing

mechanical baffles. The ice bin for a brine-chiller ACES must provide a

support structure for the ice-bin heat exchanger. If tensile support

elements are used for this purpose, the ice bin must also be provided with

internal ballast weight to counteract the bouyant force acting on the ice.

73
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5.1.2 Recommended bin location

The ice storage bin is the largest single component of the ACES; its

location should be selected to minimize impacts on building aesthetics

and functional areas and to provide service accessibility. Preferably,

the bin should be located in an area where it is thermally isolated from

the outside air and where it is protected against infiltration of ground

or surface water. Construction below-grade protects the bin against

mechanical or structural damage and shields it from the large temperature

fluctuations of the ambient air. Provisions must be made to drain ground

and surface water in the vicinity of the bin and to remove water released

as a result of possible failure of the bin waterproof membrane.

Desirable sites for the ice storage bin are (1) beneath the floor

of an attached garage and (2) beneath an outside covered patio. If the

bin is located beneath an uncovered area, special sealing of the bin is

required to prevent infiltration of surface water. The ice bin can also

be constructed in the basement of the building. This location is not.

recommended for residences, however, because a significant volume of usable

space within the house would be lost and because problems relating to

structural loads and water condensation may be introduced. Location under

the garage, which allows one to benefit from integrated construction, is
recommended.

5.1.3 Bin structure

The recommended ACES storage bin is a free-standing, reinforced

concrete structure located below-grade, as depicted in Fig. 5.1. The

construction of the bin must comply with all local codes governing this

type of installation and should conform with standard residential building

practices. The footings must be suitable for the local soil conditions,

and the reinforced concrete walls of the bin must be designed to support

the weight of the water that will be stored in the bin. (Typically, a
full ACES bin may contain from 2000 to 4000 ft3 of water.) Both internal

and external hydraulic loading on the bin structure must be accommodated.

The storage bin walls must be capable of supporting possible overhead

loads as well as the pressure produced by the contained liquid. These
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structural requirements can be met by a low-cost, onsite construction

technique employing structural steel and high-strength concrete that is

poured into forms. After the forms are removed, sheet insulation is

bonded to the concrete walls of the bin. An alternative method employs

plastic forms that are left in place after the concrete is poured. A

wall constructed in this manner offers both structural strength and

inherent thermal insulation. Figure 5.2 shows one such type of plastic

mold, "FOAM FORM,"* which has been used successfully in constructing the

storage bin of a demonstration ACES. This product provides a thermal

insulation value of R-16.

5.1.4 Bin insulation

A temperature difference across the bin walls will cause heat to

flow into or out of the storage bin. During the winter, heat losses from

the bin to colder surroundings could cause the stored water to freeze

prematurely and result in a loss of heating capacity. On the other hand,

bin heat gains from the environment act to reduce the amount of effective

cooling that can be stored in the bin over a given period of time. The

consequences of this reduced cooling storage capacity are: (1) for a full

ACES in a northern climate, a greater bin volume is required to store the

ice inventory needed for summer cooling and (2) for a partial or minimum

ACES, or a full ACES in a southern climate, the supplemental cooling

phase is lengthened and the system performance is lowered. Thus, it is

desirable to reduce heat flow between the bin and its environment by

constructing the bin below-grade and by insulating all of its surfaces.

Bin insulation to a thermal resistance level of R-40 is recommended for

all regions of the country.

The insulation material for an ACES storage bin should be easy-to-

handle, lightweight, durable, and moisture-resistant and have a compressive

strength that can withstand the weight of the stored water. A variety

of suitable insulation products is available commercially. One such

"FOAM FORM" is a registered trademark of FOAM FORM Canada, Ltd.
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FOAM FORM® BLOCK
For On The Site Construction Of
INSULATED STORAGE TANKS

For Hot Water or Ice

FOAM FORM blocks are in stock in the 6" core size (9"
outside) and each block has a face area of 5.33 sq. ft. Block
dimensions are 48" long by 16" high and thickness (over insu-
lation) is 9". Weight per block is approximately 4 pounds.
These blocks consist of two parallel molded sections of ex-
panded polystyrene insulation held together by expanded metal
ties. Our Part No. 5878.

To construct a tank of any size required, soil is excavated and
a reinforced concrete slab poured. In pouring the slab, vertical
steel rods are positioned to pass through the center of the Foam
Form blocks. Foam Form blocks are then assembled (tongue
and groove) by dropping over the verticle rods. Horizontal
steel reinforcing rods are laid inside each tier of Foam Form
blocks. Corners are easily formed by mitring at 45 ° . Tem-
porary bracing is used to keep corners and walls true while
pouring.

The surface may then be covered inside and out with "Block
Bond" or equivalent to waterproof the foam insulation. Or a
vinyl liner may be used.

By use of Foam Form, a poured concrete tank may be con-
structed on the job to exactly fit the application and with a
minimum of expense for forms.

The form becomes the permanent insulation and the in-
sulating value is approximately R 16.

It is useful for most water or ice storage requirements, includ-
ing the ACES (Annual Cycle Energy System) since it provides
great flexibility and excellent insulation and relatively low cost.

® FOAM FORM is a registered trade mark of
FOAM FORM Canada, Ltd., Scarborough, Ontario.

Fig. 5.2. "Foam Form" block.
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material is "Styrofoam TG" (a registered trademark of the Dow Chemical

Company). This product has been used successfully in a demonstration

ACES ice bin and is available in tongue and groove form, in various sizes.

The product has the following average properties: thermal conductivity,

0.185 Btu/h/ft2/°F; density, 2.1 lb/ft3; compressive strength, 40 psi at

5% deflection; and a water vapor transmission rate of 0.6 perm-in. The

material can be cut easily and can be bonded to itself or to concrete

surfaces using "Styrofoam Brand Mastic No. 11," also produced by the Dow

Chemical Company. Other brand products having suitable physical properties

may be used for insulating the ACES bin.

5.1.5 Waterproof membrane

A leak-proof membrane should be installed in the storage bin after

the bin structure has been built and insulated. The membrane material may

be either a nylon-reinforced plastic, such as "Hypalon" (Du Pont trademark),

or a vinyl swimming-pool liner. (A Hypalon liner has been employed

successfully in a demonstration ACES.) The liner must be installed

loosely, allowing extra material at potential strain points to accommodate

creep, expansion, and contraction of the bin. Properly installed,

reinforced liners will provide a long lifetime of effective protection

against loss of water inventory. The bin liner, installed interior to

the insulation, also protects the insulation material against deteriora-

tion caused by moisture encroachment. After the bin liner has been

installed, extreme care should be taken to maintain its integrity during

subsequent construction activities.

5.1.6 Bin internal assembly for brine-chiller system

The bin internal assembly for a brine-chiller ACES is comprised of

the ice-bin heat-exchanger coils and support structure for the coils. The

support structure must be capable of restraining the buoyant forces that

act upon the assembly as ice is formed around the heat-exchanger coils.

At maximum ice inventory, these forces are equal to about 10% of the

weight of the water initially contained in the bin. The buoyant forces

acting on the heat exchanger in a full ACES storage bin are typically in
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excess of six tons. Basically, the heat exchanger can be held in place

either by installing a rigid column support structure or by employing

tension elements (ropes) in the bin, as shown in Fig. 5.3. The use of

tension elements is recommended because of ease of installation and the

low cost and long life of the materials used.

Ropes

The ropes should be anchored securely to the ceiling and floor of the

storage bin and should be installed under tension to accommodate antici-

pated stretch when the system is loaded. Each rope element must be capable

of supporting a 300-lb load, with a safety factor of 10 or more. Poly-

propylene ropes of 1/2-in. nominal OD and a test strength of 4200 lb have

been used successfully in a demonstration ACES. Fasteners for attaching

the heat-exchanger tubing to the support ropes should be of a corrosion

resistant material, such as copper or brass, coated with an epoxy-base

paint. Rope thimbles should be used at the highly loaded floor-attachment

point. The spacing between the rope supports depends upon the material

used for the heat-exchanger coils. If the coils are of l-in.-OD PVC tubing,

the rope elements should be spaced not more than 70 in. apart in order to

reduce the likelihood of coil rupture in the event of an ice log fracture.

Ballast

After the liner has been installed, a low-cost, concrete slab can be

poured over a sand pad that covers the liner floor. The concrete slab

serves as the bin floor and also provides the weight (ballast) for keeping

the ice log submerged in the bin. Precautions must be taken to protect

the liner during the floor-casting process, and the liner should be

tested carefully for leaks after the job has been completed. The weight

of the concrete ballast, when submerged in water, must be sufficient to

counteract the buoyant force acting on the ice at storage-capacity volume.

The maximum, or design, ice volume is equal to the wetted volume of the

storage bin multiplied by the ice packing fraction.
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Fig. 5.3. Detail of proposed coil support structure for ice-bin
heat exchanger.
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The volume of concrete ballast required to counteract the buoyant

force acting on the design ice volume is obtained from the following

relationship:

VC(PC -W ) PF VWET(PW - PI) (5.1)

where

VC = required volume of concrete ballast, ft3;

VWET = wetted volume of bin at maximum ice inventory, ft3;

PF = ice-packing fraction, 0.80;

PC = density of concrete, 145 lb/ft3;

PW = density of water, 62.4 lb/ft3;

PI = density of ice, 57 lb/ft3.

Solving Eq. (5.1) for Vc and inserting the given values of the parameters

shows that the concrete ballast should have a volume equal to or greater

than 5.2% of the wetted volume of the bin. A concrete ballast volume

that is equal to 6% of the maximum wetted volume of the bin is recommended.

Water-fill level

After installation of the ice-bin heat exchanger and its support

structure, the bin is partially filled with water. The volume of the

initial water inventory should be selected such that, as the water freezes

and expands during ACES operation, the remaining water in the bin will

gradually rise to a level corresponding to the maximum wetted volume of

the bin. To meet this requirement, the initial water inventory, VW (in

ft3), must satisfy the expression:

PW VW = PF · PI VWET + (1 - PF) · PW VWET ' (5.2)

where the nomenclature and values of the variables are as described

previously. The maximum wetted volume required for a given ACES applica-

tion may be obtained directly from Table B.2 of the Appendix or calculated

by the designer, using Eq. (2.22).
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Solving Eq. (5.2) for the initial water-fill volume yields:

PF * PI + (1 - PF) PW

VW PW VWET (5.3)

Inserting the listed values of the parameters for a brine-chiller ACES

into Eq. (5.3) shows that the initial water inventory should be equal to

93% of the maximum wetted volume of the bin. If more than this amount

of water is charged into the system, the water at maximum ice inventory

will rise beyond its design level and may overflow.

5.1.7 Bin internal-assembly for ice-maker system

The bin internal-assembly for an ice-maker ACES is much simpler

than that for a brine-chiller ACES because of the absence of a bin heat

exchanger and support structure. The only internal-assembly required in an

ice-maker storage bin is a floor grating to protect the bin liner from

possible damage by falling ice. This greatly simplified internal structure

represents the major advantage of the ice-maker concept. The concept does,

however, pose the special problem of achieving uniform ice-distribution

within the bin. Because the ice is dropped into the bin from one location,

ice mounding may occur, reducing the effective storage capacity of the bin.

Ice distribution

Ice mounding can be prevented either by constructing a deflector grid

beneath the plates of the ice-maker heat pump, or by floating the ice in

the storage bin. At the present time, experience with ice-maker systems is

insufficient either to assess the magnitude of the problem caused by ice

mounding or to identify the best means of coping with it. Floating the ice

appears to be a feasible method of achieving uniform ice distribution in an

ice-maker bin. The bin is initially filled with water to a level that

allows the ice particles to float easily to all portions of the bin, re-

ducing or delaying the occurrence of ice mounding until the final stage of

ice accumulation. Although attractive because of its simplicity, the
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ice-float method requires further testing to determine its effectiveness

in large ice bins.

Water-fill level

The initial water inventory for an ice-maker storage bin is determined

from Eq. (5.3) using an ice-packing fraction (PF) equal to 0.40. The

equation shows that the initial water inventory of the ice-maker bin

should be equal to 96.5% of the maximum wetted volume of the bin. That

is, the bin should be filled with water to an initial depth that is equal

to 96.5% of its design maximum depth.

5.1.8 Alternative storage bins

Integrated bin construction

Although the recommended ACES storage bin is a free-standing structure,

it is possible to reduce construction costs by utilizing structural ele-

ments of the building as part of the storage bin. For example, foundation

basement walls may be used to form two or more sides of the bin, and a

planned garage or patio floor may be used as the bin top. When structural

elements are used to perform dual functions, care must be taken to assure

that the bin is designed to withstand the large hydraulic loads that occur

when it is filled with water, as well as other external loads. When

applicable, integrated design and construction is an effective method of

reducing bin costs.

Modular construction

Factory assembly of modular ice bins offers the possibility of

significantly reducing bin costs. Insulated bin modules can be constructed

in standard, transportable sizes, as septic tanks are today. If insulated,

500-ft3 modules were available, units could be assembled to meet the bin

storage-capacity requirements of most ACES designs. Currently, however,

prefabricated bin modules for the ACES are not available. Today, the modu-

lar construction of the ACES storage bin is accomplished by using units

designed for other purposes, such as septic or transformer tanks, modified

to ACES specifications. Modular storage bin construction, consequently,
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is applicable for use with the ACES only in cases where small bin sizes

are adequate.

5.2 Ice-Bin Heat Exchanger

The ice-bin heat exchanger delivers heat to the evaporator of the

heat pump at a rate that allows the heat pump to operate at design condi-

tions. This function can be performed either by designing the system

for direct expansion of the refrigerant in the coils of the heat exchanger,

or by providing an intermediate heat exchanger (using brine as the heat-

transfer fluid) between the refrigerant and water media. Although

applicable in small systems, direct expansion is not recommended for the

ACES because of the significant problems that are introduced: (1) the

need for complex refrigerant systems, (2) increased refrigerant inven-

tories, (3) compressor oil migration, and (4) the added complexity of

interconnecting the solar-collector ice-melt circuit.

5.2.1 Coil configuration of heat exchanger

The recommended coil configuration of the ice-bin heat exchanger is

shown in Fig. 5.4. This coil arrangement utilizes the bin volume effi-

ciently and is relatively easy to install. The materials selected for

the ice-bin heat exchanger should be compatible with a water and brine

environment and should have an expected useful lifetime of at least

20 years. Because of its low cost, heat-set PVC plastic is recommended

for all tubing, manifold headers, and valves of the heat exchanger and

for all connective piping of the brine circuit. If desired, the flat-

design horizontal tube serpentines can be constructed as single units that

can then be installed and interconnected in the bin. The completed

heat-exchanger assembly must satisfy the minimum coil length and parallel

flow path requirements of the ACES design.

Other coil configurations may be used if they offer advantages in

a particular ACES application. Vertical tube arrangements, with the

tubes acting either as columns or attached to the ballast block to form

tension elements, offer the same high ice-packing fraction as the hori-

zontal tube arrangements. The grid spacing and structural support for
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vertical tube heat exchangers must be designed to accommodate the expected

thermal and buoyant loads. Helical coils also offer excellent space

utilization within each module, but the ganging of small numbers of

large modules can significantly reduce bin utilization, requiring a

larger bin volume for a given thermal storage capacity.

5.2.2 Prefabricated coil modules

Factory manufacture of planar serpentine coil modules would greatly

simplify the onsite assembly of the ice-bin heat exchanger and also offer

the prospect of reducing costs. The availability of conveniently sized

serpentine coil panels, about 8 by 8 ft., would reduce site work to the

mounting and interconnection of piping. This panel size is convenient

for manufacturing, handling, and shipping. Structural tension ropes

or other supports could be attached to the coils at the factory. Currently,

prefabricated coil modules for the ACES ice-bin heat exchanger are not

commercially available.

5.3 Corrosion and Water Treatment

5.3.1 General considerations

Measures to prevent corrosion and to retard biological growth are of

vital importance to all heating and cooling systems, particularly a long-

lifetime system such as the ACES. Impurities that could cause corrosion

are present in the ACES recirculating brine system and tend to concentrate

in the water storage bin as a result of the freezing process and evapora-

tive loss to the air. Both corrosion and biological growth can reduce the

heat-transfer rates of the system heat exchangers, adversely affecting the

performance of the ACES. Corrosion also can cause a reduction in equipment

lifetime. The subject of corrosion prevention is exceedingly complex and

can be dealt with here only in the most general terms. The reader should

consult other sources for a more thorough discussion of this important

subject.1,2
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Materials selection

The most effective method of corrosion prevention is the selection of

component materials that have high corrosion resistance to the service

environment. For the ACES, PVC plastic is the recommended material for

all tubing, manifold headers, valves of the ice-bin heat exchanger, and

all connective piping of the brine circuits. The complete heat pump

mechanical package, however, with its valves, pumps, and heat exchangers,

will almost certainly contain aluminum, copper, steel, or other metals

selected at the factory. Corrosion within the brine circuits can be

controlled by adding specific inhibitors and by designing components such

that half of their wall thicknesses can be sacrificed during the expected

system lifetime. General corrosion rates of 1 mil/year should be provided

for in the component design.

Monitoring

The water in the ice bin should be inspected periodically for clarity

and odor. If unsatisfactory conditions are found, the bin should be

recharged with fresh water. A biocide should be added to the water

annually to retard the growth of biological organisms. Corrosion monitoring

is advisable also. Routine inspection of removable test tabs of metals

from which the system components have been constructed that have been

placed in the water and brine circuits should help to reveal corrosion

problems before they become serious. If problems are encountered, the

advice of a corrosion specialist should be sought and followed. Specific

corrosion-prevention measures based on an analysis of the local finished

water may be required.

5.3.2 Ice-bin water treatment

Treatment of the ice bin water is necessary primarily to control the

growth of microorganisms such as bacteria, slimes, fungi, and algae. Any

of a number of biocides can be used effectively. A simple method that

has been used successfully in a demonstration ACES is to add about 1/2 gal

of a 5 to 8% sodium hypochlorite solution to each 1000 ft3 of water
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contained in the bin. The pH of the water should then be adjusted to

about 7.5 by adding hydrochloric acid. Sodium hypochlorite is readily

available (e.g., "Clorox"). Corrosion of bin components is largely

eliminated by the use of PVC plastic instead of metallic materials. The

few metallic components in the bin - coil fasteners, rope thimbles, and

anchor bolts - should be coated with an epoxy-base paint to make them

corrosion-resistant.

5.3.3 Brine treatment

The addition of chemical reagents to the ACES brine circuits is

also recommended for reducing corrosion and biological growth. Although

the optimum corrosion-protection system depends upon a detailed analysis

of the local finished water, the following brine additives will furnish

adequate protection against corrosion and biological growth for most

water supplies:

* 1000 ppm of sodium nitrate-sodium tetraborate, as a corrosion

inhibitor for aluminum and iron;

* 500 ppm of sodium metasilicate, as a dispersant, stabilizer, and

corrosion inhibitor;

* 5 ppm of toluoltriazole, as a corrosion inhibitor for copper;

* 30 ppm of polyoxyethylene(dimethyl-limino)ethylene(dimethyl-limino)-

ethylene dichloride, as a biocide;

* boric acid, to adjust the pH of the corrosion protection system to

7.5.

Most of the above reagents can be obtained from commercial sources

under various trade names. A successful protection system for the

brine circuits of a demonstration ACES was achieved by using the following

products:

* "Calgon CS," mixed at a ratio of 0.84 lb/100 gal of brine, as a

corrosion inhibitor for aluminum and iron;
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* "Zimmite ZC-404," mixed at a ratio of 0.43 lb/100 gal of brine, as

a dispersant-stabilizer, which also contains a copper inhibitor;

* "Zimmite Chemtrol 19," as a biocide;

* boric acid, to adjust the pH range for the protection system to 7.5

to 8.0.

"Calgon CS" is produced by the Calgon Corporation of Pittsburgh,

Pennsylvania, and the Zimmite products are produced by the Zimmite

Corporation of Cleveland, Ohio. It is noted that reference to a particu-

lar company or product name does not imply approval of this product to

the exclusion of others that meet specifications.

5.4 Solar Collector Panel

The ACES outdoor panel collects both convective and radiant energy

from the environment. In most of the United States, a significant

portion of the energy is collected by convective heat transfer from the

ambient air to the 32°F brine or water that serves as the energy transfer

fluid. The panel recommended for use with the ACES is an unglazed.

commercially available, flat-plate collector of the type used in swimming-

pool solar heating systems. The panel should be mounted so that air

can circulate freely on both its top and bottom surfaces, making both

sides effective convective heat-collection areas.

5.4.1 Panel installation

The panel should be positioned where it is exposed to the sun and

prevailing winds, and should be tilted southward to enhance solar energy

collection. For optimum heat collection during the winter, the panel

should be oriented facing the southern sky, tilted at an angle from the

horizontal plane that is equal to the latitude of the location plus 20°:

T = latitude + 20°

In actual installations, the orientation angle can be varied slightly,

without a major loss in performance, to facilitate panel installation,

improve building aesthetics, or to better utilize available roof areas.
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Individual sections of the panel should be interconnected to provide

parallel flow paths for the energy transfer fluid. Parallel flow paths

are required to achieve a reasonable brine flow through the panel with a

pressure drop that is compatible with the brine pumps being used [see

Eq. (4.11)]. High flow rates are desirable to reduce the temperature

rise of the heat-transfer fluid within the system. All interior piping

to and from the panel should be insulated with closed-cell rubber

insulation material. The panel should not be installed in a location

where it is shaded by adjacent buildings or trees. Although the roof or

south side of a building are the preferred locations, the panel may also

be installed as a free-standing solar fence.

5.4.2 Use of panel to reject waste heat

The convector panel, sized and installed to melt ice during the winter,

can also be used for summer waste-heat rejection. The specific equations

describing operation of the panel as a waste-heat rejector are given in

Sect. 4.6. An outdoor fan coil is recommended for use as a waste-heat

rejector for the ACES because: (1) the fan coil is less expensive than

a panel convector for a given heat-rejection capacity and (2) the outdoor

fan coil offers greater operational flexibility because it can be operated

at any time of the day, whereas the panel can be operated as a heat rejector

only during the night.

5.4.3 Freezing protection

The brine in both the solar collector panel and the outdoor fan

coil is exposed to outdoor ambient air temperatures. For this reason,

the freezing point of the brine must be well below the expected local

minimum temperature. Table 4.3, in Sect. 4.3.3, lists the freezing points

of several brine compositions. The table shows that the viscosities of

ethylene glycol and propylene glycol brines increase with the glycol

concentration. If these brines are used, the selection of compositions

with very low freezing points results in higher pumping-power requirements.

The collector panel circuit must be designed with parallel brine flow
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paths, as described in Sect. 4.3.3, to prevent the circuit pressure and

the pumping power requirements from becoming excessive.

5.4.4 Energy transfer fluid

In principle, either water or brine can be used as the fluid medium

for transporting the heat collected by the solar panel to the ice bin.

Brine is the preferred heat-transfer fluid, even though its use requires

a heat exchanger in the ice bin, because it affords protection against

component damage caused by freezing.

In the case of a brine-chiller ACES, the ice-bin heat exchanger

already in the system design can be used for delivering heat from the

solar panel to the ice bin at no additional cost; brine is the recommended

energy-transfer fluid.

Because the use of water simplifies system design, it is the preferred

heat-transfer fluid for an ice-maker ACES. The water can be pumped from

the bin directly to the panel and then returned by a simple drainage

circuit. The use of water eliminates the need for an ice-bin heat

exchanger and avoids the design problems of protecting such a unit against

damage from falling ice. If water is used as the heat-carrying medium,

however, the need to provide the solar collector panel with a fail-safe

freeze-protection system becomes acute. A water-evacuation system must

be provided that employs either gravity or positive pressure and is

activated, without fail, whenever the temperature of the panel fluid

falls below a critical level. Further research is required before

specific recommendations can be made for a freeze-protection system for

solar panels employing water as the heat-transfer fluid.

5.4.5 Brine system venting

Vapor trapping within brine circuits can cause significant reductions

in the active heat-exchanger tubing length and must be avoided by providing

a means for venting the system. All piping containing the brine solution

should be arranged so that vapor will collect at points that can be easily

vented by release through valves. The vent system should be constructed

of 1/4 in. copper or plastic tubing routed from the vapor collection points
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to a convenient access location. Brine systems should have expansion

tanks capable of holding 2 to 5 gal of liquid to allow for volumetric

expansion of the brine caused by seasonal variations in temperature.

5.4.6 Solar panel alternatives

In most regions of the country, the use of a flat-plate, unglazed

collector panel is a low-cost means of gathering the environmental

energy needed to melt excess ice. The unglazed solar panel is very

efficient because it collects both radiant and convective energy at

relatively low temperatures. In some northern locations, however, the

greatly reduced heat-collection capability of this type of panel may

require the use of excessively large panel areas. The unglazed panel

can be replaced by conventional solar panels of either single- or double-

glazed construction in such instances. Determining the size of the solar

panel for the ACES requires knowledge of the monthly heat-collection

capacity of the panel chosen. This information can be obtained either

from the performance curves provided by the manufacturer or by conventional

methods for estimating solar energy collection.

In addition to the possibility of using glazed solar panels, other

methods for collecting from the environment the energy necessary for

melting excess ice in the bin can, and should, be considered. These

methods include the use of a ground-source heat-collection loop, the use

of a heat pipe, and the off-duty use of the heat pump to collect heat

from the ambient air for delivery to the ACES ice bin. Currently, only

preliminary investigations of these methods have been made, a detailed

discussion of which is beyond the scope of this report.

5.5 Conventional Components and Sensors

5.5.1 Pumps and fans

The pumps and fans employed consume approximately 20% of the total

purchased energy required by the ACES. If care is not taken to select

efficient units, this figure could rise to over 30%. Pumps exhibit a

wide range of wire-to-water efficiencies, from as low as 7% to as high
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as 35%. The performance of fans varies widely depending on design and

operating conditions. Fans should not be operated beyond their design

speeds and all air ducts should be large enough so that pressure

restrictions in airflow are not created. Careful attention must be

given also to the installation and operation of these conventional

components if the high performance potential of the ACES is to be realized.

5.5.2 Piping and filtration

The interconnective piping within the ACES should be sized to impose

a low pressure drop on the pumping system and to yield fluid flow velocities

of 3 ft/s, or less. All pipes should be insulated with closed-cell

rubber insulation to prevent condensation of moisture on them. The piping

should be installed such that individual sections of the brine circuits

can be isolated, or blocked off, from one another. This capability can

simplify the replacement of filters and facilitate the repair of system

leaks, should they occur. Headers comprised of 1.5- to 2.0-in.-diam.

plastic pipes are satisfactory for most ACES applications.

Each brine circuit should be equipped with a full-flow filtration

device capable of filtering particulate matter as small as 25p in diam.

Filtration is necessary to prevent the accumulation of foreign matter,

rust, dirt, etc., which could impede the normal operation of pumps and

valves or lead to component failure. The pressure drops across the

filtration devices must be included when estimating the total pressure
against which the pumps must operate. The filters should be inspected

periodically and replaced when necessary.

5.5.3 Thermostats

The ACES should be equipped with standard thermostats of the type

used with conventional air-source heat pump systems. The thermostats

should have a dead band and reaction-time constants such that the system

will not cycle more than three times an hour during normal operation.

Setback thermostats should be used only if the heat pump has a heating

capacity sufficiently high to provide rapid recovery of the room air

temperature.
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5.5.4 Ice inventory sensors

The ACES ice inventory sensors must be able to detect at least four

conditions: (1) no ice present in the bin, (2) an ice inventory equal

to 95% of bin design capacity, (3) an ice inventory equal to 105% of bin

design capacity, and (4) elevated bin temperature (above 36°F). This

information, together with time-of-year signals from a calendar clock,

provides the control system with information for making logic decisions

that will direct the systems operation. The ice-inventory sensor may

consist of separate conductivity probes positioned in the ice bin, or it

may be a single device that produces an output signal that is proportional

to the stored ice inventory. The applicability and use of these types

of sensors are discussed in Sect. 6.

A standard thermostat can be used to detect elevated bin temperature,

but monitoring water level in the ice bin is more difficult. In brine-

chiller systems, where the ice is submerged, conductivity probes can be

used to detect rises in the water level. Conductivity probes can also

be used with an ice-maker system, where the ice floats in the water, but

the relationship between ice inventory and bin water level is nonlinear.

Other inexpensive and reliable methods for sensing the stored ice inventory

may be devised and used in future ACES application.

5.5.5 Hot water storage tank

The size of the hot water storage tank should be selected either

to satify a known hot water demand or on the basis of the anticipated

number of occupants in the building. As a general guideline, 20 gal of

storage capacity is required for each adult occupant of the building and

15 gal for each child.

In advanced ACES designs, discussed briefly in Sect. 6, addition of

the capability for short-term, hot and cold storage to the system may be

economically advantageous. A diurnal energy storage tank located inside

the building would be of sufficient size to supply the space-heating or

space-cooling needs of the building on a typical day. A full discussion

of the design requirements of such a storage tank is beyond the scope of

this report.
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6. CONTROL AND OPERATING STRATEGIES

The ACES controller is a device programmed to actuate electrical

components of the system in response to signals from sensors that monitor

indoor air, outdoor air, and hot water temperatures, solar radiation,

and the water temperature and ice inventory of the ice storage bin. The

controller integrates these signals with time signals from a 365-day

calendar clock and actuates solenoid valves and relays that cause the

system to respond to demands for space heating, water heating, and space

cooling. The controller directs operation of the solar collector panel

during the ice phase to achieve production of the design ice inventory

without at any time exceeding the storage capacity of the bin. During

the supplemental phase, the controller actuates the heat pump compressor

to reject heat from the storage bin to lower the temperature, as needed,

for air conditioning.

Thus the design and construction of the ACES control logic package

requires a high level of expertise in computer technology and is best left

to manufacturers skilled in this field. As the market for residential

ACES develops in the United States, control logic packages for the system

should become commercially available. If this proves to be the case,

the ACES designer will not require detailed knowledge of the device but

only a familiarity with its primary functions and design objectives. The

following sections of this chapter describe these functions and the

operating strategy required for a large-bin, brine-chiller ACES having a

solar panel to achieve maximum interseasonal energy transfer.

6.1 Control Objectives

6.1.1 Operating strategy

The requirements of an electronic package for automatic control

of a residential ACES are best described by looking at a specific example.

For this purpose, we consider a full ACES of the brine-chiller type that

might be installed in the central United States. This ACES has a large

storage bin and a solar collector panel for melting ice as the storage

97
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capacity of the bin is approached or exceeded. Although the bin is

large enough to store enough ice to satisfy all of the house cooling

needs for an average weather year, higher than average cooling-load

years will require the system to operate in the supplemental phase for

at least limited periods of time. The example ACES is provided with a

backup heating system consisting of electric resistance heating elements

installed in the house air ducts.

As with all ACES, energy transfer is effected by an electrically

driven unidirectional heat pump that obtains heat from water stored in

an insulated underground bin. As the heat is extracted during the heating

season, ice accumulates in the bin and is stored. The stored ice is used

to provide air conditioning in the cooling season by using its heat of

fusion as a heat sink. After the stored ice has been exhausted, the heat

pump compressor is operated to chill water in the bin to meet any addi-

tional space-cooling needs. Thus, heat collection by the solar panel

during the winter and bin-heat rejection by the compressor during the

summer serve to augment the heating and cooling storage capacity of the

bin. Figure 6.1 illustrates the annual operations of the example ACES,

detailing time-dependent functions - ice inventory, and bin water

temperature.

6.1.2 Heating season operation

The ice phase of annual operations for the example ACES (Fig. 6.1)

begins on November 1. During November the temperature of the bin water

gradually declines to 32°F as heat is extracted from the bin to provide

space and water heating to the house. By the end of November all the

sensible heat of the water has been extracted and ice formation begins.

The system must supply house demands for space heating and water heating,

and the solar panel must be operated to melt ice, as shown by the bar

graphs at the top of Fig. 6.1. The controller must establish the priority

of heat deliveries to be such that space heating and water heating are

supplied simultaneously when both are demanded, but that if space-heating

needs cannot be met, as would be indicated by the second stage of the house

thermostat, the delivery of the water-heating load is delayed.
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During the heating season the calendar clock switch is in the

"select winter" position, denoted by Ssw, allowing the solar panel to

operate when outdoor weather conditions permit and when ice melting is

necessary. When the calendar clock switch is in the "select summer"

position, the solar panel may not operate to melt bin ice. The objectives

of ice-inventory control during the winter season are to ensure that the

ice inventory will never exceed 105% of the bin design storage capacity

and to achieve the ice-growth curve expected for an average weather year.

For an average weather year, ice inventory is controlled through the

operation of the solar panel to melt ice whenever outdoor ambient heat

can be collected. For a low heating-load year, however, panel operation

must be interrupted intermittently to allow the ice inventory to reach

the value expected for the given time of year.

The operation of the solar collector panel is regulated to achieve the

ice-growth curve estimated for an average weather year. Actual ice

inventory is compared at daily intervals with that for the reference

year. This comparison can be made automatically by the controller on

the basis of signals provided by an ice-inventory sensor at specific

scanning times. The sensor can either be a continuous ice-level indica-

tor or a series of conductivity probes positioned at fixed intervals in

the bin to indicate ice levels. If the scan reveals an ice inventory

greater than or equal to that expected for the given time of year, the

solar panel is operated throughout the next scan interval. If the ice

inventory is below that expected, however, ice-melt operations are stopped

during the next scanning interval.

During high heating-load years, the solar collector panel is operated

continuously throughout the heating season, as outdoor weather conditions

permit, to melt excess ice in the storage bin. Because of its limited

heat-collection capacity, however, the panel will be unable to prevent

the attainment of an ice inventory exceeding the design storage capacity

of the bin. To protect the bin against possible damage, an ice-inventory

sensor must be provided to indicate when 105% of the bin design storage

capacity is reached, whereupon further operation of the heat pump com-

pressor must be halted; the backup space-heating system is used to meet
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house space-heating demands. This condition also calls for continuous

operation of the solar collector panel for melting excess bin ice. Only

when the ice inventory has been reduced to the expected reference-year

level is ACES operation resumed.

6.1.3 Cooling season operation

For the example ACES shown in Fig. 6.1, the calendar clock switch

reverts to the "summer select" position on May 1 and the solar collector

panel is not operated after this date. Space-cooling demands then take

precedence over space-heating demands, as the bar graphs in Fig. 6.1

indicate, and the ice inventory begins to decline. By mid-August all

of the ice inventory has been exhausted, but the chilled water in the

storage bin still serves as a heat sink for the house space-cooling loads.

The continuing space-cooling loads of the house raise the temperature of

the bin water to 45°F, and the system enters the supplemental phase of its

annual cycle. Beyond this point further cooling-load deliveries to the

house can be made only if the heat pump compressor is operated to produce

chilled water. Operation of the system in the bin heat-rejection mode

is directed by the controller in response to signals from the bin water

thermostat. Compressor operation is initiated when the water temperature

reaches 45°F and is stopped when the water temperature falls to 40°F.

The heat removed from the storage bin is rejected to the environment by

an outside air coil or delivered to the house to meet space-heating or

water-heating demands.

6.2 Control Package Logic

6.2.1 Input signals

For the example residential ACES described above, the following

sensors send signals to the controller:

Thw - Thermostat for controlling the hot water temperature to a range

of 120° to 125°F. Signal is 1 if a call for water heating

exists.
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Trhl - First stage of room thermostat for controlling the indoor

temperature to a range of 69 to 71°F during the heating

season. Signal is 1 if a call for space heating exists.

Trh2 - Second stage of room thermostat. Signal is 1 if the system

is able to accommodate simultaneous calls for space heating

and water heating.

Tr - Thermostat for controlling the indoor temperature to a range

of 77 to 79°F during the cooling season. Signal is 1 if a

call for space cooling exists.

Todw - Outdoor winter air temperature thermostat. Signal is 1 if

the temperature is 32°F or greater.

Tods - Outdoor summer air temperature thermostat. Signal is 1 if

the temperature is 85°F or less.

Tbin - Thermostat for controlling the bin water temperature to a

range of 40 to 45°F during the supplemental phase. Signal

is 1 if a call for bin heat-rejection exists.

I - Ice-inventory indicator. Signal is 1 if the ice inventory

equals or exceeds 105% of the bin design storage capacity.

S - Calendar clock select switch position. Signal is 1 if the

switch is in the "select winter" position.

6.2.2 Output signals

Component signals

In accordance with programmed logic instructions, the controller

delivers the following signals to actuate system components:

C - Relay for actuating compressor. Signal is 1 for on.

Pcb - Relay for actuating cold brine pump. Signal is 1 for on.

Phb - Relay for actuating hot brine pump. Signal is 1 for on.
Ph - Relay for actuating hot water pump. Signal is 1 for on.

Fid - Relay for actuating indoor fan motor. Signal is 1 for on.

Fod - Relay for actuating outdoor fan motor. Signal is 1 for on.

Bh - Relay for actuating backup heating system. Signal is for on.
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Valve signals

In addition to directing the operation of the above components, the

controller must be programmed to provide output signals for actuating

the appropriate valves to establish the flow paths of hot brine, cold

brine, and hot water that are required for each mode of system operation.

For example, upon receiving a bin ice-melt signal, the controller must

actuate valves that place the cold brine path through the solar collector

panel in series with the ice-bin heat exchanger. Similarly, hot brine

must be circulated through the indoor fan coil when a space-heating call

is in effect, and cold brine must be circulated when a space-cooling call

is received. For simplicity, controller output signals and actions are

omitted from the following discussion of control logic equations for the

example ACES.

6.2.3 Control logic equations

The conditions under which each component of the system is actuated

by the controller are described below. These conditions, stated as logic

equations, form the basis of the programmed instructions to the controller.

In the logic equations, output signals from the controller written without

an upper bar symbol denote that the component is actuated. Similarly,

input signals to the controller written without an upper bar denote that

a signal value of 1 has been received. For example, (C) denotes that

the compressor is operating, and (C) denotes that it is not operating.

Symbols expressed as products should be read "and," those expressed as

sums should be read "or." These logic equation conventions are illustrated

by:

W = (X)(Y) + Z , (6.1)

which should be read, "The output signal W from the controller is 1; that

is, component W is actuated, whenever X is 1 and Y is 0, or Z is 1. This

notation can be used to express the conditions of operation for the ACES

components as follows:
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1. The compressor C is to operate whenever space heating is called for

by Trhl or water heating is called for by Thw and the ice inventory

has not reached 105% of the bin design capacity. The compressor is

also to operate whenever the calendar clock switch is not in the

Ssw position, bin heat rejection is called for by Tbin, and the summer

outdoor air temperature is 85°F or less, as indicated by Tods.

C = (Ilo5)(T(hl + Thw) + ()(Tbin)(Tods) (6.2)

2. The cold brine pump motor is to operate whenever the calendar clock

switch is in the SSw position; the outdoor air temperature is 32°F

or greater, as indicated by Tods; and the ice inventory is equal to

or greater than the inventory expected for the reference year at the

given date, as indicated by I. The cold brine pump motor is also

to operate whenever space cooling is called for by Tr or whenever

the compressor is in operation.

cb =(Ssw)(Todw)(I) + Tr + C (6.3)

3. The hot brine pump motor is to operate whenever the calendar clock

is not in the Ssw position, bin heat rejection is called for by

Tbin, and the outdoor summer air temperature is 85°F or less, as

indicated by Tods. The hot brine pump motor is also to operate

whenever space heating is called for by Trhl and the ice inventory

has not reached 105% of bin design capacity.

hb (Trhl)(I05) + (Sw)(Tbin)(ods) (6.4)

4. The hot water pump motor is to operate whenever water heating is

called for by Thw and Trh2 is 1, indicating that the water-heating

load does not need to be shed.

Phw = (Thw)(Trh2) (6.5)
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5. The indoor fan motor is to operate whenever space cooling is called

for by Tr or space heating is called for by Trhl.

id = Trc + rhl (6.6)

6. The outdoor fan motor is to operate whenever the calendar clock

switch is not in the Ssw position, bin heat rejection is called for

by Tbin, and the outdoor air temperature is 85°F or less, as

indicated by Tods.

Fod = (Ssw)(Tbin)(Tods) (6.7)

7. The backup space-heating system is to operate whenever space

heating is called for by Trhl and the ice inventory equals or

exceeds 105% of the bin design storage capacity, as indicated by

Bh = (Trhl)(Il5) (6.8)

Controller design. Figure 6.2 shows how the above logic equations

can be represented in a single logic diagram showing the necessary set

of input signals that must exist for a given component of the system to

be actuated. For an actual ACES, the logic diagram must include all

of the controlled system components and all necessary input signals for

setting their operating states. The construction of the control logic

package requires design of the circuitry and the physical layout of the

package. If desired, the controller may be provided with an LED (light

emitting diode) display to indicate the condition of all input and output

signals. Capability for the manual setting of all input signals should be

provided so that the proper functioning of the controller can be

determined by testing and checkout upon installation.
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Fig. 6.2. Partial control logic diagram.



107

6.3 Control of Alternative ACES Designs

The controller described in Sect. 6.2 is for a full ACES that lacks

sensible heat-storage capability and has not been optimally designed for

diurnal cooling storage. A number of modifications to this design that may

offer attractive benefits with respect to system performance and economics

are possible, including the use of: alternative backup space-heating

systems; alternative ice melting systems employing ground heat, heat

from outside air obtained by heat pump operation, or heat from electric

or fuel-fired heaters; and a small indoor tank to provide the system with

low- and high-side storage capability, so that it can function more

effectively as a load-management device. Any of these modifications to

the basic ACES design requires corresponding changes in the design of the

controller. This section discusses several variations in ACES design that

would affect the control logic package.

6.3.1 Backup heating system

The basic objective of ACES design is to select system components

that will supply thermal demands of a particular building occurring in

an average weather year. Because of the 50-50 chance of any year having

more severe weather than the reference year, the ACES must be provided

with a backup system for supplying heat to the house or bin for use when

the ACES design ice storage capacity is reached. A backup system for

cooling - a bin heat rejection mode to produce chilled water - for use

when the ice inventory has been exhausted is already provided in the ACES

design.

Backup heating systems will be used most frequently in regions where

large variations in year-to-year weather conditions occur. As discussed

earlier, the backup heating system can either be a complete house-heating

system or a system limited to supplying heat to the bin to melt ice.

Satisfactory methods for controlling the ice level in the bin could consist

of submerged electric resistance heaters, fuel-fired heaters, ice melting

by the heat pump, or direct disposal of the bin ice and replacement with

fresh water. All ACES demonstrated to date have employed backup systems

that supply heat directly to the house. The use of backup systems for
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delivering heat to the bin appears to offer simplifications in system

design but has not yet been fully evaluated.

The recommended backup system for the ACES is electric resistance

strip heaters installed in the air ducts of the house. This system is

recommended because of its low capital cost and ease of installation.

The backup system, whether it provides central or zone heating, should

be controlled by a multistage thermostat. The thermostat should be one

that can be operated by a building occupant or one that the controller

actuates automatically upon receiving a signal indicating a full ice

inventory in the bin. The ACES controller must be capable of determining

when conditions calling for backup heating exist and of actuating relays

to prohibit further operation of the heat pump. Depending upon the backup

system selected, the ACES controller may also be required to direct its

operation.

6.3.2 Ambient heat collection

Solar collector panel

An alternative heat-collection strategy is the use of glazed solar

panels to store as much sensible energy in the bin as can be collected

during the early months of the heating season. The objective of this

strategy is to maintain the bin at an elevated temperature until late

winter to minimize use of the backup heating system. Toward the end of

the heating season, the bin can either be allowed to freeze or it can be

maintained without ice to provide chilled-water space cooling in the

summer. Use of this type panel and operating mode also reduces the

collector panel area required for a given ACES installation. However,

the cost-effectiveness of this heat-collection system has not yet been

demonstrated. The ACES controller must be provided with specific logic

instructions for directing the operation of such a panel, if it is used.

Ground heat collectors

The use of an earth-source heat collector, either a heat pipe or an

underground heat exchanger, represents an alternative method of collecting
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ambient heat to melt ice in the storage bin. Neither of these methods

has been tested in a demonstration ACES, but both offer the advantage of

utilizing a heat source that is continuously available regardless of

winter weather conditions. The logic equations for the controller will

differ from those for an ACES employing a solar collector panel, which

is prohibited from operating whenever the outdoor air temperature falls

below 32°F.

Heat pump

Because the ACES is equipped with an outdoor air coil for summer

heat-rejection, the heat pump itself can be used during the winter to

collect ambient heat for delivery to the ice storage bin. Operating in

this mode, the air coil delivers ambient heat to the unit, causing it

to function as an air-source heat pump. The system can be designed to

deliver the heat pump output either to the house'for space heating or

to the storage bin for melting ice. These alternative modes of heat pump

operation during the winter make efficient use of existing ACES equipment

and can either eliminate the need for a solar panel altogether or greatly

reduce the size and cost of the panel. A complete discussion of the

multi-use heat pump concept in the ACES and of the control logic package

for directing its operation is beyond the scope of this report.

6.3.3 Load-management systems

The basic ACES designs described in this report can be modified to

provide full load-management capability by providing, in addition to the

ice storage bin, a small thermal storage tank having a large enough

capacity to supply the heating or cooling needs of the building for

several days. The tank should be located in a comfort-conditioned area

of the building to eliminate heat losses and should be insulated to

prevent the condensation of moisture on its surfaces. The heat exchanger

in the small storage tank should be capable of delivering heat at a

rate equal to the design hourly heat load of the house. The small tank

would provide short-term high-side storage in the winter and low-side

storage in the summer for use in regions where time-of-use power rates
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are offered. The optimal size of the tank; the heat pump capacity; and

the design of the tank heat exchanger, valves, piping connections, and

the control logic package needed for a full load-management ACES are

topics beyond the scope of this report.



7. ESTIMATION OF COSTS

7.1 Life-cycle Costs

In deciding whether or not to install an ACES, the homeowner needs

to compare the anticipated costs of ACES ownership and operation with

those of alternative heating and cooling systems. Operating costs consist

of recurring cash outlays that must be made to operate and maintain the

system during its useful life. For any electrically driven HVAC system,

operating costs include all annual expenditures for electrical power and

routine preventive maintenance, as well as unscheduled expenditures for

necessary parts replacement and maintenance. Ownership costs consist

of required annual payments for borrowed capital, investment equity,

local property taxes, and property insurance. These annual ownership

costs may be mitigated, depending upon the financial status of the

homeowner, by federal income tax rebates received for interest paid

on borrowed capital and for annual property tax payments.

The present value of the annual operating costs can be calculated

by discounting each annual operating cost, finding its value at year

zero, and summing the discounted cash values over the assumed (20-year)

lifetime of the ACES. The present value of the annual ownership costs,

calculated in a similar manner, is added to the present value of the

operating costs to yield a value for the life-cycle cost of the system.

In determining the present value of the ownership costs, any residual

or salvage value that the system might have at the end of the assumed

lifetime should be taken into account. In the case of an ACES, the ice

bin probably will deteriorate very little, if at all, during a 20-year

period. At the end of the 20 years, the bin can either continue to

serve as an ACES component, or it can be converted into useful basement

storage space. Thus, the bin will probably retain a high residual value,

which when properly discounted may significantly reduce the present

value of the ownership costs.

In summary, the life-cycle cost of a system represents the total

investment required for acquiring the system and prepaying all annual

111
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costs for electrical power, maintenance, property taxes, insurance, and

interest on the capital investment for 20 years into the future. The

life-cycle cost provides a fair means of comparing the economics of

alternative heating and cooling systems. The most cost-effective system is

the one having the lowest life-cycle cost. Unfortunately, the amount of

computation required for a full life-cycle cost analysis is substantial

and requires detailed knowledge of the buyer's financial status, of local

property tax practices, and of local insurance rates. For this reason, a

simplified approach for calculating the life-cycle cost of the ACES

(described in Sect. 7.2) is preferred.

7.2 Simplified Life-cycle Cost Analysis

The calculation of the present value of the costs of owning the system

is greatly simplified if the impact of income tax rates and annual charges

for property taxes and insurance are neglected and if it is assumed that

the system is purchased with equity funds. Under these conditions, the

ownership cost is equal to the total installed cost of the system, net

of its discounted salvage value. The operating cost of the system is

obtained by summing the discounted annual costs for electrical power and

system maintenance over the assumed lifetime of the ACES. The sum of

the ownership and operating costs is the life-cycle cost of the system.

P = T + 0 ; (7.1)

where

P = present value life-cycle cost of the system;

T = total installed system cost, net of salvage value;

0 = operating costs, discounted and summed over the study lifetime.

7.2.1 Installed cost

The initial cost of installing an ACES in a single-family residence

will vary regionally according to the prevailing rates for labor and

materials. Because these rates can be expected to rise with the rate of
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general inflation, each component of a planned ACES installation must be

costed according to the currently prevailing local economic conditions.

The installed costs of the various components of the system can be esti-

mated by either the ACES contractor or the interested purchaser and

summed to obtain the total initial cost of the complete system. The

installed cost of an ACES may be estimated using work form 7 and the

instructions provided in Sect. 8.3.

A large first-cost item of an ACES is the heat pump mechanical package.

The purchase price of the package will vary with its capacity rating, which

should be selected to exceed the calculated design hourly heating load of

the building by as little as possible. The purchase price of the heat

pump mechanical package may be obtained directly from the manufacturer

or from a local heat-pump dealer. The estimated charges that would be

demanded by a local heating and air-conditioning contractor for installing

the heat pump mechanical package and refrigerant lines must be added to

its purchase price to obtain the installed cost of the unit.

A second large cost item of the ACES is the ice bin. The overall

cost of the ice bin can be broken down into three categories: basic

construction, thermal insulation, and waterproofing. The construction

contractor or prospective ACES purchaser should determine the unit cost

of materials (dollars per square foot) for each of these categories.

These unit costs of materials should then be doubled or, based on the

contractor's experience, multiplied by some other suitable factor to

account for projected labor and installation costs. Based upon the required

dimensions of the bin, an estimate of the installed cost of the ice bin can

be calculated (see work form 7, in Sect. 8.3).

Unit costs for the ice-bin heat exchanger and the supplemental heat

collector depend primarily upon the material used for the heat-exchanger

coil and the type of collector panel (glazed or unglazed) being considered.

When these design variables have been selected, the unit installed costs

of the two components must be determined by consulting equipment suppliers.

The total installed costs of the components can then be estimated by multi-

plying their unit costs, respectively, by their required sizes. In the

case of the collector panel, an additional fixed cost should be added to
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cover the costs of providing panel support structure, headers, and

connective plumbing. The installed costs of auxiliary components such as

the hot water tank, ACES control package, pumps, air ducts, etc., should

be determined separately and summed (see work form 7, in Sect. 8.3).

7.2.2 Salvage value

Some ACES components may have longer useful lives than others. In

particular, the ice bin and the air duct system will probably exhibit very

little deterioration over the assumed 20-year life. If this is the case,

these components will have residual value at the end of the period which,

when properly discounted, should be credited to the system as salvage

value. For example, if the ACES were to be replaced by some other type

of central heating and cooling system at the end of 20 years, the air

ducts could continue to serve in the new system. Similarly, the ACES ice

bin could be converted into useful basement area so that at least a portion

of its basic construction costs would be recoverable. The magnitude of

the salvage value that should be assumed for either component is a matter

of judgment and could range from zero to more than the initial cost.

7.2.3 Maintenance costs

Maintenance costs for an ACES consist of annual expenditures for

routine service and inspection, routine preventive maintenance, and

unscheduled maintenance as needed, to keep the system operational during

its 20-year lifetime. The annual maintenance costs of conventional heating

and cooling systems that have accumulated many years of operational

history can usually be predicted accurately from past experience. In the

case of an ACES, however, a service and maintenance cost schedule must be

assumed. Table 7.1 shows a maintenance cost schedule for the ACES that is

based on consideration of the individual components of the system.

Although this cost schedule may be modified as additional operating

experience with the ACES is acquired, it is believed to be reasonably

realistic.
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Table 7.1. Assumed service and maintenance cost schedule for ACES

(All values in constant dollars)

Year Routine Clean Replace Rebuild, Hot Ice
N servce heat control repair water bin Total

exchangers system pumps tank servicea

1 50 50
2 50 50
3 50 50
4 50 110 160
5 50 100 150
6 50 50
7 50 150 200
8 50 110 200 360
9 50 50

10 50 300 100 450
11 50 50
12 50 110 160
13 50 50
14 50- 150 200
15 50 100 150
16 50 110 200 360
17 50 50
18 50 50
19 50 50
20 50 50

aDrain ice bin, check structural supports, refill with fresh water.

The present value of ACES maintenance costs (MC) is obtained by

discounting the annual expenditures for maintenance, expressed in then-

current dollars, and summing the discounted values over the 20-year period.

Thus, using the expenditures from Table 7.1, the present value of the

maintenance costs is given by:

MC = 50 * R + 50 * R2 + 50 * R3 + 160 · R4 + 150 * R5

+ ... + 50 * R20

or

20

MC = 1 Pn R . (7.2)
n=l
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In Eq. (7.2)

MC = the present value of ACES maintenance costs, taken over a 20-year

period;

P = maintenance cost for year n, in constant dollars;

rm = annual escalation rate of maintenance costs;

rd = annual discount rate (cost of capital); and

l+rd

where rm and rd are expressed in decimal form. Table 7.2 shows the present

value of the assumed annual maintenance costs of the ACES as a function of

the discount rate and the maintenance cost escalation rate.

Table 7.2. Present value of ACES maintenance costs as a function
of discount rate (rd) and annual maintenance cost escalation rate (rm)

rm
m

rd 0.05 0.06 0.07 0.08 0.09

0.09 1880 2060 2260 2490 2940

0.10 1720 1880 2060 2270 2490

0.11 1580 1720 1890 2070 2270

0.12 1450 1580 1730 1890 2070

7.2.4 Electric power cost

The present value of the annual charges for electricity consumed by

the ACES is obtained by discounting each annual power cost, expressed in

then-current dollars, and summing the discounted values over each year of

the study period. Thus, the present value of the power costs is given by:

PC = Po * R + P * R2 + ... + P RN . (7.3)

In Eq. (7.3)

PC = the present value of ACES costs for electricity consumption

taken over a period of N years;
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P = the annual cost of electricity consumed, at year-zero prices;

re = the annual price escalation rate of electricity;

rd = the annual discount rate (cost of capital);

N'= the number of years (20) of the study period;

l+re

1 + rd '

where re and rd are expressed in decimal form.

The sum of the power series shown in Eq. (7.3) is given by the

relationship,

RRN - 1)PC = P (R - 1) (7.4)

This relationship can be easily evaluated to yield the present value of

ACES power costs over a 20-year period, for a range of assumed values

re and rd. Table 7.3 presents the results of such an evaluation, where

it is assumed that Po = 1. To determine the present value of the power

costs incurred by a particular ACES design, the actual value of P0 for the

ACES design should be multiplied by an appropriate factor from Table 7.3.

For a particular ACES design, the cost of electricity consumed during year

zero, Po, is obtained by multiplying the annual amount of electricity

consumed by the ACES by the electrical power rate that currently prevails

in the region.

Table 7.3. Present worth factor of ACES power costs as a
function of the discount rate (rd) and the annual electricity

price escalation rate (re)

r
e

0.050 0.060 0.070 0.080 0.090

0.090 13.82 15.11 16.56 18.18 20.00

0.100 12.72 13.87 15.15 16.59 18.20

0.110 11.74 12.77 13.91 15.19 16.62

0.120 10.87 11.79 12.82 13.95 15.22



8. MANUAL ACES DESIGN PROCEDURES

This section presents manual design procedures for: (1) estimating

the thermal loads of a building; (2) sizing the ACES components to deliver

these loads; (3) calculating selected operating parameters, including the

ACOP of the system; and (4) determining the annual electricity consumption

of the ACES. Procedures for estimating the initial and life-cycle costs

of the residential ACES are also described. The section is divided into

two subsections: the first presents a rapid ACES design method that

requires few computations; the second describes a more detailed method

for custom design. The less complex design method should be used for

preliminary scoping purposes, enabling the builder to decide whether or

not the ACES is a promising alternative HVAC system for a particular

application. The custom design method can refine the initial design

estimates to be more compatible with a given building design.

8.1 Rapid ACES Design

A method for estimating component sizes, expected system performance,

and initial installation costs of a residential ACES is needed by the

builder who wishes to compare the ACES with alternative heating and cooling

systems. To meet this need, ACES designs have been calculated for

different-sized single-family reference houses located throughout the

United States and are tabulated in Table B.2 (Appendix B). The reference

houses are of two sizes and two levels of thermal insulation and typify

construction practices in 16 geographical zones of the country.1

After identifying the reference houses that are similar to a particular

house plan, the home builder can approximate ACES design and performance

data directly from Table B.2.

8.1.1 Description of reference houses

The four reference houses of each geographical region (Fig. A.1,

Appendix A) have design features such as type of foundation, number of

stories, size, etc., that exemplify construction practices in that region.

119
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The reference houses include both small and large dwellings that have

medium and high levels of thermal insulation; the builder should be able

to find reference houses having thermal properties similar to those of

his building plan. The builder can then interpolate between the ACES

designs listed in Table B.2 to obtain an approximate ACES design for his

proposed building. Tables A.1 and A.2 (Appendix A) provide descriptions

of the reference houses for each of the 16 geographical zones.

8.1.2 Rapid ACES design procedure (work form 1)

A preliminary estimate of the performance of a planned residential

ACES and the required sizes of its components can be obtained by simple

interpolation between the ACES design values listed in Table B.2

(Appendix B). The interpolation can be performed using work form 1 and

the instructions that accompany it in Sect. 8.3. The completed work

form furnishes a record of the preliminary ACES design estimates and

lists anticipated cost and performance data.

8.1.3 Accuracy of the results

The rapid design method provides preliminary estimates of the size,

cost, and performance of a proposed residential ACES. The accuracy of

the results depends upon whether or not the monthly thermal loads of the

proposed ACES house are well approximated by interpolations between the

loads of the reference houses and whether or not the operating parameters

of the planned ACES are similar to those assumed in the design tables.

If the proposed residential ACES application differs substantially from

the standard ACES designs of Table B.2, the results of the rapid design

method should be verified using custom design procedures described in

the next section.

The standard ACES designs listed in Table B.2 have been calculated

on the basis of assumptions described in the Appendix. The most important

of these assumptions, against which the proposed ACES should be compared,

are as follows: COPI(H) = 2.55, COPI(C) = 12.7, COPS(H) = 2.68 and

COP(BR) = 2.01. These operating parameters are for a well-designed system

that employs a high performance heat pump and high efficiency pumps and
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fans. The heat pump, assumed to have the performance characteristics

listed in Table 4.1, is one that could be built using existing technology.

The heat losses from the pumps and compressor are assumed to be vented

into the house during the heating season and rejected to the outdoors

during the cooling season. The ice storage bin is assumed to be located

below-grade and insulated on all surfaces to an R-40 insulation level.

8.2 Custom ACES Design

The custom design method enables the builder to design a residential

ACES to deliver any desired set of monthly loads for space heating,

water heating, and air conditioning. The proposed building might have

unusual features that could cause its monthly heating and cooling needs

to differ substantially from those computed for the reference houses

listed in the Appendix. Such features might include: larger or smaller

floor areas, underground location, large glass exposures, unusual levels

of thermal insulation or air-infiltration control, or unusual life-style of

the inhabitants. Thus, techniques for custom-designing an ACES to a

particular residence are essential to ensuring system adequacy and

efficiency.

The ACES design procedures described in this section can be performed

manually but are considerably more detailed than the rapid ACES design

described earlier. The custom ACES design method requires the estimation of

(1) building design hourly heat load; (2) monthly thermal demands of the

building for space heating, water heating, and space cooling; (3) modal

operating parameters of the system; (4) size of the solar collector panel

required; (5) annual power consumption of the system; and (6) the life-

cycle cost of the ACES over a 20-year period. A discussion of each of

these follows.

8.2.1 Design hourly heating load (work form 2)

As discussed in Sect. 3.1.1, the design hourly heating load of the

proposed ACES house must be calculated to determine the required capacity

rating of the ACES heat pump. The design hourly heating load of the
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building can be calculated by using any conventional method or by using

work form 2 and the instructions provided in Sect. 8.3.

8.2.2 Design monthly thermal loads (work form 3)

In this section we assume that the builder will specify the monthly

thermal loads that are to be used in the ACES design analysis. These

monthly loads for space heating, water heating, and space cooling may be

obtained from empirical data, if it is available. Regardless of the

source of information, the ACES designer should inspect carefully the

loads estimates to ensure that they are realistic. Adjustments may be

required to make the monthly loads estimates better represent an average

local weather year, reflect local heating and air-conditioning experience,

and account for such special factors as unusual building design, building

orientation, anticipated occupant life-styles, and peculiarities of the

construction site.

Work form 3 (Sect. 8.3) can be used to record the monthly thermal

loads used to size the ACES and its components. The work form has

columns for listing the initial loads estimates and for recording the

adjusted monthly loads, which take into account local experience and

conservative design practices. The instructions for work form 3 describe

an optional method of loads calculation for use when access either to

empirical loads data or to computer facilities is unavailable.

8.2.3 Modal operating parameters (work form 4)

Estimation of the system performance requires information relating

to the power and capacity ratings of each system component engaged during

a particular mode of operation. Five primary modes of operation are

defined for the ACES: water or space heating and space cooling during

the ice phase of the annual cycle; and water or space heating, space

cooling, and ice-bin heat rejection during the supplemental phase of the

annual cycle. During the ice phase the delivery of heat to the house

is primarily for space heating; during the supplemental phase the delivery

of heat is primarily for heating water. Thus, in ACES design analysis,
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the heating mode operating parameters during the ice phase are taken to be

those prevailing for space heating, and the heating mode parameters for

the supplemental phase are based on water heating only.

Work form 4 (Sect. 8.3) provides a convenient method for assembling

and recording the diverse information required for estimating the modal

operating parameters of a given ACES design. The work form lists the

components engaged during each of the five modes of system operation and

provides spaces for recording the electrical power and capacity ratings

of each component. These values depend upon the components actually

selected for the system, fans, pumps, heat pump package, etc., and must

be measured under the expected operating conditions or acquired from

manufacturer's listings, as illustrated in Table 4.1 of this report.

The instructions accompanying work form 4 list the equations for cal-

culating the modal operating parameters of the system, as defined in

Sect. 2.1.2. When completed, work form 4 furnishes a useful record of

the component characteristics used in the ACES design analysis.

8.2.4 Solar panel size (work form 5)

This section describes procedures for determining the minimum size of

a solar collector panel that will yield a heat balance on the ice bin

during the ice phase of the annual cycle. It is assumed that the monthly

heat-collection capacity, per unit area of panel, is known and that the

pumps, fans, heat pump, and ice-bin volume of the system have already been

selected. The methods of this section should be applied to determine the

size of the panel that must be used with a bin of any chosen size to

prevent loss of system heating capability during the heating season.

If a full-ACES design is being considered, the volume of the ice bin

and the panel size that must accompany it are determined by an iterative

process. First, an initial estimate of the,bin volume is obtained using

the rapid design method described in Sect. 8.1.2. Then, work forms 5 and

6 (Sect. 8.3) are used to determine the panel size required for the selected

bin volume and the amounts of ambient heat collection and bin heat rejection

needed during the ice phase and the supplemental phase of design-year
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operations. If both of these quantities, QCOL and QBR' have positive

values, the estimated bin volume is increased and the process is repeated.

The bin volume that causes either QCOL or QBR to go to zero is the

full-ACES bin size.

Work form 5 aids in assembling and recording the information needed

for determining the panel area required for a given bin size. When

completed, the form is a useful record of the building loads, ground heat

leakages, solar panel capacity, bin size, and bin transfer coefficients

assumed in the ACES design. The monthly collection capacities of unglazed

flat-plate collectors can be obtained from Table B.2. The capacities of

other types of collectors must be obtained by experimentation or from

performance data listings by the manufacturer.

8.2.5 Annual power consumption (work form 6)

The building's annual demands for heating and cooling are obtained

from work form 3, and the modal COPs of the system from work form 4.

To estimate the annual power consumption of the ACES during an average

weather year, the portions of the annual loads that are delivered during

the ice phase and the supplemental phase must be determined. Then, the

modal COPs of work form 4 can be used to calculate the power consumptions

of the system for heating and cooling during each phase of the annual

cycle. The ice phase is defined to begin in the autumn when, because of

increasing demands for space heating, the bin temperature starts to decline

from its summer value of 45°F. The ice phase ends and the supplemental

phase begins when the ice in the bin has been exhausted and the bin

temperature has again risen to 45°F.

Work form 6 can be used to identify the start and end of the two

phases of the annual cycle and to estimate the total power consumption of

the system during each phase. Part 1 of the work form estimates the heat-

ing and cooling loads delivered and the amount of ground heat leakage into

the bin during the supplemental phase. From these estimates the supple-

mental phase COP for space cooling can be calculated according to Eq. (2.16)

and the supplemental phase power consumption can be estimated. Part 2 of

the work form estimates the heating and cooling loads delivered to the house



125

during the ice phase of the annual cycle. From these estimates and the

modal COPs of work form 4, the ice phase power consumption of the system

can be determined.

8.2.6 ACES life-cycle cost (work form 7)

The ACES life-cycle cost represents the single cash outlay for

purchasing and installing the system and for prepaying all future costs

required to keep the system in operation over an assumed 20-year life.

In this simple life-cycle cost analysis, the owner's costs for taxes and

insurance are neglected. The initial installed cost of the ACES can be

estimated by enumerating and summing the costs of all major components,

as shown in work form 7 (Sect. 8.3). The methods described in Sect. 7 can

then be used to estimate the annual cash outlays to keep the system running.

As shown in work form 7, the major components of the ACES that must

be costed are the heat pump mechanical package, ice storage bin, solar

collector panel, control system, auxiliary equipment, and, in the case of

the brine-chiller system, an ice-bin heat exchanger. The installed costs

of these items will vary locally and must be determined individually for

each ACES application. Similarly, the first-year power costs will vary

with local electrical rates. The first-year power costs that are deter-

mined can be used with Table 7.3 to estimate the present worth of power

consumed over a 20-year period. If the service and maintenance schedule

shown in Table 7.1 is adopted, Table 7.2 can be used to obtain the present

value of these annual costs based upon an assumed discount rate and an

annual maintenance-cost escalation rate.
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8.3 ACES Design Work Forms and Instructions

INSTRUCTIONS FOR WORK FORM 1

(Rapid ACES Design)

.Fill in the values requested in the heading of work form 1, shown in

Fig. 8.1.

a. Identify the geographical zone of the proposed ACES site from

Fig. A.1 and select from Table B.2 the listed reference city

having the climate most similar to that of the proposed site.

From Table A.2, determine the set of two reference houses that

have a thermal insulation level most nearly equal to the proposed

ACES house. Houses 1 and 2 have medium insulation and houses 3

and 4 have high insulation.

b. Record the index numbers of the reference houses selected and the

floor areas of the proposed ACES house and the two reference

houses in the spaces provided for this purpose in work form 1.

c. Record the interpolation constants, C(i) and C(i+l), as calculated

by the expressions

Ir -~ A(i + 1) - A(x) ~(8.1)C(i) - A(i + 1) - A( (8.1)

and

-Aix) -Ai)'C(i + 1) A(i + 1) - A(i) (8.2)

where the variables A(x), A(i), and A(i + 1) are the floor areas

of the proposed ACES house and the two reference houses, respec-

tively, and the reference house index number (i) is equal to

1 or 3, depending upon which set of reference houses has been

selected.
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2. Record in work form 1 the ACES design parameters V, A, L, U, and E

that are listed in Table B.2 for the two reference houses selected.

These design parameters are for full, partial, and minimum ACES of the

brine-chiller or ice-maker system being considered.

3. Record in work form 1 the design parameters for the proposed ACES

house as calculated by the following expression;

P(x) = C(i) * P(i) + C(i + 1) * P(i + 1) , (8.3)

where P(x), P(i), and P(i + 1) represent an ACES design parameter of

the proposed ACES house and the two reference houses, respectively.

That is, in Eq. (8.3), P successively takes on the value of the

variables V, A, L, U, and E.

4. Record in work form 1 the total installed costs net of salvage value,

the present value of operating costs over a 20-year period, and the

life-cycle costs of the full, partial, and minimum ACES for the

proposed house. These cost data are computed using work form 7 and

the instructions provided for it.



ORNL-DWG 79-21240

RAPID ACES DESIGN

Work Form 1

DATE: JOB:

Geographical Zone: Proposed ACES House: (X):_ ft2 Interpolation Constants:
Reference City: Reference House No. ( ): ft 2 C( ) =
Insulation Level: Reference House No. ( ): ft2 C( ) =

ACES COST AND PROPOSED ACES HOUSE REFERENCE HOUSE ( ) REFERENCE HOUSE (

DESIGN PARAMETERS FULL PARTIAL MINIMUM FULL PARTIAL MINIMUM FULL PARTIAL MINIMUM

T, total installed cost, $T.ttotaltinstalleE cost,-$ E : . S :E::-|:i.Eii* *'.:....; *:*:*'.. ........................... *.................-i i -.;- E,. Z ' :... . . .: i ' .... ..... "' '"'" " '

0, operating costs present value, $S : : i ? ; ;: i; ;; ;I ;.;;: :

P, present value life-cycle cost, S : :

V, wetted volume of ice bin, ft 3

A, area of solar panel, ft2

L, length of ice bin coil, ft

U, usage of electricity, kWhr/yr

E, efficiency (annual COP)

Fig. 8.1. Sample of work form 1 for rapid ACES design.
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INSTRUCTIONS FOR WORK FORM 2

(Design Day Heating Load)

1. Fill in the values requested in the heading of work form 2, shown in

Fig. 8.2.

Identify in Table B.2 the reference city having the climate most

similar to the construction site of the proposed ACES house. From

the house design data and the tabulated values for the city selected,

obtain and record the following quantities:

TDD = outdoor winter air temperature, °F;

TG = earth temperature at ground floor depth, °F;

V = average January wind speed, miles/h;

TSW = desired winter indoor air temperature, °F;

VOL = heated volume of the house, ft3;

ACH = air infiltration rate, changes per hour.

Values of TG are calculated by Eq. (3.2) using constants Ao, Bo,

and Po obtained from Table B.2 for the reference city. The value

of ACH is calculated using the equation provided at the bottom of

work form 2.

2. Fill in values of A, U and AT for each exterior surface element of

the proposed ACES house.

A = area of an exposed surface element, ft2;

U = heat transfer coefficient of the element, Btu/h/ft2/°F; and

AT = temperature difference across the surface element, °F.

Values of U are calculated using the methods of Chap. 22, ASHRAE 1977

FundamentaZs Handbook,2 and the temperature difference AT is equal to

(TSW - TDD) for above grade exposures and (TSW - TG) for below grade

exposures.

3. Sum the vertical surface elements listed for each side of the proposed

house to check that all surface elements have been included. Compute

the products (A · U * AT) across each line of the work form and enter

their sum in the last column of work form 2. Compute the total rate
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of heat loss from the house by conduction and enter the answer in the

space provided.

4. Calculate the hourly loss of heat from the house by infiltration of

outdoor air and enter the result in the space provided. Sum the

rates of heat loss from the building caused by conduction and air

infiltration to obtain the design-day heat loss rate. Enter this

result in the space provided for it in work form 2.



ORNL-DWG 79-16638R

DESIGN DAY HEAT LOAD

Work Form 2
DATE:_ JOB:

Indoor Air Temperature: TSW = °F House Volume: VOL = FT
3

Outdoor Air Temperature: TDD = F_ Air Change Rate': ACH = AC/HR
Ground Temperature: TG = °F Wind Speed: V = MPH

EXTERIOR NORTH SOUTH EAST WEST HEAT
EXPOSURE BUILDING (or horizontal) (or horizontal) (or horizontal) (or horizontal) LOSS

SURFACES A U AT A U AT A U AT A U AT (Btu/hr)

WALLS

A G DOORS
B R
O A
E A GLASS AREAS_V D
E E ----- O

CEILING

FLOOR

B G FLOOR __
E R
L A
O D WALLS __ _____
W E

CHECK OF TOTAL CONDUCTION
VERTICAL AREAS HEAT RATE=

INFILTRATION HEAT LOSS RATE: [0.018 X VOL X ACH X (TSW - TDD)] =

TOTAL DESIGN DAY HEAT LOSS RATE: (CONDUCTION + INFILTRATION) =

.0.15 + 0.013V + 0.005AT]'ACH = N 1 0.695 J, where AT = TSW - TDD, V = average wind speed (mph), and N - 1.

Fig. 8.2. Sample of work form 2 for calculating design-day heat load.
Fig. 8.2. Samiple of work form 2 for calculating design-day heat load.
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INSTRUCTIONS FOR WORK FORM 3

(Design Monthly Loads)

1. Record in columns A, B and C of work form 3, shown in Fig. 8.3, the

estimated monthly thermal loads of the proposed ACES house for space

heating, water heating, and space cooling, respectively. The designer

who chooses not to estimate these loads using the optional procedure

described in step 2 should proceed to step 3.

2. Identify in Tables A.2 and B.2 the representative city for the

proposed ACES construction site and the set of two reference houses

of this city having a thermal insulation level most nearly equal to

that of the proposed ACES house. This set of reference houses will

be either houses 1 and 2 or houses 3 and 4.

a. Estimate the monthly space heating loads of the proposed ACES

house (MBtu) by interpolating between the monthly space heating

loads listed in Table B.2 for the two reference houses selected,

according to the following expression:

D(i +1- D/x).q (x) = q (i) D(i + 1) - Dx i)

qH(i + ) -D( i + l (8.4)

where qH(x), qH(i), and qH(i + 1) are the monthly space heating

loads of the proposed ACES house, reference house (i) and refer-

ence house (i + 1), respectively. The variables D(x), D(i), and

D(i + 1) are the corresponding design-day heating loads of the

three houses. The design-day heating load of the ACES house is

obtained by filling out work form 2, and the remaining variables

in Eq. (8.4) are obtained from Table B.2 for the reference city

selected.

b. Estimate the monthly space cooling loads of the proposed ACES

house (MBtu) using the following expression:
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,(x) =A(i + 1 - A(x)
qC(x) qC(i) A(i + 1 - A(i)

+ qc(i + 1) AA( (8.5)1) - A(i) '

where qC(x), qC(i), and qc(i + 1) are the monthly space cooling

loads of the proposed ACES house, reference house (i) and

reference house (i + 1), and A(x), A(i), and A(i + 1) are the

corresponding floor areas of the three houses.

c. Estimate the monthly water heating loads of the proposed ACES

house to be the same as those listed for the reference houses of

the reference city in Table B.2. These water heating loads are

based on an assumed domestic hot water consumption rate of

70 gal/day.

3. Adjust the estimated monthly thermal loads of the proposed ACES

house to reflect local experience. Record the design monthly loads

that will be used to size the ACES in columns D, E, F and G. Compute

and record the design-annual thermal loads of the ACES house and

examine them for reasonableness as ACES design criteria.

/~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~'
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ORNL-DWG 79-16639R

ACES DESIGN MONTHLY LOADS

Work Form 3

DATE: JOB:

A B C D E F G
CALCULATED LOADS SELECTED ACES DESIGN LOADS

SPACE WATER SPACE SPACE WATER TOTAL SPACE
MONTH HEAT HEAT COOL HEAT HEAT HEAT COOL

qH qHW qC qH qHW qHT qC
MBtu MBtu MBtu MBtu MBtu MBtu MBtu

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

TOTAL

Fig. 8.3. Sample of work form 3 for ACES design monthly thermal loads.
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INSTRUCTIONS FOR WORK FORM 4

(Modal Operating Parameters)

1. Record in work form 4, shown in Fig. 8.4, the values of the electrical

power ratings of each component engaged in the five primary modes of

operation. These values are obtained from manufacturer's listings

describing the components that have been selected for the system.

(See Table 4.1 for a sample listing.)

2. Record the ratings of the compressor, indoor fan coil, desuperheater

and condenser for the five modes of operation in the spaces provided

in work form 4. The supplemental phase rating of the indoor fan coil

during space cooling is taken to be 72% of its value during the ice

phase. This reduction accounts for the fact that 45°F cold brine

is circulated through the coil instead of 32°F brine, as is the case

during the ice phase of the annual cycle.

3. Record the modal operating parameters of the system for the five modes

of operation, as computed by the expressions given in Sect. 2.1.2:

(1 + CI)EC + EF + EHB + 0.75ECB
COPI(H) = EC + EF H+ EHB+ , Eq. (2.2)

I EC + EF + EHB + ECB

HI EF
COPI(C) = EF + E Eq. (2.6)

(1 + C)EC HDS + HCD
COP:(H) E + E + E or E + E Eq. (2.9)

COP ) EC ECB EHW EC +CB EHW

H. - EC
COP(BD) = E , Eq. (2.11)

EF + ECB

CS · EC - 0.25ECB
COP(BR) = E + E + E + E ' Eq. (2.14)

EC CB HB "OF
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(CI * EC - 0.25ECB)
I(H) = (1 + C)EC + EF + EHB + 0.75EB Eq.(2.3)

HI + 0.25EB
t(C) =I I - G Eq. (2.7)c 1(C) - EF

Cs EC - 0.25ECB

•s(H) = (1 + Cs)E ' Eq. (2.10)

H. + 0.25ECB
S(C) = SH - ECB Eq. (2.12)
S(C) H EF



ORNL-DWG 79-21241

ACES MODAL OPERATING PARAMETERS

Work Form 4
DATE:_ JOB:

ICE PHASE SUPPLEMENTAL PHASE
ANNUAL CYCLE ENERGY

SYSTEM HEATING COOLING HEATING COOLING BIN REJECT

POWER EQUIPMENT:

Heat pump compressor, EC kW _X X
Indoor fan coil, EF kW X X
Cold brine pump, ECB kW
Hot brine pump, EHB kW X X X
Hot water pump, EHWkW X X X X
Outdoor fan coil, EOF kW X X X X
Total Electrical Draw, ET kW

COMPONENT RATINGS:

Evaporator-side compressor COP X X
Indoor fan coil, H Btu/hr X X X
Desuperheater, HDH Btu/hr X X
Condenser, HCD Btu/hr x x x

MODAL OPERATING PARAMETERS: COPi(H) COPI(C) COPS(H) COP(BD) COP(BR)

System performance, COPp(M)*
Bin transfer coefficients, ap(M)* 1.00

a l(H) al(C) aS(H) aS(C)

(*P denotes phase of the annual cycle, M denotes operating mode.)

Fig. 8.4. Sample of work form 4 for ACES modal operating parameters.
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INSTRUCTIONS FOR WORK FORM 5

(Solar Panel Size)

1. In the spaces provided in work form 5, shown in Fig. 8.5, fill in

the values of the bin transfer coefficients aI(C) and aI(H) obtained

from work form 4. Record the values of the ice bin thermal capacity

(MBtu) and the areas (ft2) of the bin top and sides, as computed by

the expressions:

TCAP = (8.138PF + 0.811)VET , (8.6)

AT = W · L , (8.7)

AS = 2H * (W + L) (8.8)

The ice storage bin is assumed to have interior dimensions of H, W,

and L ft, respectively, and a maximum wetted volume of VWET ft3.

TCAP is the thermal capacity of the bin and PF is the ice packing

fraction, 0.4 for an ice-maker and 0.8 for a brine-chiller ACES.

2. In column A, fill in the 12 thermal loads imposed upon the ice bin

by the building demands for heating and cooling. Calculate the ice

bin thermal loads (MBtu) by the expression:

qHSE(m) = I(C) * qc(m) - aI(H) - qHT(m) , (8.9)

where qHT(m) and qc(m) are obtained from columns F and G, respectively,

of work form 3. Note that a negative value for qHSE(m) denotes heat

extraction from the ice bin, and a positive value for qHSE(m) denotes

a heat deposit in the ice bin.

3. In column B, fill in the 12 values of ground heat leakage into the

ice bin. Calculate the ground heat leakage, qL, from the expression:

qL(m) = AT * TB(m) + AS ' SD(m) . (8.10)
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The monthly ice-bin heat-leakage coefficients, TB(m) and SD(m) in

MBtu/ft2, may be obtained from Table B.2.

4. In column E, fill in the 12 values of the thermal loads imposed upon

the ice bin as a result of house loads and ground leakage. These

values are obtained by summing, for each month, the values entered in

columns A and B:

qDEp(m) qHSE(m) + qL(m) . (8.11)

5. In column F, fill in the 12 values of the solar/convector panel heat

collection capacity, PAN(m), obtained from Table B.2. In column G,

fill in values of the full-melt panel area, AFM(m), only for those

months having a net heat extraction from the ice bin. Calculate the

full-melt panel area by the equation:

AFM(m) = -qDEp(m)/PAN(m) . (8.12)

6. In column E, starting with the largest monthly net heat withdrawal,

sum in descending order until B = -qDEp(m) exceeds the thermal storage

capacity, TCAP, of the ice bin. Record in part 2 of work form 5 the

value of B obtained and the months summed.

7. In column F, sum the panel capacities over the same span of months and

record the answer, Y = SPAN(m), in part 2 of work form 5. Calculate

and record the quantity, a = .- TCAP, in part 2 of work form 5 and

compute the first iteration of the required panel size, ApAN = a/.

8. If ApAN exceeds the full melt panel areas, AFM(m), of all months not

included in the summation which determined ApAN, the iteration process

is completed. IF ApAN is less than AFM(m) for one of the months not

included in the summation, the span of months to be summed must be

expanded to include that particular month and the iteration process

must be continued.

9. In column C, fill in the 12 values of the monthly environmental energy

collected by the solar/convector panel. These values, qCOL(m), are

calculated for each month m as follows:
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If qDEp(m), listed in column C, is positive, then qCOL(m) = O. If

month m is included in the span of months summed and listed in part 2

of work form 5, then qCOL(m) = ApAN x PAN(m), that is, the panel

operates at 100% of capacity. If month m is not included in the

span of months summed, then qCOL(m) = -qDEp(m), that is, the panel

is operated at less than full capacity to melt out only that amount

of ice formed during the month.

10. In column D, fill in the 12 values of the net load imposed upon the

ice bin by house loads, ground heat leakage, and the solar panel.

These values are calculated by the expression:

qNET(m) = qHSE(m) + qL(m) + qCOL(m) , (8.13)

where the monthly values of qHSE' qL' and qCOL are obtained from

columns A, B, and C, respectively.
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ORNL-DWG 79-16645

SOLAR PANEL SIZE

Work Form 5

DATE: JOB:

Part 1

A B C D E F G
ICE BIN HEAT FLOWS FROM

NET BIN SOLAR FULL MELT
House Ground Solar BIN HEAT PANEL PANEL

MONTH Loads Leakage Panel LOAD DEPOSIT RATING AREA
qHSE qL qCOL qNET qDEP' PAN AFM
MBtu MBtu MBtu MBtu MBtu MBtu/ft 2 ft 2

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

IT. MONTHS INCLUDED IN = = AAN
NR. THE SUMMATION (3- TCAP) - qDEP PAN ca/

1

2

3

4

5

Fig. 8.5. Sample of work form 5 for sizing the solar panel.
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INSTRUCTIONS FOR WORK FORM 6

(Annual Power Consumption)

Part 1

1. In columns A and B of work form 6, shown in Fig. 8.6, enter the

12 ACES design monthly loads for heating and cooling, respectively,

as obtained from columns F and G of work form 3.

2. In column C, fill in the 12 net monthly loads imposed upon the ice

bin by the house demands for heating and cooling, ground heat leakage,

and heat deposits in the ice bin by the solar collector panel. The

net thermal loads, qNET(m), are obtained from column D of work form 5.

3. Determine the index number of the month, M, that marks the start of

the ice phase of the annual cycle by identifying in column E of work

form 5 the autumn month at which qDEp(m) first assumes a negative

value. Compute

qTOT(M) = TCAP + qNET(M) ' (8.14)

in MBtu, by summing algebraically. For the month identified as the

start of the ice phase of the annual cycle, enter the values

qTOT(M)

qHT(SP) = 0

qC(SP) = 0

qL(SP) = 0

into columns D, E, F, and G of work form 6, respectively.

4. For each succeeding month, m, compute a value of qTOT(m) by the

recursion relationship,

qTOT(m) = qTOT(m - 1) + qNET(m) ' (8.15)
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in MBtu. If the value of qTOT(m) obtained is less than or equal to

TCAP, for that month enter the values

qTOT (m )

qHT(SP) = 0
qc(SP) = O

qL(SP) = 0

into columns D, E, F, and G of work form 6, respectively.

If the value of qTOT(m) obtained is greater than TCAP, the ice phase

of the annual cycle is at an end and the system must operate in the

supplemental phase to supply the house thermal demands. Compute the

fraction F by the relationship

qTOT(m) - TCAP
F qT (m) (8.16)

qNETm

and enter the values

qT0T(m) = TCAP ,

qHT(SP) F * qHT(m)

qC(SP) = F * qc(m) , and

qL(SP) = F * qL(m)/2 ,

into columns D, E, F, and G, respectively. In the above expressions,

qHT(m) and qc(m) are obtained from columns A and B of work form 6,

respectively, and qL(m) is obtained from column B of work form 5.

5. Sum columns A, B, E, F, and G and enter the sums in the spaces provided

in work form 6. If the sums obtained are denoted by QA' QB' QE' QF'

and QG' respectively, the system cooling COP in the supplemental phase

of the annual cycle is obtained from the expressions, from Eqs. (2.16)

and (2.17)
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COPs(C) = [COP(BD)-l + Ko * COP(BR)- 1]-1 , (8.17)

where

KO = s(C) + QG/QF - as(H) * QE/QF (8.18)

Calculate COPs(C) using QE' QF' and QG from the bottom line of work

form 6, part 1, and values for the other parameters from work form 4,

and enter the value in line 3, column 4, of work form 6, part 2.
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INSTRUCTIONS FOR WORK FORM 6

(Annual Power Consumption)

Part 2

1. In part 2, line 1, enter the annual heating and cooling loads that

are delivered to the building during the ice phase and the supplemental

phase of the annual cycle. These loads are:

QHT(IP) = QA - QE (8.19)

QC(IP) =QB - QF (8.20)

QHT(SP) = QE (8.21)

QC(SP) = QF (8.22)

2. In the first 3 columns of line 3, part 2, enter the primary modal

COPs of the system, COPI(H), COPI(C), and COPS(H), as obtained from

work form 4.

3. Compute the electrical energy consumed by the system during each mode

of operation, M, by the expression

QDL(M )

QEL(M) = COPT ) (8.23)

where QEL(M) is the power consumption, QDL(M) is the delivered load

shown in line 1, and COP(M) is the modal COP shown in line 3 of work

form 6, part 2, for each of the four principal operating modes.

Enter the electricity consumptions obtained in the spaces provided

in line 2 of the work form.

4. Sum line 1 to obtain the annual delivered load and enter the result

in column G. Similarly, sum line 2 to obtain the total annual power

consumption of the system and enter the result in column G, line 2.
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5. Calculate the annual COP of the ACES, defined to be the ratio of the

annual delivered loads to the annual power consumption, and enter

the result obtained in work form 6, part 2, line 3.
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ORNL-DWG 79-16646

ACES POWER CONSUMPTION

Work Form 6
DATE: JOB:

Part 1

A B C D E F G

MONTH HEATING COOLING BIN BIN HEAT SUPPLEMENTAL PHASE
LOAD LOAD LOAD LEVEL HEATING COOLING LEAKAGE
qHT q qNET qTOT qHT (SP) qC (SP ) qL ( sP)
MBtu MBtu MBtu MBtu MBtu MBtu MBtu

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sept

Oct

Nov

Dec

TOTAL TCAP =

OL(SP) OHT(SP) ( ) ( )
K0 = aS(C) + O SP H) O- ) +c( SP --- )

COPs(C) (coP(-BD) + COP(BR) ( ) +

Part 2

SUPPLEMENTAL
SYSTEM ICE PHASE PHASE AN

ANNUAL
PERFORMANCE HEATING COOLING HEATING COOLING CYCLE

Delivered loads, MBtu

Power consumption, MBtu

COP

Fig. 8.6. Sample of work form 6 for estimating ACES annual power
consumption.

/
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INSTRUCTIONS FOR WORK FORM 7

(ACES Life Cycle Cost)

1. Record the size or quantity of the items which have been determined

for the ACES design in the column headed "item quantity," work form 7,

Fig. 8.7.

2. Record unit costs under "unit materials cost." Record total materials

costs, generally column one times column two, in the third column.

3. Estimate installation costs and enter in the fourth column of work

form 7.

4. Sum the material costs and the installation costs and enter in the

final (fifth) column of work form 7.

5. Sum each column, entering subtotals where appropriate. Sum the

subtotals of column five (installed costs) and enter in the space

provided for "total installed cost."

6. Compute and record the present value of operating costs for electrical

power and maintenance, respectively.

Power. Multiply the estimated annual power consumption of the ACES,

obtained from work form 6, by the local electrical power rate to

obtain the first-year power costs of the system. Multiply the first-

year power costs by the present worth factor, obtained from Table 7.3,

to obtain the present worth of expenditures for power over a 20-year

period.

Maintenance. If the service and maintenance costs shown in Table 7.1

are assumed, obtain the present worth of expenditures for repair and

maintenance directly from Table 7.2. If another service schedule is

considered to be more realistic, obtain its present worth value by

the use of Eq. (7.2).

7. Sum the total installed cost of the ACES and the present value of

annual operating costs for power and maintenance. Deduct from this

amount any discounted residual worth or salvage value that the system

is assumed to possess at the end of the 20-year period. Record the
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present value of the ACES life cycle cost in the space provided in

work form 7.

Salvage value. See Sect. 7.2.2 for a discussion of the considerations

that apply in determining the discounted salvage value of the system.
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ORNL-DWG 79-166bUA

ACES LIFE CYCLE COST

Work Form 7

DATE: JOB:

UNIT TOTAL ESTIMATE ITEM
ITEM MATERIAL MATERIAL INSTALL INSTALLED

COMPONENT ITEM QUANTITY COST COST COST COST

Mechanical Package Heat Pump tons

SUBTOTAL

Ice Storage Bin Wall construction ft2 $/ft2

Floor construction ft 2 $/ft2

H = ft Top construction ft2
$/ft

2

W = ft Footing construction ft $/ft

L = ft Wall insulation, in. bd-ft $/bd-ft

VTOT = ft3 Floor insulation, in. bd-ft $/bd-ft

VWET = ft
3

Top insulation, in. bd-ft $/bd-ft

Water proof liner ft 2 $/ft2

Other, excavation

SUBTOTAL

Ice Bin Heat Tubing ft $/ft
Exchanger Other ---

SUBTOTAL

Solar Collector Panel surface ft 2 $/ 2

Other

SUBTOTAL

Other Components Hot water tank gal.

Control system

Auxiliary pumps hp

Back-up heating system kW

Duct system

SUBTOTAL

Total Installed Cost

Operating Costs Present Values Fuel

|~j ~ Maintenance

Present Value Life Cycle Cost

Fig. 8.7. Sample of work form 7 (ACES life-cycle cost).
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9. SAMPLE ACES DESIGN PROBLEM

9.1 Description of the Problem

A home builder-in Anderson, Indiana, plans to construct an 1800-ft 2,

single-story, ranch-type house having the characteristics listed in

Table 9.1 and wishes to consider an ACES heating and cooling plant for the

building. The building will be of frame construction and will be occupied

by a family of four, consisting of parents and two teenage children.

Before committing himself to an ACES, the builder requires preliminary

answers to several important questions. What size ACES is needed for the

typical weather conditions of Anderson? How much will it cost? What is

the estimated performance of such a system? The following sections

illustrate how the builder can obtain approximate or detailed answers to

these questions.

Table 9.1. Planned 1800-ft2 ranch building

Foundation (30' x 60') Unheated basement

Ceiling and floor area, ft2 1800

Total wall area, ft2 1224

Window area, ft2 216

Nominal R-value, floor 11

Nominal R-value, ceiling 38

Nominal R-value, walls 13

Window type Double glazed

Storm doors Yes

Garage Attached

9.2 Rapid Design Method

From the list of 111 cities given in Table B.2, the builder finds the

city having the climate most similar to that of the proposed construction

site. As a general rule, the city nearest the construction site is

seletted, although variations in climate resulting from topographical fea-

tures, such as elevation, must be taken into account. The builder then

153
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determines the geographical zone of the selected city and obtains a de-

tailed description of the four reference houses of that zone from Table A.2.

The reference houses listed for each city possess two different levels

of building envelope thermal insulation: medium and high. The builder

must decide which of these levels most closely describes that of his planned

building; the decision identifies the two reference houses to be used in

estimating the ACES design parameters for the planned building. An ap-

proximate ACES design for the proposed building is obtained by interpo-

lating, on the basis of floor area, between the ACES design parameters

listed for the reference houses.

In the sample problem the nearest city to Anderson, Indiana, that is

listed in Table B.2 is Indianapolis, Indiana, which lies in geographical

zone G. Table A.2 shows that reference houses 3 and 4 in this zone have

a high insulation level similar to that of the planned ranch house. The

ACES design parameters for the ranch house can now be obtained by linear

interpolation between the design parameters listed for these two reference

houses in Table B.2. The interpolation is performed according to Eq. (8.3).

A4 - A A - A3

Px = P3 A4 - A3 + P4 A4 - A3S

where Px, P3, and P4 represent ACES design parameters of the ranch house,

reference house 3, and reference house 4, respectively; and Ax, A3, and A4

are the corresponding floor areas. Work form 1 (shown in Fig. 9.1) lists

the estimated ACES design parameters of a brine-chiller system for the

planned ranch house.

9.3 Manual Custom-Design Method

After considering the approximate ACES design parameters for the

planned ranch house, the builder may decide to install a partial ACES that

has a somewhat smaller ice storage bin than the example shown in Fig. 9.1.

One reason for this decision might be that the planned location of the ice

storage bin is beneath an outdoor patio, where space available is insuffi-

cient for a full ACES ice bin. The objective may also be to reduce the
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RAPID ACES DESIGN

Work Form 1

DATE: A r 1/979 JOB: ANOe ON50

Geographical Zone: Proposed ACES House: (X): 1800 ft 2 Interpolation Constants:
Reference City: Ifndiana pfls Reference House No. (3): 1200 ft2 C(3)= O 50
Insulation Level :/f Reference House No. (4): 1400 ft2 C(4- = 0.0

ACES COST AND PROPOSED ACES HOUSE REFERENCE HOUSE (3) REFERENCE HOUSE (4)
DESIGN PARAMETERS FULL PARTIAL MINIMUM FULL PARTIAL MINIMUM FULL PARTIAL MINIMUM

T, total installed cost, $ .| ;

0, operating costs present value, $ ..... .... . . . . .. l. .i........ ..

P. present value life-cycle cost, $ ........... ..... ....

V, wetted volume of ice bin, ft3 3 9'? 1,8728 s 2,2Q 1, 446 771 3,878 2, 31 174
A. area of solar panel, ft2t9 -4 /a 9 62 /76 327
L, length of ice bin coil, ft 58 6/8 5s55 466 437 'S70 50 799 69 0
U, usage of electricity, kWhr/yr 7,82.6 8 982 10, 461 , 52. 6,723 7,724 /0,000 i//, 2. 12,1 68
E, efficiency (annual COP) 3 24 2.80 2.47 3'.? 2 .78 2.42 . 1/6 2.81 2 s(1

Fig. 9.1. Completed work form 1 for sample problem.
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initial capital costs of the system. On the other hand, the builder may

believe that a minimum ACES, which has an ice tank thermal capacity

capable of supplying heating needs for only two weeks into January

without supplemental solar collection, may not afford a sufficient

margin of safety for winter weather conditions in Anderson. For these

reasons an ACES may be selected that has an ice storage bin with the recom-

mended R-40 insulation on all surfaces and a latent heat thermal storage

capacity large enough to supply all space- and water heating needs of the

building throughout January. This section illustrates the procedures to be

followed in designing an ACES to meet these conditions.

9.3.1 Determination of thermal loads

The custom design of an ACES requires determination of the design

hourly heating load and the monthly loads of the planned building for

space heating, water heating, and air conditioning. These thermal loads

may be either calculated or derived from available fuel-consumption data.

The method of loads determination for the ranch house is based on inter-

polation between the precalculated loads of the reference houses listed

in Table B.2. The interpolation method for estimating the monthly space-

cooling demands of the planned building is based on total floor areas,

whereas the interpolation method for estimating monthly space-heating

demands is based on the calculated design hourly heating loads.

Design hourly heating load

The first step the builder must undertake in performing the custom

ACES design analysis is to calculate the design hourly heating load of the

planned ranch house, by completing work form 2 according to the detailed

instructions provided. Figure 9.2 shows the completed work form for the

sample problem; the design hourly heating load for the Anderson, Indiana,

ranch house is computed to be 37,985 Btu/h. It should be noted that

calculation of the design hourly heating load is also required for properly

sizing other heating plants than an ACES.
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DESIGN DAY HEAT LOAD

DATE:AU |97 9 Work Form2 JOB A2fl SON, IN0. eANCZ IAO :

Indoor Air Temperature: TSW = 10 °F House Volume: VOL = 14 4 00 FT
3

Outdoor Air Temperature: TDD = °F Air Change Rate': ACH = . 8 AC/HR
Ground Temperature: TG = °F Wind Speed: V = 2 MPH

EXTERIOR NORTH SOUTH . EAST WEST HEAT
EXPOSURE BUILDING (or horizontal) (or horizontal) (or horizontal) (or horizontal) LOSS

SURFACES A U AT A U AT A U AT A U AT (Btu/hr)

426 I/R 72 4 6 /If 722 72 6 //S 72 5'87S'
WALLS

A G DOORS _
B R

O A GLASS AREAS .4 O.6 72 4 0.62 7 0o.62l 72 5-4 O..627 964( . _V D

E E

CEILING lSO O/4 72 40 ~ 32.40

FLOOR _______

B G FLOOR 1800 /44 10.45 = = = l
E R
L A

O D WALLS
W E

CHECK OF TOTAL ONDUCTION
VERTICAL AREAS 0 480 HEAT RATE2

INFILTRATION HEAT LOSS RATE: [0.018 X VOL X ACH X (TSW - TDD)] = /7f 084

TOTAL DESIGN DAY HEAT LOSS RATE: (CONDUCTION + INFILTRATION) =37) 985

.1
0
5 + 0.013V + 0.005ATI

*ACH = N 0.695 - where AT = TSW - TDD. V = average wind speed (mph), and N a 1.

Fig. 9.2. Completed work form 2 for sample problem.
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Monthly space-heating loads

The builder should next estimate the monthly space-heating loads of

the ranch house. The estimate is made by linear interpolation between

the loads of the reference houses listed in Table B.2 according to

Eq. (8-4),

D4 - Dx D - D3

Qx Q3 D4 - D3 Q 4 - D3

where Qx' Q3, and Q4 are the design monthly heating loads of the ranch

house, reference house 3, and reference house 4, respectively; and D ,

03, and 04 are the corresponding design hourly heating loads. The ranch

house monthly space-heating loads estimated in this manner are entered

in column A of work form 3. The estimated monthly space-heating loads

for the sample problem are shown in Fig. 9.3.

Monthly water-heating loads

Monthly water-heating loads for the Indianapolis region, based on a

hot water consumption rate of 70 gpd and a hot water storage temperature

of 120°F, are listed in Table B.2. For the sample problem these water-

heating loads should be entered directly in column B of work form 3.

Figure 9.3 shows the estimated water-heating thermal requirements for

the sample problem.

Monthly space-cooling loads

Monthly space-cooling requirements of the ranch house should be

estimated by linear interpolation between the cooling demands of reference

houses 3 and 4 listed in Table B.2, according to Eq. (8.5),

A4 - A A - A3
Qx = Q3 A4 - A3 + Q4 A4 A3

where Qx, Q3, and Q4 are the design monthly cooling demands of the ranch

house, reference house 3, and reference house 4, respectively; and Ax,
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ACES DESIGN MONTHLY LOADS

Work Form 3

DATE: -AD U 197 JOB: AuLDEsoN

A B C D E F G

CALCULATED LOADS SELECTED ACES DESIGN LOADS

SPACE WATER SPACE SPACE WATER TOTAL SPACE
MONTH HEAT HEAT COOL HEAT HEAT HEAT COOL

qH qHW qC qH qHW qHT qC
MBtu MBtu MBtu MBtu MBtu MBtu MBtu

Jan 955 5 /580 0 1051 1680 12091 0

Feb 7024 14 0 0 7TZ6 1450 9176 0

Mar 5876 1S60 0 6464 1¢60 802.4 O

Apr 2T73 13"90 87s' 2830 1/390 4220 96

May 499)9 1290 2300 /099 12.90 2389 2S530

Jun 0 I / 0 48 /1 0 166 5 /66S 5297

Jul 0 /040 6280 0 /560 /560 6908

Aug 0 / 0 SB6t 0 /S/ S' IS/ S 64S2

Sep 0 /030 370r 0 /050 /O 30 414T

Oct 1822 I/80 )260 2004 1/80 3184 /386
Nov 5014 /z29 0 55 1 12 I90 80 0

Dec 8127 /480 0 8940 1480 1042.0 0

TOTAL 40990 1/4 10 25/ 6 45089 169 90 62079 127683

Fig. 9.3. Completed work form 3 for sample problem.
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A3, and A4 are the corresponding total floor areas. The resulting monthly

cooling requirements of the ranch house are entered in column C of work

form 3. Estimated monthly cooling loads for the sample problem are shown

in Fig. 9.3.

Aces design monthly loads

The monthly thermal loads entered in columns A, B, and C of work

form 3 shown in Fig. 9.3 represent first estimates of the monthly thermal

needs of the ranch house during an average weather year. The ACES, however,

can be designed to supply either these loads or any other set of thermal

loads that the builder might select. That is, at this stage of the ACES

design analysis, the builder can modify first estimates of monthly loads

as dictated by judgment or to reflect special circumstances related

to proposed building design and anticipatedusage. Modifications to the

first estimates of the monthly space- and water-heating loads are entered

in columns D and E of work form 3 and their sum is entered in column F.

These loads, together with the revised cooling-load estimates listed in

column G, become the ACES design monthly loads. That is, the capacity of

the ACES as designed allows delivery of the monthly heating and cooling

loads listed in the last two columns of the work form shown in Fig. 9.3.

In the sample problem, for example, the builder notes that the first

estimates of the monthly space-heating and space-cooling loads for the

planned ranch house do not take into account possible heat losses (or

gains) in the air ducts. Because some of the air ducts of the planned

ranch house are to be installed in unconditioned space, the builder

estimates that duct losses (or gains) will amount to about 10% of the

delivered loads. For this reason the builder increases the monthly ACES

design heating and cooling loads by 10% over the first estimates. In

addition, the builder judges that the assumed hot water consumption rate

for the reference houses, 70 gpd, is not adequate during the summer months

for a family of four with two teenage children. He decides to increase

the water-heating loads for the months of June, July, and August by 50%

over the values listed in Table B.2. Figure 9.3 shows the ACES design

monthly thermal loads that are assumed for the sample problem.
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9.3.2 Component size and system performance

Heat pump mechanical package

The heat pump model selected for an ACES application should have a

heating capacity that exceeds by as little as possible the design hourly

heat loss of the building. (In special cases where the estimated.design

hourly cooling load is much greater than the design hourly heating load of

the building, the heat pump model must be selected on the basis of its

cooling capacity.) For the sample problem it is assumed that heat pump

mechanical packages having heating capacity ratings of 30,000, 45,000,

60,000, and 75,000 Btu/h are available, as shown in Table 4.1. Heat

pump mechanical package model HP-2 should be selected for the partial

ACES of the sample problem because it is the smallest available unit

having a heating capacity sufficient to meet the estimated 37,985 Btu/h

design hourly heat loss of the planned ranch house.

Modal operating parameters

After the heat pump mechanical package has been selected, the

efficiency of the ACES in its principal modes of operation can be esti-

mated by using work form 4, shown in Fig. 9.4. For the sample problem

the power draws and performance ratings of the ACES components are sum-

marized in Fig. 9.4. These data, taken from Table 4.1 (Sect. 4.1) and

convertedwhere necessary to the proper units, pertain to heat pump model

HP-2 which was selected for the sample problem on the basis of its rated

heating capacity. The modal COPs and bin transfer coefficients for the

basic modes of operation are calculated from these data, using the

definitions given in Sect. 2, as shown below:

(1 + CC)EC + EF + EHB + 0.75ECB

O1( r tEC E + E + + CB

(3.01)4.548 + 0.79 + 0.33 + 0.75(0.24) 2537 (2.2)
5.908
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ACES MODAL OPERATING PARAMETERS

Work Form 4
DATE: AU¢' /979 JOB: /OER$SOt/

ICE PHASE SUPPLEMENTAL PHASE
ANNUAL CYCLE ENERGY

SYSTEM HEATING COOLING HEATING COOLING BIN REJECT

POWER EQUIPMENT:

Heat pump compressor, EC kW I. '4 8 X 4.54"8 X 4.2 0
Indoor fan coil, EF kW 0.790 0.790O X 0.790 X
Cold brine pump, ECB kW 0.2.40 0. 240 0.240 0.240 0.240
Hot brine pump, EHB kW 0.330 X X X O. 033
Hot water pump, EHkW X X O. 1 30 x x
Outdoor fan coil, EOF kW XX X X O. 80
Total Electrical Draw, ET kW S 908 /.030 4.9/8 1.030 5.380

COMPONENT RATINGS:

Evaporator-side compressor COP 2.O I X 2. O I X 2..S
Indoor fan coil, H Btu/hr X -47, 300 X 13.900 x
Desuperheater, HDH Btu/hr X X 9,000 X X
Condenser, HCD Btu/hr X X 36(000 X X

MODAL OPERATING PARAMETERS: COP,(H) COPI(C) COPS(H) COP(BD) COP(BR)

System performance, COPp(M)* 2.537 12.69 1.682~ 8.88 .)99
Bin transfer coefficients, ap(M)* 0. 606 1.06S 0.663 . 09 3 1.00

al(H) aI(C) as(H) as(C)

(*P denotes phase of the annual cycle, M denotes operating mode.)

Fig. 9.4. Completed work form 4 for sample problem.
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COP (C) H - EF - 13.86 - 0.79 _ 12.69 (2.6)
°I - E + ECB 1.03F CB

HDS + HCD 2.64 + 10.55
COP(H) = EC + ECB + EHW - 4.918 2.682

H - E
COP(BD) s - F 9.94 - 0.79 = 8.88 (2.11)COP(BD)= EF + ECB 1.03 (211)

COP(BR) (Ec) - 0.25ECB 2.55(4.23) - 0.25(0.24)
COP(BR) = + ECB + EHB + EOF 5. 38

= 1.993 (2.14)

COPI(H) - 1 1.537C0P1(H) -1 - 1.537 - 0.606 (2.4)I(H) = COPI(H) = 2.537 0.606 (2

I + 0.25ECB 13.86 + 0.25 x 0.24 1.065 (2.7)
a (C- HI - EF 13.86 - 0.79

CS EC - 0O25ECB 2.01(4.548) - 0.25(0.24)a (H) EC(l + Cs) 4.548(3.01)

= 0.663 (2.10)

HS+ 0.25ECB 9.94 - 0.25(0.24) = 1093 (2.12)
"s(C) -H S-T-- 9.94 - 0.79

The system COP in the supplemental cooling mode of operation is

given by Eq. (2.16).

COP(C) = [COP(BD)-1 + Ko · COP(BR)- 1]- ,
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where the constant Ko is defined by Eq. (2.17),

QL(SP) QHT(SP)
Ko = aS(C) + QC(SP) - a(H) Qc(SP)

Here, the symbols QC(SP) and QHT(SP) represent delivered cooling and

heating loads during the supplemental phase of annual operations and

QL(SP) is the heat leakage into the ice bin during this period. These

values must first be determined for the sample problem before COPs(C)

can be calculated.

Ice bin volume

In the sample problem the volume of the ice storage bin is determined

by the decision of the builder that the ice bin must have a latent heat

storage capacity that will allow the ACES to deliver all of the space-

heating and water-heating needs of the building during January, without

supplemental heat from solar heat collection. When the ACES operates in

the heating mode the fraction of the total delivered heat that comes from

the ice storage bin is aI(H). For the ACES to supply all of the January

heating needs of the building, qHT(1), the ice bin must have an effective

storage volume [Eq. (4.2)] of:

V = qHT(1) * aI(H)/[(0.8)(8.208)]

For the sample problem, qHT(l) is obtained from the work form shown in

Fig. 9.3 and the bin transfer coefficient, aI(H), is obtained from

Fig. 9.4. These values are: qHT(1) = 12,091 and aI(H) = 0.606. When

these values are inserted into the above expression, the required effec-

tive storage volume of the ice bin is determined to be 1116 ft3.

Note that the effective storage volume of the ice bin is not the

same as the total tank volume, but represents the wetted volume that

must be available in the bin to contain the mixture of water and ice.

Additional space, for ice ballasting and for freeboard access above the

surface of the water, must be taken into account in determining the

overall bin dimensions.
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Ice-bin thermal capacity

In addition to latent heat storage, the ice bin can also store

sensible heat, corresponding to a bin temperature of up to 45°F. The

total heat-storage capacity (MBtu), latent and sensible, of the bin is

denoted by TCAP and is obtained from Eq. (2.22),

TCAP = VET [8.1378(PF) + 0.8112]

For the sample problem the wetted tank volume is V = 1116 ft3 and the

ice packing fraction is PF = 0.80. The total thermal capacity of the ice

bin is found to be: TCAP = 8171 MBtu.

Ice-bin heat exchanger

The principal design criteria for the ice-bin heat exchanger are

that it must be able to deliver heat to the evaporator at a rate that

allows the heat pump to operate at its design heat output and evaporation

temperature, and that a sufficient number of parallel flow paths must be

provided in the tubing circuit to yield an adequate brine flow rate, at

a reasonable pumping power. The design procedures for achieving these

objectives are discussed in Sect. 4.3 of this report. These procedures

are illustrated below for the sample problem.

1.. Determine the evaporator rating of the selected heat pump from

Table 4.1. The evaporator rating for the heat pump in the sample

problem is found to be: HEV = 31,150 Btu/h.

2. Determine the energy extraction density, ERD, according to Eq. (4.7),

ERD = HEV/VWET

in Btu/h/ft3. For the sample problem the energy extraction density,

or the heat extraction rate per unit volume of ice bin, is:

ERD = 31,150/1,116, or 27.9 Btu/h/ft3.
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3. Determine the lattice spacing of the heat-exchanger tubing that

corresponds to an energy extraction density of 27.9 and an average

brine temperature of 15°F. From Fig. 4.2 (Sect. 4.3.2) the lattice

spacing of the ice-bin heat exchanger tubing for the sample problem

is found to be: D = 15.52 in., which is rounded off to 16 in.

4. Determine the total length (ft) of heat-exchanger tubing that is

required in the ice bin. This is done using the following expression

obtained from Eq. (4.8),

L = 144 * VWET/D2 ,

where VWET is the wetted volume of the tank in ft3 , and D is the

lattice spacing in inches of the heat-exchanger tubes. For the

sample problem the total length of heat-exchanger tubing required

is found to be: L = 628 ft.

5. Determine the brine composition that has a freezing point well below

the winter design-day temperature of Indianapolis, listed in Table B.2

as -2°F. From Table 4.3 in Sect. 4.3.3, the brine composition

selected is 35% by weight methanol in water, which freezes at -21°F.

The K values listed in Table 4.3 for this brine composition are:

K1 = 10,108 and K2 = 2159.

6. Determine the maximum number of parallel flow paths for the heat-

exchanger tubing in the ice storage bin that will still yield

turbulent brine flow according to the expression: NMAX = HEV/Kl,

where the computed value of NMAX is rounded off to the next lower

integer. For the sample problem NMAX = 3. This means that, if the

628-ft length of heat-exchanger tubing is segmented into more than

three parallel flow paths, turbulent brine flow will not be achieved.

7. Determine the minimum number of parallel flow paths that can be

provided for the heat-exchanger tubing in the ice storage bin and

still yield a pressure drop resulting from friction that is less than
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6 psi using the graph in Fig. 4.4 of Sect. 4.3.3. The value of NMIN

obtained from Fig. 4.4 must be rounded off to the next higher integer.

For the sample problem, NMIN = 4. This means that, unless the 628 ft

of heat exchanger tubing is segmented into four or more parallel

flow paths, the pressure drop resulting from friction, occurring across

each branch of brine flow, will exceed 6 psi.

8. Determine the number of parallel flow paths that will be provided.

The results of steps 6 and 7 reveal that turbulent brine flow cannot

be achieved with a pressure drop of 6 psi, or less. Therefore, the

condition yielding an acceptable pressure drop is selected. For the

sample problem the ice-bin heat exchanger tubing, consequently, should

be segmented into four equal-length parallel flow paths.

Ice storage-bin dimensions

The ice storage bin of the sample problem is constructed by pouring

concrete into prefabricated polystyrene molds, 16 in. high by 48 in. long,

that are reinforced by vertical steel rods passing through the center of the

plastic-form blocks. The plastic forms contribute an insulating value of

approximately R-16 to the tank walls. This type of ice-bin construction

is depicted in Fig. 5.1 (Sect. 5.1.3). For the sample problem an overall

bin height of 8 ft is chosen, corresponding to six tiers of the foam-form

molds. However, not all of this height is available for water storage

because space must be reserved for ice ballast and for freeboard access

above the surface of the water. If a concrete slab is used for ice

ballast, its thickness must be at least 6% of the effective ice storage

height of the bin. At least 6 to 12 in. of free space between the water

level and the inside surface of the bin lid should be provided for anchoring

the bin liner.

The lattice spacing of the ice-bin heat exchanger tubes, for the

sample problem, has been determined to be 16 in. This means that, at

most, five 16-in.-diam. ice logs can be stacked horizontally on top of

one another in the 8-ft-high storage bin. Thus the effective ice storage

height of the bin is 80 in., or 6.67 ft, leaving 6 in. for ballast at the

bottom and 10 in. for access space at the top of the tank. For the sample
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problem the length of the ice storage bin is selected to be 12 lattice

spacings, or 16 ft. Then, to yield an effective ice-storage volume of

1116 ft3, the width of the bin must be

VWET 1116
(H · L) (6.67)(16) = 10.5 ft (1)

Based upon these dimensions of the ice bin, the heat flow areas of the

bin are: for the top, AT = 168 ft2; for the bottom, AB = AT; and for the

sides, AS = 424 ft2. In computing the rate of heat flow from the sur-

roundings into the bin, an insulation value of R-40 is assumed for all of

the storage-bin surfaces.

Solar-collector panel

The size of the solar/convector panel is determined by filling out

work form 5 according to the instructions provided. Figure 9.5 shows the

completed work form for the sample problem; the solar panel area needed

for the planned ranch house is computed to be 150 ft2. The steps required

for filling out work form 5 are illustrated below.

1. In column A fill in the 12 thermal loads imposed upon the ice bin by

the building demands for heating and cooling. Calculate the ice-bin

thermal loads by Eq. (8.9):

qHSE(m) = aI(C) * qc(m) - aI(H) * qHT(m)

For the sample problem aI(C) = 1.065, aI(H) = 0.606 and the ACES

design monthly thermal loads for the planned ranch house are obtained

from work form 3 (Fig. 9.3). The above equation, evaluated for the

month of January, yields:

qHSE(l) = (1.065)(0) - 0.606(12,091) MBtu,

or
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ORNL-DWG 79-16645

SOLAR PANEL SIZE

Work Form 5

DATE: AUT 19 7 JOB: ANDCR SON
Part 1

A B C D E F G
ICE BIN HEAT FLOWS FROM

NET BIN SOLAR FULL MELT
House Ground Solar BIN HEAT PANEL PANEL

MONTH Loads Leakage .Panel LOAD DEPOSIT RATING AREA

qHSE qL qCO L qNET qDEP' PAN AFM
MBtu MBtu MBtu MBtu MBtu MBtu/ft2 ft2

Jan -. 7327 + 1 3 +2823 -437 -4 -7194 I8.T 9 82.9
Feb -5'561 +9 04179 -1286 -s446 ( 27.82 1 96 .4
Mar -4846 +125 +47378 o -475J s/.0o8 92.8
Apr /- I32. +I1 + 13|1 0 -- 1351 90.91 14.9
May +12,47 +278 0 +1525' +152S' 117.24 0

Jun +4632 + 359 o +4991 +4991 /30.7/ 0

Jul +641 2 +443 0 +685'5 +685' 1 36.o0 0
Aug +5953 +473 o +6426 +41 6 133.97 0

Sep +3792 +439 0 +423 1+423 ( II1I.7 O
Oct -4S3 +389 +64 o -64 92.24 0.7
Nov -4/24 +290 +3854 0 -38 34 47.46 80.8
Dec -6S / +205 2 +3S 96 -2/14 1-6 11O 23.94 15s.2
al(c) = / .0'6 f (H) = .606 , TCAP =8171 MBtu. AT = /68 ft 2 , ASD = "L24 ft 2

Part 2

IT. MONTHS INCLUDED IN c= 3= 7= ApAN
NR. THE SUMMATION ( - TCAP) -_ qDEp PAN a/r

1 Dec. 'T-A s'i3/3 13304 42.7 I /O.

2 VEC, -Ah, fE£ 105'l98 /8I769 70.5'5 /S-0.2
3

4

5 .

Fig. 9.5. Completed work form 5 for sample problem.
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qHSE(l) = -7327 MBtu .

A negative sign for qHSE denotes heat extraction from the ice bin,

whereas a positive sign denotes a heat deposit in the bin.

2. In column B fill in the 12 values of ground heat leakage into the

ice bin. Calculate the ground heat leakage qL, using Eq. (8.10):

qL(m) = AT * TB(m) + AS * SD(m) ,

in MBtu, where the monthly ice-bin heat leakage coefficients, TB(m)

and SD(m), are obtained from Table B.2 (Appendix B). For the

sample problem the ice-bin heat transfer areas are: AT = 168 ft2

and AS = 424 ft2. The ground heat leakage for the month of January

is:

qL(1) = (168)(0.315) + (424)(0.190) MBtu

or

qL(1) = 133 MBtu

3. In column E fill in the 12 values of the thermal loads imposed upon

the ice bin as a result of ground heat leakage and the building

thermal loads. These values are obtained by summing algebraically

for each month the values entered in columns A and B as shown in

Eq. (8.11):

qDEP(m) = qHSE(m) + qL(m)

in MBtu. The ice-bin heat deposit for the month of January is:

qDEp(1) = (-7327 + 133) MBtu

or

qDEP(l) = -7194 MBtu
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4. In column F fill in the 12 values of the solar panel heat-collection

capacity, PAN(m), obtained from Table B.2 of Appendix B. In column G

fill in values of the full-melt panel area, AFM(m), only for those

months having a net heat extraction (negative values in column E)

from the ice bin. Calculate the full-melt panel area (ft2) by

means of Eq. (8.12):

AFM(m) = -qDEp(m)/PAN(m)

The full-melt panel area for the month of January is:

AFM(1) = 7194/18.79 ft2 ,

or

AFM(1) = 382.9 ft2

5. In column E, starting with the largest monthly heat withdrawal, sum

in descending order until P = -XqDEp(m) exceeds the thermal storage

capacity, TCAP, of the ice bin. Record in part 2 of work form 5

the value of B obtained and the indices of the months summed. For

the sample problem TCAP = 8171 BMtu and p = -(-7194 - 6110) MBtu,

or 8 = 13,304 MBtu.

6. In column F sum the panel capacities over the same span of months

used in obtaining B and record the answer, Y = YPAN(m), in part 2

of work form 5. Calculate and record the quantity, a = 8 - TCAP,

in part 2 of work form 5, and compute the first iteration of the

required panel size by the expression, ApAN = a/y, as shown in

work form 5. For the sample problem, a = (13,304 - 8,171) MBtu and

Y = (18.79 + 23.94) MBtu/ft2. The value of ApAN obtained for the

sample problem is:

AN 5133 = 120.1 ft2PAN= 42.73
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7. If ApAN exceeds the full-melt panel areas, AFM(m), of all months

not included in the summation that determined ApAN, the iteration

process is completed. If ApAN is less than AFM(m) for one of the

months not included in the summation, the span of months to be summed

must be expanded to include that particular month and the iteration

process must be continued. In the sample problem it is seen that

the value of ApAN obtained is less than the value of AFM for the

month of February. Therefore, the iteration process must be con-

tinued. Increasing the span of months to include December, January,

and February yields a second iteration panel area of 150.2 ft2. This

new value of ApAN satisfies the above criterion and the iteration is

completed.

8. In column C fill in the 12 values of the heat collected by the

solar panel during each month of the year. These values, qCOL(m),
are calculated for each month in the following manner:

If qDEp(m), which is listed in column E, is positive, then

qCOL(m)= 0.

If the month under consideration is included in the span of

months summed in part 2 of work form 5, then qCOL(m) = ApAN * PAN(m).

That is, the panel operates at full capacity during these months.

If the month under consideration is not included in the span of

months summed, then qCOL(m) = -qDEp(m) (i.e., the panel is operated

at less than full capacity to melt out only the amount of ice formed

during the month).

9. In column D, fill in the 12 values of the net thermal load imposed

upon the ice bin, as calculated by Eq. (8.13):

qNET(m) = qHSE(m) + qL(m) + qCOL(m)

For the sample problem we obtain,

qNET(1) = [-7327 + 133 + 2823] MBtu ,
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or

qNET(1) = -4371 MBtu

ACES power consumption

The annual power consumption of the ACES is determined by filling

out work form 6 according to the instructions provided in Sect. 8.3.

Figure 9.6 shows the completed work form for the sample problem. The

annual energy consumption of the ACES is computed to be 34,865 MBtu, or

10,218 kWh, and the annual COP of the system when supplying the design

monthly thermal loads shown in Fig. 9.3 is 2.58. The steps required for

filling out work form 6 are illustrated below for the sample problem.

Part 1

1. In column A of work form 6 fill in the 12 ACES design monthly

heating loads, qHT(m), as obtained from column F of work form 3.

2. In column B fill in the 12 ACES design monthly cooling loads, as

obtained from column G of work form 3.

3. In column C fill in the 12 monthly loads imposed upon the ice bin as

a result of the building thermal demands, ground heat leakage, and

heat deposits by the solar collector panel. These values of qNET(m)
are obtained from column D of work form 5.

4. From work form 5, shown in Fig. 9.5, determine the month that marks

the start of the heating season by identifying the month for which

qDE(m) first assumes a negative value. For the sample problem this

month is October; thus, September marks the last month of the

supplemental phase and October marks the first month of the ice phase

of annual operations.

Compute the total heat content of the ice storage bin (MBtu)

present at the end of October according to Eq. (8.14):
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ORNL-DWG 79-16646

ACES POWER CONSUMPTION

DATE: AU 1979 Work Form 6 JOB: AND ER SOA
Part 1

A B C D E F G

MONTH HEATING COOLING BIN BIN HEAT SUPPLEMENTAL PHASE

LOAD LOAD LOAD LEVEL HEATING COOLING LEAKAGE

qHT qC qNET qTOT qHT(SP) qC(SP) qL
(
SP)

MBtu MBtu MBtu MBtu MBtu MBtu MBtu

Jan /209 1 0 -457/ /286 o o o

Feb /176 0 -126/ 0 O 0
Mar 8024 O 0 O O O O

Apr 4220 963 0 0 0 0 0

May 23 89 230 4/625- /.sT O 0 0

Jun /6 6 S 97 +4491 ./6 O o o
Jul /S'60 ° 6 08 6855' 8/ 71 1183's 24 0 6 8
Aug 1/1 l 4 26 8/71 /s/5 45'2.. 237

Sept /0o3 4147 f4231 8171 o103O 41 7 220
0ct 31 84 /386 0 8!71 0 0 0
Nov 680S 0 0 817 0 0 0
Dec /0420 0 -2'14 16 57 0 0 0
TOTAL 6207'O9 2768' TCAP= /17 1 3'87 /S83 ? 6S '

OL(SP) OHT(SP) (61 )I (7170)
Ko s(Ci + OclS (H) - II.O3 i--- - -(10. 1, , - , .-T .

= C)O (SP) O (SP) ( 1585ftS r #839)

cop1of-L--^K y Ky

COPs(C) COP(BD) COP(BR) I) .= (--

Part 2

SUPPLEMENTAL

SYSTEM ICE PHASE PHASE
___~_______- -~ANNUAL

PERFORMANCE HEATING COOLING HEATING COOLING CYCLE

Delivered loads, MBtu f8351 118¢6 372X8 /'839 897'2

Power consumption, MBtu 23000 75 13')o 954 3S486 S

COP 2. S37 f.--9 2.682 1.660 2.-S7

Fig. 9.6. Completed work form 6 for sample problem.
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qTOT(m) = TCAP + qNET(m)

where the values of TCAP and qNET(m) are obtained from work form 6,

shown in Fig. 9.6. Evaluation of the above expression with respect

to the sample problem yields:

q TO(10) = 8171 + 0 MBtu

For the month of October the value 8171 is entered in column D of

work form 6 and zeros are entered in columns E, F, and G.

5. For each succeeding month, m, compute a value of qTOT(m), in MBtu, by

the recursion relationship according to Eq. (8.15):

qTO(m) = qTOT(m 1) + qNET(m)

Successive evaluations of this relationship for the sample problem

yield:

qTOT(11) = 8171 + 0 = 8171 MBtu

qTOT(12) = 8171 - 2514 = 5657 MBtu

qTOT(1) = 5657 - 4371 = 1286 BMtu

qTOT(2) = 1286 - 1286 = 0 MBtu

qTOT(3) = 0 MBtu

qTOT(4) = 0 MBtu

qTOT(5) = 0 + 1525 = 1525 MBtu

qTOT(6) = 1525 + 4991 = 6516 MBtu

The monthly variation in the total heat content of the ice

storage bin, shown above, illustrates the ice phase of annual system

operations. Ice buildup occurs during December, January, and

February; and full ice inventory is reached by the end of February.

The full ice inventory is maintained through March and April, and

ice decline begins in May as heat is deposited in the ice bin,
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providing space cooling. By the end of June the winter-formed ice

is nearly depleted. The values of qTOT listed above are entered

into column D of work form 6, and the supplemental phase heat flows

for the corresponding months are set equal to zero.

For the month of July a value of qTOT(7) is obtained that exceeds

the thermal capacity of the ice bin:

qTOT(7) = 6516 + 6855 = 13,371 MBtu

Then, the fraction of the July heating and cooling loads that must be

supplied while the system is operating in the supplemental phase is

expressed by Eq. (8.16):

qTOT(m) - TCAP
F - qNET(m )NET

For the sample problem,

F = 13,371 - 8,171 = 0.7586
6,855

and for the month of July the following values are entered

respectively into columns D, E, F, and G of work form 6.

qTOT(7) = 8171 MBtu

qHT(SP) = (0.7586)(1560) = 1183 MBtu

qc(SP) = (0.7586)(6908) = 5240 MBtu

qL(SP) = (0.7586)(443)/2 = 168 MBtu

Supplemental phase operations continue throughout August and September.

For these months F is equal to unity, so that the full heating and

cooling loads, listed in columns A and B, are entered into columns E

and F. The ice-bin heat leakage, qL(SP), is obtained by halving the

bin heat leakage value listed in column B of work form 5.



177

6. The system cooling COP in the supplemental phase of operations is

calculated from Eqs. (8.17) and (8.18),

COPs(C) = [COP(BD)- 1 + Ko * COP(BR)-']-l ,

where

QG QE
KO = s(C + FF - a s (H ) Q

Values of QE, QF' and QG are obtained by summing the entries in

columns E, F, and G of work form 6. The results obtained for the

sample problem are:

3728
Ko = 1.093 + 6259 - 0.663 * 15,839 = 0.9764 ,o 15,839

and

COPs(C) = [8.88- 1 + 0.9764(1.993)-1]- 1 = 1.660 .

Part 2

1. On line 1, enter the annual heating and cooling loads that are

delivered to the building during the ice phase and the supplemental

phase of annual operations. The values are obtained from part 1 of

the work form as follows:

QHT(IP) = 62,079 - 3,728 = 58,351 MBtu;

Qc(IP) = 27,683 - 15,839 = 11,844 MBtu;

QHT(SP) = 3,728 MBtu; and

Qc(SP) = 15,839 MBtu.
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2. On line 3, enter the modal COPs of the system that have been

calculated for the sample problem. These values are:

COPI(H) = 2.537;

COPI(C) = 12.69;

COPS(H) = 2.682; and

COPs(C) = 1.660.

3. For the sample problem calculate the electrical energy consumed by

the system during each mode of operation. For each column of part 2

divide the entry on line 1 by the entry on line 3, and enter the

result on line 2. Sum the entries of line 1 to obtain the total annual

load delivered by the system. Sum the entries of line 2 to obtain the

total purchased energy consumed by the system during the year. The

annual COP of the system, ACOP, is the ratio of the annual delivered

loads to the annual energy consumption. For the sample problem the

annual COP of the ACES is 89,762 MBtu/34,865 MBtu, or 2.575. The

annual consumption of electricity by the system is 34,865 MBtu or,

dividing by 3.412 MBtu/kWh, 10,218 kWh.

9.4 System Costs

The life-cycle cost of the ACES is the total investment that would be

required today for purchasing the system and prepaying all of the costs

for maintenance and electrical power over the expected lifetime of 20 years.

For the sample problem the average escalation rate of maintenance and

power costs during this period of time is assumed to amount to 8% per year,

and the personal discount rate of the owner is is assumed to be 10%. The

life-cycle cost of the ACES is given by Eq. (7-1):

P = (IC - SV) + (MC + PC)

where
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P = present value life-cycle cost of the system,

IC = initial, installed cost of the ACES,

SV = discounted salvage value or residual worth of the ACES,

MC = present worth of annual maintenance costs,

PC = present worth of annual expenditures for electrical power.

Each of these life-cycle cost components are now estimated for the sample

problem.

9.4.1 Life-cycle cost components

Initial cost

The initial, installed cost of an ACES is comprised of costs for the

purchase and installation of factory-built components and costs for

components that are built onsite. The costs of factory-built components,

such as the heat pump mechanical package, the control system, hot water

tank, etc., are obtained from price listings of manufacturers, whereas

the costs of components constructed onsite must be estimated by the

builder. In general, the costs of these components, such as the ice

storage bin, the ice-bin heat exchanger, the solar panel, etc., are

estimated on the basis of local unit costs for materials and labor. In

most cases the installed unit costs of these components can be estimated

approximately by doubling the unit costs of the materials.

Figure 9.7 shows the costs of factory-built components and the unit

installed costs of components constructed onsite that were assumed for

the sample problem. These assumed costs are for purposes of illustration

only and should not be taken to represent actual construction costs in

the Anderson, Indiana, area. In Fig. 9.7 the assumed costs of factory-

built components of the ACES that are not yet commercially available

are inferred from the costs of similar products currently on the market.

Firm costs for these components and for the solar collector panel can be

established only when the ACES has become more widely deployed. Based

upon the assumed costs listed in the figure, the first cost of the ACES for

the sample problem is $9970.
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ACES LIFE CYCLE COST

Work Form 7

DATE: AuQ /197 JOB:ANEOCSr o
UNIT TOTAL ESTIMATE ITEM

ITEM MATERIAL MATERIAL INSTALL INSTALLED

COMPONENT ITEM QUANTITY COST COST COST COST

Mechanical Package Heat Pump / .R 2 3 34 tons 27 0 2750

SUBTOTAL

Ice Storage Bin Wall construction 42 4 ft 2. I $
/ f
t

2 8 9
Floor construction /68 ft2 233 $/ft2 390

H ft Top construction /6 f
t 2 3 5 $/ft2 60

W = ft Footing construction 53 ft 5.92 $/ft 3 1 S

L = ft Wall insulation, 4 in. /69. bd-ft 0./8 $/bd ft 30 S

VTOT = ft
3

Floor insulation, -fin. //76 bd-ft 0.18 $/bd-ft 2 / 0

VWET 
=

ft
3

Top insulation, 7 in. 176 bd-ft .18 $/bd-ft 2 / 0
Water-proof liner q' 2 ft 2 0,25 $/f

2
/ O

Other, excavation O

SUBTOTAL .,70

Ice Bin Heat Tubing 628 ft /1.0 $/ft 40
Exchanger Oter

SUBTOTAL 940

Solar Collector Panel surface 5 $
/ ft 2 7 0S

Other F> x D /000 /000
SUBTOTAL i 175 0

Other Components Hot water tank 0 gal./ 5

Control system 300

Auxiliary pumps hp 100

Back-up heating system kW 100

Duct system 800
SUBTOTAL 14 50

Total Installed Cost 9970

Operating Costs Present Values Fuel 84 7
Maintenance 22.70

Present Value Life Cycle Cost SAlVAGE VAIUE = $ Z2.154 18462.

Fig. 9.7. Completed work form 7 for sample problem.
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Salvage value

The residual worth of an ACES at the end of its assumed lifetime lies

principally in the air duct system and the ice storage bin. Both of these

components may be expected to deteriorate very little over the assumed

20-year life and both have alternative uses if the ACES were to be

replaced by another system. The air ducts could continue to serve in

another type of central heating and cooling system and the ice storage

bin could be converted into useful basement area of the building. For

the sample problem it is assumed that the discounted salvage value of the

ACES is equal to 75% of the initial costs of these two components. In

the case of the ice bin, only the basic construction costs are considered

to be recoverable in this manner. The salvage value of the ACES for the

sample problem is:

SV = (0.75)(895 + 390 + 605 + 315 + 800) dollars ,

or

SV = $2254

Maintenance costs

The present value of the annual maintenance costs, or the investment

that would be required today for prepaying the ACES maintenance costs for

a period of 20 years, is calculated according to the procedures described

in Sect. 7.2 of the report. The assumed annual service and maintenance

schedule for the sample problem is shown in Table 7.1. For the sample

problem the present value of these maintenance costs, obtained from

Table 7.2, is:

MC = $2270
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Power costs

The present value of the annual power costs of the ACES, or the

payment made today that would cover all power costs of the ACES for a

period of 20 years, is calculated according to the procedure described

in Sect. 7.2.4. Assuming that the current cost of electrical power in

Anderson, Indiana, is 5¢/kWh, the power bill for one year of ACES operation

would amount to:

PO = (0.05)(10,218) dollars ,

or

Po = $510.90.

From Table 7.3 the present worth factor corresponding to an annual power

cost escalation rate of 8% and a personal discount rate of 10% is seen

to be 16.59. For the sample problem the present value of the annual

expenditures for power over a period of 20 years is:

PC = (16.59)(510.90) dollars ,

or

PC = $8475.83

9.4.2 Life-cycle cost

When the values calculated for IC, SV, MC, and PC are summed, as

shown in Eq. (7.1), the life-cycle cost of the ACES in the sample problem

is found to be $18,462. By investing this amount of money today the ACES

purchaser could presumably enjoy 20 years of air-conditioned comfort and

hot water in his home at no further cost. Although this information may

be of interest to a prospective buyer, it has practical value only if he

can compare this cost to the life-cycle cost of some other home heating

and cooling system. Suppose, for example, that he could buy another HVAC
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system at half of the initial cost of the ACES but that the system would

consume twice as much electrical power. The life-cycle cost of the

alternative system, assuming no maintenance costs and no salvage value,

would amount to [(0.5)(9970) + (2)(8475.83)] dollars, or $21,937. Of

these two systems, the ACES would clearly represent the better buy.

9.5 Summary of the ACES Design for the Sample Problem

The brine-chiller partial ACES of the sample problem, custom-designed

according to the specifications of the builder, has the component sizes and

engineering performance characteristics listed in Table 9.2.

Table 9.2. Sample problem ACES design parameters

Wetted volume of ice storage bin, ft3 1,116

Area of solar collector panel, ft2 150

Length of in-bin coil, ft 628

Usage of electricity, kWh/year 10,218

Efficiency (annual COP) 2.58

Ice storage bin

The ice storage bin has a thermal capacity of 8171 MBtu and interior

dimensions of 8.0 ft x 16.0 ft x 10.5 ft. The design of the storage bin

provides for a 10-in. access space above the water level and for 6 in. of

space at the bottom for a concrete slab ballast weight to keep the ice logs

submerged. The walls, floor, and lid of the bin are provided with a heat

insulating value of R-40 and a nylon reinforced "Hypalon" liner is installed

to make the bin waterproof. The bin is constructed of reinforced concrete

poured into "Foam Form" blocks.

Solar collector panel

The solar panel is an unglazed, flat-plate collector of the type used

for heating swimming pools. The panel is tilted toward the equator at
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an angle of 60° from the horizontal plane and is mounted in such a manner

that air can circulate on both of its surfaces. The brine that is pumped

through the panel to remove collected heat consists of 35% by weight of

methanol in water and has a freezing temperature of -21°F.

Ice-bin heat exchanger

The ice-bin heat exchanger is constructed of 628 ft of active, rigid

heat-set, plastic tubing (0.85-in. ID, 1-in. OD) connected by risers in

serpentine configuration with the active tubing positioned on a 16-in.

square, horizontal lattice. The active tubing length is segmented into

four equal-length flow circuits to prevent the brine pressure drop from

exceeding 6 psi. The tubing in the ice bin is positioned by polypropylene

ropes attached to the ballast weight and to the bin cover. The support

ropes are spaced 70 in. apart. The average temperature of the brine

leaving the heat pump evaporator is 15°F.

Power consumption

The ACES requires a 3.75 ton heat pump having a compressor draw of

4.55 kW. Other power consuming equipment of the system includes the

indoor air fan, the cold brine pump, the hot brine pump, and the outdoor

fan. The power draw values for these components are 0.79, 0.24, 0.33,

and 0.58 kW, respectively. The annual power consumption of the ACES, when

delivering the design annual loads of 45,089 MBtu for space heating,

16,990 MBtu for water heating, and 27,863 MBtu for space cooling, is

estimated to be 10,218 kWh.

Annual efficiency

The modal COPs of the system are: 2.54 in the space-heating mode,

2.68 in the water-heating mode, 12.7 in the ice-melt space-cooling mode,

and 1.66 in the supplemental space-cooling mode. The annual COP of the

ACES, operating to deliver its design monthly thermal loads, is 2.58.
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System costs

The initial, installed cost of the ACES is $9970, of which a discounted

salvage value of $2254 is assumed to be recoverable at the end of the

system lifetime. The discounted maintenance costs, over a 20-year period,

are $2270 and the present value of the power costs over the same period of

time is $8476. Based upon these values, the life-cycle cost of the ACES

is $18,462.
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A. BUILDING THERMAL LOADS DETERMINATION

Monthly thermal demands for space heating, water heating, and space

cooling have been computed for four reference single-family houses in

each of 111 cities distributed throughout 16 geographical zones of the

United States (Fig. A.1). The houses of each zone vary in design and level

of thermal insulation according to construction practices typical for the

region.l Weather data specific for each of the 111 cities are used to

compute the thermal loads of the houses. These calculated thermal loads

then form the basis of the full-, partial-, and minimum-ACES designs for

both ice-maker and brine-chiller systems. The reference houses of each

geographical zone and the methods used to calculate thermal loads for each

are described below.

A.1 Description of the Reference Houses

The four reference houses for each city are single-family residences

of frame construction having 1200 ft2 or 2400 ft2 of living space with two

different levels of thermal insulation in the building envelope. The ref-

erence houses are assumed to be oriented along the primary compass direc-

tions and to have equal window areas on each of their four sides. Assumed

construction and use characteristics affecting the thermal loads of all

the reference houses are listed in Table A.1. Depending upon the geo-

graphical zone of its location, the reference house may have one or two

stories and either a basement, crawl space, or concrete slab foundation.

Table A.2 lists design features of the reference houses for each zone.

A.2 Climate Data Sources

The monthly space-heating and air-conditioning loads of the reference

houses are computed based on the assumption that the houses are free-

standing - in an area unsheltered from the prevailing winds and sun by

variations in terrain, the proximity of trees, or by adjacent buildings.

The climatological data used in computing thermal loads are long-term

averages that represent weather observations of five to ten years. The

A-3
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Fig. A.. Boundaries of defined geographical zones.
M ---- .,- I

Fig. A.1. Boundaries of defined geographical zones.
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Table A.1. Characteristics of the reference houses

Year-round
Window shading factor 0.42
Absorption coefficient, outside walls 0.78
Absorption coefficient, roof 0.87
Internal heat sources (lights, appliances, etc.), Btu/h 4300
Air infiltration normalization,a air changes per hour 1
Number of equivalent adult occupants 3

Winter
Indoor air temperature, °F 70
Occupant sensible heat emission, Btu per hour per person 300
Indoor relative humidity control None

Summer
Indoor air temperature, °F 78
Occupant sensible heat emission, Btu per hour per person 220
Occupant latent heat emission, Btu per hour per person 200
Extraneous moisture sources, pounds of water per day 5
Maximum indoor relative humidity, % 52

aAir infiltration normalized to 1 air change per hour at conditions
of 15 mph wind speed and 70°F temperature difference across the building
thermal envelope.



Table A.2. Description of reference houses in 16 zonesa

Number Main Ground Ceiling Ceiling Wall Wall Window
of Foundation floor floor (to a(to attic ) (to attic) Winal ardow Stormof Foundation area nominal area Garage

area nominal area nominal ft2 R-value (ft2) type doors
(ft2) R-value (ft2 ) R-value (ft (ft

Zone A

House 1 Cape Cod Full basement 832 0 832 R-19 1480 R-ll 144 1-glaze No Attached

House 2 2 Full basement 1200 0 1200 R-19 1952 R-ll 288 1-glaze No Attached

House 3 Cape Cod Full basement 832 R-ll 832 R-38 1480 R-13 144 2-glaze Yes Attached

House 4 2 Full basement 1200 R-ll 1200 R-38 1952 R-13 288 2-glaze Yes Attached

Zone B

House 1 Ranch Full basement 1200 0 1200 R-19 976 R-ll 144 1-glaze No Attached

House 2 Ranch Full basement 2400 0 2400 R-19 1472 R-ll 288 1-glaze No Attached

House 3 Ranch Full basement 1200 R-11 1200 R-38 976 R-13 144 2-glaze Yes Attached

House 4 Ranch Full basement 2400 R-11 2400 R-38 1472 R-13 288 2-glaze Yes Attached

Zone C

House 1 Ranch Crawl space 1200 0 1200 R-19 976 R-ll 144 1-glaze No None

House 2 Ranch Full basement 2400 0 2400 R-19 1472 R-ll 288 1-glaze No Carport

House 3 Ranch Crawl space 1200 R-ll 1200 R-38 976 R-13 144 2-glaze Yes None

House 4 Ranch Full basement 2400 R-ll 2400 R-38 1472 R-13 288 2-glaze Yes Carport

Zone D

House 1 Ranch Slab 1200 0 1200 R-19 976 R-ll 144 1-glaze No None

House 2 Ranch Crawl space 2400 0 2400 R-19 1472 R-11 288 1-glaze No Carport

House 3 Ranch Slab 1200 R-7 1200 R-38 976 R-13 144 2-glaze Yes None

House 4 Ranch Crawl space 2400 R-11 2400 R-38 1472 R-13 288 2-glaze Yes Carport



Table A.2. (continued)a

Number Main Ground Ceiling Ceiling Wall Wal Win
Foundation floor floor (to attic) (to attic) a a Window Stormof Foundation area nominal area Garage

stories area nominal area nomina ( ) Ralue ( ) type doors
(ft2 ) R-value (ft2 ) R-value

Zone E

House 1 1 Slab 1200 0 1200 R-19 976 R-11 144 1-glaze No Carport

House 2 1 Slab 2400 0 2400 R-l9 1472 R-ll 288 1-glaze No Carport

House 3 1 Slab 1200 R-7 1200 R-38 976 R-13 144 2-glaze No Carport

House 4 1 Slab 2400 R-7 2400 R-38 1472 R-13 288 2-glaze No Carport

Zone F

House 1 1 Part basement 1200 0 1200 R-19 976 R-ll 144 1-glaze No Attached

House 2 1 Full basement 2400 0 2400 R-19 1472 R-ll 288 1-glaze No Attached

House 3 1 Part basement 1200 R-ll 1200 R-38 976 R-13 144 2-glaze Yes Attached

House 4 1 Full basement 2400 R-ll 2400 R-38 1472 R-13 288 2-glaze Yes Attached

Zone G

House 1 Bi-level Part basement 832 0 832 R-19 1480 R-ll 144 1-glaze No Integral

House 2 Ranch Full basement 2400 0 2400 R-19 1472 R-ll 288 1-glaze No Attached

House 3 Bi-level Part basement 832 R-ll 832 R-38 1480 R-13 144 2-glaze Yes Integral

House 4 Ranch Full basement 2400 R-ll 2400 R-38 1472 R-13 288 2-glaze Yes Attached

Zone H

House 1 1 Full basement 1200 0 1200 R-19 976 R-11 144 1-glaze No Attached

House 2 1 Full basement 2400 0 2400 R-19 1472 R-ll 288 1-glaze No Attached

House 3 1 Full basement 1200 R-ll 1200 R-38 976 R-13 144 2-glaze Yes Attached

House 4 1 Full basement 2400 R-ll 2400 R-38 1472 R-13 288 2-glaze Yes Attached



Table A.2. (continued)a

Number Main Ground Ceiling Ceiling Wall Wall Window
of Foundation floor floor (to attic) (to attic) area nominal area Garage

stories F d o area nominal area nominal type doors
(ft2 ) R-value (ft2) R-value

Zone I

House 1 Ranch -Part basement 1200 R-ll 1200 R-19 976 R-ll 144 1-glaze No Attached

House 2 Ranch Full basement 2400 R-ll 2400 R-19 1472 R-11 288 1-glaze No Attached

House 3 Ranch Part basement 1200 R-19 1200 R-38 976 R-13 144 2-glaze Yes Attached

House 4 Ranch Full basement 2400 R-19 2400 R-38 1472 R-13 288 2-glaze Yes Attached

Zone J

House 1 Ranch Slab 1200 0 1200 R-19 976 R-ll 144 1-glaze No Carport

House 2 Ranch Slab 2400 0 2400 R-19 1472 R-ll 288 1-glaze No Carport

House 3 Ranch Slab 1200 R-7 1200 R-38 976 R-13 144 2-glaze No Carport

House 4 Ranch Slab 2400 R-7 2400 R-38 1472 R-13 288 2-glaze No Carport

Zone K

House 1 1 Crawl space 1200 0 1200 R-19 976 R-ll 144 1-glaze No Attached

House 2 1 Full basement 2400 0 2400 R-19 1472 R-ll 288 1-glaze No Attached

House 3 1 Crawl space 1200 R-19 1200 R-38 976 R-13 144 2-glaze Yes Attached

House 4 1 Full basement 2400 R-ll 2400 R-38 1472 R-13 288 2-glaze Yes Attached

Zone L

House 1 1 Part basement 1200 0 1200 R-19 976 R-ll 144 1-glaze No Carport

House 2 1 Full basement 2400 0 2400 R-19 1472 R-11 288 1-glaze No Attached

House 3 1 Part basement 1200 R-ll 1200 R-38 976 R-13 144 2-glaze Yes Carport

House 4 1 Full basement 2400 R-ll 2400 R-38 1472 R-13 288 2-glaze Yes Attached



Table A.2. (continued)a

Number Main Ground Ceiling Ceiling Wall Wall Window

o Foundation floor floor (to attic) (to attic) arlWindow Storm
area nominal area nominal

stories area nominal area nominal (fti) R-value (ft2) type doors(ft2) R-value (ft2) R-value

Zone M

House 1 1 Slab 1200 .0 1200 R-19 976 R-11 144 1-glaze No Carport

House 2 1 Slab 2400 0 2400 R-19 1472 R-ll 288 1-glaze No Carport

House 3 1 Slab 1200 0 1200 R-38 976 R-13 144 2-glaze No Carport

House 4 1 Slab 2400 0 2400 R-38 1472 R-13 288 2-glaze No Carport

Zone N

House 1 1 Crawl space 1200 0 1200 R-19 976 R-ll 144 1-glaze No Carport

House 2 1 Crawl space 2400 0 2400 R-19 1472 R-ll 288 1-glaze No Attached

House 3 1 Crawl space 1200 R-ll 1200 R-38 976 R-13 144 1-glaze No Carport

House 4 1 Crawl space 2400 R-11 2400 R-38 1472 R-13 288 2-glaze No Attached

Zone 0

House 1 1 Slab 1200 0 1200 R-19 976 R-ll 144 1-glaze No Attached

House 2 1 Crawl space 2400 0 2400 R-19 1472 R-11 288 1-glaze No Attached

House 3 1 Slab 1200 0 1200 R-38 976 R-13 144 2-glaze Yes Attached

House 4 1 Crawl space 2400 R-ll 2400 R-38 1472 R-13 288 2-glaze Yes Attached

Zone P

House 1 1 Slab 1200 0 1200 R-19 976 R-ll 144 1-glaze No Carport

House 2 1 Slab 2400 0 2400 R-19 1472 R-ll 288 1-glaze No Carport

House 3 1 Slab 1200 0 1200 R-38 976 R-13 144 2-glaze No Carport

House 4 1 Slab 2400 0 2400 R-38 1472 R-13 288 2-glaze No Carport

aAssumed for all reference houses: House 1 - total floor area, 1200 ft2 ; medium insulation level. House 2 - total floor area,
2400 ft2; medium insulation level. House 3 - total floor area, 1200 ft2; high insulation level. House 4 - total floor area, 2400 ft2;
high insulation level.
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design-year weather data for each city, which describe the monthly

environmental conditions existing outside the thermal envelope of the

reference houses, consist of:

1. Average monthly wind speed.2 Wind direction is not taken into account

in computing the thermal loads of the reference houses.

2. Monthly average daily total solar radiation falling on a horizontal

surface.2 (These values are used to compute the average daily

insolation on vertical surfaces.) 3

3. Monthly mean frequency of outdoor dry bulb temperatures. 4 Mean

coincident wet bulb temperatures are available for each dry bulb

temperature range.4

4. Monthly average ground temperatures at various depths are calculated

according to the method described in Sect. 3.3. An average soil dif-

fusivity of 0.025 ft2/h is assumed for all locations. Local variations

in soil properties and moisture content are not taken into account.

A.3 Methods of Loads Calculations

A.3.1 Monthly space-heating loads

The heating and cooling loads of the reference houses, listed in

Table B.2, were computed using temperature-bin weather data. These data

consist of tabulations of outdoor air temperatures and time durations for

each month of the year. The tables are compiled by defining consecutive

5°F-wide temperature bins and finding the total elapsed time in each month

for which the outdoor air temperature falls within each bin range. The

time durations of temperatures may be further broken down into daytime and

nighttime hours.4 The temperature-bin data preserve the integral of

temperature vs time needed for calculating steady-state heat losses from

the building but lose information on temperature sequences that is required

for calculating transient heat flow. As a result, the temperature-bin

method cannot correctly treat the effects of thermal inertia in a building

and is limited to use with light residential structures.

Application of the bin method requires detailed information concerning

the construction, orientation, location, and intended use schedule of the
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building. The orientation, window areas, and location of the building are

required for estimating the solar gains of the building. Solar gains

through glazed areas are computed by using solar radiation intensities

obtained by the method of T. Kusuda.3 These intensities have been tabu-

lated for various locations in the United States.2 Solar gains resulting

from radiation impinging upon opaque areas of the building (roof and walls)

are computed by a method that is equivalent to the sol-air temperature

technique. 5 The heat emitted by internal sources (sensible and latent

heat deliveries to the building resulting from the operation of lights

and appliances and the presence of people) is estimated from intended use

and occupancy schedules.

The effect that the construction and design of a building has on air

infiltration and heat conduction determines its overall "heat loss

coefficient." The heat loss coefficient of a building, UAT, is the rate of

heat loss per degree of temperature difference existing between the

interior and exterior of the house. The coefficient, in Btu/h/°F, is

expressed by:

UAT = CINF + Uk Ak (A.1)

where

CINF = the monthly average air infiltration coefficient, Btu/h/°F;

Uk = the heat transmission coefficient of surface element k,

Btuh/ft2 /0 F;

Ak = the area of surface element k, ft2.

The summation in Eq. (A.1) is taken over all surface elements of the

building envelope that are exposed to outside ambient-air temperatures.

The heat loss coefficient of the building can be used to compute the

outdoor balance temperature, TBAL, the temperature at which the heat

losses of the house are balanced by heat inputs from internal and solar

sources. This heat flow balance condition, in Btu, is expressed by:

UAT(TSET - TBAL) = (RINT + RSUN) ' (A.2)
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where

TSET = the interior room temperature, OF;

RIN T = the rate of heat input by internal sources, Btu/h;

RSUN = the solar heat gain through both glazed and opaque surfaces,

Btu/h.

Solving Eq. (A.2) for TBAL gives:

TBAL = TSET - (RINT + RSUN)/UAT (A.3)

The physical significance of TBAL is that the heating plant must deliver

heat to the house only when the outdoor air temperature falls below this

value.

The monthly quantity of heat that must be delivered to the building

by the heating plant to maintain the desired room temperature can be

obtained by equating the monthly heat losses of the building to the

monthly heat gains. For any given month m, this condition is expressed

by:

I I

qH(m) + (RINT + RSUN) h(i,m)= UAT[TSET
i=l il

- T(i)]h(i,m) , (A.4)

where

qH(m) = the total space heating load during month m;

m = the month index number (1 to 12);

i = the temperature bin index number;

T(i) = the mid-temperature of bin i, °F;

h(i,m) = the temperature time duration in bin i, for month m, hours;

I = the bin index number for which T(i) = TBAL.

The bin temperature, T(I), increases with ascending values of the bin index

number, i.
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The monthly space heating load, in Btu, is obtained by solving

Eq. (A.4) for qH(m) and inserting the definition of TBAL, which is given

in Eq. (A.3), into the resulting expression. The result obtained is:

I
qH(m) = UAT · [TBAL - T(i)] * h(i,m) (A.5)

This monthly space-heating load is identical in form to the conventional

heating degree-day method. In the bin method, however, TBAL is calculated

explicitly; in the heating degree-day method TBAL is assumed to be 65°F for

all buildings and climates. The explicit calculation of TBA L makes it

possible to account for differences in life-style (thermostat setting,

lights and appliance usage, and occupancy schedules) and to account for

differences in the building construction (location, orientation, window

areas, thermal insulation level, and air infiltration control). Further-

more, TBAL is not assumed to be constant, but is calculated each month

separately for daytime and nighttime conditions. Thus, the temperature-

bin method of calculating thermal loads affords flexibility in modeling

specific building designs and uses.

A.3.2 Monthly space-cooling loads

The calculation of monthly space-cooling loads by the temperature-bin

method requires separate estimations of the sensible and latent heat gains

of the building. The sensible heat gains are from solar radiation, internal

heat sources, infiltration of outdoor air, and heat conduction through

the thermal envelope of the building. The balance temperature of the

house for cooling, TBA L, is obtained from Eq. (A.3), where TSET is the

desired summer indoor air temperature. The cooling plant is activated

to remove sensible heat from the building only when the outdoor air tem-

perature rises above TBAL. The monthly sensible cooling load is obtained

from the expression,

IMAX
qc(m) UAT . (T(i) - TBAL) * h(i,m) , (A.6)

1=T
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where IMAX is the bin index number of the largest T(i) that exceeds TBAL,

and the other variables are as defined previously.

The monthly latent cooling load arises from the desirability of

maintaining the relative humidity of the indoor air at a comfortable level.

During the summer the moisture content of the indoor air tends to rise

because of moisture introduced by air infiltration, the presence of people,

and activities such as cooking and washing. The latent cooling load

caused by air infiltration is based on an estimated air exchange rate and

is calculated from mean coincident wet bulb temperatures that are listed

in the temperature-bin data. The latent heat emission of the occupants of

the building is about 200 Btu/h per person, and the moisture added to the

indoor air by cooking, dish washing, laundering, and bathing is estimated

to range from 5 to 10 lb of water per day. The total monthly space-

cooling load is obtained by summing the sensible and latent cooling loads.

A.3.3 Monthly water-heating loads

Monthly water-heating loads corresponding to a consumption rate of

70 gal/d of hot water have been computed using the method described in

Sect. 3.2.3. The cold water inlet temperature for each of the reference

cities is assumed to be equal to the average monthly ground temperature

at a depth just below the frost line. The method of estimating ground

temperatures, described in Sect. 3.3, requires knowledge of the annual

average air temperature, amplitude of the annual cycle of monthly average

outdoor air temperatures, and the phase angle of the earth temperature

cycle. These parameters, denoted by Ao, Bo, and P0, respectively, are

listed in Table B.2 for each of the 111 reference cities. The estimated

monthly water-heating loads of the four reference houses are listed in

Table B.2.

A.3.4 Computer program

The procedures described here for estimating the monthly thermal loads

of a building have been incorporated into a computer program, MAD. From

weather and house-design data, the program computes the monthly thermal
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loads of the building. From these, the optimized ACES design is then

computed. Computer-produced ACES design and performance data are listed

in Table B.2. A report in which the program is listed and its functions

are described in detail is currently in preparation at the Oak Ridge

National Laboratory.6
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B. COMPUTER ACES DESIGNS

Computer printouts of 24 different ACES designs for each of 111 cities

in the United States are presented here. Full-, partial-, and minimum-ACES

designs are tabulated for each of four reference houses in each city.

Component sizes and system performances (COPs) are listed for both ice-

maker and brine-chiller ACES. The assumptions underlying the ACES design

and performance estimates are described below.

B.1 ACES Component Characteristics

The ACES designs tabulated in this appendix are based upon the

assumptions listed in Table B.1.

B.2 Description of the ACES Design Tables

The ACES designs for the four reference houses in each of 111 cities

in the United States are listed in this section alphabetically by state.

The ACES designs listed are "best case" designs, that is, sizes of compo-

nents associated with the ice storage bin - the solar collector panel, the

ice-bin heat exchanger, and the heat pump - are the smallest that will

yield the design loads of the reference houses. For each reference city,

climatic data, design thermal loads for the reference houses, and optimized

ACES design and performance data are listed. Data listed in the computer

printouts for each reference city and the nomenclature used include:

* geographical zone in which the city is located;

* average January wind speed in mph;

* ratio of the total to sensible cooling load for the four reference

houses;

* latitude, longitude, and elevation of the reference city;

* ground temperature constants Ao, Bo, and Po for use in Eq. (3.2),

where Ao and Bo have units of °F, and Po is in radians; and

* winter and summer design-day temperatures in °F for the reference

city and the assumed indoor air temperatures of the house.

B-3
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Table B.1. Assumptions about ACES components

System performancea
Heating season COPI(H) 2.55
Stored-ice cooling COPI(C) 12.71
Chilled-water cooling COP(BD) 8.90
Heat collection COP Calculated
Summer water heating COPS(H) 2.68
Bin heat removal COP(BR) 2.01
Supplemental cooling COPs(C) Calculated
Cycling losses 0
Duct losses 0

Ice storage bin
Height of wetted volume, ft 8
Cross section Square
Depth below ground surface, ft 1
Thermal insulation (top, bottom, and sides - R-value) 40

Solar/Convector panel
Finned aluminum tubing or plastic corrugated sheet Unglazed
Number of convective surfaces 1
Mounting, optimum tilt angle for winter solar heat

collection

Hot water tank
Tank wall area, ft2 30
Insulation R-value 12
Hot water storage temperature, °F 120
Hot water usage rate, gpd 70
Tank volume, gal 80

aMechanical package is vented to the outdoors during summer
operation.
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The computer printouts also list the estimated design hourly

heating and cooling loads for the four reference houses and the esti-

mated monthly demands for space heating, water heating, and space

cooling, where

QHW(M) = design monthly water-heating load, in MBtu/month;

QH(M) = design monthly space-heating load, in MBtu/month;

QC(M) = design monthly latent and sensible cooling load, in

MBtu/month.

The design monthly water-heating loads are assumed to be the same for

each of the four reference houses of a given city. The computer print-

outs list the total annual thermal demands of each reference house for

space heating, water heating, and space cooling.

The computer printouts include a listing for each city of the

estimated average monthly heat leakage from the earth into an under-

ground, 32°F storage bin that is insulated on all surfaces to a thermal

resistance of R-40. Also listed are the estimated average monthly heat-

collection capacities of a flat plate, unglazed solar-collector panel

that faces south and is at an angle from the horizontal plane equal to

the latitude of the city plus 20°. In the computer printouts

TB(M) = average monthly ground heat leakage into the storage bin

through the combined top and bottom areas of the tank, in

MBtu/ft2/month;

SD(M) = average monthly ground heat leakage into the storage bin

through the combined areas of the four sides of the tank,

in MBtu/ft2/month;

PAN(M) = average monthly ambient heatcollection capacity of an

unglazed solar collector panel that is optimally mounted

for winter heat collection, in MBtu/ft2/month.

Also listed are the following design parameters of optimized brine-

chiller and ice-maker ACES for each city:
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* volume of the ice storage bin, ft3;

* area of the solar collector panel, ft2;

* length of the ice-bin heat exchanger coil, ft;

* annual electricity use, kWh; and

* efficiency, or annual COP.

These design parameters are listed for the three different sizes of the

ice storage bin (i.e., for a full, partial, and minimum ACES) for each of

the four reference houses in each city. The sizes of the full- and

minimum-ACES bins were calculated according to procedures described in this

report. The size of the partial-ACES bin was selected arbitrarily at

midway between the sizes of full- and minimum-ACES bins.

B.3 ACES Design and Performance Tables

B.3.1 Reference ACES cities

State City Page

Alabama Birmingham B-10
Montgomery

Arizona Phoenix B-12
Tucson

Arkansas Little Rock B-14

California Los Angeles B-15
Merced
San Diego

Colorado Colorado Springs B-18
Denver
Grand Junction

District of Columbia Washington B-21

Florida Apalachicola B-22
Jacksonville

Georgia Atlanta B-24
Augusta
Macon

Idaho Boise B-27
Idaho Falls

Illinois Chicago B-29
East St. Louis
Urbana
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Indiana Fort Wayne B-32
Indianapolis
South Bend

Iowa Des Moines B-35
Sioux City

Kansas Dodge City B-37
Topeka

Kentucky Louisville B-39

Louisiana Lake Charles B-40
New Orleans
Shreveport

Maine Portland B-43

Massachusetts Falmouth B-44

Michigan Battle Creek B-45
Detroit
Sault Ste. Marie

Minnesota Duluth B-48
International Falls
Minneapolis

Mississippi Biloxi B-51
Columbus
Jackson

Missouri Columbia B-54
Kansas City
Springfield

Montana Billings B-57
Great Falls
Missoula

Nebraska Grand Island B-60
Lincoln
North Platte

Nevada Ely B-63
Las Vegas
Winnemucca

New Jersey Trenton B-66

New Mexico Albuquerque B-67
Roswell

New York Albany B-69
Binghamton
Niagara Falls
Syracuse
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North Carolina New Bern B-73
Greensboro

North Dakota Bismarck B-75
Grand Forks
Williston

Ohio Akron B-78
Columbus
Dayton
Toledo

Oklahoma Altus B-82
Oklahoma City
Tulsa

Oregon Astoria B-85
Medford
Portland

Pennsylvania Middletown B-88
Philadelphia
Pittsburgh
Wilkes-Barre

South Carolina Charleston B-92
Greenville
Sumter

South Dakota Huron B-95
Rapid City

Tennessee Bristol B-97
Knoxville
Memphis
Nashville

Texas El Paso B-101
Ft. Worth
Houston
San Antonio

Utah Salt Lake City B-105

Vermont Burlington B-106

Virginia Norfolk B-107
Richmond
Roanoke

Washington Moses Lake B-110
Seattle
Spokane

West Virginia Charleston B-113
Elkins

Wisconsin Green Bay B-115
Madison
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. Wyoming Casper B-117
Cheyenne
Lander
Sheridan

B.3.2 Computer printouts

Table B.2 lists computer solutions of ACES designs and performances

for 111 U.S. cities.



Table B.2. Computer solutions for ACES design and performance in 111 U.S. cities

BIRMINGHAM, ALABAMA

GEOGRAPHICAL ZONE = D LATITUDE (DEG) = 33.6 GROUND AO = 62.55 F AIR TEMP: OUTD3OR INDOOR
JANUARY WIND (MPH) = 9.0 LONGITUDE (DEG) = 86.8 TEMPERATURE BO = 18.77 F WINTER 17 F 70 F
COOLING(TOTAL/SENS.) = 1.17 ELEVATION (FT) = 620. CONSTANTS: PO = 0.537 RAD SUMMER 94 F 78 F

I__ ____ ______ U_______LBUILDING_ ESIGN MONTHLY THERMAL LOADS_____ ----------------- __ ------ __l
I R-40 INSULATION I UNGLAZEDI DOMESTICI _______EDIUM INSULATION___ I IGHINSULATION-- _

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 I HOUSE 3 I HOUSE 4
I COEFFICIENTS (32FI L_HEA__T__ _HEAT __ _____ 10_T2_____ .____2400_ T2 __ _ 1200 FT2 __ 2400_ FT2 ___

(M) I TB(M) I SD(M) I PAN(M) QHW(M) I QH(M) I QC(M) I QB(M) I QC(n) I QH(M) I QC(M) I QH(M) I QC(M)
I - l_ __ .BT.ZFT2 __ ___M BT FT2___ i___ _ BT___ .BTBTU__ __fBT__ _ __ __ ... __T__. _____ - BT_ .. __ BT _MBT BTU

JAN I 0.773 f 0.410 [ 52.99 1410 5720 1 0 1 13720 1 0 I 2490 I 0 I 6810 0
FEB I 0.676 I 0.341 I 67.39 I 1260 | 4030 I 0 1 9940 I 0 I 1560 | 370 1 4590 I 0
__ MAR __- 0.823_1 _ .392___90.36_i____1320_l____ 320_l________ .i___8440 __._1140 ....____.8_1 _3720_ ___ 1120
APR | 0.947 I 0.439 I 111.83 1 1150 1 1310 1 1500 4070 I 2080 1 0 1 2180 I 1430 I 3020
MAY I 1.182 I 0.547 I 128.14 1 1040 | 0 I 3110 1 1280 I 4450 t 0 I 4130 I 0 I 5450

I JUN___ 1.324_J_ 0.6231__ 12816_1____890_ .______0___4530_ 0 1 ...._63_80 ....... 0__1 .... 5550_1 __ _ ___ 7550_
I JUL I 1.495 1 0.723 I 127.16 l 850 I 0 I 6260 1 0 | 8610 I 0 I 6620 I 0 I 9310

A UG I 1.524 I 0.759 I 129.81 | 860 | 0 I 6380 1 0 I 8830 I 0 I 6540 1 0 I 9190
I__S _ E __L. 401_1 0.720 __ 123.23_1.____.91__1_____ ___.___4380_ _ .___ _0_1_ .._60120 _______ _ .__ 6410_
I OCT 1 1.285 I 0.680 I 100.90 1 1070 1 650 I 1990 1 2360 I 2760 I 0 | 2410 [ 1150 I 3230
I NOV I 1.053 1 0.569 I 76.07 | 1180 1 2420 I 0 1 6450 I 0 I 1050 I 730 I 3420 I 970
I DEC __ 0.898 1 0.488 1_ 59.10___ 1340 1 _4310 __- 0 10

7
20 I___ 0 _1 _l870_ ___ _0 L_ 0__

_IANNOUAL THERMAL LOADS__ (BTU ....._J_ 13280_ 1 _21720_- 28150 1 56980 1 39130 1 .____8101 __3415o_1___26_53 _1__46250
IDESIGN HOURLY THERMAL_ LODS__ IBTHRL ___ __l 0220___ 21132___56198 I 3423 __18688_ I 19612 ___3

-__________ ___ _ -- ____ ____-__ __ -_-CALC--LATED_ACES_DESIGN ______ ______ _____ _____
ACES I -- _HOUSE_1 _H__O_____OUSE 2_____ I____ _ HOUSE_ _ - HO E 4 __
SIZE I SYSTEM DESIGN PARAMETERS I ICE | BRINE I ICE I BRINE I ICE I BRINE | ICE I BRINE

-___1_ [ A ___CILL_____________ i_ _ER __LCHILLER I MAKER __CHILLER__ AIKER__lCILLER I__MAKER__L CHILLER I
VOLUME OF ICE BIN, FT3 V 1 3228 1 1912 1 7043 1 4226 1 1335 1 792 1 3314 1 1950

IAREA OF PANEL, FT2 A I 0 I 0 I 0 j 0 I 0 I 0 I 0 I o0
FULL ILENGTH OF ICE BIN COIL, FT L I 0 l 459 1 0 I 903 1 0 I 280 I 0 1 554

IUSAGE OF ELECTRICITY, KWH/YR U I 7146 1 6922 I 10948 1 10644 I 7266 I 7272 I 10403 1 10435
I _ ---- lBI……IE…aX_-Aan-C£PL_-----____-- B__i____---259-l_-__267 _2.93__3-0_1 ._2_24_ 3.__ 2.21_ 4 I 2 __ 42L _ i_ 242_

IVOLUME OF ICE BIN, FT3 V 1 1944 1 1121 1 4222 2 2463 I 848 1 486 I 2037 1 1165
JAREA OF PANEL, FT2 A 19 I 19 1 42 I 41 { 0 l 0 { 21 1 21

PARTIALILENGTH OF ICE BIN COIL, FT L 0 431 [ 0 I 848 0 1 264 I 0 1 520
USAGE OF ELECTRICITY, KWH/YR U I 7916 7942 1 13046 1 12754 { 7772 1 7777 I 11412 1 11427

I---_IEFFICIENCY fANNUALCQOPL __. ____ _ 2 _.34 _ 2.33 1 2j46 -1 _251 1__ 2.09_ ____2_09_1___2 1 __ 2.21 1
IVOLOME OF ICE BIN, FT3 V I 660 1 330 I 1401 I 700 I 361 1 180 I 761 I 380
IAREA OF PANEL, FT2 A 1 45 " 48 I 98 1 105 1 24 2 27 53 1 57

IMINIMUMILENGTH OF ICE BIN COIL, FT L I 0 370 1 0 1 725 1 0 1 233 1 0 1 452
IUSAGE OF ELECTRICITY, KWH/YR U I 8572 1 8567 1 14238 I 14234 1 7927 1 7986 1 12138 1 12125

I_-- -_ FICIENCIA AIL uCOPL L.____ ________L 2I____2I6_i.__2 .16 1____2.25 _ 1 ___. 2.25 ___ .2-_____2 4_.___ 80_ _ 2.08_



MONTGOMERY, ALABAMA

GEOGRAPHICAL ZONE = D LATITUDE (DEG) = 32.4 GROUND AO = 64.98 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 8.0 LONGITUDE (DEG) = 86.4 TEMPERATURE BO = 17.88 F WINTER 21 F 70 P
COOLING(TOTAL/SENS.) = 1.19 ELEVATION (PT) = 169. CONSTANTS: PO = 0.538 RAD SUMMER 96 F 78 F

I_._..... _____________ __ BUILDING DESIGN MONTHLY THERMAL LOADS______________ _ _ ____--
-40 INSULATION I UNGLAZED) DOMESTIC ____MEDIU ISULATION HIGH INSULATION -- ___ ~

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 | HOUSE 3 | HOUSE 4
I _COEFFICIENTS(32F) HEAT __ HEATL___[ 120o_ T2 ____ ..___2.00_FT2 _____ _ 1200 FT2 J__ ___2400 FT2

({) I TB(M) I SD(M) I PAN(M) I QHWB() I QH(H) I QC () H(M) I QC(H) I QH(M) QC (M) I QH(n) I QC() I
1___._... I - MBTTU/FT2 I BBTU/FPT21 __ MBU - fBT _BTUI _ IT_ HBTU _ IBB_ I BTU -- T____ T -__B_ _ BTO MBT

JAN B 0.881 1 0.463 59.14 I 1350 I 4430 | 0 I 10990 0 I 1880 I 0 I 5420 I 0
I FEB I 0.774 1 0.390 66.62 I 1210 I 3100 0 I 8000 1 0 1 1160 I 550 I 3620 I 0
I MAf__I 0.928 1 0.446 1 93.40 I__1270 ....___210 620 62 I 6600 _ __.. _ - 740 I 1000 I _2800 .1 1380_1
I APR 1.0421 0.4881 108.55 1 1110 1 710 1 2050 1 26601 2890 1 0 1 2830 1 780 1 3740
I MAY I 1.270 1 0.593 1 119.84 I 1000 I 0 1 3790 I 0 1 5470 I 0 I 4850 I 0 I 6430
I JUN _ _ 1.400 1 0.664 1 122.88 I .860 1 0 -5630 0 - __70 _ I__0 _2 I __6210 _ 0_i- 8660
I JOL I 1.569 1 0.761 1 130.19 I 820 I 0 | 7080 I 0 j 9950 I 0 I 7140 ! 0 I 10310
I AUG I 1.596 g 0.795 123.18 I 830 I 0 1 7340 1 0 1 10530 | 0 1 7150 I 0 I 10350
I__SEP__ 1.475 1 0.755 1 119.611___ 870 ....... 0__ 5240 1 0 71_ __220 ! -- 0I 5 Q i80 ___ 0 I__ 7470I
I OCT 1.369 0.7201 101.851 1030 1 0 1 2550 I1 13301 3570 1 0 1 2970 1 0 1 39701
I NOV I 1.143 0.612 1 81.47 I 1130 I 1550 | 840 I 4540 1 1110 I 600 I 1150 I 2350 I 1530
I DEC I 1.000 1 0.537.1 58.72 1 1290 1 3350 _ 0 1 8700 1 0 | 1410 _ 330_ J 4370_J_ 01
I ANNUAL THERMAL LOADS (MBTm I___ 12770.__ 15550 __ 35140 1 42820 ___ 48110 j- 5790 I 39660 _ 19340_- 53840_1
I DESIGN HOURLY THERMAL LOADS___BTU/HR) _ I __25932_1__ 23503 50161 _39801_ _ 1689 4_i__2 1066_L_ 32297_ I 36322l

C-____ ____ ALCULATED ACES DESIGNS_________ ________ _______
ACES I I HOUS_____ E HOUSE 2 ___ __ HOUSE 3_ HOSE
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

.___ _ I J. ______I MAKER 1CHILLER I MAKER AKE CHILLER I__ AKER __CHILLER_ A .AERI _CHILLER
IVOLUME OF ICE BIN, PT3 V I 2189 1 1302 I 5275 1 3135 I 846 I 491 I 2410 I 1407
IAREA OF PANEL, PT2 A I 0 0 I O I 0 I 0 0 I 0

IFULL ILENGTB OF ICE BIN COIL, FT L I 0 1 397 I 0 1 789 I 0 I 242 I 0 I 487
I IUSAGE OF ELECTRICITY, KWH/YR U I 8046 i 7834 i 11767 i 11397 I 8180 i 8183 I 11526 I 11543
I____.EFFICEIECY (ANNUAL COP) ___ E 2_1 __ 1 ...__ 2.37 _L _ 2.58 2.___267_ _ 2_. 09 J___2 .0_8__ 1 2.18_ I__ 218_
I IVOLUME OF ICE BIN, FT3 V I 1362 1 785 I 3209 I 1853 [ 572 1 320 I 1519 1 860

IAREA OF PANEL, FT2 A 14 I 14 1 32 33 I 0 I 0 I 19 I 19
IPARTIALILENGTH OF ICE BIB COIL, FT L 0 0 374 I 0 741 g 0 230 O0 I 458
I IUSAGE OF ELECTRICITY, KWH/YR U I 8611 1 8603 I 13417 13437 I 8437 I 8437 I 12368 I 12385
I __-_ EFFICIENCY (ANNUAL COPI___.__. E 1 2.16 J___ .16 1 2.26 1 2. 26 2.02 ... _22__1 _2.04 J 2.03_1
I IVOLUME OF ICE BIN, PT3 V I 535 1 267 I 1143 1 571 I 299 I 149 I 627 I 313
I IAREA OF PANEL, FPT2 A I 35 1 37 I 77 1 81 I 16 I 17 I 41 I 45
IMINIBIUILENGTH OP ICE BIN COIL, PT L I 0 1 326 I 0 I 640 I 0 I 208 I 0 I 404
I IOSAGE OF ELECTRICITY, KWH/YR U I 9057 1 9052 I 14284 1 14273 I 8599 I 8600 I 12696 I 12799
I..___.. FFICIENCY (ANNUAL COP___ E_l 2.05 205 2..

0 5
1 2.13 2.13 1.98 I1. 98 1 . 98 _i__ 197_1



PHOENIX, ARIZONA

GEOGRAPHICAL ZONE = M LATITUDE (DEG) = 33.5 GROUND AO = 70.93 P AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 4.0 LONGITUDE (DEG) = 112.4 TEMPERATURE BO = 20.49 F WINTER 32 F 70 P
COOLING(TOTAL/SENS.) = 1.02 ELEVATION (FT) = 1101. CONSTANTS: PO = 0.575 RAD SUMMER 107 F 78 F

l______ ___ ___ ____________ _BUILDING DESIGN MON TLY HERMAL LOADS_____ ___ _ ____
I R-40 INSULATION I UNGLAZEDI DOMESTICI _ _____a EDIUM INSULATION I _____ __IG INSULATION______

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 I HOUSE 3 I HOUSE 4
I COEFFICIENTS (32F)1. _ HEAT __ HEA_ _____ 1200_ T2____ ___ 2400_FT2 I __ 1200 T2_ __J_ __2400_FT2 __._

(aM) TB(a) I SD(M) PAN(N) I QH (M) | QH(M) I QC(n) I QH(n) I QC(M) I QH(M) | QC(M) I QH(M) | QC() I
.__ __ MBTU/FT2 _L MBTU/FET21 MBT l___BTU eBU _ RBTU_ t__BTU__ L__M U _ _BTU. BTO __ BTU __

JAN 1 1.058 I 0.556 I 71.70 1280 1 2650 1 590 I 7020 I 0 I 980 1 820 I 3530 1 1220
FEB l 0.924 I 0.467 I 79.23 1 1150 1 2030 1 860 1 5600 I 1230 I 630 1 1160 1 2550 1 1740

I MAnR 1_ 1.0971 0.5291_10o5 54_ __1190_1___1500 -_1890 _ ___4560L __2__28 0 ____ 2330 1__18_1___ 3510_
I APR I 1.221 1 0.573 I 118.02 1 1020 1 0 I 3270 1 1670 1 5070 1 0 1 3740 I 0 I 5480
l nAY I 1.482 0.693 { 136.74 I 890 1 0 1 5520 I 0 1 8540 1 0 0 5620 | O l 8270

I JUN _ 1.633 1 0.774 1 149.13 JL ___730__ ______ _i___8130 _ ____ ... 12870 _ __-__ .__ 280 _L__ _ 11050Q_
JUL 1 1.833 1 0.888 1 161.25 1 680 1 0 | 10470 1 0 1 16730 1 0 1 8770 I 0 1 13380
AUG I 1.872 1 0.932 I 157.87 1 680 | 0 | 10230 0 I 16250 0 ° 8520 |1 O 12880

SEP___ 4 1.7_ 0.889 I 137.51__ 7400 0......9 1...0_._1_1__ .40____._-__-Q_ l_…__________12- ..... 1 9980_1
OCT | 1.625 { 0.852 { 119.20 1 900 1 0 1 4660 | 0 l 7170 1 0 I 4420 1 0o 6430
NOV 1.366 1 0.729 1 88.90 f 1030 1 810 1 1930 1 2890 1 2970 I 0O 2070 1 1710 1 3150
DEC 1 1.200 1 0.644 1 72.16 1200 1 2150__ 820 1 5980 1 ___ 0 _ _840 ___1020 _ 3250_1_ 1540_

I ANNUAL THERMAL LOADS_ (MBTU) . _ 11490._1.. __9140___ 56370I ___22720 1_ _860 0___ 2450 __52550 I 129101. __78630_
I DESIGN HOURLY THERMAL LOADS (BTUZHL) _____ 187651_ _ 2975 1_ l 36211 1 _5210Q4 __ 12404_i__2391_ I23 654 _L_ 407

CO

rP

I _ ___ _ _--_----__-_ ______A---CALCULATEDACES DESIGNS______ ___________--------_ ___________
ACES | H__ SE_1 ___ ____ HOUSE 2 _HO____S__ E _ _____ ___ E_4_ __
SIZE I SYSTEm DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

__ ___ _____________ ____I _MAER ICHILLER I MAKER I CHILLER __MKER I CHILLER MAKER_ CHLER
IVOLUE OF ICE BIN, FT3 V { 759 1 448 1 2559 1492
IAREA OF PANEL, FT2 A I 0 0I I 0 0 I

IFULL ILENGTH OF ICE BIN COIL, FT L I 0 1 262 ] 0 542 |
l U0SAGE OF ELECTRICITY, KWH/YR U I 11467 11357 1 17877 1 17884 I
I_.___ ILgFICIELNC ( ANNUAL COP_ _ .1_. ... 29f- IF_____E __1 ___1.99 205 ___2.--I2____-
I IVOLUME OF ICE BIN, FT3 V I 561 1 315 1664 i 938 I
I IAREA OF PANEL, FT2 A I 0 0 1 19 1 20 I
IPARTIALILENGTH OF ICE BIN COIL, FT L 0 1 251 1 0 1 512 1
I IUSAGE OF ELECTRICITY, KWH/YR U 11822 1 11713 1 18982 1 18644
I___ EFFICIENCY (ANNUAL COPL---- _E_- __1-91_t 1.93 1 1.93 ---- 1.97 ___--------______ _ ____I __.... _
I IVOLUNE OF ICE BIN, FT3 V ~ 364 l 182 769 384 t 210 I 105 1 446 1 223
I uAREA OF PANEL, FT2 A 0 10 42 l 45 0 o 0 0 0I 0
INININMUmLENGTH OF ICE BIN COIL, FT L I 0 234 0 1 458 1 0 o 152 i 0 1 294

IUSAGE OF ELECTRICITY, KWH/YR U I 11827 11941 19221 1 19223 1 10376 I 10405 1 15989 1 15978

__ _EFFPICIENCY (ANNAL COP) ____ __ E9 1.891 ____1. 89 .__.1 .91 l___191 188____ _ 1.87 1_ .89_.__ 1.899_



TUCSON, ARIZONA

GEOGRAPHICAL ZONE = n LATITUDE (DEG) = 32.2 GROUND AO = 68.30 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 7.0 LONGITUDE (DEG) = 110.9 TEMPERATURE BO = 17.97 F WINTER 29 F 70 F
COOLING(TOTAL/SEHS.) = 1.02 ELEVATION (FT) = 2654. CONSTANTS: PO = 0.593 RAD SUMMER 102 F 78 F

___ -___. ______________________ __ R BUILDING DESIGN MONTHLY THERMAL LOADS________
! B-40 INSULATION I UNGLAZEDI DOMESTICI IU SMIO -__- ____I___-_HIG INSULATION ____ _

IMONTH I BIN HEAT LEAK I PANEL I WATER I .HOUSE 1 I HOUSE 2 I HOUSE 3 I HOUSE 4
ICOEFFICIENTS(32F 7i . BEAT I HEAT ___ 1200 FT2 _ 1 __2400 PT2 1200 FT2____ ____2400_FT2____

(H) I TB(M) I SD(M) I PAN(M) I QHW(M) I QH(M) I QC(N) I QH() QC ( H(H) I ) I QC (M) I QH(M) I QC() I
I__-_ I HBTU/FT2 _ I EBTU /FT21 MT

U
_L__MTU--__I__ MBTU_ fl B I TBTU _1__BTU__ ...___I___BTU___L___BTU __I

JAN I 1.011 I 0.530 I 83.96 1 1290 I 2860 1 0 1 7480 1 0 1080 I 740 | 3760 | 1100
FEB I 0.883 I 0.447 I 79.98 1 1160 2490 1 650 I 6540 1 0 880 I 920 1 3110 1 1370

I AR .1_ 1.039 1 0.503 I 111.91 ____1220i __ 1 9808 . _.1600 -561_1._ 241 0 I 580 I__2010_ 1 2440___ 3070_1
APR 1.143 I 0.539 I 128.15 I 1060 I 660 1 2930 I 2490 1 4520 1 0 I 3420 I 0 1 5060

I HAY I 1.374 I 0.645 I 149.41 I 960 0 4590 I 0 1 7110I 0 I 4920 I 0 | 7170
I Jow I 1.505 1 0.715 1 161.3_31 810 ____ _____o6o_7 ___I__-10330 I 0 1 _6430_1__ _li 9520_1

JOUL 1.685 I 0.817 g 168.74 760 I 0 1 7950 I 0 11910 I 0 I 7210 I 0 1 10470
I AUG 1.723 I 0.857 I 153.40 I 760 1 0 0 7650 I 0 11330 I 0 I 6910 I 0 1 9840

I ISEP 1 1.607 1 0.820 J_ 151.8_2 800 1 0 ___652 0 L__ I _0_ ___ 9840_ 01 _ 5980 J _____0 _ 8630_1
OCT 1 1.512 1 0.790 1 138.59 1 950 1 0 3910 1 01 5980 1 0 I 4000 0 5730
I NOV I 1.282 I 0.681 I 102.07 1 1060 I 1100 1560 I 3640 1 2360 I 430 I 1760 1 2040 | 2660

I DEC 1 1.139 1 0.6081 88.62 1 1220 1 22401__ 790 I 6210 1 0 _ 8501 1020 __3280 .- 1550.1
I ANNUAL THERMAL LOADS (BTU) ___ 12050_1 __11330 __ 44860 _ 31970__65790_L_ 3820J.__ 5320_ _ 14630" - 66170_1
I DESIGN HOURLY THERHMAL LOAgDS _/BTU/R __ L__ 20706 __ 25_47_ 7 39988 __ 43717L .13602_ I 21435 25958 I 35848_1

_ -___ LCOLTED__ _DESINS_ _______________________CALCULATEDACES DESIGNS
ACES ____HO __ _ SE _HOSE2 1 HOUSE 3____ IOOSE_ 4 _
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE
.... _ I MAKER_ __ ____ MAKER__I CHILLER I AMAKER I _IL_ CHILLER_l MKEBR__._CHILLER

IVOLUME OF ICE BIN, PT3 V 1 1067 626 I 3336 1 1955 I
IlREA OF PANEL, FT2 A I D 0 0 I 0 0

IFULL ILENGTH OF ICE BIN COIL, FT L 0 1 298 I 0 611
IUSAGE OF ELECTRICITY, KWH/YR U 0 9352 1 9356 I 14344 1 14394

!____ IEFFICIENCY (HONNUAL CLP)_____ ._2 .E L.2.__24 14 1 .... _ .2-24_1__ Il___ ... _..__L__
IVOLUME OF ICE BIN, FT3 V 726 1 409 I 2074 1181 I
IAREA OF PANEL, FT2 & I 0 1 19 20 I

IPARTIALILENGTH OF ICE BIN COIL, FT L 0I 283 I 0 1 575 I
IoSAGE OF ELECTRICITY, KWH/YR U 9724 1 9735 I 15361 I 15399 I

I __.EFFICIENCY (NUAL COPL____ E __ 06 ___205 1 209 2. 209____________. __
II VOLUME OF ICE BIN, FT3 V 7 384 192 I 812 1 406 I 219 I 109 , 467 1 233
IAREA OF PANEL, FT2 A 1 14 I 15 I 43 1 45 I 0 I 0 0 0

IHINITUMILENGTH OF ICE BIN COIL, FT L I 0 2575 I 0 503 I 0 166 I 0 1 321
IUSAGE OF ELECTRICITY, KWH/YR U 1 9869 I 9876 I 15903 1 16016 I 9170 I 9173 13866 13882

I_. .-I!ICIEaNCY (ANNUAL COPI___ E _L____2.Q3____ 02___ 2.02 1__ 2.01 ___1.95 1 _195 5_ 1.96_1



LITTLE ROCK, ARKANSAS

GEOGRAPHICAL ZONE = D LATITUDE (DEG) = 34.9 GROUND AO = 62.26 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 8.0 LONGITUDE (DEG) = 92.1 TEMPERATURE BO = 20.54 F WINTER 15 F 70 F
COOLING(TOTAL/SENS.) = 1.19 ELEVATION (FT) = 311. CONSTANTS: PO = 0.546 RRD SUMMER 96 F 78 F

___________ ____~ _ BUILDING DESIGN MONT.HLY THERMAL LOADS
R-40 INSULATION UNGLAZEDI DOMESTICI M EDIUM_______ __INSULATION H I NSULATION

MONTH BIN HEAT LEAK PANEL I WATER I HOUSE 1 I HOUSE 2 | HOUSE 3 ~ HOUSE 4
ICOEFFICIENTSF32FL. __EAT____L H EAT _ 1____ 200_FT2__ l __ 2400 FT2 __ 1200 FT2 ___1___2400_FT2

() I TB(M) I SD(M) PAN (M) I Q ) I H( I QQC () I QH () I QC (M) I QH(M) I QC (M) QH(M) I QC(m)
____Il_ MBTU/FT2 1__ .NBTU/FT2__ MBTU _I. BT U _ __MBTU I MBTU__I BTU ...__l__BTU ___i _.BTU __ I BTU ___l _BTU___

JAN [ 0.730 1 0.391 1 44.30 I 1440 I 6130 | 0 1 14600 1 0 | 2590 1 0 1 7130 0 0
FEB I 0.633 1 0.320 1 55.16 1 1290 ! 4590 I 0 1 11220 1 0 1 1740 1 0 1 5090 0
AR_ _[a 0.781 0-.370 __82.53_ __130 _ 1 3690_9____ 0 _1 9420 I ____ .___1290_1_____6___0 ._._

APR [ 0.919 0.422 112.92 1170 [ 1350 | 1180 I 4210 I 1540 1 0 1 1840 | 1440 1 2460
MAY I 1.172 0.538 126.14 1040 I 0 | 2950 I 1280 I 4170 1 0 | 4010 | 0 | 5300
JUN__ 1.331 1 0.624 _141.64___ 88 1___5180 I 0 I ___7300_ 0 ______ …___ 6070_j_ __0 _1__8500_
JUL I 1.517 0.731 i 143.69 I 830 | 0 I 7230 I 0 1 10470 1 0 | 7380 - 0 1 10770
AUG I 1.550 1 0.772 1 145.52 I 840 I 0 1 7240 I 0 1 10500 1 0 1 7180 1 0 I 10400

_SEPj__ 1.422 1 0.731 __225.76 1j__ 890 _I_____0 450 1 _____0 __ _ 6330 1_____..0- . 9.____ 8 0 659 0_
OCT 1 1.292 0.686 100.64 1 1070 I 610 1900 2290 2650 | 0 I 2280 1 1120 | 3040
NOV I 1.042 0.567 69.59 I 1190 I 2720 0 I 7150 0 O 1200 | 600 1 3800 1 780
DEC 0.868 1 0.477 I 54.05 1 1360 I 4860 I _ I 11960 I __ 0___2120 .______O_L 606021___ 0__

_ANN UAL THERMAL LOADS __(BT) ... 1_131340_ _ 23950_ __30220 _01 62130J _42960L-_ -89_1_---34850_-_ 22760_I 47840..
__DESIGN HOURLY THERMAL LOADS _ BTUHRL_____ __ 30422A 22862_ 589 3

4 _3 8
57

7
1

9
5661 _20912__ 37461 35850

1.______ ______ _ _____ _ __- -_____________ CALCULATED ACES DESIGNS ________
ACES ______HOUSE_ 1 __ 1____ HOUSE _2____ ____HOUS_E 3 _____ ____HOUSE_4___
SIZE F SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

-_____L___I- __ ____. ______.__..___ _MAKER_ _l _ CH I I ILLER MiAKER CHILLER AKE ..__AE__CHILLER_
IVOLUME OF ICE BIN, PT3 V { 3558 ~ 2101 7998 1 4712 1 1618 { 958 3915 { 2309
IAREA OF PANEL, FT2 A I 0 I 0 0 0 0 0 I 0

IFUIL ILENGTH OF ICE BIN COIL, FT L 0 4I 84 0 954 0 I 299 0 I 588
I FUSAGE OF ELECTRICITY, KWH/YR U I 7456 7480 11882 11511 7547 7557 10908 1 10940
1 ___. EFFICIENCY (ANNUAL COP) E 1 __2.65 ___2.

6 4
_ 2.92 L__301 ___2.22 22 I 2 .21_ _2.42_ I 2.41_1

I IVOLUME OF ICE BIN, F13 V 2129 I 1226 4742 2727 996 1 573 3 2354 I 1353
I IAREA OF PANEL, FT2 A 25 24 51 51 12 1 12 27 I 28
IPARTIALILENGTH OF ICE BIN COIL, FT L 0 I 454 0 895 0 I 281 0 I 552
I IUSAGE OF ELECTRICITY, KWH/YR U 8558 I 8388 14265 13917 8047 I 8061 12343 12023

.___... EFFICIENCY (ANNUAL COPL------- E_- _ 213A 21.36 J ... 2.43 2.9.081__ 2.08 213 _____219_
{ IVOLUME OP ICE BIN, FT3 V 701 I 350 i 1485 742 374 I 187 793 F 396
IAREA OF PANEL, FT2 A 58 F 62 126 133 3 31 I 33 67 F 72

IMINIMNUILENGTH OF ICE BIN COIL, FT L 0 F 388 0 762 0 F 244 0 I 473

F UISAGE OF ELECTRICITY, KWH/YR U 9194 I 9187 15410 15684 1 8290 I 8334 f 12845 I 12831

I ___ EFFICIENCY (ANNUALCOP___ E __152. ___215 1 2.15 __225 _ .... 2__ 21 - .... 02____22.01_ .___ 2.0505



LOS ANGELES, CALIFORNIA

GEOGRAPHICAL ZONE = P LATITUDE (DEG) = 34.0 GROUND AO = 62.00 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (nPH) = 7.0 LONGITUDE (DEG) = 118.2 TEMPERATURE BO = 6.95 F WINTER 37 F 70 F
COOLING(TOTAL/SENS.) = 1.04 ELEVATION (FT) = 270. CONSTANTS: PO = 0.939 HAD SUMMER 88 F 78 F

____________ ___________BUILDING DESIGN MONTHLY THERHAL LOADS ____ _ ____ _______ _
[-40 INSULATION IIUNG DOESTIC DIU INSULATION ----l -HIGH NUATII

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 HOUSE 3 J HOUSE 4
ICOEFFICIENTS(32F) H BEAT I HEAT I _ 1200PT2__ '____ 2400 FT2 1___ 1200 PT2 __ __2400_FT2

() I TB(H) I SD(H) I PAN(M) I QiW(BM) QH() I QC () I OH(M) QC() IQH() Q) C (M) QI H(M) I QC() I
I_ - I 2BTU/FT2 I BTU/FT 21 BTU I 1 _I BT__ _ L MBTU I _BT .U__I 1BTU TU __TU - I BT

JAN I 1.013 I 0.520 I 80.29 I 1230 I 2000 1 0 | 5830 0 I 460 I 500 1 2510 I 700
FEB 1 0.883 I 0.448 ! 78.57 I 1120 I 1680 | 0 1 5030 0I 0 310 I 470 I 2000 1 670

I _ __ 0.975 1 0.487 1 93.71 _ 1230 1 7401 ____ 540_ _5320 _____ __ 260 I __770_ I 2000 i__ 1140_.
APR I 0.978 I 0.481 I 91.10 1 1160 I 1220 I 710 I 4210 1 920 1 0 ! 1020 I 1360 1 1460 1
I MAY 1.076 I 0.523 I 91.88 1 1150 I 710 1 1240 I 3270 1690 1 0 5 1650 1 780 I 2420

IJUo 1 1.112 1 0.540 1 94.26 __1060_ 0 _____1 _ 1880_ _ 1830 1 2610j 01 _2430_ _ ___O_J 33501
JUL I 1.216 I 0.594 I 102.16 1 1050 I 0 1 3020 1 0 1 4540 540 3980 I 0 I 5190
AUG 1.255 I 0.620 I 105.44 5 1030 I 0 | 2960 1 0 1 4440 4 0 I 4070 5 0 | 5080
SEP I -1.216 I 0.6091 _102.88 __ 1010 j 0___ __ 2780 1 0 ___4100_ _ …___3650 _____O_J6_ 4800
OCT 1 1.219 I 0.619 1 100.33 ! 1080 I 0 1 1670 1 1490 1 2250 1 0 I 2280 I 0 I 3000
NOV 5 1.118 I 0.573 I 92.94 I 1090 I 740 1 910 I 3130 1 1190.I 0 I 1250 1 1100 I 1790
DEC, I 1.079 i 0.556 1 85.59 I 1180 I 1510 _ 470 I 4840 0 _L 300 _ 720 1 2030_L. 1010

I ANNUAL THERMAL LOADS (MBTmU - 13390 I _ 9600_1__ 16180 __34950 21 1 21740 1 __130 22790_ 11780._1 30610_1
1 DBSIGN HOURLY THERMAL LOADS (B{TU/HR1 729 1__114136 1 33445 3 21915 1__0825 _ I 16760 I _ 20648 I 25543 I

ACES ---- _5__________ ___________-_ _.__ .. __. LC__ULT _.c SE DESIGS ________
I ACES 1 I_ HOUSE 1 HOUSE 2 ____ LS 3 HOUSE 4 _

I SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE
1. M__ AKER I CHAILLER I HMAER _ CHILLER I _MAKER I CHILLER I
IVOLUME OF ICE BIBN, FT3 V -I 1261 757 1 3641 2260 1 I I

I I5AREA OF PANEL, FT2 A I 0 01 05 0
IFULL ILENGTH OF ICE BIN COIL, T L I 0 261 1 531 I I I
I IUSAGE OF ELECTRICITY, KWH/YR U 0 3974 1 3909 1 6510 I 6090

___P.FFICIENCY (ANNUAOL COP) . . E _ 2.891 3..294 I--3zl5i1 3337L ____L I ______ ...__ __
IVOLUME OF ICE BIN, FT3 V I 780 1 453 1 2147 1 1293 I I

I 5AREA OF PANEL, PT2 A I 0 01 16 1 16 I I I
IPARIALI5LENGTH OF ICE BIN COIL, PT L I 0 1 245 1 0 497
I 5 USAGE OF ELECTRICITY, KWH/YR U I 4529 41 562 1 7953 1 7823 I I I
I__ EIBFFICIENCY (ANNUAL COP) E 2.53 1 ___..2.52 1 2.58 I _2.62 I I _________ ______ _ _- I

IVOLUME OF ICE BIN, FT3' V 1 299 149 653 1 326 g 157 5 78 5 346 1 173
I BAREA OF PANEL, FT2 A 1 15 1 6 1 37 I 38 I 0 0 0 I 0 I
IMINIMUMILENGTH OF ICE BIN CO.IL, FT L I 0D 1 213 1 0 1 418 1 0 1 130 0 I 253

IUSAGE OF ELECTRICITY, KWH/YR U 1 4681 1 4746 1 8504 g 8680 1 4873 1 4872 I 7197 I 7209
I__.---.SFFICI HY CNINUL CAOP) -_ EP -- ___2. 45_1__J2._ 2 1_2.3_- L1 2-37 2.26_ L__226. _L 2 .27 i 2.27



MERCED, CALIFORNIA

GEOGRAPHICAL ZONE = 0 LATITUDE (DEG) = 37.4 GROUND AO = 65.86 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 6.0 LONGITUDE (DEG) = 120.6 TEMPERATURE BO = 24.91 F WINTER 29 F 70 F
COOLING(TOTAL/SENS.) = 1.00 ELEVATION (FT) = 188. CONSTANTS: PO = 0.568 BAD SUMMER 99 F 78 F

1-0 NULTIN- -__------ BUILDING DESIGN MONTHLY THERMAL LOADS
R-40 INSULATION OUNGLAZEDI DOMESTICI |U_____LEDIUH INSULATION_______ I______ _HIGH INSULATION _____

HONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 1 HOUSE 3 | HOUSE 4 {
tCOEFFICIENTS(32Fi L EAT _ ._ _HTAT__ ____ ..... 1200_ 2400____ FT2 1200 FT2 I ___2400 FT2 __

() I TB () I SD(M) I PAN(M) I QHW (M) I QH(M I QC(M) I QH(M) I QC(M) I QH(M) QC (M) I QH(M) QC(M)
_-- I NBTU/FT2 __ I aBTU/P1 _ BTUU MBTU BTU BT__I __ T__I _BT__ BTU I _ BTU MBT__

JAN I 0.783 I 0.424 I 46.12 1 1440 | 4760 I 0 11930 I 0 | 1830 1 O 0 5520 O0
FEB I 0.671 I 0.341 I 59.87 I 1290 1 33001 1 8350 O0 1 1050 1 O 0 3660 0

I MAR _ 0.835 1 0.393 I 87. 27 _1 3 30 2980 _ ____0 _L __-
7

2 50 0 810_L ___ 80_ I 3260_____ 1160
I APR I 1.003 1 0.456 I 99.55 I 1120 1 1600 I 1580 8 4790 1 2310 1 0 I 2060 1 1790 1 3070
I MAY 1 1.305 I 0.594 I 119.97 1 960 570 I 2870 1 2430 I 4440 1 0 I 3260 1 0 | 4870
I_JUN I 1. 504 j 0.700 1 137.93_ 7 ____70-4__8_3_0 .__.. 0 I 83 0 .7530 _0…__ i -4830 ___ 0I _I 7140_1
I JUL I 1.730 1 0.831 1 261.49 1 700 0 21780 I 0 I 39490 1 0 | 17490 O | 30840

AUG I 1.775 I 0.882 I 134.16 I 710 0 6250 0 1 9640 1 0 I 5560 1 0 1 8110
I SEP _ 1.628 1 0.838 j 120.48 1 _70_ ......._______ 4740 1 0 __....7 ____ ____ ______ _4420 _____0_

OCT I 1.472 1 0.784 I 96.45 I 980 I 0 I 2610 1 1190 1 4000 1 0 I 2740 | O0 4020
I NOV I 1.172 1 0.642 1 63.89 1 1140 1 1870 I 400 1 5390 0 730 I 520 1 2990 | 740
I DEC 1 0.955 1 0.531 1 41.32 I 1340 I .38801_ 0 1 10030 I 01 1550 1 0 4940_ 0__ _
I ANNUAL THERMAL LOADS (MBTU) __j 12560_J _18960 1__ 45060 _51860 _210 ___....5970 1___41660_ 22160_ J___66390_
I DESIGN HOURLY THERMAL LOADS BT/HRl I __22972_1__72_ 23I80 _ 44520 I _41429 __1488 ___ . 19681_ _ 26930 J 33273_1

__ _____ ___ ___ CALCULATED ACES DESIGNS____________________-__- __________ __- _
I ACES 1 I _____HOUSE 1 ___ _ OU 2 _____ SE2 HOSE3 I______ _ __HOUSE 4
I SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE
__ __ I_ -_______ _~ AKER I CHILLER I MAKER J HILLER I AKER _ CHILLER I MAKER I CHILLERl

IVOLUME OF ICE BIN, FT3 V l 2729 1622 1 6232 I 3780 I 1194 1 713 I 2876 I 1697
IAREA OF PANEL, FT2 A I o0 0 I O I o 01 0 0

IFULL ILENGTH OF ICE BIN COIL, FT L 0 366 1 0 I 726 I 0 1 216 I 0 I 424
IUSAGE OF ELECTRICITY, KWH/YR U I 10264 4 10278 17151 I 17178 I 8677 I 8567 I 14324 I 14065

I___I __ EFFCIENCY (ANNAL COP) __ E_I __ 2.19 ____ 2.18 L _2.38 __2.37 -I 2. 03 2.06_ ____Z0_ 2.11_1
IVOLUME OF ICE BIN, FT3 V I 1652 955 1 3735 I 2199 I 748 1 432 I 1760 I 1009
IAREA OF PANEL, FT2 A 1 20 20 44 1 43 I 11 I 11 1 23 1 23

IPARTIALILENGTH OF ICE BIN COIL, FT L I 0 344 1 0 I 681 I 0 203 I 0 I 398
IUSAGE OF ELECTRICITY, KWH/YR U I 10919 10926 19317 I 19365 I 9091 I 9099 I 15136 I 14978

__ _ IEFFICIENCY (ANNUAL COP E _________ __205 ___2. 05 1 __2. 11 1 _211 ___94 _194.94_ 1.96_. 1.98_1
I IVOLUME OF ICE BIN, FT3 v 1 574 28-' 1237 1 618 1 303 1 151 I 644 I 322

IAREA OF PANEL, FT2 A 1 51 1 56 114 ] 123 I 27 1 30 1 61 1 66
IMININUMILENGTH OF ICE BIN COIL, FT L I 0 296 1 0 I 582 I 0 1 178 I 0 I 345

IUSAGE OF ELECTRICITY, KWH/YR U I 11084 11072 1 20375 1 20355 I 9282 1 9184 I 15584 I 15312
I ____ IEFFICIENCY (ANNUAL COP) E __2.02 2.__ 03 ....____200____. 200 1 90_i.___ 1.92_L 1.90_1__ 1.93_1



SAN DIEGO, CALIFORNIA

GEOGRAPHICAL ZONE = 0 LATITUDE (DEG) = 32.7 GROUND AO = 62.21 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 6.0 LONGITUDE (DEG) = 117.1 TEMPERATURE BO = 6.84 F WINTER 44 F 70 F
COOLING(TOTAL/SENS.) = 1.08 ELEVATION (FT) = 48. CONSTANTS: PO = 0.935 RAD SUMMER 88 F '78 F

R-40_________ _ _______________ _-_ BUILDING DESIGN MONTHLY THERMAL LOADS
R-40 INSULATION I UOGLAZEDI DOMESTICI __EDIUM SINSLATION_ _ HIGHIIN SULOATION __ __

I OTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 ! HOUSE 3 1 HOUSE 4
iI ICEFI COEFFICIENTS 32!FL __LT__- i HEAT _L_ 1200__T2 I __2400__ J2____ ,..P.T2 L _ 1200T2____400_FT2___I

I (M I TB(M) I SD() I PAN(M) I QHW() I QH(M) I QC(M) I QH() QC (M) OQH(N) I QC () I QH(M) I QC(M)
_ __ t___ MBTU/FT2 _L BT/FT21 LNBTU __rBTUB__lTU I nTU BTU I MBTU__ .__NBTU_ I HMBTU__ I N__BTU __I

JAY I 1.022 1 0.524 ! 74.60 I 1220 1 1800 I 0 I 520 I 0 I 350 1 310 I 2250 I 0
I FEB I 0.892 I 0.453 I 70.26 I 1120 | 1520 1 0 1 4710 I 0 I 230 1 300 I 1790 I 410

I . ABR I 0.986 I 0.492 1 89.79 1230 _ 1510 _1____ -300 4890 1 ....6.__ ___1 L60__ 6__1710_ __670
APR I 0.987 I 0.485 I 90.37 I 1160 1 970 I 550 | 3750 1 0 I 0 1 820 I 1050 I 1150

1 MAY I 1.084 I 0.528 I 102.51 1 1140 1 520 I 860 I 2900 I 1080 1 0 I 1240 I 560 I 1740
I JN H 1.120 I 0.544 1 95.02 __1060_ 0 ____ ___ 1350_1 _ 1690 1 .. 17101__ 0 0_1__1930_ I OL 2500_1

JUL ! 1.223 ! 0.598 I 108.36 1 1050 | 0 I 2270 | 0 I 3160 I 0 1 3430 I 0 I 4070 1
AUG I 1.261 1 0.623 I 114.06 1 1030 | 0 I 2470 I 0 I 3530 I 0 1 3980 I 0 I 4480

I_s_LP___ 1.221 0.611 1 100.6_1__1010 1 0__j_£__ _ 22__ _2 _ 1 ___201_ 3070. _ __ 0 __360_ L _ ___0 . _4000_
1 OCT 1 1.225 I 0.621 I 95.52 1 1080 I 0 I 1490 1 1050 I 1860 I 0O 2270 0 I1 2740

B Nov 1 1.125 1 0.576 I 78.36 I 1090 I 640 | 700 1 2930 1 870 ! 0 1 1010 I 950 I 1420
I .. DEC 1.087 1 0.560 I 70.27 1 1180 I 1330 _ 0 4520 I 0 1_ 190 4__ .30 1 1770 L 590 1
I ANNUAL THERMAL LOADS (MBTU ____I 13370 __ 8290 1 12230 J_ 31 8601 15280 L __930 ___ 960/_L 10080 ___ 23770_1
I DESIGN HOURLY THEBMAL LOAADS__lBTRU/ _____ ___1 4161 ___12806 1 27419 1 _19468 I 8466l ___162 _19 _16141 J 24181_

___-__-___ __ -_ _____£_~CALCULATED ACES DESIGNS_______ ____
IACES I IHOESE1 _ HOUSE 2___ _ _____HOSE_3____HOSE
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE I

I.--L-_-_____ ____ ____ IAKE RI CHILLER I MAKER | CH I LLEU I AER AKERI CHILLER I
IVOLUME OF ICE BIN, FT3 V g 1323 { 794 { 3483 F 1695 F 313 1 190 I 1091 649
IAREA OP PANEL, PT2 A I 0 I 0 I 0 I 10 I 0 0 I 0 0

IFULL ILENGTH OF ICE BIN COIL, FT L 0 I 220 I 0 I 431 1 O 1 117 I 0 241
IUSAGE OF ELECTRICITY; KWH/YR U 1 3294 { 3223 1 6264 I 6258 , 4135 4134 | 5386 5249

1__I F EFFICIENCY {ANNUAL COP) E _1____.01 1__3.08 _2.83 ___2-2.83 _2.0 __2. 41_ _ 257LL _ 2 .6,4
IVOLUME OF ICE BIN, FT3 V 1 801 I 467 1 2049 1 1001 230 1 131 | 706 I 405
IAREA OF PAHEL, PT2 Al 0 01 19 1 231 O 0 10 0

IPARTIALILEHGTH OF ICE BIN COIL, FT L I 0 I 206 1 0 I 404 1 0 1 112 I 0 1 227
IUSAGE OF ELECTRICITY, KWH/YR U 1 3820 1 3768 6670 1 6820 1 4420 1 4420 I 5938 1 5864

I ____ EFFICIECY _ (ANNUAL COP) .____ E__ 2 __6 2.64 2.6 66 1 __2.60 L.___2 2 25_ __ 2_. 3_2__ 2.36_1
IVOLUME OF ICE BIN, PT3 V 280 I 140 1 615 1 307 1 146 1 73 321 F 160

F IAREA OF PANEL, FT2 A 16 1 17 1 38 I 40 1 0 I 0 I 14 1 15
MINHIMUHILENGTH OF ICE BIN COIL, FT L 0 1 177 1 0 1 349 1 0 1 104 I 0 1 202
I IUSAGE OF ELECTRICITY, KWH/YR U 3995 I 3949 1 7335 1 7329 1 4458 | 4456 | 6058 1 6072
I__ LPFFICIENCY (ANNUAL COP) ____ __ .E_.... .2 ___ 9 I 2.1 2.42_ 22.421___2.23232____2.28 2.28_1



COLORADO SPRINGS, COLORADO

GEOGRAPHICAL ZONE = L LATITUDE (DEG) = 38.8 GROUND AO = 48.89 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 10.0 LONGITUDE (DEG) = 104.7 TEMPERATURE BO = 21.11 F WINTER -3 F 70 F
COOLING(TOTAL/SENS.) = 1.00 ELEVATION (FT) = 6145. CONSTANTS: PO = 0.623 RAD SUMMER 88 F 78 F

--___---__ ___--BUILDING DESIGN MONTHLY THERMAL LOADS ________ ________ _________
R-40 INSULATION I UNGLAZED1 DOMESTICI MEDIU_______M INSULATION GH INSULATION

MONTH I BIN HEAT LEAK PANEL I WATER I HOUSE 1 1 HOUSE 2 1 HOUSE 3 1 HOUSE 4 ]
I COEFFICIENTS_(32F) _HEAT_ __ HEAT_ _L _ 1200_ FT2 _ 2400 FT2 _1200 FT2 __2400 FT2_

(M) TB(M) I SD(M) I PAN(M) I QHW(M) I QH(MI QC(M) I QH(M) QC(M) QH(M) QC(M) QH() QC (M)
I___-_ MBTU/FT2 ____ BTFT2B_ MBTU _I BTU ____I MBTU I BTU_ I MBTU .I MBT _ _BTU ..._ BTU I MBTU .. I MBT

JAN 0.235 0.147 39.20 1560 I 11740 0 0 25660 0 1 5730 1 0 1 13320 0
FEB I 0.171 1 0.093 42.74 I 1440 ! 9630 0 I 21270 ! 0 1 4430 1 0 1 10520 0 0

__MR__ 0.255_L 0.10_ I_ 5447_ __1580_J___ 9500 0_____0_ 21200 _ 0 _250 ........_ 10 2 90
APR 0.404 0.165 81.90 I 1460 6110 | 0 14180 I 0 2400 | 620 1 6440 0 I
MAY I 0.642 I 0.272 g 111.89 I 1400 I 3470 1 1020 I 8790 I 0 970 | 1600 1 3440 i 2410

I uN_ _ 0.829 J 0.370 _ 136.10 j__1250_. __ 1351 __0 2050 1 4260 J __ 2980 ______._ ....... _2_ 1260 ___ 4090_1
JUL ! 1.016 I 0.477 145.40 1200 0 3070 I 2150 J 4720 01 1 3810 | 0 1 5550
AUG I 1.067 I 0.526 135.88 I 1150 0 2870 2000 I 4380 1 0 | 3510 0 O | 5100
S=EP__ _O. 968 1 0.501

_
118.54 J__1130 __ 1440 1920 1 4360 1 2860 1 0 2410 1800 _3570_

OCT 0.830 0.454 89.63 { 1240 { 3700 I 0 9210 0 1500 | 1030 | 4580 1 1530
NOV I 0.591 I 0.343 50.66 I 1300 I 7230 0 16480 0 3480 0 8710 I 0
DEC I 0.390 1 0.241 1 38.36 J 1460 1 9940 ____ 0 1 22150 1 __ 0 I _4740 _ __ 11440 i __
ANNUAL THERMAL LOADS (MBT) _____ 16170_ __64110 10930 I 151710 1 14940 - 225001-- 5280_.L 2100i__22250

I DESIGNHOUOLY THERMAL LOADS_ BTUHR_______45025 11321 I 87513 16993 __2250_ 14441___542791 23277

CALCULATED ACES DESIGNS ____________ _________. ________ __
ACES I I-_......_ .____._____- 2 ...... HO 3 HOUSE ____ __4
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

..... _1-__ i - __MAKEEL_________ ___ _l __I__CHILLER I MIAK ER I _CIE MKER CHILLER .___MI AER__ICHILLER_
IVOLUME OF ICE BIN, FT3 V 3553 I 1795 I 4677 1 2413 ~
(AREA OF PANEL, FT2 A I I 14 20 82 1 88

IFUIL ILENGTH OF ICE BIN COIL, FT L 0 445 0 1 820
1USAGE OF ELECTRICITY, KWH/YR U I I 5605 5619 10931 1 10997

1 F__ IEFFICIENCY (ANNUAL COP) ____ ___ I _11 ____10...___295_ 2.94_1
IVOLUME OF ICE BIN, FT3 V I I I 2114 1 1066 3027 1 1551
IAREA OF PANEL, FT2 A I I I 42 46 115 1 118

1PARTIALILENGTH OF ICE BIN COIL, FT L 0 418 I0 777
IUSAGE OF ELECTRICITY, KWH/YR U I 6138 6281 11696 1 11729

i __IF EFFFI CIENC Y (ANNUAL COP)________ E _ 2____._______L_______ ___ 84 ____ .77 1 2.76_1..____25_
IVOLUME OF ICE BIN, FT3 V I 1231 615 2520 I 1260 675 1 337 1377 I 688
IAREA OF PANEL, FT2 A 143 147 295 I 303 77 1 79 159 163

IMINIMUHILENGTH OF ICE BIN COIL, FT L 0 588 | 0 I 1150 1 0 1 362 1 0 1 702
IOUSAGE OF ELECTRICITY, KWH/YR U I 9955 9960 [ 19865 I 19858 1 6833 6829 1 12426 1 12420

.___I-EFFICIENCY (ANNUAL COP) E 1 2.68 21 .26 2.70 1 2.70 1____2 . 2.55 1 2_._602___1 2.60_1



DENVER, COLORADO

GEOGRAPHICAL ZONE = L LATITUDE (DEG) = 39.7 GROUND AO = 49.78 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 10.0 LONGITUDE (DEG) = 104.9 TEMPERATURE BO = 22.21 F WINTER -5 F 70 F
COOLING(TOTAL/SENS.) = 1.00 ELEVATION (PT) = 5283. CONSTANTS: PO = 0.635 HRD SUMMER 91 F 78 F

________________BoILDING DESJGN HONTHLY TEBAL LOADS __ _ __ _ __ ____ _____ _______~ - R-140 INSULATION BUILDING DESIGN MONTHLY THERMAL LOADS- -
R-40 INSULATION IUNGLAZEDI DOMESTICI __ _ EDIUM INSULATION ___ __ _ _ HIGH INSULATION _ _

MONTH BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 I HOUSE 3 | HOUSE 4
ICOEFFICIENTS(32F I BEAT __ I E.T 1.____1200_FT2_ ._2400 FT2 ___ ___ 1200 PT2____ _ __ Q 2 _00 FT2

I () I TB(H) SD(N) I PAN(M) I QHW (M) I QH(H) I QC QC(M) I QH(M) QC(M) I Q() QC(M) I QH(M) QC() I
I _ _ MBTU/FT2 _ I BBTU/FT21 _ MBTUI__BTU BT 1__BTU I _HBU I I U_ __BTU LBT_ I M--BTU __lBTU __

I JAN 0.250 0.157 1 32.13 1 1570 11980 1 0 1 26180 1 0 1 5850 1 0 I 13670 1 0
FEB I 0.180 I 0.099 1 33.37 1 1450 1 10060 1 0 1 22160 0 1 4620 1 0 I 11000 0 1

I MAR 1 0.266 1 0.115 1 51.76 I 1580 1__ 9520 ______2 1240 …1 . 0 _____ 4210_1____ _ _ 10260 ___ 0I
I APR I 0.421. 1 0.172 1 74.06 1 1450 1 5850 1 0 1 13690 0 1 2190 1 560 1 6010 0
I MAY I 0.671 1 0.284 1 98.49 I 1380 1 3130 1 810 8130 1 0 1 770 1 1490 1 3000 1 2130
I JUN I 0.869 1 0.387 1 123.91 1__ 1210_1 _10 60 _ _ 1990 1 3630 1_ __2820 l __- 0__ __2800 J. _960 _ 3990_1

JUL I 1.067 I 0.500 I 136.84 I 1150 1 0 I 2930 1 1440 4390 1 0 1 3790 1 0 1 5290 I
I AUG ! 1.123 1 0.553 1 132.27 1 1110 1 0 1 2690 1 1310 1 3950 01 1 3450 I 0 1 4720 I
I SEP I 1.021 1 0.528 1 109.70 1 110q_l__ 1180 __1850 _3790 _2700_1_ 

0
_ I _2330_ _1550 L 3370 1

{ OCT 0.878 I 0.480 I 83.77 I 1220 1 3230 1 730 1 8280 1 0 1 1220 1 1100 1 4020 1 1590 I
O NOV 0.628 1 0.364 1 47.49 1 1300 I 7060 0 1 16140 I 0 1 3390 0 1 8580 1 0

I DC :0.416 1 0.257 1 37.25 1 1470 1 9850 1 0 I 21970 1 .0 1 4720 1 _ 0 11440 1__ 0
I ANNOAL_THERNAL LOADS (BTl 15990 __ 62920 _1 11000__ 147960 __13860 _ 26970 _1 5520J 1 70490_ __21090
I_DESIGN HOURLY THERBAL LOADS _BTU/HRB) 1 __4590 1__ 10899 89208 1 16270 I 29095___1 13589 _55909l. 21706_1

I_ ___,_ _ _ -_ __ _______________CALCULATD ACES DESIGNS ___-_ __-
ACES I __I HOUSE 1 __ HOUSE 2 _-_ _ HOUSE 3 _ ___ HOUSE 4
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

I I _____ _ _ _ _._ I a CHILLER I MAKER _- CHILLERL I _AKER _l_CHILLE___t HAER__j CHILLERj
IVOLOUE OF ICE BIN, PT3 V I I I 3680 1 1828 1 4567 1 2341

AREA OF PANEL, FT2 a I I 13 22 1 97 1 103
IFULL ILENGTH OF ICE BIN COIL, FT L I I I I 0 458 1 0 1 839

IUSAGE OF ELECTRICITY, KWH/YR U I I 5431 1 5524 1 10728 1 10793
I_ IEFFPCIXECI EC ANN ta( AL _OP _- E___ -- --_--.L---- I- 1 __ _- 3.15_1___3.10 1 2 94 _I 2.92_1

IVOLUME OF ICE BIN, PT3 V I I 2183 1 1085 1 2989 . 1523
AREA OF PANEL, FT2 A I 1 47 1 51 I 134 1 138

IPARTIALILENGTH OF ICE BIN COIL,. FT L I I 0 1 430 1 0 1 796
IUSAGE OF ELECTRICITY, KWH/YB U I I 6038 1 6016 1 11439 1 11240

I__IBEFFICIENCY (ANNUAL COPI E _____ 1_ 1 _- -.-I _ 2-84 __ _285 1_ 2.76--Z6 2.801
IVOLUME OP ICE BIN, FT3 V 1 1255 1 627 1 2569 1 1284 1 687 1 343 1 1411 1 705

I AREA OF PANEL, FT2 A 1 171 I 176 1 352 1 363 1 91 1 94 1 190 1 195
INBIBUMILENGTH OF ICE BIN COIL, FT L I 0 1 599 0 1 1173 1 0 1 373 1 0 1 723

IUSAGE OF ELECTRICITY. KWH/YR U 9738 1 9752 1 19382 1 19313 1 6712 1 6710 1 12122 1 12127
I _ JRFFICIENCY tANNUAL COPC L __ E _- _2 .1 __ 2.70 I _2.69 1 _ 2.701_ __2.55 ___2.55 __ 260____ 2.60_



GRAND JUNCTION, COLORADO

GEOGRAPHICAL ZONE = L LATITUDE (DEG) = 39.1 GROUND AO = 52.89 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 6.0 LONGITUDE (DEG) = 108.5 TEMPERATURE BO = 24.98 F WINTER 2 F 70 F
COOLING(TOTAL/SENS.) = 1.00 ELEVATION (FT) = 4813. CONSTANTS: PO = 0.543 BAD SUMMER 94 F 78 F

-__________________ _- B___________BUILDING DESIGN MONTHLY THERMAL LOADS_ _____________ _________
R-40 INSULATION I UNGLAZEDI DOMESTICI __MEDIUM INS ULATION HIGH IN_______ H_ SLATION_____ __ __

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 1 HOUSE 3 I HOUSE 4
{COEFFICIENTS (32F.I _HEAT.____I HEAT ____1200_FT2T2 1 _2400 PT2 __ __1200 FT2 ____ ____2400_FT2___I

() I TB (M) I SD(M) I PAN() I QHW(N) I QC () I (M) I QC(M) I QH(a) I QC () I QH () I QC(M) I
__ ___ I MBTU/FT2 _ I MBTOTF2J B L_LDI f___ BTP I aBTU I BTU MBTU _ .L_.BT U ___. BTUI MBT_____BT MBTU _I

JAN I 0.295 1 0.179 1 30.89 1 1570 11030 01 0 24330 I 0 1 4960 1 0 | 12000 | 0
FEB I 0.235 1 0.122 1 39.44 1 1440 1 8660 01 0 19450 1 0 1 3690 1 0 1 9040 I 0

1 AR__1 0.359 1 0.154 1_ 65.64 1550 _ 7200 __ 0 1 16630 I ____29201 __0 752 ____ 0
APR I 0.547 { 0.227 1 91.24 1 1390 1 4240 I 0 10320 1 0 1 1360 1 930 | 4280 | 1380

i MAY I 0.835 I 0.359 1 121.04 1 1280 1 1910 1630 1 5550 2330 1 0 2300 1 1820 | 3390
JUN 1._048_1 0.473 1 160.38 .__ 1100 I____0 3570 1 13801 __5520 .. l .. ___0 ____ 400__ ____0 |L 6340_

I JUL I 1.254 I 0.594 I 171.42 I 1040 1 0 , 4730 1 0 1 7210 1 0 { 5430 1 0 ! 7710
I AUG I 1.293 I 0.643 I 154.68 1 1010 0 I 4150 0 1 6340 1 0 { 4730 1 0 | 6670

_SEP_ 1.155 1 0.602_L 137.33 I 1020 ___ _ 2750 1 1850 __260_ _ __0_ ___32 00 _ _ I _46270
OCT 0.978 1 0.538 1 97.85 1 1170 1 2330 1 880 1 6380 0 1 820 1 1190 I 3100 1 1770
NOV 1 0.692 1 0.403 1 50.43 1 12801 60401 01 141201 0 1 2850 1 0 1 7370 1 0

I_DEC I 0.462 1 0.283 1 31.15 i 1470 1 10180 1 0 I 226101 ____ 0 __4800 1_____I0_ 11700 i ___ 0_
I __ANNAL THERMAL LOADS (MBT .... __… 15320 1_ 51590. 17710 1 122620 _ _25660_ ___21400I ___22180_1__56830_1__ 31930
I_DESIGN HOURLY THERMAL LOADS__[BTUHL __I__ 41662_1___16453! __80962_ 2 72004 I 25923 --I 16944 _ 49778 -I 28056

CO

CALCULATED ACES DESIGNS
ACES I _......HU_Ia _SE _ ____ HHOSE 3 _3____HOSE 4
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

...____._ AK___ _CHILLR I _MAKE_ I CHILLER IMAKER __CHILLER I MAKER I CHIL LER_
IVOLUE OF ICE BIN, PT3 V 4623 2320 1 6720 { 3407 I 3766 1 2152 1 8001 { 4468
I AREA OF PANEL, PT2 A 51 1 61 1 173 { 191 I 0 I 0 I 0 I 0

IFUIL ILENGTH OF ICE BIN COIL, FT L 0 I 646 1 0 I 1215 0 421 1 0 { 817
USAGE OF ELECTRICITY, KWH/YR U 1 8397 1 8262 1 16759 { 16831 1 5793 1 5633 9358 I 9516

_ __1EFFICIENCY ANNUAL COP _ _E __ 2.95_ ___3.0086 
2
.86 1 ____298____3.06_ ___3.26_1 3.20_1

IVOLUME OF ICE BIN, FT3 V 2895 1 1452 , 4559 ] 2303 1 2185 1 1227 1 4629 9 2548
IAREA OF PANEL, FT2 A 1 95 104 1 247 { 262 { 31 1 31 64 1 65

IPARTIALILENGTH OF ICE BIN COIL, FT L I 0 1 611 0 [ 1159 1 0 1 394 1 0 1 765
U SAGE OF ELECTRICITY, KWH/YR U 9038 1 9055 17502 I 17530 1 6582 1 6608 1 11240 I 11001

___ IE FFICIECY (ANNUAL COPL_______ E _ ___2l.74___2..74 …___2-- _ __ _2J73 1 -2.62 __2 61_ i-2j_ l-_i 2.771
IVOLUME OP ICE BIN, FT3 V 1167 1 583 I 2398 { 1199 1 605 | 302 1 1257 1 628
(AREA OF PANEL, FT2 A 164 , 174 1 341 360 { 87 | 92 1 184 1 194

INININUMILENGTH OF ICE BIN COIL, FT L 0 1 546 1 0 I 1068 1 0 331 1 0 I 643
IOSAGE OF ELECTRICITY, KWH/YR U I 9810 9800 1 18490 1 18750 1 7346 | 7340 1 12699 1 12689

_____EFFICIENCY (ANNUAL_CO)_ __ E I_ _ 2.53___2.53 1 2.59 . ___2._56 1 __.3 ___2.35_____ I 2.40 2.40_ 1



WASHINGTON, DISTRICT OF COLUMBIA

GEOGRAPHICAL ZONE = B LATITUDE (DEG) = 38.8 GROUND AO = 55.22 F AIR TEMP: OUTDOOR INDOOR
JANUARy WIND (MPH) = 11.0 LONGITODE (DEG) = 77.0 TEMPERATURE BO = 21.74 F WINTER 14 F 70 P
COOLING(TOTAL/SENS.) = 1.16 ELEVATION (PT) = 14. CONSTANTS: PO = 0.613 RAD SUMMER 95 P 78 F

- -_-__ ____~__ ____________I~IGDESTGTBUOILDING DESIGN MONTHLY THERMAL LOADS - __ __
I R-40 INSOLATIO I UNGLAZEDI DOMESTICI__EDI INSULATION _____ _ __ A HIGH INSULATION

MONTH BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 I HOUSE 3 ~ I HOUSE 4
ICOEFFICIENTS 32F HEAT __ AT__I ___ 1200 FT2_ 2400 FT2 __ 1200 FT2 ____2400 PT2

() I TB(M) I SD(M) I PAN(M) I ) W(M) I QH(M) I QC () QH() I QC() I QH(M) QC () I QH(M) QC(M) I
__. 1 MBTU/PFT2 2 MBT/FT21 _BTUI__ MTU _ MBTU _MBTU I M _ BTTU I H MBT O I MB T MBTU

JAN ! 0.457 I 0.259 1 30.37 I 1580 ! 9890 I 0 22110 I 0 I 4550 I 0 | 11390 | 0 0
FEB 0.372 I 0.193 I 36.76 I 1430 I 8240 I 0 18620 I 0 I 3550 | 0 I 9030 | 0 I

I_1l I 0.481 1 0.222 1 61.62 1 1500 6930_J ___0_1 16230 I _ ____. I 2760 0___i I _330 1 ___ 0
! APR ! 0.629 I 0.276 I 91.46 1 1310 1 3460 I 0 8860 I 0 I 1030 1 840 I 3490 | 1170
I MAY 1 0.883 1 0.391 I 125.12 I 1180 I 1220 9 1820 4120 I 2450 ! 0 | 2720 I 1150 I 3820
I JUN 1 1.068 1 0.488 1 129.27 _1 1000_ _____0 __2840 1 090 __ 3950 ! ___0_i 4060_1____ 0 51601
! JUL I 1.265 I 0.601 I 147.12 940 I 0 I 4190 ~ 0 I 5950 I 0 1 5540 1 0 I 7420
I AUG ! 1.315 I 0.651 I 132.93 I 940 I 0 I 4030 0 I 5280 0 0 5010 I 0 | 6550
I SEP 1_ 1.204 I 0.620 1 120-35-1 __990 0_ _25001 __1110 1. 3480_ [__ 01 3400 _L_0 _O__ 400_
I OCT I 1.067 I 0.574 I 95.49 I 1170 I 1590 I 960 4690 1140 1 510 | 1460 I 2230 1950

0 NOV 1 0.814 I 0.456 I 65.50 I 1300 I 3920 0 9910 I 0 I 1600 | 0 I 4850 | 0 1
_DEC I 0.615 1 0.355 1 35.49 1 1490 t 8230 I 0 I 18810 I 0_ 3780 L ____I 0 9790_1__ 09_
I AoNUAL THERMAL LOADS (MBT.L _._ 1 14830 __43480 1_ 16340 1 05550 I 22250_1_ 1780_2__230S30 49260 1___30470
I DESIGN HOURLY THERMAL LOADS _ BTU/HR) _ I _33762_ _ 18188 1 65579 I _26689 __20574_ ___18540 __ 39446 I" 30711_1

I-- -___________________---- -----___ ___---CALCULATED ACES DESIGNS __________
ACES II HQOUSE 1 HOUSE 2 HOUSE_3_R__4___ 4
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE ICE I BRINE I ICE I BRINE I ICE I BRINE

__---1 I_ MAKE________ R I j__CHILLER IMAER R CHILLER I __AKER I CHILLER MAKER CHILLER
{I . IVOLUME OF ICE BIN, PT3 V I 4554 I 2191 5408 I 2722 3194 1849 I 6968 4027
I IAREA OF PANEL, PT2 A I 33 I 48 168 I 187 0 0 0 0
IPULL ILENGTH OF ICE BIN COIL, FT L I 0 I 533 0 I 983 0 337 I 0 657

IUSAGE OF ELECTRICITY, KWH/YR U I 7287 I 7391 14719 ! 14748 5725 5536 I 8555 8281
I_.__ .EFFICIECY (ANNUAL COP___ E _I _3.00_1___2.96 2.___2841 --_- 2.83.L 2___2. 85____2.94_ _324_1___ 3.35_1

IVOLUME OF ICE BIB, PT3 V ! 2808 I 1361 3801 ! 1909 1881 1066 4085 2314
IAREA OP PANEL, PT2 A 73 85 234 249 28 28 59 59

IPARTIALILENGTH OF ICE BIB COIL, FT L 0 504 0 I 941 0 316 9 0 616
IUSAGE OF ELECTRICITY, KWH/YR U 0 8001 8007 15316 I 15334 6526 6535 10202 10239
__ EFFICIECY (ANUALCOP _g E__ 2.73 2.73 1 2.

7
3 _ 2.73 2.50 2.49 2.721 2.71

IVOLUME OF ICE BIN, PT3 V I 1062 531 2193 1096 568 284 1201 600
IARREA OF PANEL, PT2 A 143 149 300 312 75 79 161 168

IMINIUMInLENGTH OF ICE BIN COIL, FT L I 0 449 0 878 0 269 0 522
IUSAGE OF ELECTRICITY, KWH/YR U 0 8697 8692 15913 16134 7152 7148 11551 11545

__PPI-- BFFyCIENCY (ANNUAL COP) E____ _ 2
.51 1--2._52_1 __2.63 _I__ 2. 59 .__228_j.____2. 1 24_ 2.40



APPALACHICOLA, FLORIDA

GEOGRAPHICAL ZONE = E LATITUDE (DEG) = 29.
7

GROUND AO = 68.42 ? AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 9.0 LONGITUDE (DEG) = 85.0 TEMPERATURE BO = 14.94 F WINTER 29 F 70 F
COOLING(TOTAL/SENS.) = 1.26 ELEVATION (FT) = 20. CONSTANTS: PO = 0.613 SAD SUMMER 91 F 78 F

I_. ___ __-…_ ___… ___________- BUILDING DESIGN MONTHLY THERMAL LOADS -_____________

I R-40 INSULATION | ONGLAZEDI DOMESTIC _________ED IUM INSULATION HIH ______IN
MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 1 HOUSE 3 l HOUSE 4

I COEFFICIENTS(32FI _HEAT __l HEAT L____1200_FT2____ ___2400_2_____I______1200_FT2_____i_____ _FT2 ____

(M) I TB(M) I SD(M) I PAN(M) I QHW () IQH(M) QC (M) IQH () I QC () QH (M) I QC () I QH(M) I QC ()
l__ l__ H t/BT 2 BT/F .ULT2 U BT__BTU__TBTU2 __ BTU __ MBTU _ B __MTU__ _L_lBTU _J__MBTU _ MBTU. H___ BTU _I

JAN I 1.075 I 0.558 l 86.75 1 1240 I 2420 I 0 1 65'0 1 0 1 970 1 570 1 3310 1 730
FEB t 0.943 I 0.477 1 89.05 1 1120 I 1670 1 620 1 4840 0 1 560 l 990 I 2170 1 1260

_MAR ___ 1.092 1 0.533 __ 1 010 ___ 1190____ 1100_____1140 J__ 3820 __1510 ____0_1____168 __1400_ __ 2210_1
APR 1.170 I 0.558 1 127.30 I 1050 I 0 1 2430 1 1140 3510 1 0 1 3470 1 0 I 4470
MAY I 1.368 I 0.649 l 141.89 1 970 I 0 1 4680 l 0 I 6080 I 0 1 5590 1 0 1 7600

l JUN 1__ .471 l 0.704 __ 135.21 __ 840_ ___ 0___6530 __ _ 9230_ ...... .. 6830! ____ _L__ 9920_
JUL I 1.631 I 0.794 l 142.45 1 800 I 0 l 7910 i 0 1 11740 I 0 1 7680 1 0 1 11380
AUG I 1.665 I 0.828 1 145.00 I 800 I 0 1 8070 l 0 l 12000 1 0 l 7650 1 0 1 11340
SEP__ 1. 564 __0.795_ __1_44.8! 1 __ 830 _________ 6680 0-q __ _9360_ _______0_____6550_.____O_ _ 9390_
OCT i 1.495 I 0.775 1 132.99 1 960 I 0 1 3940 1 0 1 5510 0 I 4340 I 0 1 5810
NOV I 1.296 1 0.682 1 106.00 l 1040 1 500 1 1760 1950 1 2460 1 0 2200 1 1000 1 2920
DEC 1 1.184 0.624 1 86.06 I 1180 1___160_1___62 16 4800 I__ 0__ 620L__ 940_1 _2450_1__ 1210_1

I ANNUAL THERMAL LOADS_ MBTU_ ____ 12020_J.____320_ __44380 23120 1 __1400 2150_ I 48490 _ 10330Q __ 68130Q
l DESIGN HOURLY THERMAL LOADS IBTUZHRI __ 20093 ,__22670 1 38762 1_39301 _ __347J1 _ _20247 25695 1 __35164

-_______________________________CALCULATED ACES DESIGNS__________________________
I ACES I _____ HoUE_1 _ _ HOUSE 2 _____HOUSE_3 _ __HOSE_ 4____I

SIZE I SYSTEM DESIGN PARAMETERS I ICE BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE I
I___ . ____ _____ _M__SAKER_ I_ l__ AR £ _CHI_ LL t _AERR ICIL MAKER ___ CHILLER_

IVOLUME OF ICE BIN, FT3 V I 848 l 500 l 2730 1 1609 I
AREA OF PANEL, FT2 A 0 0 0 0 I

IFULL ILENGTH OF ICE BIN COIL, FT L 0 l 283 l 0 l 581 I
l UISAGE OF ELECTRICITY, KWH/YR U 9209 1 9037 I 13159 1 13165 I
! __ _IEFFICIENCY (ANNUAL COP ___ E 2.03 ___2.07 1__25 . 2.15 ______ .........______

IVOLUME OF ICE BIN, FT3 V 594 1 335 1 1727 I 986 { {
IAREA OF PANEL, FT2 A 0 I 0 1 15 15

IPARTIALILENGTH OF ICE BIN COIL, FT L 0 l 269 1 0 1 547 I
l IUSAGE OF ELECTRICITY, KWH/YR U 9418 1 9426 1 14077 1 14108 I l

____ IEFFICIENCY IANNUAL COP) _____ __ _1 .9 _98 __ 98_____ .... 1_ ___ 2.00 _______l______ ________ __ __
IVOLUME OF ICE BIN, FT3 V 1 339 169 l 724 362 1 205 102 422 I 211
IAREA OF PANEL, FT2 A 10 11 1 33 35 0 0 0 l 0 l

IMINIMUMILENGTH OF ICE BIN COIL, FT L 0 246 0 1 482 1 0 163 0 1 314
I IUSAGE OF ELECTRICITY, KWH/YR U 9555 9555 1 14512 1 14610 1 9660 I 9659 14170 1 14164
I___ _ EFFICIENCY (ANNUAL COPL___ __ 1___195 1__1. 95 1 _ 1.95 1.__9 1 .94___1 ... 9____1 . __1 8 __ 1.87_1



JACKSONVILLE, FLORIDA

GEOGRAPHICAL ZONE = E LATITUDE (DEG) = 30.5 GROUND AO = 68.69 F AIR TEMP: OUTDOOR INDOOR
JANUaRY WIND (MPH) = 9.0 LONGITUDE (DEG) = 81.7 TEMPERATURE BO = 14.07 F WINTER 30 F 70 F
COOLING(TOTAL/SENS.) = 1.24 ELEVATION (PT) = 26. CONSTANTS: PO = 0.552 RAD SUMMER 93 F 78 F

-I _ _____________ _ _BUILDING DSIGN OaNTHLY THERMAL LOADS ________ ________ __
I R-40 INSULATION I UGLAZEDI DOMESTICI_ _ MEDIUM INSULATION ___ ____HIGH INSULATION___

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 I HOUSE 3 l HOUSE 4
I COEPPICIENTS 32PFI HEAT__ HAT _ __1__ 1200__T2__ __1 _2400_FT2 ____ ____ 1200 FT2 __L _ ___2400_FT2 __I

() I TB(M) I SD(B ) PAN(M) I QHWM() QH(M) I QC(M) I QH(M) I QC(M) I QH(M) I QC() I QH(m I QC(M)
I _ -_ MBTU/FT2 IR BTU/LFT21 BTU _ _MBT_ ___ MBTU I MBTU_ _MBTU I__MBTU I _M BTU __ I MBTU __i___BTU __

JA I 1.094 0.565 85.15 1230 I 2350 1 520 1 6440 I 0 I 950 I 790 I 3240 I 1040
FEB I 0.970 0.488 98.32 ! 1100 I 1440 I 990 l 4280 I 1280 I 480 1 1440 I 1910 I 1890

I MBl _ 1.128 I 0.550 1 118.61 _ 11601 _ 1150 J 1480 1 ___310 1_ __2070 1__._ 1___2030_l _ 1530 __ 2710_
t APR 1.203 0.575 135.31 1 1030 I 0 I 2630 1 1300 I 3810 I 0 ! 3440 10 I 4490
HAY g 1.395 0.665 1 151.08 I 950 l 0 I 4720 i 0 I 6270 I 0 1 5470 1 0 I 7380
JUN I 1.485 1 0.714 1 149.69 __ 830 ____ ___61002 . ___0 8370_ __ _ _01 __ 6400_l ___ 0 9040_1

I JL l 1.632 0.797 149.35 810 I 0 I 7620 l 0 1 11050 1 0 I 7430 I 0 I 10900
AUG I 1.656 0.825 151.74 I 810 1 0 I 7730 1 0 I 11190 I 0 I 7390 I 0 I 10840

I SEPl 1.550 0.788 150. 26_1 840 1 _____0 _ 670 _ _ _ _ _ 8920_ _ _ J_ _ __66440 _ -_ _ 9160
I OCT 1.481 l 0.768 131.15 970 I 0 I 3650 0 I 4830 I 0 I 4140 I 0 I 5460
1 NOV I 1.290 l 0.677 101.25 1040 i 610 | 1650 2230 ! 2270 I 0 I 2080 I 1160 I 2720
I DEC I 1.189 I 0.624 I 80.43 I 1170 1 1890 l 590 1 5360 1 0 I 790 I 8Q70 _ 2820 J 1110
I ARNNUAL THERMAL LOADS (MBTm_ I 11940 J_. 7440 j_ 44150 1 233 20 60060L _-2220 1 _47920_ 10660 _1_ 66740_1
_ DESIGN HOURLY THERMAL LOADS _BTU/HRI 1 194871__ 23167 37585 1 39637 1 13078_ __ 20567__ 249411 I 35854_1

-_ _ ___ _______ _ ___DES__IG___S____-- __-___CACUL_ _____ A____ ___SS__ __
I ACES | HOUSE 1 I _HOUSE 2 ____ __ HOUSE 3 ____1 HOUSE _I

SIZE I SYSTEM DESIGN PARAMETERS ICE I BRINE ICE BRINE I ICE BRINE I ICE I BRINE
II _ __ _______ _____ _ J. MAER ICHILLER I MAKER CH ILLLEAER I I AKER__I CHILLER I
IVOLUME OF ICE BIN, FT3 V 1 654 380 2297 1 1348 l I
IAREA OF PANEL, FT2 A I 0 0 0 01 I

IFULL ILENGTH OF ICE BIN COIL, FT L I 0 266 0 1 553
IUSAGE OP ELECTRICITY, KWH/YR U 9010 9010 12732 1 12741 1

____I FPPFICIENCY (ANNUAL COP)_ ' E _l. 2.07_l___ 207 1___2.19 __ -. 219__ 1_ I _ -_ - L __--L_
IVOLUME OF ICE BIN, FT3 V ! 492 272 1503 1 851 I
I&REA OF PANEL, FT2 I 1 0 0 12 13

PARTIALILENGTH OF ICE BIN COIL, FT L I 0 255 0 523
IUSAGE OF ELECTRICITY, KWH/YR U .9316 I 9315 1 13626 13641 I

I ___ BPPICIENCY (AHNUAL COP)_____ 2 0 2.00___2.00 1 2.05 1 _2. 05 ____ __ ___ ___J_______ -
IVOLUME OF ICE BIN, PT3 V 331 165 710 355 I 202 101 ! 414 1 207

I IaREa OF PANEL, PT2 L 0 0 33 36 0 0 0 0
MINIMUMILENGTH OF ICE BIN COIL, PT L 0 I 239 0 I 468 I 0 158 I 0 1 305

I OUSAGE OF ELECTRICITY, KWH/YR U 9357 1 9357 13896 I 13890 I 9543 1 9542 I 13637 1 13637
I _ __ IEPPICIBECY (rONUAL COPI __ E _ __ 192___ 1.9___ 01_.._ 2.01 . _ _ I91.9!1 L___ 1.9-L--1 . .2-. l 1.92_1



ATLANTA, GEORGIA

GEOGRAPHICAL ZONE = D LATITUDE (DEG) = 33.6 GROUND AO = 59.79 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 11.0 LONGITUDE (DEG) = 84.3 TEMPERATURE BO = 19.09 F WINTER 17 F 70 F
COOLING(TOTAL/SENS.) = 1.17 ELEVATION (FT) = 950. CONSTANTS: PO = 0.556 RAD SUMMER 92 F 78 F

_____ _ _ __-____ __BUILDING_DESIGN MONTHLY THERMAL LOADS
R-40 INSULATION I UNGLAZEDI DOMESTIC ___MEDIUM INSULATION I GH I___ ____HH_NSULATION___ __

MONTH I BIN HEAT LEAK I PANEL I WATER HOUSE 1 I HOUSE 2 | HOUSE 3 | HOUSE 4
ICOEFFICIENTS (32F I _EAT __ HEAT 1200 00_FT2- I__ ____2400_ FT2 I 1200_FT2______2400 PT2 ___

(M) I TB(MI SD(M) I PAN(M) QRHW() ( QH() I QC(M) I QH(M) I QCM) 1 QH(M) I QC(M) I QH(M) I QC(M)
I..__-__ MBTU/PT2_ /_BTOFFT2 E 2 BTU I MBTU _ I L__B TU _ __LBTU___].BTU I_ ._. B T MBU .... MBTU I

JAN 0.667 0.358 { 50.20 1 1460 1 6940 I 0 { 16220 | 0 | 3090 1 0 I 8130 | 0
FEB I 0.576 0.292 61.58 1310 1 5200 1 0 { 12450 | 0 | 2080 1 0 { 5810 1 0

_MAR_ 0.711 0.337 _ _ 6 _ 180_ __4470 I 0 1_____ _ __ 0 _____ . 1680 ____410_ I 5010_i___
APR { 0.839 0.384 { 114.06 1210 | 1920 | 1030 I 5520 1 1330 I 470 I 1610 I 2030 1 2270
MAT 1.073 0.492 130.98 I 1090 I 0 I 2580 I 1950 1 3630 O0 | 3610 I 0 1 4670
J __ __ 1.222 1 0.572 1 131.24__ _940 I- .-J ._1 3730 1 0 1 5330 I __0 ____5000 _ __ 0_1__ 65 70_
JUL 1.396 0.672 140.58 1 900 0 I 5080 0 6580 | 0 | 5930 | 0 | 8000
AUG 1.428 0.711 143.88 I 900 I 0 | 5340 I 0 | 7310 { 0 | 5940 I 0 | 8090

__SEP_. 1312_1 0.674_.1 124_36_____95 _____ .......__ ___3470 ____ 0_1_ _ ..0_1____ 0 _____150.L _ __ _1___5400
OCT 1.192 1 0.633 { 106.71 1110 I 980 { 1430 { 3290 | 1970 { 0 | 1860 { 1540 | 2520
NOV 0.960 1 0.523 79.85 1 1220 1 2900 1 0 J 7570 O0 I 1230 1 550 { 3910 0

.__ EC 0.797 0.439 1 55.69 1 1390 1 5570 1 0 | 13390 1 _ 0_ O | 2480 10____ I 6820 1L___ 0
I _A NAL THERMAL LOADS (HTU) .. _... 1380 i__27980 2 . __2266220 I _71390___2 30910 1__I 1 10 30 _29060 __ I 33250 ___37520 I
I_DESIGN HOURLY THERMAL LOADS (BTULHR __1 i___30134l- I 19196_ I 5842229 I _ __[ 39 ___1892 7 8840 I L . 3623136_

rI)

_LLT__ ___ __ __D ES DESIGNS_____________
ACES _____HOUSES l _ HOU_ SE 2SE 2 ___._____. HO2US.34 _____HOSE
SIZE SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

_____L ________I_ _ ___,____________ MAKER _CHILLER I fMAKER _CHILLER__AKER___CHILLER_I__ MAER__ I CHILLER I
ITOLUME OF ICE BIN, FT3 V { 4155 I 2444 1 9159 I 4507 1 1929 I 1133 ~ 4641 i 2721
IAREA OF PANEL, FT2 A I 0 0 I 0 I 15 I 0 0 I 0 0 0

OFUL ILENGTH OF ICE BIN COIL, FT L 0 | 488 { 0 | 942 | 0 296 i 0 582
IUSAGE OP ELECTRICITY, KWH/YR U | 6378 I 6000 1 10196 11229 { 6481 6494 { 9392 9101

E__-I IFFICIENCY _ANNUAL COP) l_ _ __ ....____296_ _3. 15_ 3____34 I 3 .3 __2.44_ j__243_ I _264_1__ 2.72_I
IVOLUME OF ICE BIN, FT3 V 7 2466 | 1416 { 5398 I 2663 | 1175 672 J 2765 1 1582
(AREA OF PANEL, PT2 A 25 | 25 52 { 63 i 12 13 { 29 I 29

IPARTIALILENGTH OF ICE BIN COIL, FT L I 0 458 [ 0 885 | 0 278 { 0 546
{ IUSAGE OF ELECTRICITY, KWH/YR U 7305 | 7337 12480 { 12627 { 7059 7070 | 10615 10372

I_ _ JEFFICIENCY (ANNUAL COP) _ E__ __2.59 ___2. 58 232.73 ___2.70 3 2.24. 2.24 2.34__ 2.39_1
IVOLUME OF ICE BIN, PT3 V { 778 1 389 1 1637 1 818 | 421 1 210 1 889 I 444
IAREA OF PANEL, PT2 A 60 1 63 { 128 { 135 ( 32 1 34 { 69 1 74

IMINIMUMILENGTH OF ICE BIN COIL, FT L I 01 390 01 765 1 0 240 0 467
1 IUSAGE OF ELECTRICITY, KWH/YR U 8176 | 8168 I 14160 14147 | 7382 7506 { 11378 11362
I__ _IEFFICIENCY (ANNUAL COPl__) E__l___ 23-1_ 2.31 1 .... 2-]4 I _2__I-2l _ _ ..--[ 2 l 21 2.18_1



AUGUSTA, GEORGIA

GEOGRAPHICAL ZONE = D LATITUDE (DEG) = 33.4 GROUND AO = 63.19 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 7.0 LONGITUDE (DEG) = 82.0 TEMPERATURE BO = 17.80 F WINTER 20 F 70 F
COOLING(TOTAL/SENS.) = 1.20 ELEVATION (FT) = 136. CONSTANTS: PO = 0.513 RAD SUMOER 95 F 78 P

l_- -_ _ ___DSGMOTLTHRa____ _ _ _______BUILDING DESIGN MONTHLY THEHRAL LOADS_
R-40 INSULATION I UNGLAZED1 DOESTICI ________DI UM INSULATION _ __. L_. __ _ HIGHINSULATIONl___

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 I HOUSE 3 R HOUSE 4
ICOEFFICIENTS 32PF L HEEAT_ HAT__ __ 1200 FT2 __ 2 00 FT2 _ ___ 1200 PT2 _ 2_400 FT2_

() I TB(MK) I SD(M) PAN(M) I QHW(M) I QH(M) I QC(M) I QH() I QC(M) I OH(M) I QC(M) I QH(M) I QC(M)
_I _ ._._ I HBTU/FT2 __ I _BTU/FT21 IBTU _I __MBTU _ 1__ .BT I 9H_ BT I __ _I T T__ _ BTU ___ _ lU-_ __- BBTU___l

JAN 0.813 1 0.428 I 56.13 1380 I 4700 I 0 1 11520 I 0 I 1950 1 0 I 5570 I 0
1 FEB 0.716 1 0.360 1 64.75 1240 1 3510 1 0 8830 1 0 1 1310 470 1 4020 | 0

I MAR I 0.869 1 0.415 l 84.27_ 1290_ L 0__2300 0 L0 21 1 __lO 10 i- 960_1 _ 3420 1340_1
APR 0.986 1 0.459 I 106.81 1 1130 I 1220 I 1720 1 3890 1 2380 I 0 1 2400 | 1360 I 3290
NAY I 1.213 I 0.565 1 128.57 1 1030 I 0 I 3370 1 1190 I 4910 1 0 1 4400 I 0 I 5860

I_ JON 1.342 I 0.635 1 119.80 _ 880 _ _______0 ___ ___0 6980 _ _ _ 0 L_ 5800_J 0 _ 1_. 8030_
IJUL 1.504 I 0.730 I 128.22 850 0 I 6590 I 0 I 9200 ! 0 I 6880 I 0 I 9810
AUG I 1.526 0.762 ! 118.64 860 0 I 6450 0 | 9010 0 6620 0 I 9350

I SEP 1 1.404 1 0.721 1 113.2_1 _ _910 J_ _ _ __ 470 1______0 _J _6130_1 ___ 0____4960_ _ 1_ 6670_
1 OCT 1.293 I 0.682 I 86.13 1070 720 I 2150 2570 | 3020 I 0 2550 I 1260 I 3500 1

NOV I 1.070 I 0.575 I 69.11 1170 2400 I 670 6360 | 0 1040 950 3380 I 1320
DEC I 0.927 1 0.500 I 55.36 1320 1 4060 _ 0__ 10120 I 0 J _ 1780 ____ 5150 __ 0°

I ANNUAL THERMAL LOADS (HBTU I.___ 13130_ J_ 19610 . _1 0530 1__52300 ]. 41630 _1__ 7080 35990 I 24160__ I 49170
I DESIGN HOURLYTHERMAL LOADS__ BT HRI .__1_271 7

3____ 21992___ 52609 1 _ 5789_ 17404_L___20380_ I 33359 1 34685-1

. ru

- ------ _____ C__ _-____ _ ________--__CALCULATED ACES DESIGNS _ _ _____
ACES I HOEUSE I HOUSE32 __ I-- HOU2_____ __H9SE _4 __
SIZE SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

I _L. _____ L__AKER _ CHILLER I MAKER I CHILLER _I AKER___ CHILLER _ MKER__ _CHILLER I
IVOLUME OF ICE BIN, FT3 V l 2767 I 1644 6384 I 3771 I 1101 645 i 2845 1 1680
IAREA OF PANEL, FT2 A 0 I 0 I 0 I 0 I 0 I 0

FULL ILENGTH OF ICE BIN COIL, FT L 0 I 426 0 I 841 ' 0 257 1 0 1 511
ISAGE OF ELECTRICITY, KWH/YR U 7272 I 7039 11263 I 10561 I 7652 1 7493 1 11044 1 10747

I __IIFFEICIENCY (ANNUAL COP) E___ _ 2.551 _ 2.63 _L__2 278 ___2.97 ___ 2.15_j____2. 20___ 2 29 ____ 236_1
IVOLUME OF ICE BIN, FT3 V l 1665 1 962 3790 1 2184 1 705 1 400 1 1745 1 1001

I lREA OF PANEL, FT2 A I 18 I 18 40 0 4 0 I 0 0 20 20
IPARTIALILENGTH OF ICE BIN COIL, FT L I 0 I 399 0 l 788 0 243 0 480

I USAGE OF ELECTRICITY, KWH/YR U l 8199 | 8011 13033 l 12705 I 7992 8002 1 11871 11674
I____ _ IEFFICIENCY (ANNUAL COP)__ E__ 2.26 _ 2.31 1 2.41 I __247__2 .706 2.06 _ __2._6_L 2 .13 2.17

IVOLUME OP ICE BIN, PT3 V | 563 I 281 1 1195 1 597 1 309 I 154 1 644 l 322
IAREA OF PANEL, FT2 A t 41 I 44 1 90 95 I 23 1 25 I 49 52

INIHIUMILENGTH OF ICE BIN COIL, FT L I 0 I 342 0 671 l 0 215 I 0 416
USAGE OP ELECTRICITY, KWH/YR U l 8470 I 8679 14020 I 13996 l 8102 8046 I 12240 12229

__ ___iFFIICIENCY (ANNUAL COPPL __E_ _ .__1___219 1_2__ 14 1 _ 24__._2 2. - 2.241 _ 2.03 ____ _ __2.05 J-L 2.07_



MACON, GEORGIA

GEOGRAPHICAL ZONE = D LATITUDE (DEG) = 32.6 GROUND AO = 64.68 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 9.0 LONGITUDE (DEG) = 83.6 TEMPERATURE BO = 16.75 F WINTER 21 F 70 F
COOLING(TOTAL/SENS.) = 1.20 ELEVATION (FT) = 294. CONSTANTS: PO = 0.565 RAD SUMMER 96 F 78 F

_________ _ _____ ___________ ___BUILDING DESIGN MONTHLY THERMAL LOADS__ _________ ___ _________________
{ R-40 INSULATION I UNGLAZEDI DOMESTICI __________MEDIUMINSULATION _______I___IGHINSULATIO

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 HOUSE 2 ~ HOUSE 3 1 HOUSE 4
COEFFICIENTS (32F)J __EAT -___ HEAT _____1200 T22400FT2 1200 FT2_ 2400 FT2

(m) I TB(M) I SD(M) PAN(M) I QHW(M) I QH(M) I QC(M) I QH(M) I QC(M) I QH(M) I QC(M) I QH(M) I QC(M)
_ j___ MBTU/FT2 ._ l_MBTU/FT2 __BTU____BTU__ MB__I__TB TU. I MBTU LBTU I MBT___ BTUTUBTU MBTU
JAN I 0.895 I 0.469 60.65 1 1340 I 4380 0 10900 I 0 I 1830 I 0 1 5390 1 0
FEB | 0.784 I 0.396 1 71.95 1 1200 I 3140 1 0 | 8100 { 0 I 1180 1 450 1 3720 1 0

_ AR_ I _0.930 _._0.449 _ .__.9585___ 1260_ ___2500 _____550_ 6780 1 0 7 901 910 2930 1240
APR I 1.032 I 0.485 1 123.21 1 1110 I 850 1760 1 3010 I 2450 1 0 | 2450 1 980 1 3320
MAY 1 1.247 I 0.584 1 134.12 1 1020 I 0 I 3610 1 0 | 5190 ( 0 | 4630 ( 0 1 6160
J.UN3 _L. 369 0.650 ...139...49_.___88 5230 - 0 ______J _ __6910 0 ..____ ..____5920_ ___ __ 8150_
JUL I 1.532 I 0.743 1 146.74 | 840 I 0 1 6580 1 0 1 9000 I 0 I 6860 1 0 | 9770
AUG I 1.562 I 0.778 1 140.05 1 850 I 0 6720 1 0 1 9370 I 0 I 6790 | 0 | 9650

_SEP__I 1.451 1 0.741 _ 131.56___ 880_ ______I_ _472 0 _ _0__0 5120 1 __....._ 6920_
OCT I 1.357 I 0.711 1 103.28 1 1030 I 0 1 2260 1 1730 1 3130 | 0 | 2670 1 870 1 3550
NOV I 1.144 1 0.610 1 95.80 1 1120 I 1180 1300 1 3560 1 1710 | 440 I 1650 1 1780 1 2230
DEC 1_ 1.010 I 0.541-1 63.34 1270 1 3440__ 0 I 887 _0 0 _1490_.____ 340 _1 4540_ 0 I__

_ANNUAL THERMAL LOADS_ (MBT01_____ 12800 __5490 1__ 2730 __
4
2

9
52 _ __

4
1

6
0_._ _57 i_ 79_ 20210i___50990_

_DESIGN HOURLY THERMAL LOADS _IBTUZH)L _____25293_1j_23172_I2_ 49883_L _8228_ __1686 4 ___22106 6_1_ 32238 - 36288 I

I __________ _________________________CALCULATEDACES DESIGNS___________________________________
ACES I HO_____I _HOUSE 2 ___________HOUSE_3 ____ - HOUSE_ 4_ _
SIZE I SYSTEM DESIGN PARAMETERS ICE I BRINE ICE BRINE I ICE I BRINE I ICE I BRINE

... 1. M__A__ ___I _BIKES__CHIHLLE I iAKEj I CI LLEA1__SA __ IIL KER_ I CHILLERAI
IVOLUME OF ICE BIN, FT3 V I 2200 1288 1 5101 1 2995 | 863 I 527 1 2475 I 1445
IAREA OF PANEL, FT2 A 0 I 0 I 0 0 I 0 I 0 0 I 0

IFULL ILENGTH OF ICE BIN COIL, FT L I 0 395 1 0 1 781 I 0 I 2444 0 I 487
I IUSAGE OF ELECTRICITY, KWH/YR 7404 1 7210 11081 1 10769 I 7754 I 7758 1 11100 I 10872
I___IEFFICIENCY (ANNUAL COP) .____ __E____ _21_ 2.48 2.64 _2..72 I2 . 13 2 __2._ ___213_ 2_2J 2 2. --- I26_1
I IVOLUME OF ICE BIN, FT3 V 1 1365 1 776 1 3117 1 1781 1 578 I 337 1 1549 1 878
I IAREA OF PANEL, FT2 A 13 1 14 1 33 1 33 1 0 0 1 17 18
IPARTIALILENGTB OF ICE BIN COIL, FT L 0 371 0 1 734 I 0 I 231 1 0 459
I UIISAGE OF ELECTRICITY, KWH/YR U I 8087 8095 1 12579 1 12340 1 8095 1 8102 1 11676 I 11684
I_ __I EFFICIENCY (ANNUAL COPL ._____ __i _ 2_21___2.21 2. 33 ____.37 __ 2. 04 _1__204__ 2l.11 2. 11-1

IVOLUME OF ICE BIN, FT3 V 529 1 264 1 1133 1 566 I 293 I 146 1 623 I 311
IAREA OF PANEL, FT2 A 1 33 35 1 73 1 78 I 15 I 17 1 40 I 43

IMINIMUMILENGTH OF ICE BIN COIL, FT L 0 324 1 0 1 636 I 0 I 208 1 0 I 402
I 1USAGE OF ELECTRICITY, KWH/YR U 8428 1 8422 1 13459 I 13447 I 8230 I 8231 1 12206 I 12196
I _ IFFICIENCY (ANNUAL COPL __ E 2_1____2 2_1____.12._1___ 2.171- 2.18 1 2. 00 .... 2-00 1__ 2.02_ ___2.02_



BOISE, IDAHO

GEOGRAPHICAL ZONE = N LATITUDE (DEG) = 43.6 GROUND AO = 50.74 F AIR TESP: OUTDOOR INDOOR
JANUARY WIND (HPH) = 9.0 LONGITUDE (DEG) = 116.2 TEMPERATURE BO = 21.33 F WINTER 3 F 70 F
COOLING(TOTAL/SENS.) = 1.00 ELEVATION (FT) = 2838. CONSTANTS: PO = 0.579 RAD SOUMMER 94 F 78 F

__________________ _____ _BUILDING DESIGN HONTHLY THERMBAL LOADS __ ______ _ _____ __
I -40 INSOLATIO N I UNGLAZED[ DOMESTIC ________HEDIUM INSULATION I HIGH INSULATION______ _

BONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 HOOSE 2 I HOUSE 3 1 HOUSE 4
ICOEFFICIENTS 32FH__HEAT__1 . HEAT _L ____.1200_FT2 I 240 0 PT2____ 1200 PT2 __ __2400_FT2__

(M) TB(H) 1 SD() PAN(B) I QHW() I -QOH(M) I QC() QOH() I QC(M) I ORH (M) I QC () QI OH() QC()
1 _ I . BBTU/FT2 IBT U/FT2 -M BTU _1__MBTU _BT MTU!BU I IBT_ I _MBT T__L __i_ B T___ U I MBTU__

JAN ! 0.292 1 0.174 1 20.65 [ 1570 1 11610 1 0 1 25460 ] 0 ! 5410 [ 0 [ 13130 | 0
FEB 1 0.230 1 0..121 ] 34.07 I' 1440 9020 0 1 20210 1 0 1 3750 [ 0 [ 9440 I O

_SAB_1 0.330 I 0.145 I 58.201 _1560__ 7776 0 I___0 1 7960 J____0 1 3080 0___O__ _7940_i __ O0_
APR I 0.485 I 0.204 1 78.78 1 1420 1 4970 1 0 1 11830 1 0 I 1780 1 440 1 5160 | 0
MAY 1 0.731 1 0.316 1 103.55 1 1330 1 3060 I 950 1 7860 I 0 ! 840 1 1440 I 3110 | 2130

._JUN__ 0.914 0.413 I 120.41 _ 1170 _.111 140__ 2260 1 3680I 3340 _ __ 0 __2980 1 1140_ __ 4360_
JOL 1 1.097 1 0.519 1 152.93 1120 0 I 4130 1 1260 1 6330 0 1 4900 1 0 7140
AUG 1 1.139 1 0.564 1 136.52 1 1090 0 I 3610 1 1410 1 5520 1 0 1 4280 1 0 | 6200

_SEP 1 1.028 1 0.5341 116.71 __1090 _1130_ i __200__ 360 __ 340 000 I __0 I 2490_ I_1490 .. 3660_1
OCT 1 0.884 1 0.482 1 81.40 I 1220 1 3280 1 0 1 8380 I 0 I 1270 1 650 1 4140 I 940
ROY I 0.639 1 0.368 1 43.23 1 1310 1 6710 1 0 1 15730 I 0 I 3010 1 0 I 7920 | 0

I DEC 1-0.441 0.266 1 22.20 I 1480 i 10350 I_ 0 1 22990 _I 0 4830 t _ 01 12040 I0_
IANNUAL TREEMAL LOADS (MBTUO) _ 15800 __59030_1_ 12960 140410 1 _18190 _ 23970_ _7180 _1 65510 .. 24430
_DESIGN HOURBLY THERMAL LOADS (BTU/HRI _ 41233 1__ 15305 _J_80139 _ _24618 I 25516_1__17162_ 48994~I_ 28401_1

03

r~o

__ __ ___ ______ __ _____ _--CALCULATED ACES DESIGNS______ ____ _ ____
ACES 1 ___ BOSE_ I HOOSE 2H I _ET____HOUI:SE 3 OUSE __
SIZE I SYSTEM DESIGN PARAMETERS ~ ICE I BRINE I ICE I BRIiiE ICE I BRINE I ICE I BRINE

_I-____._ _ MAKERB _ CHILLER I MAKER I CHILLER IMAKER _ CHILLER_ I MAKER__ CHILLERl
IOLUME OF ICE BIN, PT3 V 1 2891 1 1479 1 3479 1 1785 I 4072 | 2204 1 5891 1 3023
(ABEA OP PANEL, FT2 A 1 138 146 1 426 1 457 | 0 0 0 58 1 70

IFUPOLL ILENGTH OF ICE BIN COIL, PT L I 0 1 607 0O I 1113 0 | 417 0 1 770
| USAGE OF BLECTRICITY, KWH/YR U 1 8996 9010 1 18400 1 18387 ( 5007 1 5266 10269 1 10312

I__ EFFICI ENCY (ANNUAL COP) ___ E_ 2.86 2___2.85 1__2.78_ 2.78_ 1_ 3.33_ ___3.1 _7 1_ _3.02I 3.00_
IVOLUME OF ICE BIN, FT3 v 1 2055 1 1044 1 2991 1 1518 | 2359 | 1264 1 3626 1 1851
I AREA OF PANEL, FT2 A 1 176 1 188 477 I 507 1 38 1 40 1 133 1 142

IPARTIALILENGTH OF ICE BIN COIL, PT L I 0 582 1 0 1091 I 0 1 390 0 1 726
1 USAGE OP ELECTRICITY, KWH/YR U I 9342 9315 1 18580 1 18562 | 6009 1 6031 1 11121 11140

__ JEFFPICIEBNCY (ANNUAL COPL___ E__ _I 2.75__ 2.76 1 2.75 1 __2.75 1 2.78 ____2.277j__12.79__ 2.78
IVOLUME OF ICE BIN, PT3 V I 1220 1 610 2503 1 1251 | 647 1 323 1 1361 1 680
IAREA OF PANEL, FT2 A i 254 269 . 528 1 557 | 135 143 1 289 305

IBINIEUMILENGTH OF ICE BIN COIL, PT L I 0 1 544 1 0 1 1064 0 1 330 0 1 641
1 USAGE OF ELECTRICITY, KNH/YR U 9662 1 9653 1 18709 I 18865 I 6590 1 6800 1 11933 12270

I.___IE FFICIENCY (ANNUAL COP) E _L___2.66 ___2. 66 _ 2.73 LI ....-- 2l.____2_ 5_1_J _2.45_ 1_ 260_.____j52_



IDAHO FALLS, IDAHO

GEOGRAPHICAL ZONE = K LATITUDE (DEG) = 43.5 GROUND AO = 43.57 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 6.0 LONGITUDE (DEG) = 112.1 TEMPERATURE BO = 23.21 F WINTER -11 F 70 F
COOLING(TOTAL/SENS.) = 1.00 ELEVATION (FT) = 4741. CONSTANTS: PO = 0.581 RAD SUMMER 87 F 78 F

_IR-40 ______ _ _ _ _ ~~~~--_-_ -BUILDING DESIGN MONTHLY THERMAL LOADS __________ _ _____
IR-40 INSULATION I UNGLAZEDI DOMESTICI ____. __ EDIU M INSULAION __________IGH_INSOLATION _____ ___

MONTH I BIN HEAT LEAK I PANEL I WATER | HOUSE 1 I HOUSE 2 | HOUSE 3 I HOUSE 4
I COEFFICIENTS (32F) HEAT__ HEAT j _ _1200 FT2 ___ 2400 FT2____1200 FT2 L__ 2400 FT2 __

(M) I TB(M) I SD(M) I PAN(M) I QHW(B) | QH(}I QC () I QH(M) I QC(M) I QH(M) QC(M) I QH(M) I QC(M)
_ ____ _ MBTU/FT2 ___. _MBTU/FT_T21 MBTTU M_L BTU l MBTU I MBTU I MBTU __ BTO ___ ___BTU_ _ MBTU __1 BTU___

JAN I -0.010 1 0.026 1 10.97 1 1520 1 155301 0 1 33070 0 1 7620 1 0 1 17400 1 0
I FEB 1 -0.046 1 -0.017 I 19.97 1 1420 1 12530 1 0 1 27040 0I 1 5600 1 0 1 13200 1 0
I MAR __0.031_1 -0.006 _ 36.48 ___1600 J__ 11620 __ O_ 25610 1 0____4870 ______ 0__ __ 11240_1 - ---__

APR 0.210 1 0.063 1 68.64 1 1550 1 6920 1 0 1 15930 0 1 2620 1 0 1 6860 1 0
AY I 0.467 1 0.179 1 87.53 1 1560 1 4590 1 0 j 11070 1 0 1 1420 1 1170 1 4430 1 1740

IJUN I 0.677 1 0.290 _100.31 __ 1450 L_ 2720 ___ 1320_ 1 7170 1__1810 ....___ 620____ 17_ _ 2590____ 2950_
I JUL ! 0.866 1 0.401 1 122.98 1 1420 1 1100 1 2780 1 3750 1 4200 0 0 1 3610 1 0 1 5370
I AUG I 0.911 1 0.450 1 117.70 1 1370 1 1250 1 2590 1 4050 1 3890 | 0 1 3290 1 1280 1 4940
I SEP__ 0.802_1 _0.422 _ 94.66_ __ 1290___ 2490 1__1560 1 6650 ___.2240 .__ __.30 _ ___07_ _2 _ 2830____ 317_

OCT 1 0.634 1 0.361 I 67.41 1 1350 1 5300 1 0 1 12460 1 0 1 2260 1 540 1 6190 1 0 1
I NOV I 0.379 I 0.242 1 33.61 1 1340 1 9010 1 0 1 20250 1 0 1 4050 1 0 1 10020 1 0
I _ EC 0.152 1 0.126 1 _8.39 1 1450 1 1450

0
1_ 0 1 31020 _ 0 1 __7300_ _ ___ 1 16780_1 0_

I ANNUAL THERMAL LOADS _(BTUl.___ __ 17320_ -87560_1___82 50 I 198070Q__ 12140_ ___3090_ 1__12650 93320 _ __ 18170 1
I _ESIGN HOURLY THERMAL LOADS lBTUHR _ ____52059__ _ 9690 101304 113698 _32429. _ 14257 _ 623941_ 228721

rQ
CO

___CALCULATED ACES DESIGNS
IACES I| SE___ ___HO___ _ ______ HUSE_2__ ______ HSOUSE _ ___l _ _HO USE_4 ___
SIZE | SYSTEM DESIGN PARAMETERS I ICE I BRINE | ICE | BRINE I ICE I BRINE | ICE I BRINE

I __-_I _ __AKER__ CHILL1ER_ __MAKE__R_ SC HILLER l._MAKER__I_ ILLER__ MIAKER __LCILLER_
IVOLUME OF ICE BIN, FT3 V I I 2353 I 1231 1 3121 1 1637
IAREA OF PANEL, PT2 A I I 149 1 161 1 549 1 580

FULL ILENGTH OF ICE BIN COIL, FT L I I I 0 481 1 0 1 884
IUSAGE OF ELECTRICITY, KWH/YR U I 6518 1 6530 1 12902 1 12976

I __ IEFFICIENCY JANNUAL COPL_ _. E__l _ ___ ___ _ _ I _ _ 3 .01 1__ _30 1 _L_2 93_ 1__ 2 .911
IVOLUE OF ICE BIN, FT3 V I I I 1600 1 827 1 2436 1 1256
AREA OF PANEL, FT2 A I I 242 1 264 1 692 1 730

IPARTIALILENGTH OF ICE BIN COIL, FT L I I 0 1 458 1 0 1 856
tUSAGE OF ELECTRICITY, KWH/YR U I 6558 I 6808 1 13317 1 13311

_--____IEFICIENCY (ANNUAL COP _ _ ____________ ._______ ________00 ____2.89 _283____ 2.84_
IVOLUME OF ICE BIN, FT3 V 1 1579 { 789 1 3202 1 1601 | 847 I 423 1 1752 1 876
lAREA OF PANEL, PT2 A 1* 742 1* 777 1* 1511 * 1582 I 404 I 423 1 842 1 881

IMINIMUMILENGTH OF ICE BIN COIL, FT L I 0 1 689 1 0 1 1348 1 0 1 421 1 0 I 818
IUSAGE OF ELECTRICITY, KWH/YR 1 12005 1 12001 1 24545 1 24537 1 7229 1 6981 1 13572 1 13565

_1 __ IEFFICIENCY (ANNUAL COPL -__________ __L_ 2. 76 1_ _ 2.12 2 2 ____.2J72i__2 72 7____281_ 278 2.78_

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.



CHICAGO, ILLINOIS

GEOGRAPHICAL ZONE = G LATITUDE (DEG) = 42.0 GROUND >AO = 48.97F AIR TEMP: OUTD30B INDOOR
JANUARY WIND (MPH) = 11.0 LONGITUDE (DEG) = 87.9 TEMPERATURE BO = .24.47 F WINTER -8 F 70 P
COOLING(TOTAL/SENS.) = 1.12 ELEVATION (FT) = 658. CONSTANTS: PO = 0.623 RAD SUMMER 92 P 78 P

--- ______ ___________ ..BUILDING_DESIGN_BONTHLY THERMAL LOADS_ -_ I____--_-_________________
I R-40 INSULATION I UNGLAZEDI DOMESTICI ____ MEDIUIIINSULATION _ _ _______ HIGH INSULATION ___ I

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 1 HOUSE 3 ~I HOUSE 4
ICOEFFICIENTS(32PF1 __ T HE2T I_1T00____ _0 R_____T2 1 ...2 200 FT2 40____400 _FT2 __

() I TB(M) I SD(M) I PAN(M) I QRW(M) I H(M) I QC() I QH(M) I OQC(() I ()(M) I QC () H() I C) ) QCH( OC)
-- __L MTZ IT2__ _ __BITUTT2 21_ BU _I __ ___T _____lBTO_ I BT __I l__BT I____BTTU___J_ BTO_____T ___I

JAN I 0.175 1 0.122 7.94 I 1540 ! 13640 | 0 I 31010 (0 I 7880 1 0 17170 I 0
FEB 0.111 1 0.064 12.71 ! 1440 I 11360 | 0 I 26530 1 0 I 6200 1 0 | 13890 0 0

IARa I 0.199 j__0.079 _ 29.79 __1590_ ___1 9920_ 1_____0 __ 420 1 0 1 _ 00
APR E 0.375 1 0.144 64.62 1 1490 I 5230 I 0 I 14480 I 0 I 2160 I 430 1 5850 I 0

AY I 0.648 I 0.267 102.12 1 1430 I 2500 1 970 I 8000 O 800 I 1400 | 2840 I 1790
I 3.o__1 0.868 I 0.382 1181 8_____ 12701 ...._____ 590 i __2540_J__ 28 2690 _ ____ J.._33 80_ 0 ___O___l80_

JUL 1 1.081 0.504 127.41 1 1210 1 01 3730 1 980 | 4370 1 0 1 4700 0 1 5780
AUOG 1 1.140 0.562 120.59 I 1150 1 0 | 3260 1 1080 1 3960 I 0 I 4120 0 ! 5170
SEP _I 1.028 1 0.534 __ 10044 _1___ 1120 -1 -- .920 - 1520 -.3360 1 ___16301 _- 0 _1 960 --- _129 0 _1 2470
OCT I 0.865 I 0.478 1 73.39 1 1210 I 2710 | 0 I 7690 1 0 ( 1160 i 680 | 3510 I 790
NOV I 0.592 I 0.351 . 32.55 I 1270 I 7320 1 0 I 17740 O0 I 3890 I 0 | 9340 I 0

I DEC I 0.356 1 0.231 1 10.12_ 1440 12040 __ 0 1 27430 1 O_ j 6980I _ 0 __1 1500_ -__- 0_
I ANNUAL_ THERNAL LOADS M(BT . ..__... 1660_1___66230_1 __12070_l__165560 ___12650__ -- 3329901 16670 L _ 809 90L___~20180I

DESIGN BOURLY THERMAL LOADS IBTU/L . ..l___ 45999___15678_l 93905 _ __19121 1 31526 1___17306_J___58 _ 25724

IN

___________________-___ -, -CA_- &LCULATED_ACES DES IGNS ------ ------- - -- - -___1 I_- -
IACES I -SE I - _ OSE 2 HOUSE__ 3 HOU1___ 3SE _4 _
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE
____ _L ___ _j__ HAKER__ CHILLER I MAKER__ I CHILLEER ___AKER J ._CHILLER 1 AKER __CHILLERjI

IVOLUME OP ICE BIN, PT3 V I I I 4082 I 2062 1 4874 1 2497
IAREA OF PANEL, PT2 I I I I 69 I 87 g 410 444 1

IPULL ILENGTH OF ICE BIN COIL, FT L I I 0 ! 498 1 0 I .884
USAGE OP ELECTRICITY, KWH/YR U ! I I 6234 I 6139 1 11523 1 11567

I_-- -BIIBSC (ANNAL____Iy ICOP) ___ _L .__ ..-. .__ I _3. 14.L.... 3. 19_2.I_298_J __ 2.97_1
IVOLUME OF ICE BIN, FT3 V I I I 2477 I 1249 1 3303 1681

I IAREA OP PANEL, FT2 A I I 198 I 221 1 603 648
IPARTIALILENGTB OF ICE BIN COIL, FT L I I I 0 1470 0 843

IUSAGE OF ELECTRICITY, KWH/YR 0 I I | 6922 { 6915 12249 11928
I __ LBPPICIENCY (AN OALPL______ E______ I I _ _ ___ _ 2 2._12 2.81j_ 2.88_1
I IVOLUME OF ICE BIN, PT3 V I 1405 | 702 I 3014 | 1507 | 872 4I 36 1732 1 866
! {AREA OF PANEL, FT2 A 1* 735 * 775 1* 1579 1* 1664 |* 457 4* 482 915 965
ININIMUMILENGTH OF ICE BIN COIL, FT L I 0 609 { 0 | 1252 | 0 4I 12 0 7 '76

IUOSAGE OF ELECTRICITY, KWH/YR U I 10233 I 10226 I 20828 I 20818 | 7660 I 7655 13028 | 13020
_ -IZFFICIEDCY PANNUAL COPL) -____ EAL -._ ___ 0 _1.__

7 1
1T . 256_l __2 U 2.5646 . 2.64 1

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SOPPLEMENTABRY HEAT SOURCE SHOULD BE OSED IN THIS DESIGN.



EAST ST. LOUIS, ILLINOIS

GEOGRAPHICAL ZONE = G LATITUDE (DEG) = 38.5 GROUND AO = 54.92 F AIR TEMP: OUTD33R INDOOR
JANUARY WIND (MPH) = 10.0 LONGITUDE (DEG) = 89.8 TEMPERATURE BO = 24.40 F WINTER 1 F 70 F
COOLING(TOTAL/SENS.) = 1.15 ELEVATION (FT) = 453. CONSTANTS: PO = 0.583 BAD SUMMER 95 F 78 F

BOILDINS DESIGN NONTHLY THERMAL LOADS
I R-40 INSULATION I UNGLAZEDI DOMESTICI__ - -_-MEDIUMINSIiSLATION … … … -NH ______IL--~-~--ATION

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 M HOUSE 2 | HOUSE 3 ~ HOUSE 4
I COEFFICIENTS(32FL__HEAT___L__HEAT________1200 T2 200T2 ___1200 FT2__ _ 2400 T2

(M) I TB(M) I SD(M) I PAN(M) I QHW(M) I QH(M) I QC(M) I QH(M) I QC(M) I QH (H) QC () 1 QH(M) I QC(M)
I ___---l_----BT T2 .... 8TUFT2 __MBT__ MBTU __ MBTU .___ MBTO_ I l__ BTU MBT T__ BTO JMB .. __BTO . _MBTU_

JAN | 0.390 ! 0.228 I 22.78 I 1600 1 10770 | 0 1 25120 I 0 I 5960 1 0 I 13410 |1 0
FEB 0.313 1 0.163 1 32.19 | 1450 1 8330 1 0 1 20320 1 0 | 4290 0 O J 10040 01

_ AR_I__O. 432 1 0 58.09 1958 I 30_1 - 6230_ 0 -I 17430 1i .0-1 -_ 31292. 0i - 2 __ 00 __0_
APR I 0.607 I 0.259 I 9.5.92 1 1330 I 2800 1 720 1 8580 I 0 I 1020 1 1050 1 3230 1 1360
MAY I 0.889 I 0.388 I 128.07 { 1200 I 840 1 2350 1 3690 ! 2590 I 0 1 3060 I 970 1 3880

_ JUN__[_ 1.098 __0.498_ __129.10_1 .... 1000_ ______ 0_.... 39601__ ......_ 0 __0__ ._48_I 0 .483.__ ....... ._. 060_1
JUL I 1.310 I 0.621 I 133.13 I 940 1 0 1 5600 I 0 | 6800 | 0 1 6120 1 0 1 8220
AUG I 1.359 I 0.673 I 132.79 | 930 1 0 0 5500 I 0 I 6780 | 0 1 5820 1 0 1 7840

.SEP__. 1.231 1 0.637 _ 119.22 _____ ___9____.0 __ 3430_i __. 34_1 11_1 .__ 4300 ________ ____. .7_1 -0____ 4950_
OCT | 1.068 { 0.580 I 93.07 I 1160 ) 1510 | 1290 | 4590 | 1450 I 610 1 1530 I 2130 1 2030
NOV 0.787 1 0.448 1 57.41 | 1290 1 4640 O0 I 11770 | 0 | 2370 1 0 | 6010 O0
DEC___ 0.561 1 0.333 1 27.59 L 1500 L_ 9040 0___ I 21290 __ O_____4980 L______O_I 11460 .___ 0_

_ANN L_ THERMAL_LOADS__MB TU ....._I_ __ !490_J__44660 i___22850 __113960 -_ 26790__1 _22420 ...__26180_J__5515_i_._ 34 340_1
DESIGN HOURLY THERMAL LOADS I__BTUL/HRI 3935 __j 21476 1 7990 29816 ___26996 ... 20330J.- _50l63__j 32411_1

_ ____ _____ ______________ __________ __ CALCULATEDACES DESIGNS
ACES --_-_…_____ 3__~_HOSE_2___ __ ____ ___I
SIZE | SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE | ICE I BRINE

--- ~ ____________________________. R AKER__I CHILLER I MAKER_ _qHILLER __.M_ ER__CILER___ KE _iCHILLER_
VOLUME OF ICE BIN, FT3 V I 6673 1 3314 I 7153 1 3568 1 3772 I 2167 1 7893 1 4530
|AREA OF PANEL, FT2 A 0 1 14 1 135 | 213 1 0 I 0 0 0I 0

IFULL (LENGTH OF ICE BIN COIL, FT L I 0 1 641 I 0 1 1208 1 0 | 437 01 0 824
IUSAGE OF ELECTRICITY, KWH/YR U I 7183 1 7674 1 15875 1 15917 6563 I 6345 1 9759 1 9303

I ---. IEFFICIENCY_-ANNUAL-COPL - --- .__g__ ....__ 336_ 3. 15 l ....27_ 1.2.7__ 2..283_l ...._293 31i...._329_I
IVOLOUME OF ICE BIN, FT3 V I 3909 1 1943 I 4814 I 2403 1 2236 I 1259 1 4642 1 2612
I AREA OF PANEL, FT2 A I 64 I 76 f 295 1 321 I 41 1 40 1 79 1 78

IPARTIALILENGTH OF ICE BIN COIL, FT L I 0 1 602 I 0 1 1152 1 0 I 410 1 0 I 772
OUSAGE OF ELECTRICITY, KWH/YR U I 8613 1 8655 I 16643 1 16656 1 7456 I 7475 11371 1 11414

__ IBEFFICIENCY (ANNUAL COPL…- E 2__. . 2.7480 Q__-279 1__2,J L
___21Z _2.749 2.69.____24. _J 2.I68_

IVOLOME OF ICE BIN, FT3 V I 1145 1 572 I 2474 1 1237 1 700 I 350 1 1390 1 695
I AREA OF PANEL, FT2 A I 195 1 207 I 424 450 1 119 I 126 1 239 1 254

MINIMUMILENGTH OF ICE BIN COIL, FT L I 0 1 518 I 0 1 1360 1 0 I 350 1 0 1 656
|USAGE OF ELECTRICITY, KWH/YR U I 9880 j 9870 I 17636 1 17881 1 8202 | 8195 1 12899 1 12886

__ SEFFICIENCY _ANNUAL COPL- _______ _______ _.___2._ 255L 2.27 2....227_ ....



URBANA, ILLINOIS

GEOGRAPHICAL ZONE = G LATITUDE (DEG) = 40.3 GROUND AO = 50.80 F AIR TEHP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 13.0 LONGITUDE (DEG) = 88.1 TEMPERATURE BO = 25.98 F WINTER -4 F 70 F
COOLING(TOTAL/SENS.) = 1.12 ELEVATION (FT) = 753. CONSTANTS: PO = 0.599 RAD SUMMER 92 F 78 F

i EUI_ _LOIN_~__a____O_.________ _ .___ -BUILjDINq_2GESIGS T!JNTHERAL LOADS_________
R-40 INSULATION I UNGLAZEDI DOMESTICI INSUL__ ___.I ATIO _ ___IGHI INSULATION I

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 I HOUSE 3 I HOUSE 4
COEPFICIENTS(32F)__ HEA _I HEAT_ ____ 1 2400 FFT2 A 1200 FT2_ …_ __2400_FT2 _ I

(H) I TB(M) I SD(M) I PAN() I QHW(M) I QH( I QC(M) I QH() I QC(H) I QH(H) I QC () I QH(m) I QC(M)
_I __ MBTU/FT2 __ MBTU/FT2 M BTU M BTU __MBTU I MBTU INBT I _MBTg___L H-- --BT__I BT BT__

JAN { 0.210 I 0.141 I 13.04 1540 13790 0 I 31280 0 1 8070 I 0 I 17520 1 0
FEB I 0.144 0.080 20.50 1440 10960 0 25780 0 5990 I 0 1 13480 0

I AR. 1 0.247 1 0.100 4,5.95 1580 ! 8950_0 1 22390 I 0 4450 I0 _1 10620 1 ___
APR I 0.437 { 0.172 ! 89.36 1460 4I 290 0 { 12200 0 I 1760 I 620 I 4910 0 0
I MAY I 0.730 I 0.304 I 129.09 1380 I 1530 1710 I 5690 I 1620 I 0 I 2320 I 1720 I 3000

IJUN. 0.960 J 0.425_J_ 1 7 .56_1 1210 _L__ _0__ 3280 1 1860 1___3870 ______0_ __ .. 11_I ___0.__ 5190_
JOL 1.182 I 0.554 { 142.14 1140 I 0 4200 I 0 I 5310 I 0 I 5170 I 0 I 6690
I AUG I 1.238 I 0.612 I 134.28 1090 I 0 4470 I 0 I 5500 I O 0 5050 I 0 I 6610
SI sP 1.113 1 0.579 _ _ 125.01 __ 1060_I___ 540 2680 I 2100 1 32 0 1______0_ .... 30_1____L 810_1___ 3990_1
OCT { 0.936 I 0.517 1 95.43 1 .1180 I 2270 840 1 6540 I 0 I 980 I 1070 I 3080 I 1390
NOV I 0.644 I 0.380 I 48.73 1 1260 I 6500 1 0 I 15980 I 0 I 3480 I 0 { 8430 I 0
DEC 1 -0.396 I 0.254 1 18.811 1430 1 11600 j_ 0 I 26590 1 0 I .. 67202__ _. 0 _ 14900__J_l 0

I ANNUAL THERMAL LOADS (aBTI ___ 15770 1 60430 1 _17180 I 150410 1 19540 1 .31450___T_... ____21 1 _75470 [ 26870_
1 DESIGN HOUNLY_THERNAL LOADS (BfT _ HR___I..3__ 81 _L__18 18726 1___88859_L ___4 1 9_J___295_9_1.___ 1 882 3_J 55199_1__ 29033_1

__-_________ _ -_ ____CALCULATED ACES DESIGNS _____________
ACES I I____HOUSE L _ HOUSE2_ HOUSE H32 IOUSE _ __
SIZE 1 SYSTEM DESIGN PARAMETERS . ICE I BRINE I ICE | BRINE I ICE I BRINE I ICE I BRINE

_ L._______________ 1_ H»JEB LR CHILLERj A__& KER I CHILLERL S I _AE CHILLER_i__ AER __I_CHILLER_I
IVOLUME OF ICE BIN, FT3 V 2 4244 2136 4613 I 2350 ~ 5317 I 3013 ~ 7380 1 3687
|AREA OF PANEL, FT2 A 160 185 699 I 736 0 0 I 102 126

IFULL ILENGTH OF ICE BIN COIL, FT L 0 664 0 1261 0 492 0 875
IUSAGE OF ELECTRICITY, KWH/YR U 9268 9260 19480 I 19489 I 6080 5831 I 11332 11405

__._ IJEFFICIENCY (ANNOh L COPL_ E 2.95 _ _2-2.95 1 2279 1 2.79 1 Z3. 3_1 ___3.45 l3a 3.05I 3.03_1
IVOLUME OF ICE BIN, FT3 V 2832 1 1423 3826 1934 I 3104 1729 4572 1 2285
IAREA OF PANEL, FT2 A 269 289 7651 798 I 71 69 246 1 277

PARTIALLENGTH OF ICE BIN COIL, FT L 0 633 0 I 1231 0 461 0 827
IUSAGE OF ELECTRICITY, KWH/YR U 9744 9919 19909 19901 I 7107 7161 1 12358 12371

___ EFF(N C__CY U L COP) ___ 1_ ___7_-23_ 1 -.-2.. .73_1_ 2.83 2.___2181 __I__2880_1__ 2.80_
IVOLUME OF ICE BIN, FT3 V 1420 710 3039 I 1519 I 890 445 9 1765 882
IAREA OF PANEL, FT2 A I 396 * 423 854 909 I 247 264 96 1 528

IMINIMUMILENGTH OF ICE BIN. COIL, FT L 0 580 0 I 1194 I 0 391 I 0 735
IUSAGE OF ELECTRICITY, KWH/YR U I 10497 10487 20088 I 20277 [ 8252 8245 I 13748 1 13737

__:_ I iEFICIENC Y (LANNOL EL2COP)L.__ E _1__ 2.61___ 2.61 1 1 _. - 2.68 4 2. 44 244 252 2.52_

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, IN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.



FORT WAYNE, INDIANA

GEOGRAPHICAL ZONE = G LATITUDE (DEG) = 41.0 GROUND AO = 50.56 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 11.0 LONGITUDE (DEG) = 85.2 TEMPERATURE BO = 24.28 F WINTEB -4 F 70 F
COOLING(TOTAL/SENS.) = 1.10 ELEVATION (FT) = 791. CONSTANTS: PO = 0.608 BAD SUMMER 90 P 78 F

____ __ _ _ ___ _____ _ _ _ ____ ______ _ _ESI_____THEBL LOADS_____ ______________ ____________ ___--- -- -________ - … --- _BUILDING DESIGN MONTHLY THERMAL LOADS
R-40 INSULATION I UNGLAZEDI DOMESTICI M__ __ EDIUM INSULATION I______ _____________IGNSLATIO __ __

MONTH BIN HEAT LEAR I PANEL I WATER I HDUSE 1 I HOUSE 2 I HOUSE 3 I HOUSE 4
ICOEFFICIENTS (32F __HEAT___i_HEAT _l______1200_ T2__ _____2400_FT2_____ ___ 1200_FT2____ ____2400 _T2 ___I

(M I TB(M) I SD(M) l PAN(M) I QHW(M) I QH(M) QC(H) I QH(M) I QC(M) QH(M) QC () I QH(M) I QC(M)
___ I aMBTU/FT2 ___ MBTU/FT2__MBTU _l__MBT__ __l MBTU I MTU 1_TU__L__MBTU __1__MBTU __I_MBTU __ _MBTU-_

JAN l 0.235 l 0.151 12.21 1 1550 l 12720 1 0 | 29180 I 0 l 7220 1 0 1 15930 1 0
PEB I 0.168 I 0.092 1 21.62 I 1440 I 10000 I 0 I 23890 I 0 I 5220 1 0 I 12020 0

lMAR_ _ 0.265 1 0.111 1 _4233_i___1580_1__ __10 _____0 22_050_ 1___ 4330_ ....... 01 10340_Q ____ 0
APR I 0.440 10.177 78.53 l 1450 1 4490 1 0 1 12660 I 0 I 1840 l 630 I 5080 1 0
MAY I 0.714 I 0.301 1 111.78 l 1380 1 2070 l 1290 1 6890 I 0 I 620 1 1760 I 2370 I 2330

I JUN _ 0.929 1 0.413 1_27.05___1210_ ......____ __3 00_1___2230 ____31 .... ______ .__._383_1_ ... 0_ 4830_1
JUL 1.140 1 0.535 1 133.28 1 1140 I 0 l 4080 1 0 I 5080 l 0 1 5010 1 0 I 6460
AUG 1 1.194 I 0.590 1 129.56 1 1090 I 0 1 4100 I 0 I 5050 I 0 I 4730 I 0 I 6150

__SEP 1.078 1 0.560 1 116.44 .... 1070 ..... _ 67_ __2520 - 2 2480_ 1_ .______29___1 _ __-29 l __ 0 37_90
I OCT l 0.916 I 0.503 l 79.43 l 1190 1 2680 I 640 l 7400 l 0 I 1210 I 850 1 3550 I 1070
I NOV 0.642 I 0.376 1 39.57 l 1270 l 6740 1 0 I 16480 I 0 I 3560 1 0 I 8650 I 0
I DEC 0.411 1 0.258 20.61 1450 1 1058001_ I 24640 1 0 L _5 80_______0 1 360 I __ 0_
I ANNUAL_THERMAL LOADS_ (BTU) . 1____ 1_5820_1___586 __ 15680 1 147900 1__16660__298_90 ___1..9 i_ 72260_.. 24630_
I_DESIGN HOURLY THERNAL LOADS _BTUl__HTR) .____4. Q___i 9 17195_1_ 88405 21065 _l__ _ 29545 .__.178.1___55102_L 27001

_ _ ___________________ _ _________________ ________ ____-___________________ _________
r

__

l________ _ -___-____-_____________-____- CALCULATED_ACES DESIGNS-______________________
ACES I 1 9USE 1 OSE 2U OUSE 2_________ __________ E_4 ___I
SIZE I SYSTEM DESIGN PARAMETERS ICE I BRINE I ICE I BRINE I ICE 1 BRINE I ICE I BRINE

-_ ___ -______ __ __ ER_ _CHILLER I MAKERICHILLER __AKER__J__L C.LLER_I_ MAKER__I CHILLER
1VOLUME OF ICE BIN, FT3 V 3818 1 1940 1 4004 i 2050 ~ 4953 1 2624 l 6375 I 3237

AREA OF PANEL, PT2 A 160 1 175 I 651 I 681 l 0 0 I 117 I 133
IFULL ILENGTH OF ICE BIN COIL, FT L I 0 1 655 1 0 I 1234 I 0 I 484 I 0 I 861

USAGE OF ELECTRICITY, KWH/YR U 1 9018 9035 1 19224 I 19240 l 5785 1 6061 I 10995 1 10784
_I _EFFICIENCY (ANNUAL COP) _____ E___293 ..____2.93_i ...___.2 25 ___ _25_ 3.31 1 3.16 I__ 3.00_ ___ 3.06_

IVOLUME OF ICE BIN, FT3 V I 2570 1 1300 1 3425 I 1736 I 2883 I 1515 I 3997 I 2023
AREA OF PANEL, FT2 A I 246 260 1 699 I 740 I 67 1 72 I 236 I 254

IPARTIALILENGTH OP ICE BIN COIL, PT L I 0 1 624 1 0 I 1209 I 0 1 454 I 0 I 814
I UISAGE OF ELECTRICITY, KWH/YR U I 9512 9507 1 19561 I 19541 I 6807 1 6895 I 11907 I 11931
1-__ I_ EFFICIENCY (ANNUALCOPL E__ ___E _ __ 271__2.78 _ 278 2 .70_ _-70 _2.1_ ___8Z__l . 78____2 7_ __ 2-._1
I IVOLUME OF ICE BIN, PT3 V [ 1321 l 660 l 2846 I 1423 1 812 1 406 I 1619 [ 809
I lAREA OF PANEL, PT2 A I 367 1 408 1 797 I 883 1 224 l 250 l 452 I 501
IMINIMUHMLENGTH OF ICE BIN COIL, FT L I 0 573 l 0 1 1179 1 0 1 386 I 0 1 726

l ISAGE OF ELECTRICITY, KWH/YR U I 9795 l 10174 l 19696 1 19655 l 7785 1 7772 I 13025 1 13001
____jEFFICIENCY (ANjNUALCOPL_______ E .._l___2 1.___I__226 . 8.____.2.69_ _2.46_L.____ 247 1__ 2L54_L____254_



INDIANAPOLIS, INDIANA

GEOGRAPHICAL ZONE = G LATITUDE (DEG) = 39.7 GROUND AO = 52.49 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 12.0 LONGITUDE (DEG) = 86.3 TEMPERATURE BO = 23.64 F WINTER -2 F 70 F
COOLING(TOTAL/SENS.) = 1.13 ELEVATION (FT) = 792. CONSTANTS: PO = 0,591 RAD SUMMER 90 F 78 F

__-_ _____0_ ___-___ __ _R_____ __BUILDING DESIGN MONTHLY_THERMAL LOADS _____________-______ _________
I -40 INSULATION I UNGLAZEDI DOMESTICI MEDIUM INSULATION I -_______-IGHINSULATION--___ ___

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 HOSE 2 I HOUSE 3 I HOUSE 4
lCOEFFICIENTS(32F.JL_ HEAT _L__HEAT_ 1_ 1200_T2 2400 FT2 1_____ ____200 FT2__ J__ ___2400 FT2

(1) I TB(M) I SD(M) I PAN(M) I QH5W() I QH(~) I QC(M) I QH(M) I QC(M) I QH() I QC (M) I QH () I QC(M)
__]._ BTO/FT2 ......-- BTU-L-- _21 - T-TU__i_-BTO _ _ T I MBTU I MBTU__ _IIBTO__I_MBUT _i.__MBT.__. J_ BTO. 1_HBTU__

JAN I 0.315 I 0.190 I 18.79 I 1580 I 11550 0 26840 I 0 I 6450 I0 I 14480 ! 0
FEB I 0.245 I 0.129 I 27.82 I 1450 I 8970 I 0 21760 0 4630 | 0 I 10820 I 0
MI AR_ 1 0.352.1 0.155.1__ 51.08_1__1560 1J 7_Z 0_g____ 70 o 19780 I 0 3 .... ___ 0 ......... 9200 1____ 0 I
APR 0.522 I 0.219 I '90-91 j 1390 I 3720 I 0 10830 I 0 | 1490 | 770 I 4290 I 980
MAY I 0.794 I 0.342 I 117.24 I 1290 I 1610 I 1490 5760 1 1380 1 450 | 2010 ! 1870 I 2590
JUN. 0.999J1 0.. 50__ 130.. _I….___ 1 0_ ____D0 _ 3410 1 150_ -____ 4040 _1_ _ 0 . -_ _42_701 _ 0 I _ 5360I
JUL I 1.203 0.568 1 136.30 1 1040 I 0 I 4460 01 5660 1 0 5460 1 0 7100
AUG I 1.253 I 0.620 1 133.97 I 1010 I 0 4480 0 5470 0 | 5090 I 0 I 6640

ISEP_ 1.133 0.587 1_ 121.67 ___1030 _1 ___0_ -2870 1 _1740 __ 351_ _____0_ 0 ___3290 ____0 4250_1
OCT I 0.974 1 0.532 I 92.24.1 1180 I 2280 I 870 1 6430 O0 | 1010 | 1090 I 3110 I 1430
I NO 10.704 1 0.405 1 47.46 '1 12901 6080 1 01 14950 01 3220 0 O 7860 1 0

I DC I 0.483 I 0.292 1 23.94 1 1480 1_ 9800J 0 1 22980 I __ 0 I -_5420 0 _ I -_jL 0 12420 !__ _ _ 0
I ANNUAL THERMAL LOADS _JBT .. ___j__ 15410 J_ 51800 i~~ 17580 1 132620 __20060 ___2_6450_1 ...__21980_1_ 64050 I 1__2 8350
I _DESIGN_HOUBLY THERMAL LOADS IBULHBL__ .____!.4159_!L _ 18068 i___84648 I _22704 1_ 28493_1__18347 __5303 8 28171_1

I ~~______ _______ _ -~ _CALCULATED ACES DESIGNS_____
ACES I I I - -OS I_ .O.SE J HOUSE 3 H_2 __ __SE___

! SIZE I SYSTEM DESIGN PARAMETERS ICE | BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE
_ MAKER CHLLER I I I AR IA .IaI~__ _1_ _L----------- CSIL ._ BAKER__L_ LLE K__ l_ CHILLER _AR__i_gLLR___K__. CHILLER

IVOLUME OF ICE BIN, FT3 V 4571 2307 1 5081 ! 2582 I 4406 I 2521 I 7822 I 3878
IAREA OF PANEL, FT2 A I 76 88 383 405 0 0 I 24 50

IFUIL ILENGTH OF ICE BIN COIL, FT L I 0 645 0 I 1222 0 467 0 850
! I.SAGE OF ELECTRICITY, KWH/YR I 8417 8263 17608 I 17649 6028 5671 I 10284 10273

I I___ EFFICIENCY (ANNUAL COPL___ _ . E _ _2.…95_ ___3.01… 2.80 ...._2 9 .. ....____30.10 3.____30 _i 301_ 3.0. 7
I IVOLUME OF ICE BIN, FT3 V I 2894 1 1457 3856 1 1949 2575 I 1447 I 4654 I 2311 I
I IAREA OF PANEL, FT2 A I 142 1 155 450 I 476 49 48 I 117 136
IPARTIALILENGTH OF ICE BIN COIL, FT L 0 1 610 0 I 1180 0 437 0 799

USAGE OF ELECTRICITY, KWH/YR U I 9118 1 9135 18139 I 18124 7030 6836 ! 11383 1 11481
..__ .._FFICIEBNCY ANUA_ L CO PL______ _ E 2.72___ --__22.7272_ i_2 .7 2 _ ___2Z.72_ ___2...66_ _-Z2.74 I. 2.775_1

IVOLUME OF ICE BIN, FT3 V · 1216 608 2632 I 1316 744 1 372 I 1487 1 743
lAREX OF PANEL, FT2 A I 250 266 546 I 578 152 162 I 308 327

[IINIMUMILENGTH OF ICE BIN COIL, FT L I 0 548 0 I 1124 0 370 0D 695
IUSAGE OF ELECTRICITY, KWH/YR U I 9700 1 9853 1 18694 1 18674 1 7838 1 7832 12762 1 12750

I__ /I EFFICIENCY (ANNUAL COP . ___ I __ 2.56 ___2. 52 2 2.63 .... 264 j____2.39_ J__2^39___.. 8 - 2.48_1



I'i

SOUTH BEND, INDIANA

GEOGRAPHICAL ZONE = G LATITUDE (DEG) = 41.7 GROUND AO = 49.57 F AIR TEMP: OUTD30R INDOOR
JANUARY WIND (MPH) = 12.0 LONGITUDE (DEG) = 86.3 TEMPERATURE BO = 24.47 F WINTER -3 F 70 F
COOLING(TOTAL/SENS.) = 1.10 ELEVATION (FT) = 773. CONSTANTS: PO = 0.631 RAD SUMMER 89 F 78 F

__ __ _ ___ _____ _BUILDING DESIGN MONTHLY THERMAL LOADS
R-40 INSULATION I UNGLAZEDI DOMESTIC E________ DIU INSULATION _____ _______ HIGHINSULATION....

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 I HOUSE 3 1 HOUSE 4
1 ICOEFFICIENTS(32F)_I-L __HEAT __I ...... 1 T___ HEAT 1200FT2 2400_ FT2-- 120_0 T 2400 FT2--

(M) I TB(M) I SD (M) I PAN(M) I QHW(M) I QH(M) QC(M) I QH(M) I QC(M) I QH(M) I QC(M) QH(M I QC(M)
-...-_._ . .-- __.

B T
U/FT2__U__BT. __MBT____ __MBTU -.. .1MBT__ 1 MBTU L __ BTU _. MBT ___J BTU

JAN I 0:200 I 0.135 I 10.12 I 1550 13530 I 0 1 30800 I 0 I 7820 I 0 ~ 17080 I 0 ~
FEB 1 0.131 I 0.074 I 20.26 I 1450 1 10580 I 0 1 25080 I 0 I 5610 i 0 i 12800 I 0

I _AR _ 00.219 _ 0.089 j_-_42.14_ ___1590_ ....____9240_ ....... 0_ . ._2302_ I......._ a0 - 461 -_ 1o86 _
I APR 0.392 I 0.154 ! 74.19 I 1480 4880 1 0 0 13630 I 0 I 2040 I 500 1 5500 I 0
I MAY 0.666 I 0.276 I 110.91 I 1410 1 2220 I 1260 1 7250 1 0 I 700 I 1730 1 2520 I 2270

JI JU__I 0.886 _ 0. 391 _L 129.62_1___125___ __600 1___2750_1_ ...._ 2850l _....31.0_______--1 ...._ 500_1_ . .._0 i ____. 50
! JUL I 1.101 0.514 128.77 I 1180 I 0 I 3730 1 1050 I 4590 I 0 I 4640 1 0 5950
I AUG | 1.162 I 0.572 I 128.81 I 1120 1 0 I 3950 I 0 1 4870 I 0 I 4620 i 0 I 5980
I __SEP__ 1-.052_ 0.-56 J1__ 17.81 _i....100 .... 21 150 _1___ _2 510 ....... 2_60 02699_ 29 1090 I 3360_

OCT 0.891 0.490 I 83.46 1 1200 1 2590 | 580 I 7380 ] 0 I 1120 I 800 | 3410 I 990
INOV 0.617 { 0.363 I 40.54 { 1270 1 6640 0 16410 I 0 I 3440 I O 0 8460 0 0

1 D
EC

. 0.381 1 0.244. 17.16 i _ 1440 _11310 1 26080 0 I 6 30 I 0 14380_ ___ 0
_A NNUAL THERMAL LOADS_ (MBTU ______ 16040_ ... 2____ 1420 156350 1 5110 1__. 70_! l.1 83 90__ 7610 I 2Oi_3000_

I _DESIGN _HOURLY THERMAL_LOADS__BTUHR __ ___...42970___ 16551 __88053 __1980_1___29131____17546____ I 26309

I

------------------- CA-----------------------------ALCULATED ACES DESIGNS
ACES I I… -HOEUSE 1 - OUSE 2 -U-- _ SE -3__ H _OUSE_4___I.
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

i L- _________ ________---_-- __ _- i___ MAKERCLIl. I AKiER _CHAILLERAKERI I
IVOLUME OF ICE BIN, FT3 V I 3236 | 1650 3046 ' 1563 1 4767 I 2368 5699 { 2905
IAREA OF PANEL, FT2 A 253 | 270 1017 1103 12 { 29 177 1 198

IFULL ILENGTH OF ICE BIN COIL, FT L 0 | 638 0 1189 0 I 472 0 I 840
{ (USAGE OF ELECTRICITY, KWH/YR U 9312 1 9334 19974 19960 6056 I 6049 11266 I 11328

I FICIENCY ANNUAL COP .....__ ___________92_ 2___ .91 2.75 2.7 5 3.20 ....21 1 2.99 2.98
I IVOLUME OF ICE BIN, FT3 V I 2316 1 1174 3020 1 1530 1 2818 I 1401 1 3712 1 1884
I IAREA OF PANEL, FT2 A 1 331 | 349 1026 1124 87 } 105 329 I 351
IPARTIALILENGTH OF ICE BIN COIL, FT L 0 1 612 0 1185 0 444 0 [ 797

I USAGE OF ELECTRICITY, KWH/YR U 9751 9764 19971 19959 6793 6968 12110 I 12125
I ___ EFFICIENCYJANNUALCOP -________ _E ..79_ 279_ 75 ._- 275_ _ __… 286 _ _ __2.78___ _ 2. 789

IVOLUME OF ICE BIN, FT3 V V 1396 1 698 2995 1497 ' 868 ! 434 1 1725 I 862
AREA OP PANEL, FT2 A * 480 1* 532 1035 1146 1 296 I 329 1 594 { 658

IMINIMUM LENGTH OF ICE BIN COIL, FT L 0 1 573 0 1182 0 ] 384 0 I 724
USAGE OF ELECTRICITY, KWH/YR U 10127 | 10112 19979 19979 7666 I 7774 12936 I 12917

IFFICINCYNAL COP ...... ___E__ ..... ____2269 ....____2.53_2.______ _261_l 261

*OUNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.



DES MOINES, IOWA

GEOGRAPHICAL ZONE = I LATITUDE (DEG) = 41.5 GROUND AO = 49.67 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 12.0 LONGITUDE (DEG) = 93.6 TEMPERATURE BO = 27.45 F WINTER -10 F 70 F
COOLING(TOTAL/SENS.) = 1.13 ELEVATION (PT) = 938. CONSTANTS: PO = 0.600 RAD SUMMER 92 F 78 F

I LO_ __-_ _________ ___BUILDING DESIGN MONTHLY THERMAL LOADS__ __ ______
R-40 INSULATIO I UNGLAZEDI DOMESTICI M~EDIUM INSULATION _ __ _ HIGH INSULATION __- __

MONTH BIN HEAT LEAK I PANEL I WATER HOUSE 1 I HOUSE 2 I HOUSE 3 I HOUSE 4
COEFFICIENTS(32F) B HEAT __ HEAT 1 200 2 1200FT2_ __2400 FT2_

( I TB(M) I SD() I PAN(M) I QH (M) I QH () I QC(H) QH(M) I QC(M) I QH(M) I QC(M) I QH(M) I QC(M)
_- ._ H1BTU/FT2 _ MBTU/FT2 _ BTU _L. MEBT MBBTUU BTU _ _BT _ IBTU_ 1 HBTU _B _ HTU HBTU

JAN 0.140 I 0.108 I 10.99 l 1530 1 15740 I 0 1 33470 I 0 I 8340 l 0 I 18830 1 0 l
FEB 1 0.079 1 0.048 I 19.99 1 1440 1 12520 0 1 27010 1 0 I 6030 1 0 I 14060 0

I MAR l 0.179 1 0.065 1 39.96_1 1600_1__09001__ __ 01_ 24190 _____ __ 4730 0____ _ 11580_1___ 0_
1 APR 0.382 I 0.142 I 89.45 I 1490 1 5460 I 0 1 13130 I 0 I 1840 i 550 1 5280 I 0
l MAY I 0.689 I 0.281 i 122.99 I 1430 1 2220 I 980 1 6260 l 0 I 400 ' 1770 1 1920 2450
I JUN 1 0.935 1 0.410 1 143. 401_ 1260 ___ 0_ _2510 1 _1960__ 3540 _ 0__ 3750_ _______ 4950
! JUL 1.167 0.545 148.78 1190 I 0 I 3610 l 0 I 4980 I 0 4980 l 0 l 6570

aUG 1.227 0.606 142.181 1130 0 1 3840 0 1 5470 1 0 5000 0 6690
SEP 1 1.097 1 0.573 1 116.85 1__1090_1 ___670 1_ _ 1730_ __25002 1 23 80 ___ 0 1___22 9L ___80 ___ 3040_1
OCT 0.908 I 0.505 I 93.91 I 1190 2520 I 540 6830 I 0 I 920 1 880 1 3230 1 1190
NOV I 0.602 1 0.363 I 44.88 I 1250 7390 1 0 17010 0 I 3490 I 0 1 8980 0

IDEC _ 0.337 ! 0.228 1 18.991 1420 1 12670 1 0 1 27500 _ 6560 _ _ 15350_ 0_1
A NNUAL THEBRAL LOADS (MBT Ul -_ 16020 1 70090 __ 13210 I 159860 1 __16370 1 32310 _19220 1 80210 1__ 24890 I

I DESIGN HOURL THERMAL LOADS (BTUHR) _ L 49732 _ 15350 I 96685 I 23507 1 31589 1__7857___ 60746 L_ 28955_

co

I___ __caLCLATED AES DESI___S_____ _______CA ____ _ _____ ___ __AS __DS__
ACES 1 I _ HOUSE _ _I HOSEE 2 __HOUSE __ _ _3 HOUSE 4 _
SIZE SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

_____ ______ ___ lI MAKER I CHILLER I HAKEBR CHILLER _ MAKER __ CHILLER _ MAKER__ CHILLER l
IVOLUME OF ICE BIN, FT3 V 3118 ! 1577 l 3955 I 2016 5231 1 2582 1 6503 1 3299
AREA OF PANEL, FT2 A 320 I 338 1 849 I 894 0 21 1 170 1 189

IFULL ILENGTH OF ICE BIN COIL, FT L 0 I 721 0 I 1332 0 513 01 0 940
I USAGE OF ELECTRICITY, KWH/YR U 10152 I 10172 20460 I 20458 6112 6132 1 11771 1 11811

_ - IEFFICIENCY (ANNUAL COP) _E ___ 287 _ 2.86 1 2.75 1 2.75 1 3.24 __2 3.2301_1_ 3.00_1
IVOLUHE OF ICE BIN, FT3 V I 2358 I 1188 1 3598 1 1818 1 3073 1519 1 4194 1 2121

I RBEA OF PANEL, FT2 AI 385 1 400 894 1 982 1 82 94 321 1 348
IPARTIALILENGTH OF ICE BIN COIL, FT L 0 697 0 I 1315 1 0 482 0 I 891

IUSAGE OF ELECTRICITY, KWH/YR U 10523 I 10287 20710 1 20680 1 6869 7069 12461 1 12683
I ._ EFFICIENCY (ANNUAL COP) _- E 2.77 1 2.83 1 2.72 1 2.72 I _2.88 _ 2.80_ _ 2.85 1 2.80_
I IVOLUME OF ICE BIN, FT3 V l 1599 1 799 1 3241 I 1620 I 915 1 457 1 1885 1 942
I IARBA OF PANEL, FT2 I 485 I 537 1 990 I 1095 I 276 1 306 574 1 636
IHINIHMUNLENGTH OF ICE BIN COIL, FT L 0 663 0 I 1296 I 0 415 0 1 806

IUSAGE OF ELECTRICITY, KWH/YR U 10783 1 10768 20676 1 20850 1 7956 1 7947 1 13858 1 13838
I___ LBYPPICIENCY (ANNUAL COP)I B _2-70 21 ___70 272 2.70 L 2. _ ___ 49 ___ 249_ 1 __2.56_ 2.56_1



SIOUX CITY, IOWA

GEOGRAPHICAL ZONE = I LATITUDE (DEG) = 42.4 GROUND AO = 48.83 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (PH)I) = 11.0 LONGITUDE (DEG) = 96.4 TEMPERATURE BO = 28.76 F WINTER -11 F 70 F
COOLING(TOTAL/SENS.) = 1.11 ELEVATION (FT) = 1095. CONSTANTS: PO = 0.589 RAD SUMMER 93 F 78 PF

- __________ ______-- FU___BUILDING DESIGN _MONTHLY THERMAL LOADS_.___ __. _____ _______
R-40 INSULATION UNGLAZEDI DOMESTICI _______ _MEDIUM INSULATION I ___ ___I_____BIGH_INSULATION ______

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 1 HOUSE 2 I HOUSE 3 1 HOUSE 4
ICOEFFICIENTS(32FI HEAT__ EAT _ E2T__0____ FT2 I 2400 FT2___ L _____1200 _FT2 2___-1 _2400 FT2

{() I TB () I SD () I PAN(M) QHW(M) I QH() QC () I QH () I QC(M) I QH() I QC (M) I QH(M) I QC (M)
____ I ___ MB T _/PT2 ____ flBT/FT2_.____ MBT U __| BT T L -BTO L gBTUO_ ! BTU_ I _ BTU ____BTU__ L BTO I MBTU__I

JAN 1 0.082 I 0.080 t 10.19 I 1520 1 16420 I 0 1 34780 I 0 I 8700 I 0 1 19500 1 0
FEB I 0.026 I 0.021 I 19.38 I 1430 ! 13130 I 0 1 28200 I 0 I 6350 1 0 14630 I 0

I AR__ 0.129__1 0.038_ 1_4. 14_1 1600 1 11170 __ 0 L 24700 ____01 __4850___ .......___ 1_ 117101_ _
APR I 0.346 I 0.121 I 85.04 I 1510 I 5690 | 0 I 13510 I 0 I 1980 1 640 I 5520 I 0
I AY 0.666 | 0.266 I 124.70 { 1460 1 2380 | 1100 1 6570 I 1340 I 460 1 1930 I 2080 I 2740

I__JUN .__ 0925 _ 0.402 1 _146.62 1 1310 1 ____0__ 0 2670 160980 ....._ _ ______ _3900_1_____ 52109
JUL I 1.164 I 0.541 I 149.33 I 1240 I 0 | 4210 0 I 6100 I 0 1 5380 I 0 I 7400
AUG I 1.223 I 0.604 [ 146.29 | 1170 ! 0 | 4170 1 0 I 6060 I 0 1 5220 I 0 1 7190

I SEP __ 1.086 1__0.569_1__120.4i__ 11201 820 __ 2010 1 1 2820 1 __ L ...... 0___....2530_1 1180 I .3520_1
OCT 1 0.883 I 0.496 I 85.73 | 1200 I 2980 | 0 i 7780 I 0 | 1150 1 860 I 3790 I 1190
NOV I 0.564 I 0.347 [ 42.45 I 1250 I 7860 1 0 1 17920 I 0 ! 3770 10 [ 9500 I 0

I_DEC 1 0.285 1 0.204 1 18.95 I 1410 _ 12930 1 02 28010 __ 0 __6590 0_15390_1 __ 01
_AHNNUAL THERMAL LOADS (BTUI ___1_ 6220 __ 733801_ 14160 1 166270 ___201401_ _33850 1._-20460_1 83300_ 272501

DESIGN HOURLY THERMAL LOADS (BTU/LHR) __ ___509900____ 16686 J_98986 1__26093_ _ 32180 882_ 618 97___ 30928_

CALCULATED ACES DESIGNS
ACES HOUSE 1 HOUSE 2___USE 3 ______H OUSE
SIZE 1 SYSTEM DESIGN PARAMETERS i ICE I BRINE 1 ICE I BRINE I ICE I BRINE I ICE I BRINE

_____ L _____ __._____ ___ ____ _ ___ ___ f i_-aaER__ _CILLE I M.1 AKER_ I_CHILLER_ _AK E __iCH I ER __AKER 1 __CHILLER L I
iVOLUME OF ICE BIN, FT3 V 1 3510 1780 4649 I 2380 1 5509 i 2727 I 7165 1 3646 [
IAREA OF PANEL, PT2 A 314 , 334 " 861 880 I 0 19 1 157 i 175 I

IFU.LL ILENGTH OF ICE BIN COIL, FT L 0 747 0 1388 1 0 1 524 I 0 1 967 I
IOUSAGE OF ELECTRICITY, KWH/YR U 1 10549 1 10568 21190 I 21243 1 6357 | 6444 I 12183 i 12252 I

I____I FFICIENCYI (ANNUAL COP) ___ _ E L__2. 88 1 2.88 2.80 I ___2.79 _1___2_325___ _321_L 3.05_ 3.03_1
IVOLUME OF ICE BIN, FT3 V 2585 1305 1 4005 1 2030 1 3228 | 1600 1 4556 1 2309
IAREA OF PANEL, PT2 A I 396 1 410 1 915 I 949 1 83 1 96 I 318 1 343

IPARTIALILENGTH OF ICE BIN COIL, FT L 0 1 719 1 0 I 1361 1 0 | 493 I 0 1 916
IOUSAGE OF ELECTRICITY, KWH/YR U 10969 1 10987 1 21515 1 21550 I 7141 1 7348 I 13162 1 12931

I_- EIICIECCY _ lANNUAL COP) ....______ _____277 27 _-2.76 1-2._75_ 2.89 _2.81 2.82 ___2.87
IVOLUME OF ICE BIN, FT3 V I 1660 1 830 1 3361 1 1680 1 946 1 473 1 1946 1 973
IAREA OF PANEL, PT2 A 1 528 1 566 1075 I 1152 1 299 1 320 1 619 1 663

IHINIMUI LENGTH OF ICE BIN COIL, FT L I 0 680 I 0 I 1329 1 0 | 424 I 0 1 823
I UIOSAGE OF ELECTRICITY, KWH/YR U I 11309 11386 21559 1 21948 1 8257 1 8299 1 14416 1 14505
I ___ PPICIENCY .ANAL COP 2.__269 __2.671 2.7 5_ 2 70 ...2.50- _ 2 .9 I 2258 2.56 I



DODGE CITY, KANSAS

GEOGRAPHICAL ZONE = I LATITUDE (DEG) = 37.8 GROUND AO = 54.58 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 11.0 LONGITUDE (DEG) = 100.0 TEMPERATURE BO = 25.01 F WINTER 0 F 70 F
COOLING(TOTAL/SENS.) = 1.04 ELEVATION (PT) = 2582. CONSTANTS: PO = 0.601 RBAD SUMMER 97 F 78 F

________________________ ______ - - _BUILDING DESIGN MONTHLY THERMAL LOADS __ __ _ I
R-40 INSULATION I UNGLAZEDI DOMESTIC M_____ED IUM INSULATION ____HIGHN SLATI__ _

MONTH I BIN BEAT LEAK I PANEL I WATER I HOUSE 1 HOUSE 2 I HOUSE 3 1 HOUSE 4
ICOEPFICIENTS (32F) I BEAT __ _______1200 _T2 I 2400 PT2 __ 1200 FT2 I 200FT2 I

(M I TB(B) I SD(H) I PAN(M) I .QH (MH)I H(M) I QC () I QH(M) I QC(M) QH () I QC () I QH() I QC() I
___ _ _ MBTU/FT2 _l BTU/FT2T2 .BT__B _ ?_.BTI_ BT M TU I _BTU __BBT3____ __ __BTU ___ -B TU I f__MBTU __BTU

JAN 1 0.369 1 0.219 I 38.64 1 1590 I 10690 1 0 23580 I 0 1 5230 I 0 I 12380 1 0
FEB 0.289 0.152 1 41.71 1 1450 I 8760 0 I 19520 I 0 1 3990 I 0 ' 9700 0
I1AR___ 0.404 0.1801 66.79_ 1540_ .___7830__ 0 1__1840___ __ 0_ 3 __370 __ 0 _ 1_8510 0____
APR 0.581 1 0.246 I 102.56 1 1360 I 4150 1 0 I 10140 1 .0 0 1420 I 1020 1 4320 1 1510
MAY 0.868 I 0.376 I 132.93 1 1230 1 1700 1 1600 I 5070 I 2260 1 0 I 2290 I 1650 1 3320

I_JOUN 1.085 1 0.490 1 161.93 __1040 01 30 3700 _1 0 5460 0 4__610 ___0_J. 6360 .
I JU. I 1.304 1 0.616 I 161.12 1 960 I 0 1 5000 1 0 1 7330 1 0 I 5810 I O | 7980
AUG 1 1.359 1 0.672 I 172.12 1 940 0 1 5200 I 0 I 7450 1 0 I 5740 I 0 | 7840

ISEP 1.233 1 0.638 1149.701 970 1 _____. __ 31600 J1 1230 1 __ 4830 1 0 [_ _357O_J____0 Ij 5120-1
I OCT 1.069 1 0.581 I 113.91 1 1150 I 1860 I 1310 1 5320 1 1920 1 700 1 1630 I 2670 | 2420

NOV 1 0.782 1 0.447 I 65.63 1 1270 I 5630 I 0 I 13170 t 0 1 2780 I 0 I 7260 1 0
I DEC ! 0.549 I 0.328 1 43.99 i 1480 1 8830 [ 0 I 19880 i 0 --I 4310 _ 01 1 10550_I- 0_ _
I ANNUAL THERMAL LOADS (CBTm __I 14980 1 49450 1_ 19970 | 115750 I 1 29250 1 21800 1 _524670 _ 57040_1- 34550_1
I__DESIGN HOURLY THERMAL LOADS BTUHRL ___ .41868_1__ 19331 81304 \ 30599 ..26603___ 2191916 I 51078 309661

______________________ _ _ __ __ __ _______ ___ _-1

I - ___________________CA_ _ __ __C ALCULATED ACES DESIGNS_...........___----
I ACES H I___ HOUSE HOUSE 32 .. t__L HOU__HOUSE 4 __
I SIZE I SYSTEM DESIGN PARAMETERS I ICE I 1RINE I ICE I BRINE I ICE I BRINE I ICE I BRINE
I _ _____ ._ MAKER ICHILLER I MAKER I CHILLER MAKER _I_ECHILLER I AKER jICHILLER I

I VOLUE OF ICE BIN, PT3 V I 5713 1 2754 I 7817 I 3944 1 3746 i 2153 I 7954 I 4567
I IAREA OF PANEL, FT2 A I 21 1 34 1 118 I 131 1 0 I 0 0I I 0
IFULL ILENGTH OF ICE BIN COIL, FT L I 0 1 663 I 0 I 1242 I 0 I 431 1 0 I 838

IUSAGE OF ELECTRICITY, KWH/YR U I 8098 I 8255 I 16016 1 15850 1 6202 I 5997 1 9725 I 9374
--- _EFFICIENCY (ANUALCOP) E 05 ___3.00 __2931 __2.96 __2.90_1____300 3_.__ 3221 _ __ 3.33_
I IVOLUME OF ICE BIN, PT3 V I 3425 1661 1 5074 1 2554 1 2188 1 1234 1 4624 I 2607
I IAREA OF PANEL, PT2 A I 63 1 71 I 171 1 184 I 27 I 27 1 56 1 56
IPHRTIALILENGTH OF ICE BIN COIL, FT L 0 624 I 0 1178 0 I 1404 0 I 785
I IUSAGE OF ELECTRICITY, KWH/YR U I 8859 1 9092 I 17168 1 17206 1 7274 1 7074 1 11654 I 11381
I_____ FFICIENCY (ANNUAL COPL_____ E J 2.79 1Z___2.72 I 2.73 _ .2._ 2 2 ____28_L_ .... 255__ 2.68 L__ 2.74_1

IOLUME OF ICE BIN, FT3 V 1 1137 1 568 I 2330 1 1165 631 I 315 1293 1 646
I IAREA OF PANEL, FT2 A I 126 1 129 I 260 1 268 1 68 I 71 1 142 I 147
IMINIMUOILENGTH OF ICE BIN COIL, FT L I 0 1 546 I 0 I 1068 1 0 I 341 i 0 I 660

USAGE OF ELECTRICITY, KWH/YR U ! 9916 1 9928 1 18455 1 18480 7887 I 7891 1 13180 ! 13191
I __ JEIFFICIENCY (ANOUAL COPL … E ____…S 1 2.49 2 2 49 1 __254 2.54 ___2.28_ __2.28 _2.37 2.37



TOPEKA, KANSAS

GEOGRAPHICAL ZONE = I LATITUDE (DEG) = 38.9 GROUND AO = 53.98 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 11.0 LONGITUDE (DEG) = 95.7 TEMPERATURE 80 = 25.74 F WINTER 0 F 70 F
COOLING(TOTAL/SENS.) = 1.16 ELEVATION (FT) = 1064. CONSTANTS: PO = 0.597 RAD SUMMER 96 F 78 F

------- ----- ------------I-----N---- -- ------------ IOA- S -- - -------------------

-____ ______________ ___ -BUILDING DESIGN MONTHLY THERMAL LOADS_ _
R-40 INSULATION O UNGLAZED! DOMESTIC MEDIUM INSULATION. . .. _____IGH INSULATION - - - - - -

I
MONTH BIN HEAT LEAK I PANEL I WATER HOUSE 1 HOSE 2 1 HOUSE 3 1 HOUSE 4

ICOEFFICIENTS(32FU__ EAT___JL__HEAT ____ 1200 FT2 _2400 FT2 ___i 1200 FT2 i 2400 FT2
(M) I TB(M) I SD(M) I PAN(M) I QHW(M) I QH(M) I QC(M) I QH(M) I CH(M) I H(M) I QC (M) I QH(M) I QC(M) I

M___ --BT /T _L_ MBTULT2 . MBTUF___2MBTUB___-BBTU I IBTU I _BTBTU_-- - ._ I .... _ TUT__ . MU I METO __BTU -B
JAN 0.332 1 0.201 23.02 1580 I 12430 0 27030 | 0 6250 1 0 14650 1 0 -
FEB 0.256 1 0.1351 30.13 14501 9810 0 21690 0 1 44701 0 10850 0

_MAR__ 1_ 0370 _0.162_ _ 55.70 J 1550 1___ 8390 _1___ 0 1 9120 3200 . ... 20 _1- 8940j1 0
APR 0.555 I 0.231 I 99.15 { 1380 | 3890 I 0 | 9760 | 0 | 1200 1 820 I 3840 1160 -

I MAY 1 0.849 { 0.365 1 140.45 I 1260 | 1220 I 1770 1 4000 I 2390 | 0 I 2730 1 1070 1 3720
3JUN__ 1.073 I 0.482 1__149.99_ _ 1070 _ I 3270 1 1020 1 __4580 1 . 0_ _ 45201 ____O_ 5920_1

I JUL 1 1.297 { 0.612 I 152.97 990 I 0 1 4930 1 0 ! 6990 I 0 I 6040 1 0 1 8360
I AUG | 1.352 I 0.669 I 164.44 I 960 1 0 { 5220 | 0 I 7250 | 0 1 5830 i 0 i 8140

SEP 1__ 1.223 0_.634_L__137.89_1_ 980 _ 0 I 2750 1300 1 _ 3830 __0_1___32 _ ... 0 4440_.
OCT ! 1.051 0.574 106.88 ! 1140 1570 I 980 4720 I 1280 540 1360 I 2230 I 1860
NOV 0.758 { 0.437 { 61.70 1270 1 5340 | 0 | 12750 | 0 ! 2490 0 i 6720 i 0
DEC _ 0.516 I 0.313 1 27.46 1

4
70 = 10190.1 0 22630 0 I 580i0 1 i 12350

_ANNUAL THERMAL LOADS__(MBTl ...___J 15100 __52840 J 18920 124020 1___26320_J2 I3550 _ .. _ I 6 60650 -
__ 33600_

I DESIGN HOURLY THERMAL LOADS_ BTU/RL ___ ...___42249 _L___1981 6 1___9!_ 266 5 1_ _397 __26685 _ _1Z8 51242_L -3 2951 i

CO

CALCULATED ACES DESIGNS
ACES I HOSE 1 HOUSE 2 _____ __HOS E _ HO--SE- 4----
SIZE SYSTEM DESIGN PARAMETERS ICE I BRINE I ICE | BRINE I ICE I BRINE I ICE BRINE I

--- ----- 1_--- __ ___ ________ __ -i_-S&£5BEBl_£H;LC-EKLJl.A _ HILLER MKER CHILL __A _CILL _I_ MAKER__I CHILLER-I
IVOLUME OF ICE BIN, FT3 V 5458 { 2635 6733 I 3392 { 4091 1 2343 ~ 8745 1 5006

SAREA OF PANEL, FT2 A 50 70 239 270 0 0 0 0 0
IFULL ILENGTH OF ICE BIN COIL, FT L 0 664 0 1229 0 436 I 0 i 849

IUSAGE OF ELECTRICITY, KWH/YR U 8399 9510 16875 | 16900 I 6335 6139 1 9763 I 9330 i
I __ _1EFFICIENCY (ANNUAL COP) _ 3__03 I _2.99 __ 87 2.87 2.87 2.93 _132___02 __3.28_ 1 3.43

I VOLUME OF ICE BIN, FT3 V 3378 | 1642 1 4691 | 2358 I 2408 1353 I 5124 { 2878
|AREA OF PANEL, FT2 A 109 I 131 348 1 370 ( 41 41 86 i 84

IPARTIALILENGTH OF ICE BIN COIL, FT L 0 { 628 0 | 1176 I 0 409 i 0 I 796
(USAGE OF ELECTRICITY, KWH/YR U 9109 1 9301 17653 | 17339 I 7203 7214 1 11563 1 11609

E__ LF FFICIENCY (ANNUAL COP . ________ _____2. 9_1__2I74- j _2.75 1 .--2.802.257 2 __2.7-7 I 2.76
IVOLUME OF ICE BIN, FT3 V i 1297 { 648 1 2649 1 1324 { 725 362 1 1503 1 751
|AREA OF PANEL, FT2 A 1 219 I 230 1 454 ) 476 I 121 128 I 255 1 271

IMINIMUMILENGTH OF ICE BIN COIL, FT L I 0 I 560 0 I 1095 { 0 348 I 0 { 675
I IUSAGE OF ELECTRICITY, KWH/YR U 1 10166 1 10159 18465 18724 | 8027 8021 1 13418 { 13407

.J___I EFFICIE NCY (AANNUAL COPL _______ E _J 2.50 I 2.51 1 _2,.63 259 - 2.... 2^31 _J_ 2.31 _ ._ 2.39-J_ 2.39 2



LOUISVILLE, KENTUCKY

GEOGRAPHICAL ZONE = C LATITUDE (DEG) = 38.2 GROUND AO = 56.52 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 10.0 LONGITUDE (DEG) = 85.7 TEMPERATURE BO = 22.11 P WINTER 5 F 70 F
COOLING(TOTAL/SENS.) = 1.13 ELEVATION (FT) = 477. CONSTANTS: PO = 0.571 RAD SUMMER 93 F 78 F

_ _ .~ __ _ __ _ _ _ _BUILDING DESIGN MONTHLY THERMAL LOADS_ _________ _ ___ __
I R-40 INSULATION I UNGLAZEDI DOMESTICI__ MEDIUM INSULATION _ ____ IINSULTION_____ __

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 I HOUSE 3 1 HOUSE 4
I COEFFICIENTS(32F I HEAT___ HEAT __ 120_2___ _2400 T2__ 1200 PT2 _ 2,400 4 FT2 2___

() I TB(M) I SD(M) I PAN(M) QHW(M) I QH(H) I QC(M) I QH(M) I QC(M) I QH() I QC(M) I QH(M) I QC(M)
I -- 1_ MBTU/FT2 _ MBTU/FT2 .T ___ BT _BTU _ HBTU I MBTO I BTO_ I _MBTU I _MBTU j MBTO __ MBT __

JAN 0.490 0.274 30.66 1560 I 9570 0 I .21480 0 I 4420 I 0 1 11070 I 0
FEB 0.410 I 0.210 I 42.79 1410 I 7230 I 0 I 16600 0 3010 0 l 7830 I 0

I BR 0.534 1 0.246 1 65.88 _- 1470 _ 2___6_290_ 1 -_ I _ 14950 1 -0 - 2470 0 - 6700 i ___
APR I 0.689 ! 0.304 I 100.01 1280 2870 1 770 I 7520 0 I 840 ~ 1300 ~ 2910 I 1840

I MAY 0.951 l 0.424 I 117.85 1150 I 1010 1 2210 I 3450 1 3170 I 0 3180 990 1 4280
I JUN I 1.134 0.521 1 123.32_1 __ 970 1 _ 0 . 3700_1 0 __.. _ 5430_ _ 0_1 48q _ 0 6600_

JUL ! 1.329 I 0.634 I 137.72 1 910 I 0 I 5140 I 0 1 7390 I 0 1 6230 1 0 I 8700
I AUG 1.370 1 0.680 I 128.30 1 920 I 0 1 5240 I 0 1 7190 I 0 1 5850 1 0 I 8110
SI SEP 1.247 1 0.644 1 122.60_l_ 970 1 -_ 0 I ___3610 _ .0 __ 5190 1_ 0_ ___4170 1 ____0_l___ 5780 1
OCT 1.102 0.593 93.06 1160 1590 1 1210 1 4690 1710 1 540 1550 1 2260 1 2210
NOV 0.843 ! 0.471 I 64.18 1 1290 4250 l 0 10450 0 I 1880 l 0 5370 0

I DEC 1- 0.644 1 0.369 1 39.10 1480 1 7590 I 0 I 17530 i 0 1 3400 01 ___ 28950 _ 0_
I_ ANNUAL THERMAL LOADS (NBTU I 14570 ___40400_ 2_1880 1 96570 I_30080Q 165601 _27120 L 46080 __ 37520~_
I DESIGN HOURLY THERMAL LOADS (BTU/HR) _J__ 38032 1 _19396 1_ 73807 29781 1 242051 _19402_1 46433 I 321071

___ __- (j0___ ___ EI _

__________________ _ _ _ _________ C&_LC2LA__TD_ CEBS DESIGHS_ _ ____ __ ___ _ _ _________ __
ACES I I HOUSE 1 __ HOUSE 2_ J _ HOUSE 3__ Jl HOUSE 4 _l
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

! _ l _!__-1- __ MAKER l_ A ILLLLER MAKER CHILLER _I MKER IER I CHILLER
IVOLUME OF ICE BIN, FT3 V 5881 1 3135 1 8656 l 4277 l 2911 1 1691 1 6254 l 3616

I IAREA OF PANEL, FT2' 0 I 0 I 68 1 89 I 0 I 0 0 0
IFULL ILENGTH OF ICE BIN COIL, FT L I 0 j 618 0 1151 1 0 386 0 I 749
l IUSAGE OF ELECTRICITY, KWH/YR 0D 6875 I 7182 I 14193 14259 1 6456 I 6231 9901 I 9616
__ _ EFFPICIENCY (ANNOAL COPI _ E 3 27 _ 1 313 1 _2.92 1 __290 L_ _2. 2.0 .64 1I __2- 274 _ 2 91_1__ 2.991

IVOLUME OF ICE BIN, FT3 V l 3456 1 1825 1 5395 1 2672 1 1733 1 984 l 3712 l 2101 I
BAREA OP PANEL, FT2 A I 45 1 50 I 137 1 153 1 25 I 25 1 54 I 53

PARTIALILENGTH OP ICE BIN COIL, PT L I 0 I 580 I 0 1088 0 362 1 0 I 703
IUSAGE OP ELECTRICITY, KWH/YR U I 8096 { 8180 1 15250 1 15560 1 7257 I 7274 l 11315 I 11359

I --- EPFICIEBCY (ANNUAL COP) E 1 2.78 I 2.75 1 2.71 2.66 I _ 2.^3 L 2.35 1 _2.54_ 2.53
I IvOLUME OF ICE BIN, FT3 V 1031 I 515 I 2134 1067 1 554 I 277 1170 i 585 l

IAREA OP PANEL, FT2 A l 120 I 128 I 253 1 270 1 64 I 68 138 I 147
IMINIMUMILENGTH OP ICE BIN COIL, FT L I 0 I 496 0 1 971 1 0 I 309 0 I 600

IOUSAGE OF ELECTRICITY, KWH/YR U I 9254 I 9292 I 16804 l 16781 7780 I 7771 1 12583 I 12569
_ __ IEF.FICIENCY (ANNUAL COP) E _ 4 2.4346 7 2.412 2.46 2.47 2.19 I 2.20_L 2 _ 2.29 2

C



LAKE CHARLES, LOUISIANA

GEOGRAPHICAL ZONE = E LATITUDE (DEG) = 30.2 GROUND AO = 67.71 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 10.0 LONGITUDE (DEG) = 93.2 TEMPERATURE BO = 15.59 F WINTER 27 F 70 F
COOLING(TOTAL/SENS.) = 1.24 ELEVATION (PT) = 15. CONSTANTS: PO = 0.559 BAD SUMMER 93 F 78 F

I__ U_ _ _____ __________ __ BUILDING _DESIGN MONTHLY THERMAL LOADS ___ _______
| B-40 INSULATION I UONGLAZEDI DOMESTIC ____ M___ EDIUM INSULATION -_ H-_____--IGH INSULATION-- ~

MONTH I BIN HEAT LEAK I PANEL I WATER HOUSE 1 I HOUSE 2 I HOUSE 3 HOUSE 4
IICOEFFPICIENTS (32F HEAT __ HEAT _ 1200 FT2 1 2400 PT2__ 1 200 _ T2 2 2400 FT2

(M) I TB () I SD(M) I PAN(M) I QH (M) I QH(M I QC(M) I Q(M) I I QC (M) I QH() I QC(M)
I___ -1_ BTFT 2 PT 2____ MBL.i2 B TI F2__ j MB BTU i _l__MU BT TU_ MBToU BTU J_ __IBTU _l__ MBTU ___i __BTUn__

JAN 1 1.029 1 0.535 1 77.13 I 1270 I 3020 I 0 1 7970 I 0 ! 1250 I 530 1 4000 1 0
FEB I 0.908 1 0.457 1 84.39 | 1140 | 2000 1 570 5590 I 0 I 680 1 970 1 2520 1 1210

_MAR _ __ 1. 064 1 0.517 1_110.90_L_ 1200 ___ 1400__ 1190 1 4320 ___1550… 38i .... 1820_J 1750_ 1._231
APR I 1;153 t 0.548 I 130.18 I 1060 | 0 I 2320 1570 I 3300 I 0 I 3310 0 1 4350
IAY 1 1.359 I 0.643 I 147.79 I 970 | 0 I 4270 0 j 5910 I 0 I 5490 0 7430
JUNO__J 1.466 0 .701 3 1445.74 1__t _84°0___ 0 -_ 654 0 _0 ___q26 I____0 ____6840_i_____ .L__ 9950_1

I JUL I 1.624 1 0.791 I 131.21 1 800 1 0 1 7720 0 11320 I 0 I 7520 | 0 ~ 11060
I AUG | 1.651 I 0.822 I 133.25 I 810 I 0 | 7750 0 I 11320 I 0 | 7400 1 0 I 10830
I SEP _ 1.540 - 0.785_ .133.65 _ 840 0 _1 6240 _0 _ 8690 0 ____ _i.._ 6190 . 8720
I OCT I 1.459 I 0.759 1 121.24 | 980 0 | 3670 1 0 I 5170 0 4090 |0 O 5510

NOV | 1.253 1 0.662 I 99.47 I 1070 | 970 ] 1340 1 3160 1 1780 I 360 I 1690 I 1700 I 2280
DEC 1 1.136 ! 0.601 1 78.25 I 1210 1 1980 1 4201_ 5680 I 0 _ 2772 710 __ 2870 J 930_

I_ANNUAL THERMAL LOADS __TffLT) ____I 12190 _9370_ I 420 30 1 28290 _ __58300 2 _ _3440___46560 __ 12840.___64380_
I_DESIGN HOURLY THERMAl LOADS _lBULHRL___1___21532 1__ 23180 41569 39967 1 __20600_ 27313l_35762

CALCULATED ACES DESIGNS
IACES I I HOUSE…1 HOUSE 2 .. HOUSE 3 __HOUSE 4_
SIZE I SYSTEM DESIGN PARAMETERS ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRIINE

.... .____L - ______ -__--- ___ ___-_-AK ER__I. _CHILLER _ ERf ._C HILLER AK R___CHILLR __MAKER_ CHILLER _
IVOLUME OF ICE BIN, PT3 V 1093 I1 665 3210 1883 I 265 I 157 1174 [ 680
IhREA OF PANEL, FT2 A 0 0 0 0 0 I 0 I 0

FUOIL ILENGTH OP ICE BIN COIL, FT L 0 I 311 0 629 1 0 181 0 g 384
IOSAGE OF ELECTRICITY, KWH/YR U 1 8855 I 8701 1 12808 1 12840 1 9263 I 9263 13052 I 13057

.__.__ IEFFICIENCY (ANNUAL COPL_____ E I_ 2.10_1_ 2.14 1 2.-261__ 2.25 . __91 1__ __ _ 22.01_£I 2.01
IVOLUME OP ICE BIN, PT3 V 745 | 432 2033 1 1155 249 I 137 831 I 462
IAREA OF PANEL, FT2 A 0 { 0 18 I 19 0 I 0 I 0

IPARTIALILENGTH OF ICE BIN COIL, FT L I 0 295 0 5 0 53 0 1 178 0 I 366
IUSAGE OF ELECTRICITY, KWH/YR U 9218 I 9231 1 13917 1 13954 9385 | 9387 13531 I 13538

I____LFFICIENCY (ANUALCOPL_____ E 2.02 I 2.02 1____2.0__ 8 2.207_ ____ 1-94 ____1.94L___.1.94_1__ 1.94_
IVOLUME OF ICE BIN, PT3 V 398 1 1991 855 1 427 1 233 I 116 1 488 1 244 1
AREA OF PANEL, PT2 A 15 I 16 42 44 1 0 I 0 1 18 I 19

IMINI{UMlLENGTH OP ICE BIN COIL, FT L 0 t 267 0 523 1 0 I 175 0 338
IUSAGE OF ELECTRICITY, KWH/YR U 9285 I 9364 14538 1 14546 1 9423 | 9424 13769 J 13793

IJ___ PFFICIENCY (AONUAL COPL F____ E._2_L2.t01_ J_ 1.99 1 1._99 1.99 I 1.93 1.93 __ __ 1.90 1.90



NEW ORLEANS, LOUISIANA

GEOGRAPHICAL ZONE = E LATITUDE (DEG) = 30.0 GROUND AO = 68.28 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 9.0 LONGITUDE (DEG) = 90.3 TEMPERATURE BO = 14.45 F WINTER 29 F 70 F
COOLING(TOTAL/SENS..) = 1.30 ELEVATION (FT) = 4. CONSTANTS: PO = 0.550 BAD SUMMER 92 F 78 F

I___ - - _____ __ _ ______ BUILDING DESIGN MONTHLY THERMAL LOADS __ __ _
I I -40 INSULATION I UNGLAZEDI DOMESTICI MEDIUN INSULATION_ -_ 1 -___-- -~HIGHINSULATION ___ ~__

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 1 HOUSE 3 ' HOUSE 4
CO~FFICIENTS (32PL =__] BET __HEAT LJ____12_0 _I2_ ____|.__2400 CFT2_______2400 FT22.2400 FT 2 2400FT2

() I TB(M) I SD(M) PAN(M) I QHW(M) I QH(H) QC (M) I QH(M) QC(M) I QH () I QC (M) OQH() I QC(M)
-_ _-. MBTU/FT2 I ._ BTUFT2.1 M BTUU ,___ __ I -BTU BTU I HBTU __ BTU___ MBTU - __ BTU

I JAN I 1.071 I 0.554 74.33 I 1240 1 2470 0 I 6830 1 0 I 960 1 630 1 3310 I 730
1 FEB 1 0.949 I 0.477 I 79.87 I 1110 I 1550 1 600 I 4640 01 I 470 I 1080 1 1980 I 1250
I MAR 1_ 1.106 I 0.539 j 102.54_ ' 11 70 ____.1100____ 11.50 1_ _3640_ 1 _ 440_I 0 I _1840_ 1420_1__ 2210_1
I APR I 1.185 { 0.566 112.21 1040 ! 0 I 2250 I 1330 1 3090 0 I 3280 1 0 1 4200 I
I MAY I 1.381 I 0.657 I 132.96 1 960 1 0. 4310 I 0 5340 I 0 I 5220 | 0 I 6940
I JUN I 1. 475 I 0.708 1 127. 261 _ 840 ___ ___....5970____ I .. 8190 1 0 . 6340 _ 8920
I JUL I 1.624 1 0.793 I 123.18 1 810 0 7240 I 0 i 10420 I 0 I 7150 - 0 10380 1
I AUG I 1.648 I 0.822 { 125.50 I 820.1 0 1 7430 { 0 1 10760 0 { 7170 | 0 | 10430
I SEP I 1.540 I 0.784 l 127.97_1_ 850 j ____1 0 _61 20_. __.. 83100 _ ___ ___6120J . ..0__ _ 8540_
I OCT I 1.468 { 0.762 I 116.35 I 980 I 0 3540 I 0 4810 1 0 I 4050 I O | 5310
I NOV I 1.274 ! 0.669 1 93.42 I 1050 I 720 I 1270 I 2570 1 1650 f 0 I 1650 I 1330 1 2130
I DEC { 1.169 1 0.615 1 74.Q03 1190 1 1780 1 440 1 5220 1 01__ 680 1 _2750 1 -2620-I 870_1
I ANNUAL THERMAL LOADS_JMBTU _ __ 12060 _ 7620 1_ 40320 1 _24230 1 _54010 L - 2110 J__4 5280_ _ 10660-1_ 61910 i
1 DESIGN HOURLY THERMAL LOADS BTU/HRL___ ._ __-2016_l__21637L 389481 3469 13491 ___19369__ 25735 1 33736

--------- CA--_____-----S-CALCULATED_ACES DESIGNS_________________ -__
I ACES I M____ _ - SE H OUS2MOUE 3 -- - HOUSEO 4_
I SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE I

MAK__ER__ICLLE_ I MAKER I _CHILLER I MAKER I CHILLER 1 HAKER I CHILLER_
IVOLUME OF-ICE BIN, FI3 V I 912 1 535 ~ 2785 - 1641 I I -

I IAREA OF PANEL, PFT2 A I 0 0 0 01
IFULL ILENGTH OF ICE BIN COIL, FT L I 0 1 286 0 1 585

I USAGE OF ELECTRICITY, KWH/YR a I 8342 1 8346 I 12059 1 11742 I
____.I-.FFICIENCY (ANNUAL COPL ____ E -2!

1 -- _
2 - 1 -- 2.11 … 1

_ _2.19 1 2. 25 1
IVOLUME OF ICE BIN, FT3 v 1 628 1 353 1 1766 1 1007 {
I AREL OF PANEL, FT2 A I 0 I 0 I 17 1 18 I

IPARTIALILENGTH OF ICE BIN COIL, FT L I 0 I 272 I 0 1 551 {
I IUSAGE OF ELECTRICITY, KWH/YR U I 8708 I 8717 I 12736 1 12775
I E____ LFICIENC Y (ANNUALCOP Li-_____ 2.02 1 ___2.02 1 2 __2. . _____ 2 __ _ I._ __ __
I IVOLUHE OF ICE BIN, FT3 V I 344 172 { 747 373 I 204 1 102 422 1 211
1 IAREA OF PANEL, FT2 A I 13 I 15 { 38 41 I 0 {O 0 11
IMINIOMUILENGTH OF ICE BIN COIL, FT L I 0 { 248 I 0 486 0 I 163 0 315
1 IUSAGE OF ELECTRICITY, KWH/YR U 1 8832 1 8832 I 13320 f 13319 I . 9081 I 9080 1 12980 1 12981
I__ _ 1EFFICIENCY (ANNUAL COP) 1 .__ E__ 1 ____ 1.99 L .__I.. 1.99 _ 1.99_1____.9___1. 92_ _ 1.91 1.91



SHREVEPORT, LOUISIANA

GEOGRAPHICAL ZONE = D LATITUDE (DEG) = 32.5 GROUND AO = 64.34 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 9.0 LONGITUDE (DEG) = 93.8 TEMPERATURE BO = 18.70 F WINTER 20 F 70 F
COOLING(TOTAL/SENS.) = 1.21 ELEVATION (FT) = 254. CONSTANTS: PO = 0.559 RAD SUMMER 97 F 78 F

-______ ___________ ___ __- _ _____ _____BUILDING DESIGN MONTHLY THERMAL LOADS
I R-40 INSULATION I UNGLAZEDI DOMESTICI ____M__U ISLATIONf IGS SU LATIO_______ I ____

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 | HOUSE 3 1 HOUSE 4
I COEFFICIENTS (32FU_ HEAT I I HEAT _1200 FT2__ 2400 FT2 1200 FT2I _2400 FT2 _

(M) I TB(M) I SD(M) I PAN () I QHW(M) I QH() I QC(M) I QH(M) I QC ( QH () I QC) QCQH() 1 QC(M)
__ ___ __ BTU/FT2 ___MBTUL T2._ nBTU I___MBTU - __MTTU MBTU BTTU I BTU ___T__ .__ ._.__.1BTU MBTU ... MBTU

3 JAN | 0.844 0.446 | 59.16 | 1370 1 4990 l 0 12130 I 0 I 2190 1 0 I 6100 I 0
FEB 1 0.736 1 0.372 | 65.95 I 1230 ( 3520 | 0 1 8930 1 0 1 1330 | 430 ! 4080 1 n

I_ _ AR_ _ 0.886 0. 25_._ _94.26 1_ 1290 2__ 2830 1 ___270 _ 90 _i ....._ _ 1____90 ..... 9_1 ___9 iL_2 L___ 1350_
APR 1 1.005 ~ 0.468 1 113.22 | 1130 ( 900 | 1620 1 3110 1 2170 I 0 1 2470 1 1000 I 3150
HI AY | 1.240 1 0.577 I 134.27 I 1010 I 0 I 3620 1 0 | 5200 | 0 1 4810 1 0 I 6390

I JUN _ 1. 381 I 0.652 [__139.38_1_ 860 ____ _1 __5360 1__ .... 1 1 _7 I____ _.___6. 030_1__ _8380_
JUL | 1.557 0.753 1 145.53 | 820 | 0 I 7560 0 I 11030 | 0 1 7550 1 0 I 11080
AUG I 1.590' 0.791 I 145.90 [ 820 1 0 1 7430 9 0 0 10800 I 0 1 7250 1 0 I 10540
SEP __ 1.470 _ 0.

7
53_1__ 125.94_ ___ 72 ____ I 51 10 0 I ____._ 2 06 _ _ ..__10 ___ 7320

OCT t 1.359 1 0.716 | 107.75 I 1030 | 0 | 2680 1 1550 | 3770 I 0 1 3070 1 0 \ 4150
5 NOV { 1.125 1 0.605 I 78.83 I 1140 | 1930 1 750 I 5310 | 0 { 840 | 1060 I 2850 1 1380
IDEC__1 0.972 1 0.525 |1 64.07 13003 3790 011 96201 0 1660 330_ 4960_ __
_ANNU AL THERMAL LOADS (BTQ___ .....__ 12870_ L__17960_ _ 34700 1 48140 - 4214040 - 6920. I 713940 I 22270_i__ 5317 I_

{_DESIGN HOURLY THERMAL LOADS LBrUR L 22677 1__ 2394 ... ._____i__17354 .... 1_521 _33188_1__37069_I

I I
I __ ____ _____ _ ____ _____ __ __ ___ ___ ______ ___ CALCULATED ACES DESIGNS

I ACES I H-U- .. 1 … __HOUSE __ 2 __ HOUSE 3_____ _ __HOaUSE_ 4___
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE 1 ICE I BRINE I ICE I BRINE I ICE I BRINE

I I -- AK L_____H ER I _AI B__I_ _AKERC _ &_1 mAKER ._CLLE__ AESR_ CH__j1AI LL ER
IVOLUME OF ICE BIN, FT3 V { 2526 I 1501 ( 6180 1 3660 I 1028 1 599 1 2766 1 1639
| IAREA OF PANEL, FT2 A I 0 0 0 0 ! 0 9 0 [ 0 0

IFUIL ILENGTH OF ICE BIN COIL, FT L 0 | 416 | 0 827 [ 0 1 254 I 0 1 508
IOUSAGE OF ELECTRICITY, KWH/YR U I 7977 | 7782 I 12111 I 11692 { 8155 1 8158 I 11757 3 11436

I __ 1__tEFFICIENCY NNUAIAL OP 2.____11 __2.47 1 _2.62 __2. 711 ___213 ___2.13 __ 2.2 1 2.28
IVOLUME OF ICE BIN, FT3 v { 1558 1 898 1 3715 { 2142 1 679 1 382 1 1729 1 993
IAREA OF PANEL, FT2 A 1 15 I 15 | 36 1 36 1 0 9 0 I 19 I 19

PARTIALI LENGTH OF ICE BIN COIL, FT L I 0 | 391 | 0 1 776 01 240 1 0 478
IUSAGE OF ELECTRICITY, KWH/YR U I 8935 I 8736 I 13933 I 13690 1 8494 1 8518 i 12637 1 12658

I_ I IEFFICIENCY ANNAL ........... __ .... 15_1 220 7_ 231. 2.0 ____204 2.06 206
IVOLUME OF ICE BIN, FT3 V I 589 I 294 | 1250 1 625 { 330 1 165 1 692 1 346
IAREA OF PANEL, FT2 A I 38 I 40 | 83 1 87 1 17 1 19 1 45 1 48

IMINIMUMILENGTH OF ICE BIN COIL, FT L I 0 | 340 I 0 I 666 1 0 1 216 I 0 418
I IUSAGE OF ELECTRICITY, KWH/YR U I 9234 I 9229 | 14869 1 14855 I 8651 1 8654 I 13058 1 13052

..___ IEFICIENCY (ANNUAL COP) L _ _E_.___ 8____2. 08 I 2.13 1 ____213' 1 __200_ ....__2.00 __1.99_i__ 2.00_



PORTLAND, MAINE

GEOGRAPHICAL ZONE = A LATITUDE (DEG) = 43.6 GROUND AO = 45.47 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 10.0 LONGITUDE (DEG) = 70.3 TEMPERATURE BO = 22.38 F WINTER -6 F 70 F
COOLING(TOTAL/SENS.) = 1.08 ELEVATION (FPT) = 43. CONSTANTS: PO = 0.677 RAD SUMMER 86 F 78 F

-_; _____ -__ _ ______ BUILDING DESIGN MONTHLY THERMAL LOADS____ ___ ________ __ __I
! R-40 INSULATION I UNGLAZEDI DOMESTICI ______EDIUM INSULATION ___ _HIGH INSULATION __

I ONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 1 HOUSE 3 1 HOUSE 4
I COEFFICIENTS(32F)I HEAT _ HEAT ____ 1200_FT2__ I 2400 FT2.... _ 1200 FT2___ _ 24002 FT2

! ( I TB(B) I SD'(M) PAN(M) I QHW(M) I OH(M) I QC ({) I QH(M) I QC (H) QH(M) I QC (M) I QH(M) I QC(M)
-1- I.. 8BT./FT2 I BBTU/FT21 MBTO ._I BT _ 1 __BTU I BTO1I BTO _ M__BT2__i BT__ _ TBTU___L__a _i T _I

I JAN 0.096 I 0.082 I 12.60 I 1520 ! 13970 1 0 I 26260 1 0 7920 1 O 1 16320 1 0
[ FEB I 0.032 I 0.027 I 19.52 1 1420 I 11550 1 0 [ 21740 1 0 1 6170 1 0 I 12900 0
I A..R_ I 0.093 1 0.030 1 37.40 __1600 9950_1____0_ I 18960 0 __ __0__4910 .__ ___ 10470_ 0 ___ 0
! APR I 0.248 I 0.086 1 56.10 1 1530 I 6180 1 0 1 12090 1 0 | 2760 1 0 | 6290 I 0

B MAY I 0.491 I 0.194 I 84.48 I 1520 I 3570 . 0 I 7290 1 0 I 1230 | 790 | 3440 I 1140
I JUnI 0.699 I 0.301 1 98.76__L 400 L_ 1470 ___1550 1_ 3540 1 _2280_ 1_ _ 0 20_ 20 2 0 _1250 I__ 2810 .

JO.L 0.900 0.415 I 117.56 1 1360 1 0 1 2800 I 1720 1 4140 1 0 1 3500 1 0 ~ 4730
I AUG ! 0.966 I 0.473 I 115.03 I 1290 I 560 1 2730 1 1810 1 4020 | 0 | 3350 | 0 I 4540
I SEP 1 0.879 1 0.455 1 93.67 1 2_ 1 230_ _1520_1___ 1280 ___ 3740 I _1810_L_ 500I ___.164__l0 17O -- 2210
I OCT 0.737 1 0.408 I 73.45 1 1290 I 3650 O 0 1 7770 1 0 | 1620 | 0 | 4290 | 0
I NOV 1 0. 491 I 0.295 I 39.24 1 1310 I 6680 1 0 I 13450 1 0 I 3240 I 0 7550 I 0
I DEC I 0.270 1 0.185 1 17.70 1 1440 I 11890 l- 0 I 22700 1 __ 66101 01 13940___ 0_
I ANHNUAL THERMAL LOADS (MBTl . ___ 16910_1 70990_1__ 8360_1 141070 I _122250 __ 34960_i 11300_l 78190i. I .154302l
I DESIGN HOURLY THERMAL LOADS flBLHRl) ___ 45458_1__13013 2 785781 _..20503_1__ 30706_ __15855_ 54736 1 23836

____.-________________ _.......CALCLATED ACES DESIGNS _____________ ___ ___
ACES I ~ ~HO SE ... __.. HOUSE 2 _1 HOUSE 3 _ HOOUSE 4 __
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE I

I .___ _ ' M AKER__L CHILL ER MHAKER I CHILLER I MAKE R I CHILLER I MAKER j CHILLER
IVOLUME OF ICE BIN, FT3 V I I 2456 1 1275 1 3207 1 1676
IAREA OF PANEL, FT2 A I I I 117 I 125 1 338 | 349

IFULL ILENGTH OF ICE BIB COIL, FT L I 0 I 160 1 0 1 790
!USAGE OF ELECTRICITY, KWH/YR U I 6242 I 6261 11241 | 11269 1

_I !PFICIENCY (ANNUALCOPL ...__ E I I _____2.97 1 2__.96 I__288 I 2.87_1
IVOLUME OF ICE BIB, FT3 V I 1665 I 856 1 2429 1 1251

I IAREA OF PANEL, PT2 A I I 180 I 188 1 404 | 415
IPARTIALILENGTH OF ICE BIN COIL, FT L I I I 0 I 438 0 762
I IOSAGE OF ELECTRICITY, KWH/YR I 6640 1 6648 i 11624 1 11643
1 ___PEFFPICIENCY (ANNUAL COPI E i___ ___ I _ _2.79__....2- .. 2____..79 2.78_1

IVOLUMOBE OF ICE BIN, PT3 V I 1434 1 717 I 2572 I 1286 1 874 I 137 1652 | 826
IARBEA OF PANEL, FT2 A I 116 1* 438 l* 752 1* 792 1 251 I 265 1 480 1 505

IMINIUMBILERGTH OF ICE BIN COIL, FT L I 0 604 I 'O 1050 1 0 I 403 1 0 | 724
I IUSAGE OF ELECTRICITY, KWH/YR U I 10226 10182 I 18308 I 18296 6962 1 6956 11941 1 12098

1 __ EPFICIENCY (ANNUAL COP_ _ E_ 2.761___2.77 2.727 2_ .___2.73 _ 3__2.I66_ l ___266 1 2.71 - 2.68

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.



FALMOUTH, MASSACHUSETTS

GEOGRIPHICAL ZONE = A LATITUDE (DEG) = 41.6 GROUND AO = 49.44 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 12.0 LONGITUDE (DEG) = 70.5 TEMPERATURE BO = 20.56 F WINTER 5 F 70 F
COOLING(TOTAL/SENS.) = 1.13 ELEVATION (FT) = 132. CONSTANTS: PO = 0.747 RAD SUMMER 82 F 78 F

---- I-------____ _BUILDINGDESIGN MONTHLY THERMAL LOADS
R-40 INSULATION I UNGLAZEDI DOMESTIC)___. MEDIUM INSULATION__ ___ ____ ________HIGH INSULATION_________

MONTH BIN HEAT LEAK I PANEL I WATER | HOUSE 1 I HOUSE 2 I HOUSE 3 I HOUSE 4
I COEFFICIENTS (32 IL _HEAT ._____HEAT _12___ 00 FT2___ 120 FT2_ _ 22400FT2 200T22400FT2

(M I TB(M) I SD(M) I PAN(MI) QHW(n) I QH(MN I QC(M) I QH(N) I QC(M) QH(MI) I QC (M) I QH(M) I QC() I
__ ___ __ METU/FT2 _I BTU/PT21 MBTU __L_BTO____I BT_ U BTU ___ _MBT TU__ _BT ___IBTU .__. ___M

JAN 0.292 0.180 19.26 1560 1 11330 I 0 I 21730 ! 0 I 6220 I 0 I 13310 I 0
FEB 0.202 0.113 ! 21.85 1450 | 10120 1 0 { 19380 1 0 5390 I 0 I 11610 I 0

_fAR __I 0.260 0.1192__ 39.26_1_ 159_ ... ____8670_1 ______0 __16850 ...... 4150_ 9240 ___ 0
APR 0.386 0.161 63.37 1470 | 5360 I 0 10730 0 { 2340 | 0 1 5580 I 0
MAY 1 0.609 0.258 I 109.29 11400 ) 3060 I 0 | 6520 { 0 { 990 I 670 I 3100 | 950
JUN I. 0.798 _ 0.354 1 _ 11459_ __1230_ ....._880 __ 1690 2 470 __2420 0 ___2250_1 _ ....__700_ 3000_
JUL 0.998 0.465 127.76 1170 0 2780 0 { 4060 { 0O 3960 0 1 4980
AUG I 1.075 0.525 1 125.26 1120 I 0 I 2700 0 I 3940 I 0 I 3770 | 0 I 4760

__SEP_I ._1.00 3 0.513 1111.75 __ 1100 1 .. 6 70 1 170 09 __ 2 080 _ 2090 0 20301 840 [ __ 2590_l
OCT 0.891 0.479 ! 89.47 1220 2270 I 0 5370 I 0 I 850 | 430 | 2770 1 ! 0
NOV 0.663 1 0.377 I 55.43 1290 ! 4650 I 0 | 9940 I 0 I 2110 | O | 5400 I 0 I

_ DEC 1 0.464 I 0.278 1 27.551 1460 9_42_-0_ O I 18470 _ 0_ 5050 1_ 0_ 11150 i 01
ANNUAL THERMAL LOADS (MBTU.___1 16060 ___ 5643_0 1 _8640 1_11 35401___12510_1_ 27100_1 13110 L 63700_I___16280l
DEIGN HOURLY _THERMAL LOADS (BTU/HR)___ .... __37876_ __ 11622 __65264 1__18215_1 25349 L___15142_.__ 450q1 1 22579_

-… …-_________ ____ ___…___…C______________£ CALCULATED ACES DESIGNS_- - - - ---____ -___- _ __ DE________G
I ACES | I HOUSE ___ .__HOUSE_2_ ___US____ 3 OUS____________H2SE

SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE
.... 1-___l__ - _ I M-- __ J _AR_ IAKER_ CHILLER 1 MAKER I C__ KILLER_ l MAKER I CHILLER

IVOLUME OP ICE BIN, FPT3 V { 1819 934 2513 1294 | 3225 I 1660 { 4017 { 2075
IAREA OF PANEL, FT2 A { 217 { 224 444 { 463 | 33 41 | 141 150

IFULL {LENGTH OF ICE BIN COIL, FT L I 0 I 532 0 I 893 I 0 401 | 0 I 683
JUSAGE OF ELECTRICITY, KWH/YR U I 8604 { 8621 15257 I 15236 5410 5416 I 9702 i 9727

I__- EFFICIENCY (ANNUAL_COPL ......________. E______ ___2.76_____.3_ 2.73 __3.05 ____3.0_4 1 _2.90___ 2.89
IVOLUME OF ICE BIN, FT3 V I 1507 I 765 1 2335 { 1186 I 1973 1 1010 ! 2697 { 1381
IAREA OF PANEL, FT2 A I 237 { 248 461 { 482 I 78 83 I 211 I 221

IPARTIALILENGTH OP ICE BIN COIL, FT L I 0 I 519 0 883 | 0 378 | 0 650
IOSAGE OF ELECTRICITY, KWH/YR U I 8734 I 8744 15284 I 15413 I 5978 5995 I 10230 I 10417

I___-LgEFFICIENCY (ANNUAL COPL_______ E __2 .72 I 2.72 1 72 _2._21____2._7 __1 2.76 1 __.-225_ _J1 2 _ 2. 70_1
(VOLUME OF ICE BIN, FT3 V { 1194 597 2156 1 1078 ! 720 360 I 1377 1 688
|AREA OF PANEL, FT2 A ! 263 I 276 477 j 500 | 156 164 I 300 J 315

IMINIMUMILENGTH OF ICE BIN COIL, FT L I 0 { 503 0 873 0 332 | 0 i 596
I UISAGE OF ELECTRICITY, KWH/YR U ! 8907 I 8900 | 15414 I 15402 I 6479 6486 I 10899 I 10890
IE EPFICIENS_(AaNNUAL COP L_____ i__._2- 6_1_2 2.67_ ____ 2.70 2.70 1 254._L2.__ _54.L___2.582.58_



BATTLE CREEK, HICHIGAN

GEOGRAPHICAL ZONE = F LATITUDE (DEG) = 42.3 GROUND AO = 48.40 P AIR TEHP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 10,0 LONGITUDE (DEG) = 85.3 TEMPERATURE BO = 24.10 P WINTER 1 F 70 F
COOLING(TOTAL/SENS.) = 1.09 ELEVATION (FT) = 941. CONSTANTS: PO = 0.606 RAD. SUMMER 89 F 78 F

-_____ _________________ __-____ - _----BUILDING DESIGN_MONTHLY THERMAL LOADS -_ ____________ ___ __--
I R-40 INSULATION I UEGLAZED1 DONESTICI_ ____EDIUM IlNSULATION H__IGH INSULATIONH

MONTH BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 I HOUSE 3 1 HOUSE 4
ICOEFFICIENTS (32P)FI HEAT ____HEAT _J___ 1200 F IT2 I . 2400 FT2 1 ..... 1200 FT2 ___ I __2400 PT2

(H) TB(M) I SD(M) I PAN(M) QH (M) I QH(M) I QC(M) 1 QH(M) I QC () QH(M) 1 QC () I QH(M) I QC() I
I___ ___ MBTU/FT2 I BTU/FT21_ MBTU __lBTU__ _.__HBTU___J__MBTU__I MBBT ___L__MBTU ___MBTU ___ I BTU _... BTU __

JAN . 0.158 I 0.112 10.78 1550 ! 13720 I 0 29570 0 6790 1 0 | 15840 0
! FEB F 0.099 ! 0.057 1 16.48 ! 1450 I 11810 0 I 25630 0 5450 . 0 1 12980 I 0
I. AAR_ _ 0.188 . 0.073j 36.14 __ 1600 _ 10580 0 J 23510 _ _0 __4420 _ 0. _11000 __ 0
I APR 0.365 0.1401 56.01 1 1490 6510 1 0 153001. 0 2290 0 6320 01

I MAY 0.635 I 0.261 91.37 I 1440 2910 1 760 I 7710 | 0 640 1410 | 2630 | 1980
I JON_ 0.850 I 0.3

7
4u 110.05 1280 _640_1___2300 1 252590 …-_ 2400_0 ___.5i0_ 0 580 0 47001

I JUL I 1.057 1 0.494 1 112.07 I 1220 I 0 1 3130 I 1250 1 4450 ~ 0 1 . 4350 I 0 I 5640
I AUG I 1.111 I 0.548 1 106.68 I 1160 1 0 1 2810 1 1410 1 4000 1 0 1 3820 I 0 1 5050
I SEP 0.997 | 0.519 1 90.96 1__11 30/ ____1160 _ .__1220__ 32790 ___1- 620_…160 0 ___ 1730 I _1460 ___ I2340
I OCT I 0.833 I 0.462 1 71.26 I 1230 1 3240 1 0 I 8450 I 0 I 1210 650 I 3910 1 860
I NOV I 0.564 I 0.336 1 29.57 I 1290 1 7800 | 0 I 17880 1 0 1 3500 I 0 I 9180 I 0
I DEC I1 0.332 I 0.218 1 11.72 1 1450 1 12380 I 0 I 26930 ,1 01 6210 1 __ 1 14700_ 0.1
I AN11UAL THERMAL LOADS (MBT I____ 16290 1 __70750 _l___ 220_ 164020 1 _13310__ i30510 _J_15540_ 1 78 02 ___20 20570_

DESIGN HOURLY THERMAL LOADS __BTU/HR1 _.._I 43628 __11841 I 84859 1 _17247_ 26662 15362_ 51225 362 23901-1

co

______ ________________________ ______ ___ ___ ____ UJ,

I ___________-- -________ ~~ -CALCULATED ACES DESIGNS ________ - -_ -_ I
ACES I I_ HOUSE 1 I ___ HOUSE 2" _I____HOOSE 3 I... I __HOUSE_4 "I
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE ICE I BRINE I ICE I BRINE I ICE I BRINE

!___I_ _M L. IR_ 1IH_____ILL I IAKER I CHILLER I MAKRER A CHILLER I MAKER _JCHILLER_
IVOLUNE OF ICE BIN, FT3 V I I I 3837 1955 I 4842 2480
AREA. OF PANEL, PT2 A I 46 60 287 311

IPULL ILENGTH OF ICE BIN COIL, FT L I I 0 427 { 0 782
USAGE OF ELECTRICITY, KWH/YR U I I I 5874 5890 F 11363 11324

I I Pl eFICIENCY (ANNUAL COP)__ E I_ I ___ __.1_ L03.11 3.10 -2.966i 2.971
I IVOLUME OF ICE BIN, FT3 V I I I 2305 1171 I 3226 1642
I IAREA OF PANEL, PT2 A I I I 135 1491 436 1 463
IPARTIALILENGTH OF ICE BIN COIL, FT L I I I 0 402 ! 0 1 744

IUSAGE OF ELECTRICITY, KWH/YR U I I I 6480 6479 1 11947 1 11787
I__ _IEFPICIENCY fANNUAL COP _ Ei I .______ I_2.82 LI___.2..82_1__2 2.82__286_
I IVOLUME OF ICE BIN, FT3 V I 1414 | 707 I 2881 I 1440 773 386 I 1610 805
I I&REA OP PANEL, PT2 A I 583 |* 614 I 1197 I* 1260 321 338 ! 676 712
IMINIMUMILENGTN OF ICE BIN COIL, FT. L I 0 582 I 0 I 1139 0 350 I 0 681

USAGE OF ELECTRICITY, KWH/YR U I 10402 i 10489 I 20812 I 20800 7150 7266 I 12702 12902
I___ IEFFICIENCY (ANNUAL COP) __ E_] _ 2._274_ 2.72 I 2.73 1 __2Z3 _L __2 55_1____2.51_L_2.65___ 2.61_

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.



DETROIT, MICHIGAN

GEOGRAPHICAL ZONE = F LATITUDE (DEG) = 42.4 GROUND AO = 48.07 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 11.0 LONGITUDE (DEG) = 83.0 TEMPERATURE BO = 24.85 F WINTER 3 F 70 F
COOLING(TOTAL/SENS.) = 1.13 ELEVATION (FT) = 619. CONSTANTS: PO = 0.672 RAD SUMMER 89 F 78 F

__…___ __________…_ _UIL______ _ _ ___BUILDING DESIGN MONTHLY THERMAL LOADS
I R-40 INSULATION I UNGLAZEDI DOMESTICI_________EDIUM INSULATION__ __HIGH INSLATIO -__________

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 1 HOUSE 3 1 HOUSE 4

ICOEFFICIENTS (32F)L_ HE AL T L __EAT I 1200 FT2 I - 2400 FT2 __ 1200 FT2 _ _ _____2400 FT2
() I TB(M) I SD(M) I PAN(M) I QHW(M) I QH(M) I QC(M) I QH(M) I QC(M) I QH () I QC () I QH(M) I QC(M) I

___ 1__MBTUFT2 __1 _BTU/FT21_ BTU _ MBTU U__ _MBTU _ l__MBTU_ _MBTU __BTU__J__BTU ____ O TU __l__MBTU__
JAN I 0.147 1 0.111 1 7.52 1 1530 114880 1 0 1 31810 1 0 1 7700 1 0 1 17610 1 0
FEB I 0.073 0.048 12.08 1 1440 1 12890 0 I 27710 1 0 1 6250 1 0 14560 1 0

_1_MAR__ 0.145 00 55 3.19.!6__19_1___ 113701_ 0___ 25110 _1____ 01 --- 4830_1 ----- 0 . . 11940_.._! _ 0 I
APR I 0.317 0.117 63.56 1510 I 6510 1 0 I 15360 1 0 I 2280 1 0 1 6250 0

I MAY 0.589 1 0.238 1 98.67 1 1470 I 3150 1 0 1 8260 1 0 1 760 1 1240 1 2870 1 1720

_JUN _ 0.818_1 0.355 117.0_3 __1310 _ 10___ 5_____1840 -- 320 _2480_J__ _ .______. ___ 2880_ __ 870 _ 3850_1
JUL 1.042 1 0.482 1 130.29 1 1250 1 0 1 3110 I 1190 1 4580 1 0 1 4530 1 0 1 5880
AUG I 1.115 0.546 1 125.80 1 1180 I 0 2990 1 1130 1 4260 I 0 I 4150 1 0 1 5520

I SEP _ 1.015 10.525_ 108.79_ ___1140_ ____80_L___1500_ _ 3020t ___2_00 ..__ _ 0_ _. 2190 __. 1120 ___2880_
I OCT I 0.857 I 0.473 1 85.62 1 1220 1 2820 I 0 1 7550 1 0 1 970 1 580 1 3460 1 790
I NCV I 0.584 1 0.347 1 41.71 1 1270 I 6990 1 0 1 16380 I 0 3003 1 0 1 8220 0

I__DEC . 0.340 1 0.225 1 12.48 _ 1430 1 12
4

90 _ 0 I 27140 I____ 0 -_6360 L_____0 _ 15020 i___ O_
_ANNUAL THERHAL LOADS (MBTU) .... 16360 I 73020 ____940__1 6280 l_ __12. __ 321 8_ __15510__ 81920Q i 206

DESIGN HOURLY THERMAL LOADS __BTU/HE) ___ ___59_ _ 12976_ J 82867 l___19158 _ ____ _ 6591___4 95 79 __26498_

CO

__________ ~_ __ C___________ __ ___CALCULATED ACES DESIGNS__________
IACES I ____HOUSE_ __ ______HOSE_2_____ ____ HOUSE_3 ____1_ O__ USE _4 __

I SIZE I SYSTEM DESIGN PARAMETERS ICE I BRINE I ICE | BRINE I ICE I BRINE I ICE I BRINE

I----__ M______________ _ fAKER_ _CHILLER I MAKER I CHILLERI MAKER _j CILLER_ LMAKER. CHILLER I
VOLUME OF ICE BIN, FT3 V I I 3794 I 1939 | 4832 1 2491

I AREA OF PANEL, FT2 A I I 70 84 1 403 I 438

IFULL ILENGTH OF ICE BIN COIL, FT L I 0 1 415 0 1 760

I IUSAGE OF ELECTRICITY, KWH/YR U 1 6025 I 6038 1 11666 1 11689
_____ EFFICIENCY (ANNUAL COP______ .___ 1 ____ .____...___!_____.____....__ .12_1 _... 1_ _2.99_L___ 2.98 1

VOLUME OF ICE BIN, FT3 V I I 2325 I 1183 1 3302 I 1688

I AREA OF PANEL, FT2 A I I 190 211 1 611 1 638
IPARTIALILENGTH OF ICE BIN COIL, FT L I I 0 1 391 0 1 725

I USAGE OF ELECTRICITY, KNH/YR U I I I 6605 1 6609 1 12292 1 12517

__I__EFFIC IENCY (ANNUAL COP] L ____ __L_____ _____ __ _ _ I 2.841 2.
8 4

1 2.83 ____ 2.78

IVOLUME OF ICE BIN, FT3 v 1520 1 760 1 3087 1543 1 856 1 428 1 1772 I 886

I AREA OF PANEL, FT2 A 1* 729 1* 806 * 1489 1* 1646 1 408 1 452 854 1 944
IMINIMUMILENGTH OF ICE BIN COIL, FT L 0 1 575 1 0 1125 1 0 1 345 1 0 1 670

IUSAGE OF ELECTRICITY, KWH/YR U 10616 1 10604 1 21223 21203 1 7364 1 7357 1 13128 13115
I _---_ EFFICIENCY IANNUAL COPL E .2_____________ ____2 73_____.3_____ _____224 _ 55 2 55____ 265__.__. 266

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.



SAULT SAIHNTE HARIE, HICHIGAN

GEOGRAPHICAL ZONE = F LATITUDE (DEG) = 46.5 GROUND AO = 40. 17 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 10.0 LONGITUDE (DEG) = 84.4 TEMPERATURE BO = 25.57 F WINTER -14 F 70 F
COOLING(TOTAL/SENS.) = 1.07 ELEVATION (PT) = 721. CONSTANTS: PO = 0.694 RAD SUMMER 81 F 78 F

I.---- ________------- _ - T D___S____BUILDING DESIGN _ONTHLY THERMAL LOADS__________
R-40 INSULATION I UNGLAZEDI DOMESTICI _______EDI U INSULATION I HIGH INSULATIO____

I MONTH I BIN HEAT LEAK I PANEL I WATER 1 HOUSE 1 I HOUSE 2 ~ HOUSE 3 I HOUSE 4
I ICOEFFICIENTS 32FLI[_HBT __L HEAT _____ 1200 FT2 __ 2400 FPT2__ _ 1___1200_FT2 I _ __2400 FT2
I () I TB(M) I SD(MB I PAN(M) I QHW (M) QH(M) QC(M) I QH(M) I C(M) I QH(M) I QC (m) I QH( I QC() I
-.____ _ MBTU/FT2 gIMBT_21 MBT BnMF2 BT BTUS____BTUU IMBTU MBTU__ _II BTU MBT U _I B TS __ I BT ___I

I JAN -0.155 I -0.038 I 3,13 1 1500 1 18890 1 0 1 39620 I 0 I 10120 1 0 I 22250 1 0
I FEB -0.205 I -0.090 I 5.12 I 1390 1 16730 I 0 1 35190 i 0 I 8560. 1 0 I 19020 0
I _MAR -0.167 I -0.101 1 21.74L __ 1570_1_ 1850_ I ___0 -31 91 0 1 _____ ____6670 0 __ ____ 15520 _1__ 0l
I APR 0.016 I-0.034 ! 46.11 I 1550 I 9710 I 0 1 21820 | 0 ! 3710 1 0 | 9280 5 0

MAY I 0.283 ! 0.083 1 83.10 1 1600 5690 1 01 13490 1 0O 18401 580 1 5350 1 0
I JUN_1 0.531 I 0.210 1 96.'91_ _ 1540 ___ 301 0 1 67800 1 ______O 60. 1610_I _2570 2L 2350_1

JUL I 0754 I 0.336 I 111.85 ! 1570 1510 I 1900 1 4780 1 2580 I 0 1 2830 1 1190 1 4000 1
I AUG 0.835 1 0.405 I 107.13 I 1530 1 1310 1 1610 1 4390 I 2140 I 0 1 2420 1 1220 1 3350

I__SEP 1 0748 1 0.391 1 81.94 1440 ___2650 1__ _0 _ _ 7110 _____ O __ 770 __ _50 __ 2940 I__ 960
I OCT ! 0.581 I 0.335 I 61.31 1470 1 5210 1 0 1 12790 I 0 I 1900 I 0 1 5680 1 0
I NOV 0.310 1 0.212 1 20.02 I 1410 10350 I 0 22940 I 0 1 4820 1 0 1 11940 0
I_. _ DEC 0.048 I 0.081 I 5.00 I 1470 1 16290J j 0 I0 34540 1 0 | 8650 __ 0 1 19410 1 _0j
I A__ NoUAL THERMAL LOADS MfBTU ___ 18040 _ 106200 4420 1 236380 1__ 4720 I 47640 ___8190_L 116370 10660 I
I DESIGN HOURLY THERMAL LOADS BTU/H_____ 1__551241___5810 107330 1__ 5819 I ~341-20 _ 12444 6 568 I 18468_1 I

CO

p

-I_ _____ _--_-- __ LCOLATEjDCESDESIGaS.._____.._______..___ _..___ _
ACES I HOUSE 1 J HOUSE 2 _HOUSE 3 _HOUSSE_
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRIBE

--I .- J - I MAKER 1 CHILLER MAKER I CHILLER I MAKER j_CHILLER I MAKER __CHILLER_
IVOLOUE OF ICE BIN, FT3 V III I 1217 | 656 | 1318 1 707
IAREA OF PANEL, FT2 A I I I * 1180 )* 1188 1* 3630 1* 3673

IFULL ILENGTH OF ICE BIN COIL, FT L I 0 1 465 0 | 832
USAGE OF ELECTRICITY, KWH/YR U I I 7641 1 7641 I 15376 1 15379

1 __ _IEFFICIENCY (ANNUAL COP_______ 1E ____ I 2.83 1 _2.83 1 2.76_1__ 2.76_1
IVOLUME OF ICE BIN, FT3 V I | 1146 1 597 1 1758 1 903 I

I {AREA OF PANEL, FT2 A I { 1 1209 1* 1269 1* 3120 1* 3263
IPARTIALILENGTH OF ICE BIN COIL, FT L I I I I 0 459 0 858
I IUSAGE OF ELECTRICITY, KWH/YR 7640 1 703 15072 15068

1___ I ICIEHCY (iBtOAL COP) _ -___ E _ ___ _J._ I _ I ...__ 2.83 1 2.81 I_ 2.82_1_ 2.821
IVOLUMOBE OF ICE BIN, PT3 V I 1888 1 944 1 3807 I 1903 I 1076 538 I 2199 | ~ 1099

I IAREA OF PANEL, PT2 A 1* 2234 1* 2442 I* 4259 1* 4390 1* 1275 1* 1393 1* 2610 |* 2853 I
IMINHMUMILENGTH OF ICE BIN COIL, FT L I 0 I 741 1 0 I 1449 I 0 1 453 I 0 1 880 I

I {USAGE OF ELECTRICITY, KWH/YR U 14057 1 14050 1 29362 I 29361 | 7703 1 7699 I 15334 1 15326 I
I ... ZNEFFICI NCY ANNUAL COPL____ _E___...... __2.68_1 2___ 68 .___- - 59 1 __2 .59 __2.81 .___ 81._J. 2.77 2.77 I

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.



DULUTH, MINNESOTA

GEOGRAPHICAL ZONE = H LATITUDE (DEG) = 46.8 GROUND AO = 38.67 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 13.0 LONGITUDE (DEG) = 92.2 TEMPERATURE BO = 27.95 F WINTER -21 F 70 F
COOLING(TOTAL/SENS.) = 1.05 ELEVATION (FT) = 1428. CONSTANTS: PO = 0.637 RAD SUMMER 82 P 78 F

I~_ ______ _____ __ _ BUILDING DESIGN _ONTHLY THERMAL LOADS_ __________ __ -___________ ___
I -40 INSULATION UNGLAZED| DOMESTICI_ _ __ _ MEDIU _INSULATION_______ I __ _NHIGN INSULATIO!_____ __

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 l HOUSE 2 I HOUSE 3 I HOUSE 4
lCOEFFICIENTS (32F I 1 _HEA T __ HET _ 1200 FT2 ______2400 FT2 ___L___ 1200 FT2___ I ____240_T2 __

(M I TB(H) I SD(M) I PAN(M) I QHW() I QH(M) I QC() I QH(M) I QC () I QH(M) I QC (M) I QH(M) QC(M) I
__ 1 MBBT/PFT2 _L.BTU/FT21_ MBTU I__M BT _ U__ U_ _ __ BTU I MBTU__ MBTU _l __MBTU__ __ BT_ i __MBTU

JAN I -0.269 I -0.094 I 1.52 1 1520 I 21930 l 0 45540 1 0 I 12330 1 0 I 26540 I 0
PEB I -0.301 I -0.140 l 5.26 1 1390 I 17880 l 0 1 37470 1 0 1 9300 I 0 I 20460 l 0

AR 1_-0.250 1 -0.148 __ 20.68_L __ 1560___ 15650_._______-__ 33 490_.______Q____7120_ ._____ I_ 16460 1 _ __0_
APR I -0.037 I -0.067 I 50.85 l 1530 f 10160 1 0 1 22720 I 0 ( 3930 | 0 I 9820 1 0
MAY I 0.259 l 0.065 1 87.89 1 1600 I 6040 I 0 1 14360 I 0 I 1980 1 540 I 5650 I 0
JUN__ 0.527 l 0.204 _112.40 ___1550 I___28_99_1 ___800_1__ __6_600 I _ 0 1____550_1___1500 __ 2450 _____2160_
JUL l 0.757 1 0.337 1 130.14 I 1600 I 1430 I 1720 1 4630 I 2280 l 0 I 2640 I 1140 I 3680
AUG I 0.829 1 0.404 1 121.27 1 1580 I 1240 l 1610 1 4220 I 2100 I 0 I 2430 I 1140 I 3350

_SEP 1__ 0.721 1 0.3831_ 94.80 _l___1 510_1____0 _294Q0_1 _____ l ____700_0 _ _____910_ 680 J_ 3330_1 __ 940_
OCT 1 0.522 I 0.312 ! 66.19 1 1530 i 5710 I 0 1 13760 I 0 I 2190 i 0 1 6260 l 0
NOT 0.226 I 0.176 I 19.12 1 1470 I 12060 1 0 1 26270 I 0 1 6000 l 0 1 14230 I 0

-DEC 1 -0.060 1 0.031 | _4.51 1510 1 18370_ _ 0 I _38590 __0I 1 0060 I____ 0_ 22150 J__ _
_A N U L THERMAL LOADS (_BTU __ 18350 _1_ 1_63o0__1__130 256340 . 4380 8 554370 _ ___779 _ 129630_1_ 10130_

I DESIGN HOURLY_THERMALLOADS __BTUHR) ____ _ 6038 _ l 60211__ 1610_ __ 6247 1 3 7728 _ 12436 7___2689__1 18513_

CO

_ _ __ _ ____CALCULATED ACES DESIGNS________ ____ ___ _____
I ACES IJ HOUSEl HOU__SE ___H USE 2__ ______ US E_3 _____ ... __ HOUSE_ 4 __

SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE
____1-_ __ _____ ___________ _I MAER ___ CHILLER I nAKER I CHILL ER LIAKLER ._ _CHAI . HILLMA ERCHILLER

IVOLUME OF ICE BIN, FT3 V I I 1 1121 1 603 I 1220 | 655
l IAREA OF PANEL, FT2 A I 1

'
3211 l* 3011 1* 9631 1* 9721

oFULL ILENGTH OF ICE BIN COIL, FT L l 0 1 502 1 0 I 900
I IUSAGE OF ELECTRICITY, KWH/YR U I I I 8231 8374 1 16423 l 16424
.__. _ iICIENCY (ANNUAL_COPL____ E 2.87__ ________ _____________ _____ ____87_2____2822.82 ___ 2.82_1

IVOLUME OF ICE BIN, FT3 V I I I 1202 1 622 I 1909 I 977
IAREA OF PANEL, FT2 A I I 1* 2978 1* 2943 1* 7394 1* 7290

IPARTIALILENGTH OF ICE BIN COIL, FT L | 0 1 504 1 0 I 947
l IUSAGE OF ELECTRICITY, KWH/YR U I I 8238 1 8310 I 16457 I 16597

I__ _ EFFICIENCY (AHNNAL COPL________ E _l ___---- 2__l __ ____ 286 1____2.l8 __ __2.8279
IVOLUME OF ICE BIN, FT3 V I 2171 l 1085 l 4357 1 2178 I 1282 1 641 I 2598 l 1299
IAREA OF PANEL, FT2 A 1* 4723 1* 4879 l* 9062 1* 10306 (* 2785 1* 2874 1* 5637 1( 5825

IMINIMUMILENGTH OF ICE BIN COIL, FT L I 0 1 816 0 1 1596 I 0 506 I 0 I 982
IUSAGE OF ELECTRICITY, KWH/YR U l 15021 1 15143 31577 I 31570 I 8239 1 8310 I 16610 I 16756

I ___ EFFICIENCY (ANNUA1 COPL___ E _.___..2.71____2.69 25__ 9 25 91 ..._2 ___286_L___-284 2.9 1 2.7976_

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.



INTERNATIONAL FALLS, MINNESOTA

GEOGRAPHICAL ZONE = H LATITUDE (DEG) = 48.6 GROUND AO = 37.23 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 9.0 LONGITUDE (DOEG) = 93.4 TEMPERATURE BO = 30.54 F WINTER -29 F 70 F
COOLING(TOTAL/SENS.) = 1.04 ELEVATION (PT) = 1179. CONSTANTS: PO = 0.590 RAD SUMMER 82 F 78 F

R-_40 ____ ______________BU_______ -BU2ILDING DESIGN MONTHLY THERMAL LOADS __-__________ ___ __ _-i
I R-40 INSULATION I UNGLAZEDI DOBESTICI MEDI_________ M INSULATION _____ I_________iGINSULATION__ __-_

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 I HOUSE 3 1 HOUSE 4
ICOEFFICIENTS(32F T BEAT I_ _ 1200__EATT2.___ !__. 22400 __...__.-200 .20 24 00 FT____i 1200 2400 _FT2 _

(I TB(M) I SD(M) I PAN(M) I QHW(M) I QH() I QC(M) I HM) I QC(M) I o () H(M) OC () H( QC(M) I
-___ .I MBTU/FT2 - I BTU/PT21 BTU .I BTUI__ _.BT __MBTU __ _ BBTU I BT U IBTU __ IBTO MBT BT__ I
JAN 1 -0.383 I -0.150 I 1.28 1 1560 I 23420 | 0 ! 48400 I 0 I 13120 t 0 1 28020 I 0
FEB 1 -0.397 I -0.190 I 5.33 1 1410 I 19040 I 0 I 39700 1 0 1 9880 I 0 0 21530 0 0

I . __AR 1-0.334 1 -0.195 1 _23.41J 1357 0_1-__1588 _1 _____0 1___33940 _ ...______.._ 040 ____L 0___16.1920 17_40_ I
APR I -0.089 I -0.099 I 46.72 I 1530 I 10350 I 0 I 23060 I 0 1 3940 I 0 1 9720 1 0

AY 1 0.236 I 0.047 1 81.28 I 1590 1 5660 I 0 I 13470 I 0 1 1720 1 720 i 5080 1 1030
_JUN 1 0.526 1 0.199 1 101.92_J 1550 _ __2630 ___1000 1____0501 430 _1860 _ 2080_ ___2690

I JUL 0.765 I 0.339 I 112.23 i 1610 1 1370 I 1930 I 4470 I 2580 1 0 1 2950 1 1050 1 4110
AUG I 0.828 ! 0.406 1 109.67 I 1610 I 1320 I 1810 I 4350 I 2440 1 0 1 2680 1 1240 1 3730

I SEP __ 0.698 I 0.376 _1 9 .89_ _ 1550_ ...____331_l ___ 0 __ 8410 ___- 1_ --- 680 3760 ___ 960_1
OCT ! 0.468 I 0.292 I 59.67 I 1590 ! 6150 I 0 I 14610 I 0 I 2410 I 0 1 6670 1 O
NOV I 0.144 I 0.141 I 14.38 I 1530 I 13060 I 0 I 28190 I 0 1 6560.1 0 1 15280 0

IDEC I -0.167 -0.0181 4
.

4 6
1 1570 I 19940 I _ 0 I 41620 .___0 0 I I 0 23880__ _0_

I __AUAL THERMAL LOADS (BTU ____j_ 18670 __122130_1~__ 4740 I_267270 I 5020_ 57210__ 8890 _ __134500 12520 _
1 __DESIGN HOURLY THERMAL LOADS__ BTUH_ ____J_66 374R__633 4

1_ 129308 I _6875_ __41964 _.__.1268_L__ 80918"~__,18967_1

co

4>

_____--_-- CALCULATED ACES DESIGNS_
ACES I __ HOU SEj1 IOUSE 2SE 13 -HOUSE _ 4
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

.I. .-_-- -_I _AKER__I_CNILLER I MAKER CI CHILLER I 14AKER _I CHILLER AKE_ CHILLE
I IVOLUME OF ICE BIN, FT3 V I I I 1426 I 766 1 1662 I 900
IAREA OF PANEL, FT2 A I1 I * 3067 1* 3130 1* 10218 1* 10298

IFULL ILENGTH OF ICE BIN COIL, FT L I I 0 I 568 1 0 | 1029
IUSAGE OF ELECTRICITY, KWH/YR U I I 8542 I 8542 I 16677 1 17015

I__ _ _EFFICIENCY (ANNUAL COP) E__ ___________ __ __i1 291_ 2.91 _.__2,15_1
IVOLUME OF ICE BIN, FT3 V I | 1393 1 723 1 2201 ( 1135
AREA OF PANEL, FT2 A I I 1 3155 1* 3405 1* 8369 1* 8835

IPARTIALILENGTH OF ICE BIN COIL, FT L I 0 | 564 | 0 | 1060
I IUSAGE OF ELECTRICITY, KWH/YR U I I 8542 8539 I 16937 | 16934
__. I EFFPICIENCY (ANNUAL COPL…______ E 1___P 21____ 1 2____- -______29-- -21 2 287-1

I IVOLUHE OF ICE BIN, FT3 V 1 2313 | 1156 { 4626 I 2313 | 1360 I 680 1 2739 | 1369
IAREA OF PANEL, FT2 A 1* 5512 1* 6230 1* 10965 1* 12419 1* 3258 |* 3675 1* 6518 1* 7371

IMININUMILENGTH OF ICE BIN COIL, FT L 0 I 894 1 0 [ 1747 | 0 I 560 0 1086
oUSAGE OF ELECTRICITY, KWH/YR U 15472 1 15466 1 32868 1 32861 | 8541 ! 8468 | 16949 1 16943

I_ ___.EFFICIENCY (NUAL COP) - 2__ ._2
7 6

276 ...2._ 2____ 2.59 .. 2.. 2.91 L.____2.93 _L__2.86 28_

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOOLD BE USED IN THIS DESIGN.



MINNEAPOLIS, MINNESOTA

GEOGRAPHICAL ZONE = H LATITUDE (DEG) = 44.9 GROUND AO = 45.27 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 11.0 LONGITUDE (DEG) = 93.2 TEMPERATURE BO = 29.22 F WINTER -16 F 70 F
COOLING(TOTAL/SENS.) = 1.09 ELEVATION (FT) = 834. CONSTANTS: PO = 0.602 RAD SUMMER 89 F 78 ?

I___________________________ BUILDING DESIGN MONTHLY THERMAL LOADS ---_ __ _____________
I R-40 INSULATION U| NGLAZEDI DOMESTICI __ __ _____ EDIMU_INSULATION__________ ___ _ _HIGH-INSULATION_ ____

MONTH B BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 I HOUSE 3 I HOUSE 4
I COEFICIENTSI32FL_ HEAT_ L HEAT ____ 1200 FT22___ 4_____200 FT2_ 12001 FT2________ 00 FT ___

(M) I TB(M) I SD(M) I PAN(M) I QHW() I QH() I QC(M) I QH(M) I QC(M) I QH() I QC(M) I QH(M) I QC(M) I
I____ _ MBTU/FT2 ._ IBTUA/T21 M _BTU _I__B _ BTU___i MB __.I__ _ __MBTU ___T_ M BT ___ __BTU .___

JAN I -0.056 1 0.012 1 4.29 1 1500 1 18510 1 0 1 38860 0 I 10030 I 0 0 22090 1 0
FEB I -0.103 -0.042 1 12.77 I 1420 1 14950 1 0 31730 0 1 7410 0 1 16750 I 0
MAR_.l__-0.016 -0.0341_3280___ 1610 __12750_ _____ ..._ _27830..._____0____5560_l______0_ 13220________l
APR I 0.206 1 0.051 1 71.15 I 1550 J 7090 I 0 1 16490 ) 0 I 2530 0 0 6760 1 0
MAY I 0.526 1 0.195 1 113.19 I 1550 1 3240 I 680 1 8450 1 0 1 720 1 1350 1 2800 1 1930

IJOUN 1_ -0795 0.336 _133.90 I _1430 i .__.___590 _1.880_ .____33 _ _ _220 ______ .. 250 ______ 0___ 980
JUL t 1.036 0.476 1 138.56 1 1380 I 0 1 3090 1 1250 4510 ) 0 I 4460 0 | 5810
AUG | 1.100 0.542 1 137.41 1 1310 1 0 I 3170 1 1010 4580 ) 0 | 4330 0 | 5740

_SEP__. 0.9691 0.510 _106.35 _1_ 3 __23_____130_j____1180_ ____4150 _ 16 _____330_ _ 10 l1700L 2290_
OCT I 0.762 0.435 79.65 1 12801 3600 1 0 9270 1 0 1330 | 490 42801 0
NOV 0.443 0.287 I 27.59 1 1290 1 9590 | 0 2 21410 0 1 4630 0 1 11460 0 0

I DEC__ 0.154 1 0.140 1 9.46 1 _ 1410 15280 0 32560 0 1 8_120 I 0____ 183901 _L0_
I_ANNUAL THERMAL LOADS __ (BT ______ 16960_i .__829_1___l_1000_1 _196390 .___ _70 l 40660 1 15240 45970 1975

DESIGN HOURLY THERMAL LOADS _BTULHRL ________ 55195 128_19 107403 _189301 _--_ 3__---__1654i 6_7053i 26099_

I

-CALCULgATED ACES DESIGNS
ACES | I_ HOUSE _1 __-_1 __ HOSUSE_ 2 __ .__.__. _OSE 4___ _4___
SIZE | SYSTEM DESIGN PARAMETERS ICE I BRINE ICE I BRINE I ICE I BRINE I ICE | BRINE

_-- _ -------__________ ________ __ __ AK ER__L__CHMILLER IAKER I CHI LLER 1_ _AKIER I CH I LLE R
IVOLUME OP ICE BIN, FT3 V I I 3508 I 1803 I 4699 1 2421
IAREA OF PANEL, FT2 A I I 200 1 218 7 62 795

IFULL ILENGTH OF ICE BIN COIL, FT L I 0 1 536 0 | 988
USAGE OF ELECTRICITY, KWH/YR U I 6943 6961 1 13375 I 13408

__ I EFFICIENCY (ANNUAL COP)_ _____ __ .. .....______ _3________307_____ 0 2.94I__2.993_
IVOLUME OF ICE BIN, FT3 V I 2288 { 1168 3441 | 1757
IAREA OF PANEL, FT2 A I 368 388 1054 1 1113

IPARTIALILENGTH OF ICE BIN COIL, FT L I 0 I 509 0 | 950
IUSAGE OF ELECTRICITY, KWH/YR U I I I I 744 1 7458 13865 | 14098

____ I EFFICIENCY (ANNUAL COPL .- ________ ___ ____ _ _______ __ ____ 2..86_ 3 2.7_ 9
IVOLUME OF ICE BIN, FT3 V 1 1853 1 926 1 3737 1 1868 1 1068 ) 534 1 2184 [ 1092
IAREA OF PANEL, FT2 A 1* 1415 * 1555 * 2863 I* 3145 l* 813 t* 894 * 1672 I* 1837

IMINIMUMILENGTH OF ICE BIN COIL, FT L I 0 740 0 I 1446 | 0 I 461 0 | 895
I UISAGE OF ELECTRICITY, KWH/YR U I 11953 I 12049 24294 I 24036 1 8029 1 8023 1 14475 I 14676

____ EFFICIENCY_(ANNUAL COPL ___ __ 2.80E _12._78 2.7__3___ 2 236 _ .___ _.66-1 ___266 2.2 _ _ 2.68

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.



BILOXI, MISSISSIPPI

GEOGRAPHICAL ZONE = E LATITUDE (DEG) = 30.4 GROUND AO = 67.83 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 12.0 LONGITUDE (DEG) = 88.9 TEMPERATURE BO = 16.35 F WINTER 28 F 70 P
COOLING(TOTAL/SENS.) = 1.31 ELEVATION (PT) = 26. CONSTANTS: PO = 0.550 RAD SUMMER 92 F 78 P

_I _- - ~· -- BO___~tDI~GDES__________ .. __ _ BUILDING DESIGN MONTHLY THERMAL LOADS
I R-40 INSULATION UNGLAZED I DOMESTICI ________ ED INS UAI ON HIGHINSSULATION ____ __I

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 | HOUSE 3 I HOUSE 4
C COEPPICIENTS (32F) I HET___L HEAT__I____ 1200-ST2 _ 2`00 PT2 L4.... - 1200 PT2 ____ 200 FT2

(M) I TB(M) I SD(M) I PAN(M) I QHW(M) I QH(M) I QC(M) I QH() C I C(M) I QH(M) I QC (M) I QH(M) I QC(M)
- I - I MBTa/FT2 I MBTUO/T21 __ BTU I MBTU. _BTU I lBTU_ _BTU I .MBTU I. BTU. HBTU i MBTU _

I JAN 11.018 1 0.530 1 78.22 1 1270 1 3190 1 01 8400 1 0 I , 1330 1 290 1 4230 1 0
FEB 0.898 I 0.452 I 83.60 1 1150 I 2180 | 0 I 6080 1 0 1 780 1 630 1 2760 I 690

A! I 1.058 J 0.513 1 112.6 __1 1200 …13 143901 _ 6 80 I 0A450 1__ 0__ 1210 IJ_ 1760 I 1450
I APR B 1.153 I 0.546 i 134.18 I 1050 1 0 ! 2200 I 1250 1 2900 I 0 I 3410 1 0 I 4320
I MAY I 1.369 1 0.646 I 153.52 I 960 I 0 1 4340 I 0 1 5580 I 0 I 5480 I 0 I 7360
I_J._N 1 1.481 1 0.707 1. 1

4
9.00 __820.L_____ __6430 JI_. __ 01 9050 1-0__ .____6_ .. 0_l __ 9700_

I JUL I 1.644 1 0.800 ! 147.95 1 790 1 0 O 7850 O I 11630 I 0 I 7610 I 0 I 11270
I AUG ! 1.671 I 0.833 I 149.15 1 800 I 0 1 7870 I 0 11670 I 0 I 7460 I 0 I 11000
I SPj 1.555 I 0.794 1 147.11_ 840 _ __0 _ 63 40 _ __-O ___88601 0 16260_ _ 0 I 8880j

OCT 1.467 I 0.765 I 129.95 I 980 1 0 I 3460 1 0 1 4760 t 0 I 3890 1 0 I 5200
NOV 1.253 I 0.664 I 108.68 I 1070 I 840 1 1250 1 2800 1 1580 I 0 I 1690 I 1500 I 2130

IDEC I 1.129 1 0.599 1 83.09 1 1220 I 2170 I 0 I 6130 1 0 . 920 1 530 J 3170 _ 0.1
I__ nUAL THERMAL LOADS (HBT) -_____ 12150_ ___ 0_i __ 40420 __29110_J_ 56030 3410 I _ 52 001_ 13420 I L_62000.
! DESIGN HOURLY THERMAL LOADS (_BTU/HRI 1 211671___21828_J_ 40875 1 _37939J _ 13966_i_199435_L 26654 I 33760_

-______________________. .g_C -L CULATED AC__ES_ _ DESIGNS ______
ACES I I__ _BOUSE1 I _ HOUSE 2 J. HOUSE 3___ __ ___HOUSE_4 I_
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

I____ 1. __ - __M AK ER - CHILLER I MAKAKER CHILLER E MAKER __ CHILLER M KER-jCHILLER I
IVOLUME OF ICE BIN, PT3 V I 1525 1 900 I 3722 1 2197 ~ 477 I 280 1 1591 I 927
I AREA OF PANEL, PFT2 A I 0 I 0 0 1 01 0 I 0

IFULL ILENGTH OF ICE BIN COIL, PT L I 0 1 318 I 0 1 632 I 0 I 191 I 0 I 391
IOUSAGE OF ELECTRICITY, KWH/YR U I 8561 1 8564 I 12540 1 12557 1 91231 9122 1 12915 i 12631 1

I IPPEFFICIEC AL COP) E . 13_ _23 1 2;1.271 2.27 _ 2 _27 1.95 _ _1 _.95 J_ 1.99 __ 2.031
IVOLUME OF ICE BIN, FPT3 v 969 1 553 2309 1 1322 I 359 I 201 I 1051 | 591
.AREA OF PANEL, PT2 A I 0 1 0I 19 1 20 I 0 I 0 1 10 I 11

IPARTIALILENGTH OF ICE BIN COIL, PT L I 0 1 300 I 0 1 594 I 0 I 183 1 0 1 370
I IUSAGE OF ELECTRICITY, KWH/YR U 1 9124 0 9134 1 13828 13855 1 9299 1 9300 i 13380 1 13380
I IEFFICIENCY (ANNUAL COP)> El __2.00 2....06.00 I 2.06 2 .06 L. 1.9 1.9 1 __ .92-1--- 1.92-1
I IVOLUME OF ICE BIN, PT3 V I 413 1 206 I 896 1 448 I 242 I 121 1 510 | 255
I IAREA OF PANEL, FT2 A I 19 1 21 1 44 1 46 1 0 I 0 I 23 I 25
IMINIMUMILENGTH OF ICE BIN COIL, FT L I 0 1 264 0 519 I 0 I 172 1 0 I 332
I IOSAGE OP ELECTRICITY, KWH/YR U 0 9329 1 9331 1 14404 4 14527 ! 9408 1 9403 1 13663 | 13658
!__.__IEFFICIENCY (ANNUAL COP) _____ E L 1.96 _ 1.96 1 1.98 1 1.96 J 1.89 J. 1 .89 j 1.88 J_ 1.88



COLUMBUS, MISSISSIPPI

GEOGRAPHICAL ZONE = D LATITUDE (DEG) = 33.6 GROUND AO = 62.63 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 12.0 LONGITUDE (DEG) = 88.4 TEMPERATURE BO = 19.37 F WINTER 15 F 70 F
COOLING(TOTAL/SENS.) = 1.21 ELEVATION (FT) = 219. CONSTANTS: PO = 0.511 RAD SUMMER 95 F 78 F

______ __-__________ __ BUTILDING DESIGN MONTHLY THERMAL LOADS
BR-40 INSULATION I UNGLAZEDI DOMESTICI ________EDIUM INSULATION H_~_ _____-...HIGH INSULATION- ____

I MTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 1 HOUSE 3 1 HOUSE 4
I ICOEFFICIENTS (32FL HEAT_I HEAT _ 1200_FT2 2400 PT2 ..... I 1200 PFT2 2400 FT2 _

(M) TB(a) I SD (1) IPAN(M) I QHW () I QH() I QC(M) I QH(n) I QC (N) QH(M) I QC() I
I ....1 - BTU/FT2 I MBTU/FT22 1 MBTU _MBTU _ J_BBTU__J TUIB T U L_ BT___ BTU I __BTUO. I BTO L_ MBTU

JAN 1 0.761 I 0.404 I 57.90 I 1420 6010 I 0 1 14300 I 0 2700 I 0 1 7270 I 0
FEB 1 0.668 I 0.337 I 67.82 ! 1270 1 4340 I 0 1 10660 1 0 | 1740 | 0O 5000 | 0 I

I R _ AR 0.822 1 0.390 1 96.00 __ 1320 __ 3260 1 . ... 8_____O 84 _____0 __13 10 i__ 850_ 3700.__ 11a40_
APR 1 0.955 I 0.440 1 122.15 I 1150 1200 1 1460 1 3870 | 1950 | 0 ~ 2180 | 1320 | 2920

I MAY 1.197 I 0.553 I 145.60 ! 1030 0 I 3380 1230 I 4890 | 0 I 4440 | 0 I 5960
I JUN _ 1.342 J 0.632 1 148.84 ___ 880 _____0 1 __5260 _ _ 7 ___7 __ 2 __ _01 _ __ 0_i5990 .____8 40_ I
I JUL 1.514 I 0.732 I 149.14 I 840 0 I 6700 I 0 9 9460 1 0 I 6960 ( 0 I 9990
I AUG 1.537 9 0.767 I 151.14 1 850 0 6790 0 I 9600 | 0 I 6890 9 0 I 9870
9 SEP__ 1.408 I 0.724 J 140.09 ___1 910_ ....... __4630 0 _____ ___6440 0 _ __ _ 500 _ ___ 0_____i6 880_
I OCT 1.283 I 0.680 I 116.09 I 1080 1 760 | 2250 2630 l 3220 9 0 I 2640 ( 1340 | 3640
9 NOV 9 1.044 9 0.566 1 87.69 I 1180 2470 I 540 6560 I 0 1110 I 790 | 3540 I 1070 1
I DB_ I 0.885 I 0.482 I 58.33 1 1350 i 5150 I 0 1 12540 1 _ 01 2370 I __O_J _ 6560_1 01_
I _ANNUAL THERAL LOADS (NBT ___[ 13280_ 231 900____ 0 31010 02601 __2630 _ __9050 _ __ 3579 _0 1 28730___ 49810_
_ DESIGN HOURLY THERMAL LOADS (BTU/HR)__ ... 30149 __1 22710__ 58388 37535 195-081 20890 3734 I 35960

_ _CALCULATED ACES DESIGNS
ACES I HOUSEI _____ HOUSE 2_ __ _____HOUSE 3 ___I_ HOUSE_ 4
SIZE I SYSTEM DESIGN PARAMETERS ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

I I__ I ___ ____ MAKER _CHILLER I AKER ICHILLER IAKER RCHILLERI MAKER__ LCHILLER
IVOLUME OP ICE BIN, FT3 V I 3309 I 1954 1 7498 ~ 4479 9 1525 1 904 I 3578 1 2099
IAREA OF PANEL, FT2 A I 0 0 I 0 9 0 I 0 9 0 I 0 OI 0

PFULL ILENGTH OF ICE BIN COIL, FT L I 0 I 476 1 0 I 941 0 296 f 0 I 580
USAGE OF ELECTRICITY, KWH/YR U 0 7559 I 7316 11615 I 11269 I 7693 1 7537 9 11155 1 11180

I __1PFFICIENCY (ANNUAL COP L EI .. 2.62 _1 2.70 ____2.93_1- 3.02 I 2__21_ __226 L__2.411___ 2.41_1
IVOLUME OF ICE BIN, FT3 V I 1998 1 1149 4476 1 2603 I 953 1 547 | 2191 1 1250

AREA OF PANEL, FT2 A 20 t 20 43 4 42 1 12 1 12 | 23 1 23
IPARTIALILENGTH OF ICE BIN COIL, FT L I 0 I 447 I 0 I 883 I 0 9 278 1 0 545

IUSAGE OF ELECTRICITY, KWH/YR U 1 8587 I 8396 i 13820 I 13503 1 8201 1 8123 | 12208 I 12232
I____IEFICIENCY_(ANNUAL COPL ...____ .. E_ __ 230 __2.35 246 1__2. 52 2.08 2.10 2.20 __ 2.20

IVOLUME OF ICE BIN, FT3 V 688 I 344 1455 { 727 I 381 1 190 9 804 9 402
I|AREA OF PANEL, FT2 A 1 49 I 52 106 I 113 I 27 1 29 I 59 1 63

ININIMUMILENGTH OP ICE BIN COIL, FT L I 0 I 384 I 0 I 753 I 0 I 244 I 0 , 473
IUSAGE OF ELECTRICITY, KWH/YR U 1 9139 I 9127 15175 I 15152 1 8397 1 8392 | 13019 1 13008

-..___J F CIC IENCY (ANNUAL COP) E 2______ ___.16_I__22.17 __ 24 .____2,1.25_L ___2 2.03_i___.2.03_1 2.07 L___ 2.07_[



JACKSON, MISSISSIPPI

GEOGRAPHICAL ZONE = D LATITUDE (DEG) = 32.3 GROUND AO = 64.40 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 9.0 LONGITUDE (DEG) = 90.1 TEMPERATURE BO = 17.74 F WINTER 21 F 70 F
COOLING(TOTAL/SENS.) = 1.21 ELEVATION (FT) = 310. CONSTANTS: PO = 0.535 RAD SUMMER 96 F 78 F

INSULATION--- -- -- -___ -___ BUILDING DESIGN_MONTHLY THERMALLOADS_______
1 R-40 IBSULATION UNGLAZED! DOMESTICI_____ EDIUM INSULATIONU__ ___L __ HIGH INSULATION

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 ~ HOUSE 3 I HOUSE 4
ICOEFFICIEBTS(32F). I _ I HEAT I AT T 1200 FT2 1 2400 FT2 _ 1200 FT2 L 2400 PT2

( ) I TB(B) I SD(M) I PAN () I H (M) I QH(M) QC(M) QH(M) I QC(M) QH(M) I QC(M) I QH(M) . QC(M) I
- I! MBTUO/FT 2 I M 21 M MBT1 BT__1 . TU I B MBTU I HBTU I MBTU __ __ I HBTU I1 J.MBT

JAH N 0.862 0.453 g 57.11 1360 I 4770 I 0 I 11730 1 0 I 2030 I 0 1 5810 I 0
FEB 1 0.757 I 0.382 I 70.08 1220 I 3230 I 0 I 8310 1 0 1190 I 530 i 3760 I 0

__ B __ 0.910 1 0.437 1 93.64 1 1270 I 2620 600 1 7040 0 870 103 0 1_ 3050 1370
I PR I 1.023 I 0.478 112.88 1120 I 950 I 1700 1 3210 1 2310 1 0 I 2450 1 1090 3170~
MAY 1.250 I 0.583 I 132.70 I 1010 I 0 1 3510 I 0 I 5030 0 I 4640 1 0 6130
J..f__1.. 1.379 I 0.653 1 130.36 I 870 _____O_ _-5370 L 0 1 7120 0I 6010 I _____ 8330_1
JOL I 1.545 0.749 141.33 830 I 0 I 7110 I 0 I 10060 0 1 7230 1 0 I 10480
AUG I 1.571 I 0.783 I 142.13 8140 0 I 6940 I 0 1 9800 1 0 I 6910 1 0 i 9900
SEP __1.451 1 0.743 1 136.661 ^ 890J . J0 I 5080 I I 0 I _6990___ 0_ _5370 1 0__ 7360_1
OCT 1.345 0.707 I 113.70 1040 I 0 I 2560 I 1740 ~ 3590 1 0 1 3000 1 890 1 4000
INOV 1.121 0.601 I 80.75 I 1140 I 2040 I 660 I 5610 1 0 1 870 I 960 1 3020 1 1240

IDE I 0.979 1 0.527 I 64.68.1 1300 1 3640 I 0 I 9300 0 1 1570 ] - 0 i 4750 i 0
I__ANNUA THERMAL LOADS (HBT) I 12890 I__17250 _ 33530 I 46940 44900 1 6530 -38130 1 220 i-- 51980

I DESIGN HOURLY THERMAL LOADS (BTU/HBR I_ 26146 23223 I 50590 38563 | _ 16940 I 21020 I _323891. 36156_I

Ln

-_______ -__________ .... SA ____ ______ CALCCULATED ACES DESIGNS ___ ______ ____
CE

B
S I HaSSE1__- I i HOUSE 2_ HOUSE 3 ____HOUSE_4

SIZE I SYSTEM DESIGN PARAMETERS ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE
I a KER___CHILLER _JMAKER __ CHILLER MAI KER_ CHILLER I MAKER_. CHILLER I

IVOLUME OF ICE BIN, PT3 V 2434 1445 1 5980 I 3539 1 983 1 571 I 2670 1 1583
IAREA OF PANEL, FT2 A I 0I 0 0 0 0 0 0 0 000

IFULL ILENGTH OF ICE BIN COIL, FT L 0 I 405 0 806 0 247 I 0 495
IUSAGE OF ELECTRICITY, KWH/YR U 7677 I 7692 1 11605 I 11232 7934 7938 I 11385 1 11073

_----I IFFICIENCY (ANNUAL COP E ___243t_ 2.43 1 2.64 1 _2.73 1 2.13 1 2.12 _ 2.251 2.311
1VOLUME OF ICE BIN, FT3 v I 1501 I 864 1 3596 I 2072 I 649 ~ 364 I 1667 1 957
IAREA OF PANEL, FT2 A 14 I 14 34 I 34 0 0 18 I 18 I

IPARTIALILENGTH OF ICE BIN COIL, FT L 0 I 381 0 I 757 0 234 0 1 466
IUSAGE OF ELECTRICITY, KWH/YR U 8646 8445 1 13376 I 13128 I 8275 1 8283 I 12260 1 12276

----- I[EFFICIENCY (ANNUAL COP) E 1___ 2. 16 1 2.21 1 2.29 I 2. 34 __204 I -2.04 ! 0 2.08 ____2.08
IVOLUME OF ICE BIN, FT3 V I 567 I 283 1 1212 1 606 1 314 157 I 664~ I 332
IAREA OF PANEL, PT2 A 36 38 781 841 201 22 1 431 47

IMINIMUMILENGTH OF ICE BIN COIL, FT L I 0 I 331 0 650 1 0 i 210 0 i 407
IUSAGE OF ELECTRICITY, KWH/YR U I 8933 I 8923 14286 I 14267 1 8399 81 397 I 12467 1 12637

._ -EFFICIENCY (ANNUAL COP)__ E J1_ 2.09 1 2.09 1 2.1 1 __ 15 _ 2.01 2.01 L 2.05L_ 2.02



COLUMBIA, MISSOURI

GEOGRAPHICAL ZONE = I LATITUDE (DEG) = 39.0 GROUND AO = 54.88 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 11.0 LONGITUDE (DEG) = 92.4 TEMPERATURE BO = 24.36 F WINTER -1 F 70 F
COOLING(TOTAL/SENS.) = 1.12 ELEVATION (FT) = 778. CONSTANTS: PO = 0.598 HAD SUHMER 94 F 78 F

__ _ ---__ _--____ BUILDING DESIGN MONTHLY THERMAL LOADS__ ________ _____ __
1 R-40 INSULATION UNGLAZED{ DOMESTICI ___ ____MEDIUM INSULATION __ __ ___ _._ HIGHINSULATION_____ _ __

MONTH I BIN HEAT LEAK I PANEL I WATER | HOUSE 1 I HOUSE 2 1 HOUSE 3 1 HOUSE 4
I COEFFICIENTS (3 2 HEAT I HEAT ____ 1200_FT2___ 1 ____2400 FT2___ _____1200 FT2 ____ ___2400_FT2 __

(M) I TB(M) t SD(M) PAN () I QHW(N) | QH(M) I QC(M) I QH(M) I QC() QH(n) | QC(M) I QH(M) I QC(M)
__-1 _ MBTOZFT2_ _ ]_ BTULFT21_ M BTH _i__MBTU ___ T _ BTU___B __ BTU___ __MBTU__ MMBTU _BT

JAN I 0.392 1 0.229 1 25.72 1 1600 1 11390 1 0 I 25020 1 0 5580 10 1 13350 1 0
F EB 0.312 1 0.163 1 36.44 { 1450 1 8750 1 0 1 19610 l 0 3860 1 0 1 9600 1 0

_MAR _ 0.427 1 0.192 1 61-77_1_ 1530_l ___ ___ _ __ - _126301 __ _____ L ___3160 ------ ___ 0 8170 l__
APR { 0.599 I 0.256 1 98.51 1 1340 1 3580 1 0 1 9110 1 0 1 1090 1 1000 1 3550 1 1410
MAY { 0.880 1 0.384 1 125.01 1 1200 1 1280 1 1720 1 4160 1 2340 1 0 1 2590 1180 I 3520

IJUN O _ 1.090 1 0.494 L 137.17_L_ 1010 _ __ ___L 1__3440 1 _ __1030 ___ _ 1 ______ ___4600 __ _0_Q. _ 6080_
! JUL f 1.304 1 0.617 145.46 940 0 1 4960 1 0 1 7130 1 0 1 6020 1 0 1 8350
I AUG I 1.357 1 0.671 1 146.21 1 930 1 0 1 5120 I 0 1 7030 0 1 5770 1 0 1 7920

SEP 1_ 1.232 1 0.6371 129.78 1_ 920_L______ ___ ___3030_l____11 90. 1___.. 41 _ . __01____ 350 .. _ ________ 4820
OCT 1 1.072 I 0.582 108.72 1 1160 1 1540 1 1120 1 4630 1 1590 I 530 1 1480 1 2200 1 2100

I NCV I 0.792 1 0.451 I 66.36 1 1290 1 4970 1 0 1 11980 1 0 1 2300 0 1 6310 I 0
I DEC__ 0.566 J 0.335 1 34.42 t 1500 1 9100 . __. 0 20480 1 _ L_43703 1 _ 0 L 10930_i__ 0_t
I ANNUAL THERMAL LOADS (MBT ..____. 1920_ ___48272 19390 l__114 _ __27330_1 __20890 1___25010_ _ 55290_ 34200_1
_DESIGN _HOULY THERMAL LOQADS _IBLTUH-R)_ I 421841 _l__ 701 _L_1 81902 __28605 ___26992_ 1

8_ 518_26 51_61 30972 1

Co

on

I ~ - ~__ __ ___ ____________._ ______ CALCULATED_ACES DESIGNS_ _
ACES 1 1 __ ___HO U 1 ____1____IH _SE_2____ ___OU0SE 3 _____ __HOUSE 4___
SIZE | SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

.I ___ ._ I_ __ _ _I ________ _ I MAKER I CHILLER I MAKER _ _CHILLER _ _IMAKER _1_CILLER I MAKER____CHILLER I
IVOLUME OF ICE BIN, FT3 V 7 5705 1 2748 1 7046 1 3566 1 3555 1 2096 1 7850 1 4509
IAREA OF PANEL, FT2 A { 23 42 1 161 1 177 1 0 I 0 I 0 0

FPLL ILENGTH OF ICE BIN COIL, FT L I 0 667 1 0 1 1235 1 0 1 435 1 0 1 847
U OSAGE OF ELECTRICITY, KWH/YR U 1 7976 1 7981 1 16016 1 15945 1 6315 1 6105 I 9755 1 9131

I--_ IEFFICIENCY (ANNUAL COPL E_____ __ .____.3 __ 303 . 3_1 _2.8 1 _--289 1 ___282 1 ___.92_L _ 14_.9 3 .___335_
IVOLUME OF ICE BIN, FT3 V I 3454 1 1675 , 4755 I 2399 1 2110 1 1214 4617 1 2601
IAREA OF PANEL, FT2 A [ 75 1 87 2 244 263 I 34 I 32 1 68 I 67

IPARTIALILENGTH OF ICE BIN COIL, FT L I 0 1 629 1 0 1 1177 1 0 I 408 1 0 I 794
(ISAGE OF ELECTRICITY, KWH/YR U 1 8696 1 8911 1 16831 16846 1 7196 1 7220 11398 1 11451

I_____ IEFFICIENCY (ANNUAL COP ____ E __2.78_ 2.72 273 2 .73 1 2 ._ __ 48_ __.___2.47 2.268 .L___ 2.67_I
IVOLUME OF ICE BIN, FT3 V I 1203 1 601 1 2464 , 1232 I 665 1 332 1 1384 1 692 1
IAREA OF PANEL, FT2 A I 166 1 176 344 1 365 1 91 | 97 193 1 205 I

MINIMUMHLENGTH OF ICE BIN COIL, FT L I 0 554 1 0 1083 1 0 1 348 1 0 1 675 1
IUSAGE OF ELECTRICITY, KWH/YR U 1 9735 1 9725 17873 1 17855 I 7815 I 7808 1 12958 1 12944 I

.___._ FFICIENCY IANNUAL C COPL____ __ E __..__ _2 9_i-_ __2.49_ __._2_58____2.58__ 228____2.28 _2. 36_ ___ 2.-36 1



KANSAS CITY, MISSOURI

GEOGRAPHICAL ZONE = I LATITUDE (DEG) = 39.1 GROUND AO = 56.33 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 10.0 LONGITUDE (DEG) = 94.6 TEMPERATURE BO = 25.47 F WINTER 2 F 70 F
COOLING(TOTAL/SENS.) = 1.13 ELEVATION (PT) = 791. CONSTANTS: PO = 0.607 BAD SUMMER 96 F 78 F

~ ,__ ________ _______________ - BUILDING_DESIGN_MONTHLY THEHAL LOADS____ _
R-40 INSULATION I UNGLAZEDI DOMESTICI ____MEDIUM INSULATION __ _HIGH INSULTI ON l__I

MONTH I BIN HEAT LEAK I PANEL I WATER .HOUSE 1 HOUSE 2 I HOUSE 3 I HOUSE 4
ICOEFFICIENTS(32F I HEAT_ I HEAT T_ _ 1200 FT2 I 1 2400 FT2 _ 1200 FT2_ __ _ 2400 T2

I () I TB(M) I SD() I PAN(M) I QHN(M) I QH(M) I QC(M) l QH(M I QC(M) I QH(M) I QC(M) I QH(M) I QC(M)
I_ I_ HBTU/FT2 _ I BTU/FT21 HMBTU IMBTU I MBTU I MBTn I MBTU I__MBTU __ MBTU__ I BT ___ __ MBTU __

JAN I 0.427 I 0.249 I 24.86 1 1590 I 11080 I 0 24400 0 I 5410 1 0 I 13000 1 0
PEB I 0.339 I 0.178 I 35.71 I 1440 I 8550 I 0 1 19230 I 0 I 3770 I 0 I 9420 I 0
MAR l 0.459 1 0.207 1 60.00 i 1520 1 7310 _ _ 0 16960 l 0 __ 2940 L__ 0I 1 7740 1 0

APR I 0.637 I 0.273 I 99.87 1 1320 I 3250 I 0 8420 - 0 I 950 l 960 I 3210 I 1310
I MAY 0.931 I 0.406 I 134.63 1 1180 I 930 I 1710 1 3270 I 2290 I 0 1 2670 1 880 I 3550

JUN 1 1.150 1 0.521 1 150.44 1 970 l __0_ _ 3800 0 _ 5300 ___ 0 _ 4950 1 0 6550_
JUL I 1.377 I 0.652 I 161.63 I 900 I 0 I 5820 1 0 I 8230 I 0 i 6610 I 0 I 9320
AUG I 1.434 I 0.709 I 162.62 1 880 I 0 I 6010 1 0 I 8580 I 0 i 6340 I 0 8910

_SEP . 1.306 1 0.675 1 131.84 1L 930 1_ 0 1 3220 0 _ _ 4460 ___ 0_ _ 3680 I_ 0 _ 4870
OCT I 1.141 I 0.618 I 102.80 I 1120 ! 1080 1110 I 3480 I 1490 I 340 1520 1 1630 I 2010
NOV I 0.848 1 0.481 1 61.65 1 1270 1 4520 1 0 1 11100 I 0 I 2040 1 0 I 5800 I 0 1
DEC I 0.611 1 0.361 1 31.72 1 1480 1 8660 j 0 1 19650 1 Q0I 4130 1 _ O 10470 1 _01

I _AUAL THERMAL LOADS (MBT m 1 14600 1 45380 L 21670 1 106510 l 30350__ 1_9580_J_ 26730 I 52150 _1 36520_
DESIGN HOURLY THEBMAL LOADS (BLU/HR_ 1_ 40159 1 20346 _77957__ _33475 _ 25601 ~ 195g01 149134_l__ 32532_

__ _~_______________ ________________79_ _ _____________49 _____ 3___ 2_

_______ -_ _ _ ______ ______ _CALCULATED ACES DESIGNS __ _ _ _______ _
I ACES I ___ HOSE _1 ___ HOSE 2_._ _ __ HOUSE 3 __ HOOSE_ 4_ I

SIZE I SYSTEM DESIGN PARAHETERS I ICE I BRINE ICE I BRINE I ICE I BRINE I ICE I BRINE I
I_- _ __I_ t- __MAKER____ CHILL ER I LLKER _ CHILELE I_ KER 1 CHILLEBR MAKERB__J_ HILLER I

IVOLUME OF ICE BIN, PT3 V T 6877 3313 1 9097 1 4384 I 3376 I 1993 1 7483 1 4310 I
IAREA OF PANEL, PT2 A 0 I 17 l 106 1 138 I O 0 i 0 0 I

FULL ILENGTH OF ICE BIN COIL, FT L 0 0 652 I 0 1212 1 0 I 413 1 0 I 804 I
IUSAGE OF ELECTRICITY, KWH/YR U I 7227 1 7730 I 15172 1 15210 I 6617 I 6374 1 9870 I 9568 I

1 IEFPICIENC! (ANNUAL COP ___E I 3.31 1_ 3.09 1 2.92 1 2.92 J _2.70 2.80 3.07 1_ 3.16_
VOLUME OF ICE BIN, FT3 V 1 4025 1 1950 5751 2793 I 2012 I 1158 1 4417 I 2493 I

I IREA OF PANEL, FT2 A I 58 1 72 1 197 1 228 I 34 I 33 1 69 I 68 I
1PARTIALILENGTH OF ICE BIN COIL, PT L I 0 1 613 I 0 1 1148 I 0 f 387 1 0 I 754

1USIGE OF ELECTRICITY, KWH/YR U I 8729 1 8731 1 16250 1 16599 I 7307 I 7325 1 11698 1 11747 I
I I EFPICIENCT (ANNUAL COPI _ __ E__J__ __24__ 274 1 _2 2 .73 1 2.67 1 2.44 1 2. 44 2.59 1. 2.58_1

IVOLUME OF ICE BIN, FT3 V 1 1173 I 586 1 2406 I 1203 l 648 I 324 1350 I 675 I
1 IBREA OF PANEL, FT2 A 1 169 I 180 I 353 I 376 1 92 I 99 1 198 I 211 I
IMINIUMIILENGTH OF ICE BIN COIL, FT L i 0 I 529 I 0 I 1034 I 0 I 331 1 0 I 642 I

IOSAGE OP ELECTRICITY, KWH/YR U 1 9875 I 9887 I 17787 I 17766 I 7989 1 8066 I 13073 I 13060 1
_ IEPPFICIENCT (ANNUAL COPI __ 22E I 22. 1 242 1 2.49 1 _2.50 1__2.2. 3 1_ _2-21 _ 2_31 _ 2.32_1



SPRINGFIELD, MISSOURI

GEOGRAPHICAL ZONE = I LATITUDE (DEG) = 37.2 GROUND AO = 55.58 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 13.0 LONGITUDE (DEG) = 93.4 TEMPERATURE BO = 23.19 F WINTER 3 F 70 F
COOLING(TOTAL/SENS.I = 1.16 ELEVATION (FT) = 1268. CONSTANTS: PO = 0.585 RAD SUMMER 94 F 78 F

__ __ __________ U____ ____BUILDING DESIGN MONTHLY THERMAL LOADS_________ _ ____
R-40 INSULATION I UNGLAZEDI DOMESTIC__ ___ MEDIUM INSULATION _ ______ _______HIGHINSULATION _ ___ __

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 l HOUSE 2 HOUSE 3 I HOUSE 4
ICOEFFICIENTS(32F) HEAT ___ HEAT _ ___1200 FT2__ 2400 FT2____ __ 1200 FT2__ __ _ _2400 FT2_ __

I (M) I TB(M) I SD(M) PAN(M) I QHW(M) QH(M) QC(M) QH(M) I QC () I QH(M) QC () I QH(Mn QC(M
I__ _ I BTU/FT2 .._BTPU/T21 MBTU _L__M HBT __ L__B TU I BTl __ __BTU __L _MBTU __L MBT __ I MBT___1 BTU __I

JAN l 0.437 I 0.250 1 30.79 1 1600 l 10860 1 0 1 23960.1 0 I 5380 1 0 l 12920 l 0
FEB 1 0.357 l 0.185 1 40.45 1440 1 8520 l 0 1 19160 I 0 ! 3850 1 0 I 9580 I 0

I _1A 1 __ 0.477 0.217 1 71.05 __ 1500 ____07 _____0_ 6410 1_ I _ 2910 _____ 0 _ __ 650 ___
I APR I 0.641 1 0.278 1 112.25 1300 I 3160 I 0 1 8230 0 I 930 1 1150 3 3170 I 1620

HMAY 0.911 1 0.402 l 138.80 1 1160 1 1080 I 1860 i 3800 I 2570 l 0 1 2790 I 1020 l 3760
I_JUN_ 1 1.107 1 0.505 1_156.81___ 970 ____0. __3360 - 1040 l- 4840 0___ 4___560_1 __OI0 5910
I JUL 1.311 i 0.623 I 161.88 1 910 I 0 I 4910 1 0 l 7110 I 0 1 6100 l 0 I 8470
AUG 1.358 I 0.673 I 162.92 I 920 i 0 l 5160 1 0 I 7070 I 0 1 5820 l 0 I 8060
SEP __ 1.234 1 0.638 1 143.50_ _ 970 _ .______.... __3080 1 _1040 1___ 4390 1__ 0 ___ ._3690 _i ___O_ 4940I
OCT l 1.082 1 0.585 i 119.69 1 1170 1 1460 I 1270 I 4460 I 1780 I 530 l 1640 1 2130 I 2330

I NOV 0.813 I 0.459 I 68.24 l 1300 I 4900 I 0 1 11830 I 0 1 2300 1 0 I 6300 I 0
DEC { 0.601 0.350 1 38.07 1510 1 88501 __ 1 20010 0 __ 330 0 1 10820_1 0_1

I _ANNUAL THERMAL LOADS (HMBT __ .__ 147501 45900Q 19640_1 109940 1 _277601_ 20230J _25750_1_ 53590___ 3590_
_DESIGNHOURLY THERMAL LOADS_ BTU/HR J____ 39612 _1 19198_1_ 76896 1 28997_ _25168 1__19290 _48299_ __ 31983_1

___ _ _________ ________ _______ALCU LATED_ACES DESIGNS _________ ___________ _____ ____I
ACES I __ HOUSE 1 __ _ _HOUSE 2____ _____3HOUSE 4 _ __
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

I _ ___ _____-____ _____ __BAKER_ _CHILLER_I MAKER I CILLER I_MAKER__l CHILLER_ _MAKER___ CHILLER l
IVOLUME OF ICE BIN, FT3 V 5920 2847 1 7217 1 3593 3459 1996 1 7532 i 4338
IAREA OF PANEL, FT2 A l 13 28 1 129 1 145 0 I 0 0 ° 0 0

tFULL ILENGTH OF ICE BIN COIL, FT L I 0 633 1 0 1 1169 0 l 407 1 0 1 792
I lUSAGE OF ELECTRICITY, KWH/YR U l 7703 7722 1 15459 I 15520 6306 1 6325 1 9635 1 9369
___ .. FPFICIENCY (ANNUAL COP), E _l 3___.0 5L_ 3.05 1 .___2. 89 _ __ 2.8 _.2.82 ____2.811 _ _3 14___. 3.23 _

[IVOLUME OF ICE BIN, FT3 V 1 3537 1712 1 4792 1 2388 i 2053 1 1159 1 4438 1 2505
I IAREA OF PANEL, FT2 A l 60 70 I 203 1 222 1 29 1 29 60 1 59
IPARTIALILENGTH OF ICE BIN COIL, FT L I 0 596 l 0 I 1113 1 0 1 382 1 0 l 743

UIOSAGE OF ELECTRICITY, KWH/YR U l 8400 1 8638 1 16300 1 16317 l 7190 1 7212 l 11621 1 11337
___. ___ FFICIERCY (ANNUAL COP) ____ E 1 2.80_ 2.72 1 2.74 __2 247_2.4747 2.461___ 2.67_

IPOLUME OF ICE BIN, FT3 V l 1153 1 576 I 2366 1 1183 1 646 1 323 l 1344 1 672
l IAREA OP PANEL, FT2 A 1 143 1 149 1 297 1 311 i 78 1 83 166 i 177
IMINIMUMILENGTH OF ICE BIN COIL, FT L I 0 1 521 l 0 l 1019 0 1 326 1 0 1 632
l {USAGE OF ELECTRICITY, KWH/YR U l 9459 9571 1 17341 i 17328 1 7901 i 7894 1 12863 1 12849
I_ ___I FFICIENCY (ANNUAL COP) _ ___ E 1__ 2.49 246 I 2.58 1 _2.58 1 

2
_ 2.251_ 2.36L___ 2.36_1



BILLINGS, MONTANA

GEOGRAPHICAL ZONE = K LATITUDE (DEG) = 45.8 GROUND AO = 47.69 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 13.0 LONGITUDE (DEG) = 108.5 TEMPERATURE BO = 23.18 F WINTER -15 F 70 F
COOLING(TOTAL/SENS.) = 1.00 ELEVATION (FT) = 3567. CONSTANTS: PO = 0.642 RAD SUMMER 91 F 78 F

___ _BU___ _ BILDING_DES IGN MONTHLY THERMAAL LOADS____ _____ __
R-40 INSULATION I UNGLAZEDI DOMESTICI __ EDIU INSULA TI ON _ _____ _H[IG H INSULATION_

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 HOUSE 3 1 HOUSE 4
{COEFFICIENTS(32F1I __TL HEAT. 1______ 1200 FT2 1 2400 FT2__j_ 1200 FT2 ____ 2400 FT2

(H) I TB(M) I SD(B) I PAN(B) I QHW(N) I QH(B I |QC(B) I QH() I QC() I QH(M) I QC(M) BI (M) I QC(m)
I I MBTU/FPT2 I MB-TU-T2I BT BTU MBTU I HMBTU I B IB B I T .. fO. I__ BBT ___I I BT I I _BT I BT__I

I JAN 0.156 I 0.112 I 27.45 1 1550 1 13890 0 I 29910 I 0 I 6980 0 I 16080 I 0
FEB I 0.092 I 0.055 I 31.52 I 1450 1 11320 0 1 24670 I 0 I 5260 1 0 1 12370 I 0

I M AR i _ 0.169 1 0.066 4 19.50 _ 1610 __102801__ 0 22860 I ____ ___4500 1 __ 0 | 10870 ______0
I APR I 0.333 I 0.127 ! 70.41 ! 1500 1 6720 I 0 1 15570 I 0 ! 2620 1 0 | 6900 I 0 I
I MAY I 0.590 I 0.241 I 102.38 1 1460 1 3670 I 750 I 9220 I 0 I 1010 1 1270 I 3540 I 1880
I JUN I 0.800 1 0.351 - 128.26 -_ 1300 _ 144 __1900 1 4480_ _2760 It___O _ I 2630 1 ._1280__ 3880_1
I JOL I 1.005 1 0.467 I 151.92 1 1240 1 0 I 3360 1 1710 1 5120 I 0 I 4260 I 0 I 6160
I AUG I 1.066 I 0.524 I 147.35 I 1190 I 0 I 3130 1 1650 1 4720 I 0 I 3900 I 0 I 5590
I SEP 1_ 0.965 1 0.5011__ 113.43 1 1150 1 _16301 __1510 1 4750 1 2240 _ 4901__1940 J 2070_ _ 2860
I OCT 1 0.813 I 0.449 1 88.44 1 1240 1 3710 1 01 9340 1 0 I 1480 1 760 1 4540 1 1100
I NOV I 0.556 I 0.330 I 48.53 1 1300 1 7960 I 0 1 18130 1 0 I 3800 | 0 I 9550 I 0 I
I DEC I 0.331 1 0.216 I 28.84 1 1450 1 11340J 0 I 24950 i 0 0 54801 _ 01 13240 0
I ANIUAL THERMAL LOADS 1{NBT _. 1 16440 1_ 71960 I 10650 1 167240 _ 14840 1 31620_ -- 14260 80440__ 21470_
1 DESIGN HOULY THERMAL LOADS BTU/HB) 1 __52482 l__ 12534 1 102011 I ~19278 I 339022 ~T 15505 6528_1_- l 25276!_

__I -_ - _ _ca___~aTD AGS DE____SIGN__________D RECALCULATED ACES DESIGNS_
I ACES - -IS E I -- HOUSE 2 L_ HOSE3 __HOUSE_ q

SIZE I SYSTEM DESIGN PARAMETERS ICE I BRINE I ICE I BRINE I ICE CE BRIE ICE - BRINE BRINE
I . _ _ _ ____RR__ _ [ _____MAKER. CHILLEfiR I MAKER I CHILLER I BAKER CHI LLER E MAKER ICHILLER_

IVOLUME OF ICE BIN, FT3 V I 3320 1 1707 1 4661 ' 2412
IAREA OF PANEL, FT2 A I I 37 1 42 1 136 I .140

IPOULL ILENGTH OP ICE BIN COIL, FT L I I I 0 520 1 0 I 964
IUSAGE OF ELECTRICITY, KWH/YR U I I I 6051 1 6074 1 11826 I 11873
E____ FFICIENCY (ANNUAL COP _ E_ __ _3041 ___3.03 __ 293 2.92.

IVOLUME OF ICE BIN, PI3 V I I 1 2055 1 1051 ! 3147 ~ 1614
I IAREA OF PANEL, FT2 A I I I 69 1 72 I 188 I 195

IPARTIALILENGTH OF ICE BIN COIL, FT L 0 I 0 1 490 I 0 I 918
I USAGE OF ELECTRICITY, KWH/YR U I 6541 1 6690 1 12556 I 12552

I_____. EFFICIENCY (ANNUAL COP) ___ E I _..__ __ 2.81_ 2___2.75 J 2.76 1_ 2.76
IVOLUME OF ICE BIN, FT3 V 1430 1 715 2913 1 1456 1 790 1 395 1 1632 { 816
IAREA OF PANEL, FT2 A 1 227 { 235 1 468 1 483 1 122 1 126 I 255 I 263

BMINIHUMILENGTH OF ICE BIN COIL, FT L I 0 685 0 I 1340 0 434 t 0 I 842
|IUSAGE OF ELECTRICITY, KWH/YR U 1 10650 1 10750 21519 I 21515 1 7203 1 7200 12773 I 13357

______IEFFICIENCY (ANNUAL COP)lE _.___2.72 1__ 2.70 1 2.70 1 __2.70 _ ___ 2.56_ __2.56 _ 2.71_1 2.60_1



GREAT FALLS, MONTANA

GEOGRAPHICAL ZONE = K LATITUDE (DEG) = 47.5 GROUND AO = 45.60 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 17.0 LONGITUDE (DEG) = 111.4 TEMPERATURE BO = 22.74 F WINTER -21 F 70 F
COOLING(TOTAL/SENS.) = 1.00 ELEVATION (FT) = 3662. CONSTANTS: PO = 0.628 RAD SUMMER 87 F 78 F

BUILDING DESIGN MONTHLY THERMAL LOADS
R-40 INSULATION UNGLAZEDI DOMESTIC _____ .MEDIUM INSULATION__ 

-
_____HBIGH INSULATION ____

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 HOUSE 3 1 HOUSE 4
COEFFICIENTS (32F) I HEALT___J EAT_.__ _A__…....1200 FT2__ I.____. 2,00 FT2__ I 1200 FT2____ ___2400 FT2_

(M) TB(M) I SD(M) I PAN() I QHW(M) I QH(M) I QC(M) QH(M) I QC(M) I OH(M) I QC (M) QH(M) I QC() I
____ __ MBTU/FT2 _ _I_ T2BTO j_21I_ _ _BTO .__MBTU __I__BTUfBTU JLMBTU _ BTU M __BTBU I IBT U

JAN I 0.083 I 0.074 1 25.32 I 1530 | 15470 1 0 I 33020 I 0 | 8130 I 0 1 18400 I 0
FEB 1 0.030 I 0.023 1 30.47 I 1430 1 12610 0 27230 I 0 | 6140 0 14170 I 0

_ ABR I 0. 102 1 0.032 1 48.53_I __ 1600 - __ 44!-0 2 __ __j___251I80 _ ____l___5220_L____1 0_ 12290 I ___ I0_
APR I 0.268 0.094 68.18 i 1530 7260 1 0 16780 0 2840 1 0 | 7390 1 0
MAY I 0.519 0.207 99.93 | 1510 | 4140 I 0 10200 0 | 1240 1 1060 | 4020 | 1550
JI N__i 0.726 i 0.315 i123.34 _J 1390… 2000 _ 1410 -5690 1....90 1 .... 210 _ __1Q_ I 820 I3090_
JUL I 0.922 1 0.428 1 149.43 | 1350 I 780 I 2930 | 2900 4460 1 0 I 3780 1 0 I 5570
AUG I 0.979 1 0.481 1 145.02 I 1290 | 750 I 2650 I 2790 3990 1 0 I 3400 1 0 I 4960
SEP___ 0.879 _ 0.458 112.56 __1230_ .... 2170_1___2 _110_ 5970 1620 7001 __1570_ 2640 ___ 2310
OCT r 0.725 1 0.404 I 89.42 ! 1290 | 4390 { 0 | 10810 1 0 1 1780 I 580 I 5260 0 0
NOV 1 0.474 0.288 , 42.17 I 1310 | 9570 0 21380 1 0 | 4780 { 0 I 11640 | 0

I-D.._ 0.252 i 0.175 30.83 I 1440 1 13120 0 1 28430 1 _3_ 0 _6770 I 0__ _1 15750___ 0_I
I ANNUAL THERMAL LOADS__ (MBTUl_ __ l 16900_i .___ _...___8140__ 190380 10 _____ 2600_l12L90 93380 17480
1__IESIGNHOURLY THERMAL LOADS BTUHR)______56773 102 11038 1 _15175_1 __36954_1__144!98-1__ 71140 _1__ 23363

CALCULATED ACES DESIGNS
ACES I__ HOUSE 1 S _ ___HS 2__________HOUSE 3 _______ HOUSE
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE j BRINE I ICE i BRINE

-_____ OFIC_______E_ L n ~I fMAKER I _CHILLER KER CHILLER I AKER__I _ CHILLER I MAKER _ I CHILLERL l
IVOLUME OF ICE BIN, FT3 V 2548 1 1321 { 3475 1 1816
|AREA OF PANEL, FT2 A 79 80 230 { 231

IFULL (LENGTH OF ICE BIN COIL, FT L I 0 544 0 1005
I IUSAGE OF ELECTRICITY, KWH/YR U 6652 1 6697 I 13252 I 13279
1 __I 1EFFICIENCY (ANNUAL COP _ .. E_.____........ II......... _ __21 .95 5 ___2.93 __ 2.82_L __ 2.82_1

IVOLUME OF ICE BIN, FT3 V 1721 1 884 2660 ! 1369
IAREA OF PANEL, FT2 A I 109 I 110 I 264 I 265

IPARTIALILENGTH OF ICE BIN COIL. FT L I I I 0 1 517 { 0 { 970
( SAGE OF ELECTRICITY, KWH/YR U I I 7042 1 7057 1 13591 I 13611

I _ j__EFFICIENCY (ANNUALCL .....COP_ E-_I____ I ..__ . .__. .7_____ __.._____228 __2.75_ 2.75_ 1
IVOLUME OF ICE BIN, FT3 V 1574 I 787 3198 1 1599 894 1 447 { 1845 I 922
IAREA OF PANEL, FT2 A 262 I 259 534 4 531 I 145 143 I 301 I 299

IMINIMUMILENGTH OF ICE BIN COIL, FT L 0 I 743 0 1 1452 I 0 475 I0 I 923
l SAGE OF ELECTRICITY, KWH/YR U 11807 I 11929 24198 24458 I 7364 7556 { 14083 I 14225

I____ EFFICIENCY IANNUAL COP) E______ j__L____2.70 _1__ 267_L___._2…66 __ _2.63 1__ _…_267._.____2 6_L_2 66_.1___. 263_



MISSOULA, MONTANA

GEOGRAPHICAL ZONE = K LATITUDE (DEG) = 46.9 GROUND AO = 44.04 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 5.0 LONGITUDE (DEG) = 114.1 TEMPERATURE BO = 21.37 F WINTER -31 F 70 F
COOLING(TOTAL/SENS.) = 1.00 ELEVATION (FT) = 3190. CONSTANTS: PO = 0.555 HAD SUMMER 87 F 78 F

I___ _ ______ _____ ____________-. - _ ___ BUILDING DESIGN MONTHLY THERMAL LOADS_
R-40 INSULATION UNGLAZED1 DOMESTICI M_____HEDIUM INSULATION __ __ __HGH INSULATION ___ _

MONTH BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 [ HOUSE 3 1 HOUSE 4
ICOEFFICIENTS(32Fi __HEAT__ HEAT I __ 1200_ T2 1 2400 FT2 __ 1200 FT2____ __2400 FT2

(M) I TB(M) I SD(M) I PAN(M) I QH (M) QH( I QC(M) I QH(M) QC(H) QH(M) I QC () I H(M) I QC (M)
!I MBTU/FT2 _I BTU/FT21 MHBT I IIBTo_ HBTOI BBBT _BT_ 1_ MBT O _.. BT_ __ / HTO HBTUO __

JAN I 0.037 I 0.046 1 11.47 1 1530 I 14700 0 I 31450 I 0 I 7080 I 0 I 16370 0 0
! FEB I 0.005 I 0.007 1 21.33 I 1430 I 11670 0 I 25360 0 I 5010 I 0 I 12070 0 0

MAR _ 0.087 1 0.0221 _ 37.16 1 1600 1 10670 __ 0 1 23750 1 __0 I _ 4310 _____O 10540_ L__ _O_
APR I 0.253 I 0.087 I 56.91 I 1530 I 6780 1 0 I 15800 1 0 I 2520 I 0 I 6650 I 0

I MAY 0.492 I 0.196 I 76.29 I 1540 I 4430 1 0 I 10730 1 0 I 1330 I 870 I 4280 I 1290
I 0JN ... 0.682 I 0.297_1 87.54 1420 I 24701__ 1130 1 66401 1490_ _ 490 1__1780 _2270 ___ 2610_1
I JUL I 0.854 I 0.398 I 114.96 ! 1400 I 1190 I 2760 1 3880 1 4150 I 0 I 3600 I 1080 I 5360
I AUG I 0.890 I 0.441 I 109.04 I 1340 I 1300 I 2290 I 4120 1 3390 I 0 g 3000 1 1320 I 4450
I SEP 1 0.781 L 0.411_1 81.54 1280 1 2670 [ 950 ! 7000 1 __ 0 __820 __1360_J 3020[ I_ 2020

OCT 0.625 I 0.354 I 50.09 1 1340 I 5410 I 0 I 13010 1 0 1 2160 I 0 I 6050 I 0 I
I NO I 0.388 I 0.242 I 22.12 1 1350 I 9770 I 0 I 21750 1 0 I 4370 I 0 I 10940 I 0

I DEC 1 0.183 I 0.136 1 12.17 I 1460 1 12620 1 __ 0 27390 1 0 L_ 5880 . 0_ 1 14040JL 0
I ANNUAL:THEHMAL LOADS (MBTU) - 17220 I 836801__ 7130 1 1908801 _ 9030 l 33970_1__10610_ 1 88630 I 157301

DESIGN HOURLY THERMAL LOADSfBTU/HRI _ I 63374_1___9472 I 123238 I__13279 I 42079 1 _14233 _ 81086_ ___22840_

______ _______ _____________ __ CALCULATED ACES DESIGNS_________ _______ _
ACES 1 ___ HBOUSE 2__I I _ HOUE SE3 _ 1 H- _ HOSE 4___
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

- -- I___ VL U O - IAKER iSCHILLERL__MA I ER I_CHILLER I _MAKER I C __ALLKER__I_CHILLER
IVOLUME OF ICE BIN, FT3 V 1992 1043 2339 1 1237
AREA OP PANEL, PT2 A 146 149 492 I 507

IPULL ILENGTH OF ICE BIN COIL, PT L 0 592 0 1074
I IUSAGE OF ELECTRICITY, KWH/YR 6207 [ 6228 12631 { 12604
I___ EFFICIEENCY (ANNUAL.COP) ___ E I __ L____ I I _ _2292_1__ 2.91_ __292___ 2.831
I IVOLUME OF ICE BIN, PT3 V I 1395 ~ 721 1998 I 1033
I IAREA OF PANEL, FT2 A 195 203 545 572
IPARTIALILENGTH OF ICE BIN COIL, FT L I 0 I 565 0 I 1050
I IUSAGE OF ELECTRICITY, KWH/YR U I 6471 I 6467 12704 I 12633
I_ _ ,EPPFFICIENCY (ANNUAL COP)___ E ___ _ ______ L- 280___-2.801 _2 .80_ 2.82_1
! IVOLUME OF ICE BIN, PT3 V I 1503 7511 3054 1527 798 I 399 1658 I 829
! IAREA OP PANEL, FT2 A I 551 579 I 1128 1185 288 I 303 607 I 638
IMIINIMUMILENGTH OF ICE BIN COIL, PT L I 0 813 I 0 1590 0 I 524 0 I 1020

I IUSAGE OF ELECTRICITY, KWH/YR O 11662 11654 I 23915 23897 6734 I 6728 12795 I 12907
_1___ IEFFICIENCY (ANNUAL COP) B __.E_ 2.71 _ 2.72 [ 2.66 1 _2.66 2.69 2.69 2.78__ 2.76_1



GRAND ISLAND, NEBRASKA

GEOGRAPHICAL ZONE = I LATITUDE (DEG) = 41.0 GROUND AO = 49.86 P AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 12.0 LONGITUDE (DEG) = 98.3 TEMPERATURE BO = 26.99 E WINTER -8 F 70 P
COOLING(TOTAL/SENS.) = 1.07 ELEVATION (FT) = 1841. CONSTANTS: PO = 0.601 RAD SUMMER 95 F 78 F

BUILDING DESIGN MONTHLY THERMAL LOADS______________ ___
R -40 INSOLATION I UNGLAZEDI DOMESTIC _____ EDIU INSULATION _________L ______HiGH INSULATION

IONTH BIN HEAT LEAK PANEL I WATER HOUSE 1 HOUSE 2 | ROUSE 3 1 HOUSE 4
COEFFICIENTS (32F) 1_EAT-___-i_HEAT_ .___.1200FT2 200FT2 1200 FT2 I-240f --- - - ___ _ __ 2400 FT2 __I

(M) TB(M) | SD(M) PANS(M) QH) I QH(M| I QC(M) QH(M) I QC () QH (M) QC (M) QH H) I QC(M) I
....-l__ M-BTU/FT2 _ IBTU/FT2]_ MBTU _].__MBTU __I__ TBTU__J_M_nBTU______ MBTU _ MBTU__ I MBTU I MBTU__I

I JAN R 0.156 0.115 17.81 1550 14880 | 0 31810 | 0 7720 1 0 ! 17560 - 0
FEB I 0.094 1 0.055 1 26.27 1 1450 1 11860 1 0 1 25690 | 0 | 5680 1 0 | 13220 | 0

__MAR _ 0194 I 0.073 1 49.00 1__ 1600 ___10390_1 _______-- _ 23120_1 ____0_ _ 4600 O---- L 11130- I 0-
APR 0.393 0.148 92.69 , 1480 5580 0 1 13210 { 0 [ 2030 | 670 1 5630 1 0~
MAY 1 0.695 1 0.285 1 128.54 1 10420 I 2490 | 1150 1 6810 I 1480 | 520 | 1860 | 2270 | 2710

_._JUN 0.937 | 0.411_ 1_57.29i__ 1240_L____520_1___2590 __ .__2200 _3670_L . 0_ _ 3690 1 0 i 4990 _
JUL 1.166 0.544 168.23 1170 0 | 4260 0 6240 1 1 530 | 0 1 7180
AUG I 1.225 1 0.605 1 175.32 1 1110 I 0 | 4300 1 0 | 6300 1 0 | 5240 | 0 | 7200

_SEP___ 1.097 | 0.572 I 134.46_ l__1080_1 ..._____..80 _ __210 0 ____2840.___. 3080 _ 0__ _ ____ 2580_ 1 _12401__ 36600
OCT I 0.911 0.506 97.26 1190 | 2960 | 690 7710 I 0 | 1200 1 1030 | 3870 | 1460
1 CV 0.610 { 0.366 1 49.46 1 1260 1 7490 { O f 17100 | O | 3690 1 0 ( 9240 | 0

1 DEC 0.350 1 0.233 1 26.77 1430 1 11820 I 0 I 25840 _ I 0 5960 10 I 14080 i 0
_ANNUAL THERMAL LOADS (MBT_ .... 1___598_0_1____68830_1_ 15090 156330 -20770 I 3100J-- 20420_i 782401~~ 27200~
l_ DESIG._NHOURLY_THERMAL LOADS _BTUHR___ ) ..____4860____ 17071__L 94210 1 26894 _30641_ 188957 _ 58910-__ _30633_1

O

___-___ ____ _____________ __________________CALCULATED ACES DESIGNS
ACES I ____HOUSE_1 __ _____HOUSE 2_____ _____ HOUSE 3 I_____ __HOUSE_4 0
SIZE I SYSTEI DESIGN PARAMETERS ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

....---- _-_AR_____. CL__LAKER _I_CHILLER I MAKER _ CHILLER IMAKER__J_CHILLEI MAKER__ I CHILLER
IVOLUME OF ICE BIN, FT3 V 3505 1781 4807 2460 | 5259 I 2741 | 7080 { 3596i
{AREA OF PANEL, FT2 A 1 178 1 191 504 1 520 | 0 | 95 110

FULL ILENGTH OF ICE BIN COIL, PT L I 0 1 716 1 0 1 1334 1 0 502 1 0 1 924
IUSAGE OF ELECTRICITY, KWH/YR 0 10102 1 10123 1 20190 1 20243 ( 5821 1 6087 ! 11665 J 11732

----__I FFICIENClANNUAL COPL _____ .E ___290____ 2.891 __28 1 ___280 2.79 L_ 3.41 ___3._26 I_ 3.05 i_ 3.03_1
IVOLUME OF ICE BIN, FT3 V 2513 1270 1 3948 2002 | 3058 1 1585 1 4425 1 22400
IAREA OF PANEL, FT2 A 1 236 1 247 1 556 1 570 | 55 1 60 1 185 1 200

PARTIALILENGTH OF ICE BIN COIL, PT L 0 687 1 0 1 1301 | 0 I 471 { 0 { 874
IUSAGE OF ELECTRICITY, KWH/YR 1 10542 1 10287 1 20548 1 20584 | 7055 1 7089 1 12480 ! 12731

._..___E FFICIENCY (ANNUAL CCP) 2. ____ E ___ 7 __ 2._ 85 1 2.75 1 __2.75 _1 2.2 . ___ 2.80 _ 2.85 _ 2.79
(VOLUME OF ICE BIN, FT3 V 1521 1 760 1 3088 1544 | 858 ! 4 29 1769 ! 884
IAREA OF PANEL, FT2 A 294 1 305 1 604 1 623 | 161 1 ' 170 1 336 { 354

IMINIMUMLENGTH OF ICE BIN COIL, FT L 0 1 644 1 0 1 1259 | 0 { 401 1 0 { 778
{USAGE OF ELECTRICITY, KVH/YR U 10976 1 10991 21007 21039 m 8028 { 8033 13975 1 13987

___ .IEFFICIENCY (ANNUAL COP) 2. -______E__6___2 1___6 7 2k6I-6J- 9____2.4769 269___2.47JL_ _2.55_1___1 254_



LINCOLN, NEBRASKA

GEOGRAPHICAL ZONE = I LATITUDE (DEG) = 41.1 GROUND AO = 50.49 P AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 10.0 LONGITUDE (DEG) = 95.9 TEMPERATURE BO = 27..69 F WINTER -5 F 70 F
COOLING(TOTAL/SENS.) = 1.14 ELEVATION (PT) = 1048. CONSTANTS: PO = 0.589 RAD SUBMER 96 P 78 F

BUILDING DESIGN MONTHLY THERMAL LOADS _____
B-40 INSULATION I UNGLAZED! DONESTICI__ _ _MEDIUM INSULATTON _ ___ _ HIGH IBSULATION

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 HOUSE 3 I HOUSE 4
ICOEPPFICIENTS(32F)1 HEAT _ I HEAT __ 1200 T2 2400 PT2 __L__ 1200 T22400 PT2

(M) I TB(H) I SD(N) I PAN(M) I QH(M) I QH() I QC(H) I QH(M) I QC(M) I (M) I QC) I QH(M) I QC() I
]._ I MBTU/FT2 . INBTU/FT2t MB_ MBHTO IIBTOU [ _BT HBTU I BBTU BTU B TU B8T U BTU

JAY I 0.1614 0.119 I 14.23 ! 1540 14950 I 0 31930 I 0 [ 7740 O 17610 I 0
I FEB . 0.102 I 0.059 I 20.18 j 1440 12230 I 0 26440 I 0 I 5860 I 0 13650 I 0

.. R I 0.209 0.079 _L_44.01 1590 10210 _ 0 I 22790 I ___ _ 43401 0_____ 10680 1 ___ O_
! APR I 0.415 I 0.158 I 91.68 I 1470 4840 I 0 11720 I 0 ! 1600 1 730 I 4710 I 1050

I AY I 0.726 I 0.299 I 129.20 I 1400 1740 I 1410 5210 I 1850 I 0 1 2290 I 1420 I 3210
I .J ._ 0.972 I 0. 428 _ 1140.01 I 1230 0 /__ _ 2780 i 1580 1 __3990 I ___0 ._ 4050_ 0 _I 5360_1

JUL I 1.205 I 0.564 I 143.66 I 1150 0 I 3890 0 I 5430 I 0 1 5200 I 0 I 6950
AUG I 1.262 1 0.6214 139.69 1 10901 0 1 3810 0 5230 1 0 1 4870 1 0 6460

I SEP 1 1.127 I 0.589.1 112.33_1 1060 _ 560 I 1660 1 2160 1 _2120_ tJ.[ 2222 80 _ _ 850.i_ I 2860_1
f OCT O0.935 I 0.520 1 82.40 1 1170 1 2320 I 0 6500 I 0 I 810 1 830 1 2980 I 1010

NOV I 0.625 I 0.375 I 39.91 I 1250 I 7150 I 0 1 16540 I 0 I 3340 I 0 8690 I 0
DEC 1 0.360 I 0.239 1 6.27 I 1430 1 13400 __ 0 I 28890 I 0 1 7230 __0 I 16680_1_ 0 I0

I ANNUAL THERMAL LOADS (MBTU __I_ 15820 I 67400_ 13550 1 153760 1 18620_ 1 30920 20250 _ 77270~I~_ 26900_1
DESIGN HOURLY TlERMAL LOLADS (JBTU/HRI _ 46716 I__ 16335 j __90827 25381 I 29268 17904 56256. I 29363

1 ____ __ ___________ __ ______________CALCULATED ACES DESIGNS____________
I ACES I____HOUSE _l__ I__ HOUSE 2 _ __ J_ HOUSE 3_i___L HOUSE_4 --

SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

I____ I I M__ AKER __CHILLER I MAKER ICHILLERLMAKER / CHILLERI MAKERSCHILLER
~I IVOLUME OF ICE BIN, FT3 V I 3327 I 1688 4299 I 2179 I 5295 I 2838 I 7159 1 3614
! IAREA OF PANEL, FT2 A 349 I 379 1111 1200 ! 0 O I 143 169
IFULL ILENGTH OF ICE BIN COIL, FT L 0 I 688 0 I 1273 I 0 I 484 0 888
[ IUSAGE OF ELECTRICITY, KWH/YR U I 9818 I 9805 19646 I 19636 I 5809 I 5992 I 11427 1 11481
I.. [.1IEFFICIENCY (ANNUAL COPL E 2.89 1 2.89 2.81 1 _2.81_ 3.38 3._28 _3.08 3.06
I IVOLUNE OF ICE BIN, FT3 V I 2427 I 1226 3699 I 1864 I 3077 ~ 1634 I 4466 1 2250

IA REA OF PANEL, FT2 A I 474 I 527 1* 1241 1* 1322 I 86 1 95 I 346 388
IPARTIALILENGTH OF ICE BIN COIL, FT L g 0 I 662 0 1249 I 0 1 454 I 0 1 839
I IUSAGE OP ELECTRICITY, KWH/YBR U 10167 1 10155 1 19870 I 19858 I 6844 4 6858 I 12288 1 12512

1__--_ BEFFICIENCY (ANNUAL COP) E _29____ 2 791 2.____278 1 ___2.78 1__ 2.87 2.____286_ 2.8J6____ 2.81_1
IVOLUME OF ICE BIN, PT3 V I 1527 ! 763 1 3099 I 1549 I 860 1 430 I 1773 1 886
IAREA OF PANEL, FT2 A [* 670 1* 723 * 1371 *I 1501 1 386 1 444 1 807 1 952

IMINIMURILENGTH OF ICE BIN COIL, FT L I 0 624 1 0 I 1220 1 0 1 385 [ 0 I 748
I IOSAGE OF ELECTRICITY, KWH/YBR U 10537 I 10529 1 20047 I 20222 I 7951 1 7942 I 13464 1 13659
J__ _ IEFFICIENC Y (ANNUAL COPL E _ 2 .69 1_ 2.69 1 752 1 2 2.757

SUNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, A&N ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.



NORTH PLATTE, NEBRASKA

GEOGRAPHICAL ZONE = I LATITUDE (DEG) = 41.1 GROUND AO = 48.60 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 9.0 LONGITUDE (DEG) = 100.7 TEMPERATURE 0B = 25.99 F WINTER -8 F 70 F
COOLING(TOTAL/SENS.) = 1.04 ELEVATION (FT) = 2775. CONSTANTS: PO = 0.595 RAD SUMMER 94 F 78 F

; _ -_ - _____ __ __ __BUILDING DESIGN MONTHLY THERMAL LOADS
R-40 INSULATION I UNGLAZEDI DOMESTICI ____ ____MEDIUM INSULATION… H_____1_ _ __ ___. IGH INSULATION_____ __I

MONTH I BIN HEAT LEAKR PANEL WATER I HOUSE 1 I HOUSE 2 I HOUSE 3 I HOUSE 4
ICOEFFICIENTS(32F1_ HEAT __ _ HEAT _ 1_____ _2_00FT2 ___ 2400 _T2___ _-- 1200 T2 ____J___ 2400_FT2 _ I

(M) I TB(M) I SD(M) I PAN(M) I QHW(M) I QH(M) I QC(M) I QH(M) QC(M) I QH(M) I QC(M) I () I QC() I
___ I HBTU/FT2 __ _ .l_ BT FT2 BT __iaT __l__n B l__MT___ T BT U L MBTU _BTU L 1BT ___j M BTU .__MBTU

JAN 0.127 0.099 21.90 I 1540 14310 1 0 1 30690 1 0 1 7190 0 1 16440 1 0
FEB s 0.070 1 0.043 1 27.79 I 1440 11840 1 0 25650 1 0 1 5640 0 1 13100 0

_MAR __ 0.166_1 0.060 1_ 47.19__ _ 1600_1 __1046 _ ___ ___ 0___23200_ __ ____ 0 __ ___41 .___ _ I 1110_____ -
APR I 0.359 0.133 80.97 I 1500 6170 0 14380 1 0 2340 1 600 1 6270 1 0

I MAY I 0.650 0.265 121.48 ) 1440 1 3040 1000 1 7920 1 0 750 1 1670 1 2880 I 2450
_JUN __ 0.883 _0.3387 1 143.72_ ___1280_1 ___820_ __2200_1 ___3010_1____3060 ______J ___3 _ _ ____ _ 310_

JUL I 1.102 I 0.514 I 155.60 | 1220 I 0 1 3800 I 0 1 5550 1 0 1 4870 1 0 1 6530
AUG I 1.157 I 0.571 I 155.18 1 1160 I 0 1 3850 1 0 5690 1 0 1 4710 1 0 1 6470

__SEP 1 1.033 1 0. 539 123._l___ 1 120 ___12 40_1 __. 1 .._ 1 _50 38201____ __ 0 ___2_ _2430 1 _1690_1.__ 3510_I
OCT I 0.852 0.475 83.95 1 1220 1 3680 0 1 9150 O | 1550 1 980 1 4640 1410
NOV 0.563 1 0.340 1 45.18 I 1270 I 8080 0 t 18240 0 1 4010 0 O 1 9830 1 0
DEC I 0.312 1 0.2121 _ 27.32 1440 1 11990 0 I 26150 1 O I __5970 _ _ __ 14050_1__ 0_
ANNUAL THERMAL LOADS (MBTU)____ 162301 __21630_1__ 128_0___I162210_.__.1180 l _32060 __1844 80000 21 24680_
DESIGNHOURLY THERMAL LOADS jBTULHRI .__.1 48812__ 15304_ 94914_1 23709 1 __3716_L___17623_J _590_1__ 27999_

I-- -----____ ____________-__ _-CALCULATED ACESDESIGNS___ _________
ACES I _____HOUSE__1 ___ _ HOUSE 2_ __E ___ _3__ ______HOUSE_4
SIZE I SYSTEM DESIGN PARAMETERS I ICE | BRINE I ICE BRINE I ICE I BRINE | ICE I BRINE

_... ___ __R C _____________lAER__1_ HILLER I MAKER _LCHILLER _MAlKER _CHILLER _l__MAKEBI__ HILLE
IVOLUME OF ICE BIN, FT3 V I 2801 1 1432 1 3661 1 1879 4585 I 2299 5875 3009
IAREA OF PANEL, FT2 A 1 198 206 1 514 1 526 13 23 122 132

IFULL (LENGTH OF ICE BIN COIL, FT L 0 701 0 1 1299 0 1 493 0 907
I USAGE OP ELECTRICITY, KWH/YR U [ 10385 10416 1 20800 20843 1 6195 1 6110 1 11841 11883

I ._.__i FFICIENCY ANNUALCOPL____ E __ ___284 ___ 2 3_ ___2.6 276 1 _2__._32_. ___ 2 99_ __2.9 298_
IVOLUME OF ICE BIN, FT3 V I 2134 1 1083 3323 1 1686 1 2697 7 1351 1 3770 1 1921
I AREA OF PANEL, FT2 A 1 233 241 533 1 545 63 1 69 1 195 1 206

IPARTIALILENGTH OF ICE BIN COIL, FT L 0 677 1 0 1281 0 I 463 0 859
IUSAGE OP ELECTRICITY, KWH/YR U 10739 1 10755 1 21020 1 21056 6834 1 6939 12400 12741

_ ___IEFFICIENCY ANNUALCOP)__ _CP E ___ 5___2. 2.75_ __.74 2.72 __2.86__ ___2.82_ _ _28___ 2.78_1
IVOLUME OF ICE BIN, FT3 V I 1468 734 I 2984 1492 1 809 1 404 1 1665 1 832
AREA OF PANEL, FT2 A I 268 1 276 1 550 565 146 1 150 1 301 1 311

IMNIMUMILENGTH OF ICE BIN COIL, FT L I 0 1 645 I 0 1262 0 I 399 1 0 774
{ fSAGE OP ELECTRICITY, KWH/YR U 0 10987 11003 1 21223 1 21258 1 7737 1 7746 1 13621 1 13861

I_ ____EFFICIENCY (ANNUAL COPL____ E _L____....68_1 __ 68_1 2____. ___2.70 ____2.53 1___ 252_ _2.60_1_ 2.56_1



ELY, NEVADA

GEOGRAPHICAL ZONE = L LATITUDE (DEG) = 39.3 GROUND 0O = 44.93 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 11.0 LONGITUDE (DEG) = 114.8 TEMPERATURE BO = 22.02 F WINTER -10 F 70 F
COOLING(TOTAL/SENS.) = 1.00 ELEVATION (FT) = 6253. CONSTANTS: PO = 0.593 RAD SUMMER 88 F 78 F

._ __________ _BUILDING DESIGN MONTHLY THERMAL LOADS
R-40 INSULATION I UNGLAZEDI DOMESTIC ______ _ EDIU INS TION ___ I_ _ H __ HIGHINSULATION______

I MONTH BIN HEAT LEAK PANEL I WATER I HOUSE 1 I HOUSE 2 ! HOUSE 3 HOUSE 4 l
ICOEPPICIENTS(32F)PI HET _I HBT I 120FT2 00_T2 T2 __ _ 1200 FT2 ____ _2400 _T2 __

(H) I TB(M) I SD(M) I PAN(M) I QBH(M) I QH(M) I QC(M) I QH(M) I QC(M) I QH(M) I QC (M) QH(I) I QC(M)
_ ' I' HBTU/PFT2 _- J . _ ]MfT2 T _]TM BTU I TH BTU I BTU MBTU I .RU MBTU I MBTU I.BT . BTU -____ -TO/T2 BTU/PT2 ___BBO 1 U __I__ JU_ IBTP___ J.BBTO__J__HBTU___L-fiS20__iBBTO_ ... B___ _ _BT

JAN I 0.065 1 0.062 1 31.77 1 1530 ! 14390 I 0 1 30910 1 0 7140 1 0 16290 0 I
IPEB I 0.021 1 0.017 I 38.07 I 1420 1 11390 I 0 I 24850 I 0 1 5260 0 12210 0 I

I al _ . 0.099 I 0.030 1, 57.37 1 1600 __10180_ _ _0_ 22640 1 _ Q0 _ 4530 .1_... _ 10720 _____0
IAPR 0.265 0.0931 76.31 1 1530 1 7180 1 0 16280 1 0 2990 0 7560 1 0

I BY I 0.510 1 0.204 I 93.46 I 1520 I 5300 I 0 12440 I 0 1980 I 1180 1 5580 1 1770 I
_JOU I 0.708 1 0.3081 130.78 _1400 __2470_1__ 2260 1 _6550 1 _3370 __640 __1 290_ __2450J__ 4550_

JUL 1 0.892 l 0.415 1 147.94 1 1370 I 1140 I 3100 1 3700 1 4790 1 0 I 3890 l 0 1 5790 I
I AUG I 0.938 I 0.463 I 146.13 I 1310 1 1240 | 3040 I 3930 I 4710 1 0 I 3670 1 1370 1 5540 I

EP 1 0.834 1 0.436 1 115.82L __1250_ ____2772 ___ 1940 1 __ 150_ _2900 __ 1000 __2431 _ 350___ 3770_
OCT I 0.679 I 0.381 1 85.61 1 1320 I 5460 I 0 12660 0 1 2520 I 890 1 6690 l 1340 I
NOV 0.435 I 0.267 I 55.00 I 1330 I 8900 I 0 l 19780 I 0 I 4540 I 0 10670 I 0

I DEC J0.222. 0.158 1 37.42 1450 ± 12530 1 0 1 27240 O 2 0 6240 _ _ 0__ 14430 __ 0 l
I ANNUAL.-THERBAL LOADS AMBTU-- _ __ 17030 L_ 82950. __ 10340 I 188130 1 157701 36840 15040_ 91320_1__ 22760_1
1 DESIGN_HOURLY THERMAL LOADS (BTU/HR -L _50711 1__ 107498 98643 1 15763 L _31799 _14816 1 61165_1_5 23942_1

I __ ____________________ _.__. . CLCLDE_________ __ _______ _ ______ E__
ACES 1 I___ SHOE OUSE 2__ __- - HOUSE 3 _ __ _HOUSE_4

I SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE
I___ _ __ I AKER_ _CHILLER I RAKER I CHILLER I__AKER I CHILLERI_ MaKER__ CHILLER

IVOLUBE OF ICE BIB, lF3 V I I 3027 1 1575 1 4160 ! 2175
IAREA OP PANEL, PT2 A I 42 45 129 I 132

PFULL ILENGTH OP ICE BIN COIL, PT L I I I I 487 0 I 900
IUSAGE OP ELECTRICITY, KWH/YR U I 6662 I 6697 l 12614 I 13204

__ __ PPFFICIENCY (ANNUAL COP) E I3I _ 1_ ___ - - _3.0351 _3,01 _ _30 5 __ 2.91_
IVOLUME OP ICE BIN, PT3 V I 1915 I 988 1 2905 I 1500
IAREA OP PANEL, FT2 A I 65 68 1 168 173

IPARTIALILENGTH OP ICE BIN COIL, PT L I0 1 460 1 0 1 860
I IUSAGE OF ELECTRICITY, KWH/YR U I 7180 I 7194 l 13713 I 13747

____ jIE ICIENCY (IR(ANL CP__A_ E I __L_ 2 I __2.2-8__ 2. 1 _2.80 ._l__ 2.79_1
IIVOLUME OF ICE BIN, PT3 V I 1474 737 1 3003 1501 1 803 I 401 1 1650 I 825
I AREA OP PANEL, PT2 A I 192 198 I 394 406 1 103 I 106 ( 212 I 220

IMINIMoMILENGTH OP ICE BIN COIL, FT L I 0 667 1 0 1306 1 0 1 411 1 0 i 797
I IUSAGE OP ELECTRICITY, KWH/YR U I 11722 1 11718 I 23921 1 23912 1 7618 I 7745 14236 1 14227
I _ __ L F R ICIERCY (LANNAL CIOP) _.. E 1_ 2-__2.

7
6 1 __ 2.71 2.711___ 265 L__ _2.61 1 _20 _1 __ 2.70_1



LAS VEGAS, NEVADA

GEOGRAPHICAL ZONE = L LATITUDE (DEG) = 36.2 GROUND AO = 67.16 F AIR TENP: OUTDOOR INDOOR
JANUARY WIND (BPB) = 7.0 LONGITUDE (DEG) = 115.0 TEMPERATURE BO = 22.97 F WINTER 25 F 70 F
COOLING(TOTAL/SENS.) = 1.00 ELEVATION (FT) = 1868. CONSTANTS: PO = 0.552 RAD SUMMER 106 F 78 F

R-b___ - _ _____________________ __ BUILDING DESIGN MONTHLY_THERMAL LOADS
R-40 INSULATION I UNGLAZEDI DOMESTIC _______EDIUM INSULATION HIGH INSULATION ___._.

MONTH BIN HEAT LEAK I PANEL I WATER I HOUSE 1 HOUSE 2 I HOUSE 3 1 HOUSE 4
ICOEFFICIENTS(32P) I __HEAT_ I HEAT _ 1200 FT2 _2400 FT2__ I____ 1200 PT2_ __ __2400 PT2

(M) I TB () I SD(M) I PAN(H) I QH(H) I QB() I QC() I QH () I QC (M) I QH() I QC () QH(M) I QC(M)
I _L MBTUP/FT2 I_ BT/FT__2I BTO I BTU T1_MB SBT ___ BT TUV__ HIBTU ! HBTU ___ _IT U__ BTU BT

JAN p 0.866 { 0.462 { 69.79 1380 ~ 4640 I 0 O 11050 I 0 P 2120 ~ 0 I 5890 1 0
FEB { 0.752 { 0.381 I 81.69 1240 { 3300 I 0 8170 0 I 1230 1 620 p 3930 I 940
MI AR j 0. 921_1 0.438 1_ 16L62_ I 26 1280 1280 27050 . __1870_ ___820_ __.1700 3100___. 2620
A APR 1 1.073 p 0.494 p 136.38 p 1090 p 930 p 2540 3130 p 3910 { 0 3100 P 1110 I 4570
MAY I 1.357 I 0.625 I 171.67 1 940 i 0 I 4500 0 I 6970 I 0 4920 p 0 I 7200
JUN 1. 534 1 0.7201 197.81_ 770 ..____0_ _73 90 ___1 0 _11630 .. _____.. _ 6950_ _ __10_ _. 10510
JUL I 1.745 I 0.842 p 208.56 710 p 0 | 9650 0 p 15520 1 0 8320 ~ 0 p 12880
AUG p 1.782 { 0.887 I 194.44 710 p 0 I 9230 0 1 14770 1 0 7820 p 0 p 11950
SEP__ / 1.639 1 0.842 L 171.39 __ 780_1 ___0___ 6810 0_ ____ _10 6 30 1 0__ 01___ 600_1 0 ___ _i. 90201
OCT 1 1.497 0.793 134.89 1 970 1 0 I 3730 0 5820 1 0 3760 0 1 5550
NOV I 1.215 I 0.659 I 85.71 1 1110 p 2010 | 930 1 5600 I 1370 1 900 | 1080 p 3280 1 1650
DEC 1.021 I 0.559 . 68.53 1 1300 1 3950_1 0 9570 __ 0 18801 __0_ _54_10 __1 0_
ANNUAL THERMLL LOADS _LBT)T__ I 12280 _ 17480 1_ 46060 1 44570 !_72{490 _ _ 6950 __44340_ l_227201 66890

I DESIGN HOURLY THERMAL LOADS _TBTU/HRI _ _ _24029 ___ 216658 46494 1 46956 1 _15384 _217331_ 291401 t~" 372227P

I _ _____ ______ _CALCULATED ACE DESIGNS
ACES I ____HOUSE _I_ __1 ___ HOUSE 2 _____ _ HOUSE 34_ P
SIZE 1 SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE p BRINE I ICE I BRINE

I--- I --- ___AK __LE____CHI__ILER __AER I CHILLE AKER CHILLER I _ MAKER __i CHILLER
IVOLUME OF ICE BIN, FT3 V 1 2259 1 1346 5160 I 3057 p 1030 1 595 1 2319 1 1370
I AREA OF PANEL, FT2 A I 0 0 0 0 I O 0 IOP 0

FUOIL ILENGTH OF ICE BIN COIL, FT L 0 1 373 0 1 736 p 0 228 1 0 p 447
OSAGE OF ELECTRICITY, KWH/YR U 0 10240 1 9955 16606 I 16165 p 9070 9068 { 14074 1 14088

-_ EPSFFICIENCY (ANNUAL_CCP E __ 2.171 2.23 1 2.28 | _2.34_L___2.0 5 ___2.05 _ _212___ 2.12_
IPOLUME OF ICE BIN, FT3 11409 p 813 3156 1 1816 1 677 379 { 1497 853
AREA OF PANEL, FT2 A p 14 I 14 27 1 27 { 0 0 p 16 I 17

IPARTIAL{LENGTH OF ICE BIN COIL, FT L I 0 { 351 0 p 692 p 0 216 I 0 1 422
IUSAGE OF ELECTRICITY, KWH/YR U p 10641 p 10664 18056 p 18082 p 9411 9410 p 14922 I 14931

I-__ EFIICIENCY (ANNUAL COP_) ____ E_____2.09_ 2___208_ 2__.10 2___ .210 _ _1 1 98 _ 1.98 1 2.00 I 2.00_
PVOLUME OF ICE BIN, FT3 V | 558 p 279 1151 575 1 325 p 162 p 674 I 337
AREA OF PANEL, FT2 A p 31 I 34 67 I 72 1 18 20 I 40 p 43

IMINIHMUILENGTH OF ICE BIN COIL, FT L 0 p 307 0 p 599 | 0 194 I 0 D 375
IOUSAGE OF ELECTRICITY, KWH/YR U 0 11107 p 11098 18749 p 18324 p 9603 9589 p 15117 p 15109

.___. BPFFICIENCY (ANNUAL COP) ____ i 2.00 2.00 _ 2.002 1 2.07 1 1.9
4 I 1.94 _L_ 1.97 I 1.98



WINNEMUCCA, NEVADA

GEOGRAPHICAL ZONE = L LATITUDE (DEG) = 40.9 GROUND AO = 49.65 F AIR TEMP: OUTDOOR. INDOOR
JANUARY WIND (MPH) = 8.0 LONGITUDE (DEG) = 117.8 TEMPERATURE BO = 21.90 F WINTER -1 F 70 F
COOLING(TOTAL/SENS.) = 1.00 ELEVATION (FT) = 4301. CONSTANTS: PO = 0.565 BAD SUMMER 95 F 78 F

--_______ -______ -_ _BUILDING DESIGN MONTHLY THERMAL LOADS ______
I R-40 INSULATION I UNGLAZEDI DOMESTICI_______ EDIUM IRSULATION ~ I___ ___HIGH INSULATIOS-____-

MONTH [ BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 ~ HOUSE 3 I HOUSE 4
ICOEFFICIENTS(32F) I HEATT__ I HEAT I __.200_FT2 I 2400 T2 I __ 1200 FT2 _ - 2400 FT2

() I TB(M) I SD(M) I PAN(M) I QHW (M) I QH(M I QC (M) I QH() I QC () QH(M) I QC (M) I QH(M) QC(M)
- -, I MBTU/FT2 I MBTU/FT21 IBTU I__ BTU __I__MBTU MBTU MBTU BT U L T _L_MBBTU __ BTU _____ MBTU __

JAN I 0.238 1 0.148 1 25.10 I 1580 1 12340 I 0 I 26870 I 0 1 5840 1 0 1 13880 | 0
FEB 0.183 1 0.097 1 39.33 I 1450 1 8900 I 0 19950 1 0 3710 1 0 1 9160 0

I ._AR 0.284 1 0.121 I 56.06 I 15801 __8220 0 ___ __ _18-780__ __ 0 3390 0 _851 0 _L____ _ I
APR I 0.447 1 0.183 I 74.81 I 1440 I 5600 1 0 I 13050 I 0 1 2140 I 660 1 5860 | 0
HATY 0.698 I 0.298 I 99.09 1 1370 I 3440 I 1190 I 8620 I 0 1 1040 I 1740 1 3520 1 2630

__JU__._ 0.887 I 0.399 1 122.85 __1200 1 __1440_i !_2630 L _ 4300 _ 40001___ 0 1___33.10 1__1490_1__ 4940_1
I JUL I 1.071 1 0.505 l 140.83 I 1150 I 0 I 4080 I 1860 I 6320 1 0 4800 0 | 7060
I AUG I 1.110 I 0.550 1 138.84 I 1120 I 0 I 4080 I 2240 I 6430 1 0 620 0 | 6920
_SEP _ 0.995 0.518 _107. 99_ 1110_ ___ .... 1690 _2570_ 4780 1 _4010_ 0___0L _3000 __2160_1__ 4590_1
I OCT I 0.842 1 0.463 1 76.38 I 1240 I 3950 I 790 I 9600 I 0 1 1680 I 1180 1 4920 1 1740
I NOV I 0.593 1 0.346 1 47.30 I 1310 1 7300 I O I 16640 I 0 1 3550 I 0 1 8740 0
I DEC_. 0.388 1 0.241 28.46 1 1480 * 10800 1 0 1 23860 1 O0_ 5130 [ 0 1_ 12410_L 0O
I ANNUAL THERMAL LOADS (HBTT _I _16030 __63680 __ 15340 1 _150550 I _20760_ 26480 1 19310_ 70650. I 27880_1
I DES!GN HOURLY THERMAL LOADS (BTU/H ___i _ __43941___ 16126 2 85415 _ 26121 2 7369 _ 17984_ 1 52579__ 29910_1

I____________ ______ _CALCULATED ACES DESIGNS _______
IACES HOJ____1 _____H OUSE 2___ 1 ____HOSE 3__________HOUSE 4

I SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE
I__ -_____MAKER CH_________ EAKER ILLLLER I MAKER I CHILLER I MAKER I CHILLER I BAKER__ jCHILLER I
I VIVOLUME OF ICE BIN, PFT3 V 3134 I 1609 I 3701 I 1910 I 4352 1 2403 1 6360 I 3275
I I AREA OF PANEL, FT2 A 1 112 I 119 I 348 368 I 0 I 0 I 50 I 61
IFULL 1LENGTH OF ICE BIN COIL, FT L I 0 648 I 0 1 1187 I 0 I 448 1 0 I 827
I IUSAGE OF ELECTRICITY, KWH/YR U I 9653 1 9704 I 19688 19724 I 5400 I 5648 1 11024 I 11068

__ IEFFICIENCY (ANNUAL COP ____ E ....___288__ 2.87 1 - __279 29.78 __3.35 ! -- 3.21 _ _-304 3.003_
! IVOLUME OF ICE BIN, FT3 V I 2211 | 1127 1 3167 1613 1 2520 1 1373 1 3896 [ 1995
I IAREA OF PANEL, FT2 A I 147 1 154 I 387 412 I 36 37 108 I 115
IPARTIALILENGTH OF ICE BIN COIL, FT L I 0 | 621 [ 0 1 1162 I 0 I 419 0 I 779

IUSAGE OF ELECTRICITY, KWH/YR U 10036 1 10051 ! 19961 1 19942 I 6510 I 6536 1 12062 1 12087
____IEFFICIENCY ANNUAL COP) ______ E __ 2.177 __2.771 2.75 1 ___2.75_ ___i 278_ ___2_!_ .__2 I 8____2.1 78 I

IVOLUME OF ICE BIN, FP3 V 1 1288 1 644 1 2634 I 1317 I 687 I 343 1 1432 ! 716
IAREA OF PANEL, FT2 A I 209 1 220 4I 31 455 I 111 I 118 1 235 I 248

IMINIMUMILENGTH OF ICE BIN COIL, FT L I 0 | 579 I 0 1 1133 I 0 I 353 01 I 686
IUSAGE OF ELECTRICITY, KWH/YR U 1 10411 1 10401 I 20093 1 20267 1 7320 1 7314 1 13189 1 13177

I IEFFICIENCY (ANNUAL COP E _1___2.67_ __2.68 1 2__ 73 2.73 1 _2__247_L __ 248_ i_ 54_i___ 2.55_



TRENTON, NEW JERSEY

GEOGRAPHICAL ZONE = B LATITUDE (DEG) = 40.0 GROUND AO = 52.71 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 10.0 LONGITUDE (DEG) = 74.6 TEMPERATURE BO = 22.00 F WINTER 11 F 70 F
COOLING(TOTAL/SENS.) = 1.13 ELEVATION (FT) = 133. CONSTANTS: PO = 0.649 RAD SUMMER 88 F 78 F

-___- _U__ _____________BUILDING DESIGN MONTHLY THERMAL LOADS
I R-40 INSULATION I UNGLAZED{ DOMESTIC|I M____---EDIUM INSULATION ______H_ IGHINSULATION______

IONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 1 HOUSE 3 I HOUSE 4
COEFFICIENTSI32FI__HEAT __HEAT I __EAT 1200 FT2__ 200 T210T2 200FT21200 FT2____ ____2400 FT2

(M) I TB () I SD () I PAN () I QHW(M) I QH(M QC (M) QH () I QC(M) I QH() QC (M) I QH() I QC(M)
I ___I HBTU/FT2 _ I_3BTLU/FT2jMBTUi__HBTU-__ __MBTU__ mBTU_ I_mIBTU _ __B____ ___BTU___.._i__MBTU_ __ _BTU___

JAN { 0.366 0.215 | 22.53 1580 11160 0 24580 1 0 5270 1 0 0 12850 0O
FEB I 0.282 1 0.150 | 28.07 | 1440 1 9420 0 1 20960 1 0 1 4130 I 0O 10280 | 0

I ARS 1_ 0.375 1 0.170 _ 49.53 j _1550_1____8180 _____ 18790 1 _ 0 1___ _ ___ 0 _ __8500 _ _____0_
APR I 0.523 0.224 | 76.81 | 1390 1 4520 1 0 1 11100 I 0 0 1480 1 540 1 4530 1 0
MAY | 0.773 1 0.336 | 105.25 | 1280 1 2110 1 1150 1 5980 | 1430 | 380 { 1880 1 1950 1 2650

1 JUN _ 0.966 1 0.436 ___118.14_1 J__ 1100 _0 253Q__ -230 …209q 1 36.101.______ 0_1__ _3610_ ___ _..___ 4810_
JUL | 1.168 1 0.551 1 132.72 1 1040 1 0 3560 1 0 1 5080 O0 | 4880 1 0 | 6460
AUG I 1.228 0.605 1 128.60 1 1010 I 0 1 3350 1 0 1 4760 O0 | 4580 1 0 I 5980

I SEP_ 1_ 1.127_1 0. 580 _1109.27 _ 1__ 030_ I___450 __2100 _1870 1__ 2950 0 L. ____ _ _2860_0_1_ I 3800_
OCT | 0.991 0.535 1 89.67 ~ 1180 I 1970 1 620 1 5690 0 O | 630 | 960 1 2590 I 1290
NOV | 0.740 1 0.419 1 58.70 I 1290 1 4550 01 0 11300 | O | 1840 I 0O 5440 | 0

I DEC__1 0.533 1 0.315 1 25.72 j 1480 I 9440 _ 0 212001 O _ __ 40_1_ ___ 11150_l_ __ _
_ANN UAL THERMAL LOADS_JMBT..____I 15370 1. 51800 1__ 13310 I 123560 1__783 0 __2150 ___19...1__ 57290 L_ 24990_1
_DESIGN HOURLY THERMAL LOADS T__BUR) __ ______36209_9__ 13232 .70369 965 2196___ _79_ 25938_

I________ __________- -________-_____ _CALCULATED ACES DESIGNS
ACES ___ HOUSE1_ ._________ .OSE_2___ _i_____…HOUSE 3 3 __ __ HOUSE _____
SIZE I SYSTEM DESIGN PARAMETERS I ICE 1 BRINE I ICE I BRINE I ICE | BRINE I ICE I BRINE

I I-jAKER_______j~_____I__-l ILLE-___ I E___ CHILLER I AKEAKER I_CHILLERl_ MAKER __ CHILLER_
IVOLUME OF ICE BIN, FT3 V I 3214 1 1623 1 4165 1 2120 1 3773 1 2168 1 7031 { 3475
IAREA OF PANEL, FT2 A 108 120 357 376 0 I 0 I 25 1 42

IFUIL ILENGTH OF ICE BIN COIL, FT L I 0 1 547 1 0 1014 " 0 1 364 " 0 1 685
IUSAGE OF ELECTRICITY, KWH/YR U 8143 8156 1 16474 , 16516 1 5299 ! 4982 1 9169 1 9363

I._- IEFFICIENCY (ANNUAL COP _ E 2.290 __2.89 I 2.79 1 __2.78 _L___310_.__._3.30_JL 3.121__ 3.06_1
IVOLUME OF ICE BIN, FT3 V 2196 1 1106 1 3293 1 1665 1 2204 { 1242 1 4184 I 2071
AREA OF PANEL, FT2 A 162 1 173 i 402 1 423 1 40 { 39 1 100 I 115

IPARTIALILENGTH OF ICE BIN COIL, FT L 0 523 0 985 0 J 342 0 { 645
USAGE OF ELECTRICITY, KWR/YR U 8530 1 8540 1 16873 1 16863 1 6167 I 5996 I 10305 1 10535

_ J.5£EFFICIENCY (ANNUAL COP…) ______ __E_____2.76 ____2676 I____2.2 2.72 1_ 2.L67 _ .___...4_ L_ 2.78 __ 2.72_
IVOLUME OF ICE BIN, FT3 V 1 1179 589 2421 1 1210 1 634 [ 317 1 1336 1 668
|AREA OF PANEL, FT2 A 1 218 1 227 I 453 1 470 1 115 1 120 I 245 1 256

IMINIHUI LENGTH OF ICE BIN COIL, FT L I 0 483 0 1 946 1 0 [ 289 1 0 { 561
IUSAGE OF ELECTRICITY, KWH/YR U 1 8996 1 8992 17198 1 17368 1 6859 1 6856 1 11590 1 11582

I _ _ EFFICIECY (ANNOUAL COPL) ___ E ....__ 621. ___262 21 _2.67 _._ _6 264 ___240__ _ _ .. 2 _ _2. 47 _ 2____ 47



ALBUQUERQUE, NEW MEXICO

GEOGBAPHICAL ZONE = L LATITUDE (DEG) = 35.0 GROUND AO = 56.84 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 8.0 LONGITUDE (DEG) = 106.6 TEMPERATURE BO = 21.72 F WINTER 12 F 70 F
COOLING(TOTAL/SENS.) = 1,00 ELEVATION (FT) = 5311. CONSTANTS: PO = 0.541 HAD SUMMER 94 F 78 F

_____I - -______________ _, ___________ BUILDI_ G DESIGN MONTHLY THERHIL LOADS________ __
B-40 INSULATION I UNGLAZEDI DOMESTICI_ MEDIUM IPSOLATION ___HIGH INSULATION __

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 1 HOUSE 3 ~ HOUSE 4
{ COEFFICIENTS (32F1 1 HEAT I BEAT I_____ 1200FT2 1 __ 2400 FT2__ _ 1200 FT2___ ___2400 FT2 __

(M) I TB(M) I SD(M) I PAN(M) I QH (M) I QQ((M) I QC(M) Q(M) I QC(M) QH(M) I QC (M) I QH(M) I QC(M)
N.BTO/FT2 _BI HBTO/FT21 R MBT _I _MBTU I TO L METU I MBTOU_ IHBTU _ I MBTU.. M1BTU __MBTU __

JAN 1 0.5014 0.280 I 55.19 ! 1550 7840 I 0 I 17930 I 0 3630 0 8950 1 0
FEB I 0.429 1 0.218 I 60.04 1400 6340 I 0 I 14550 I 0 1 2780 1 0 7070 I 0

IAR_ __ 0.561 1 0.258 1 87.36 _1450 _ 5460 1 ______0 12750 __.. 0 -_ 2180 J _____0 _6020_1 j__ 0
I APR I 0.716 I 0.318 I 112.35 I 1260 1 3100 I 1110 I 7920 I 0 1 900 I 1620 1 3240 I 2470

MAY 0.976 1 0.437 1 134.39 1 1130 1230 1 2480 1 3990 1 3760 0 1 3140 1 1270 1 4660
JUO ._ 1.152 1 0.531 159.65 __ 960 0_ ___0 _ 4130 0 __6380 _ 0 ...._4830 I _0_i_ 6920_1
JUL 1 1.339 0.641 1 159.46 1 910 1 0 1 4700 I 0 1 7200 1 0 1 5260 1 0 1 7420

! AUG I 1.372 I 0.683 I 149.17 1 920 0 I 44440 I 0 1 6760 1 0 I 4910 1 0 I 6850
ISEP 1 1.244 1 0.614 1 1142.72_1 980 _1 j 0 I 31470 _ 0 5 _ _590 _1 ____ 0. .]1 3900_ 0 5630_1

OCT I 1.098 I 0.591 I 108.20 I 1160 1470 I 1480 I 4550 I 2220 1 450 I 1800 1 2120 I 2730
I NOV 1 0.841 I 0.1470 1 71.46 1 1290 1 4430 1 0 I 10580 I 0 1 2060 I 0 I 5740 I 0
I DEC 1 0.649 ! 0.370 I 54.52 i 1480 7050 1 O 0 16250 ] 0 _ 3370 1 0_1 8400 _ 0_
I ANNUAL THERMAL LOADS (MBTIU) . 14490 1 36920 __ 21810 1_88520 1__31710 ~ 15370 L_ 25460 42810 j1- 36680
I DESIGN HOURLY THERMAL LOADS (BTO/HRHR) __ 34323L ..17 452 _ 66631 28967 I 21284~ 17214 40805 j1- 28505

________ __ __ ___________nac~_ ___4323 __ _ t 763 ____7 ___1 21284 i

!__________________________ _CaLCULATBED ACES DESIGNS
I ACES I HOUSE 1 I HOUSE 2 HOUS ES 3_HOUSE 4
I SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

i ______________ ______ ____MAKER j CHILLER I MAKERR CHILLER L_AKER. ICHILLER_. MAKER I CHILLER
IVOLUME OF ICE BIN, PT3 V 1 5296 I 3062 I 9220 I 4445 I 2741 I 1595 1 5727 ! 3316

I IAREA OF PANEL, FT2 A I 0 0 1 26 1 42 1 0 I 01 0 0
IFULL ILENGTH OF ICE BIN COIL, FT L I 0 563 I 0 I 1056 I 0 I 342 1 0 I 662
I UISAGE OF ELECTRICITY, KWH/YR U 1 6670 I 6721 1 13101 I 13411 1 6200 I 6011 1 9373 I 9132
! . IEFPICIENCY (ANNUAL COP) E I 322 I - _--3.19 I 3.01 I __2'-94_L--_2.61 I 2I.70 L2.94 1.___ 3.02__
I IVOLUMH OF ICE BIN, FT3 V 1 3083 I 1749 I 5512 1 2673 1611 I 917 1 3349 I 1901
I lABEA OF PANEL, FT2 A ! 29 I 29 I 74 I 85 1 17 I 17 1 35 I 35
IPAITIALILEHGTH OF ICE BIN COIL, PT L I 0 I 527 I 0 1 995 1 0 ! 320 1 0 I 620
I OUS1GE OF ELECTRICITY, KWH/YR U I 7771 1 7644 1 14624 ! 14679 I 6918 [ 6750 1 10881 I 10909
I__ IEFFICIENCY (ANNUAL COP) __ E [ 2.76 i 2.81 I 2.70 { _2.69 2.34 j___2.40_ 2.53 -1 2.52-1

IVOLUME OF ICE BIN, FT3 V I 870 1 435 1 1804 1 9021 480 1 2401 972 1 486
IAREA OF PANEL, PFT2 A i 70 1 73 1 147 1 1531 39 1 401 80 1 82

IMIHIMUMILENGTH OF ICE BIB COIL, FT L I 0 I 444 I 0 I 869 1 0 I 271 1 0 I 523
IUSAGE OF ELECTRICITY, KWH/YR U I 8844 4 8838 1 16065 I 16056 1 7360 I 7357 1 12015 I 12015

I___ IEFFICIENCY (ANNUAL COP)£ I E _J_ 43 __2_.43_ 2.L___246 .1___2. 46_J 2.20_L __2.20_1 2.29_L- 2.29-1



ROSWELL, NEW MEXICO

GEOGRAPHICAL ZONE = H LATITUDE (DEG) = 33.3 GROUND AO = 60.73 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (HPH) = 8.0 LONGITUDE (DEG) = 104.5 TEMPERATURE BO = 21.71 F WINTER 13 F 70 F
COOLING(TOTAL/SENS.) = 1.01 ELEVATION (FT) = 3649. CONSTANTS: PO = 0.512 RAD SUHMER 98 F 78 F

_______ ____________-___ -__ BUILDING DESIGN MONTHLY THERNAL LOADS_ ._________________________ __
R-40 INSULATION IUNGLAZEDI DOEESTICI _______MEDIUB INSULATION_ -- H__ ___ ____IGH INSULATION

HONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 ~ HOUSE 3 I HOUSE 4
ICOEFFICIENTS (3 2F _EAT HEAT -__ ___00 FT2 __ 1200_ T2___ 20T 2 200T2400 FT2

(H) I TB(H) I SD () PANI() I QH (H) I QHR() I QC(M) I QH () I QC () I QH(H) I QC (H) I QH(M) I QC(M)
_I __ __HBTU/T2 BTU I BTOU/TT I ABBTU. I _M_�BT____ _MBTU n_ I LBTU --I_ | MBTU . I

JAN I 0.645 0.349 59.98 1480 ! 6860 1 0 15680 I 0 I 3240 0 I 8170 1 0
FEB 0.561 0.283 66.24 \ 1330 I 5350 1 0 12140 I 0 I 2290 I 0 I 6100 0(

__BAR 1 0.713 1 0. 333 1 95.81_J 1380_1 4__400 _ _ 0__ _ I 10600 0- I 6- ____ __I _.___1070_ _17 _4960 __ 16402
APR ! 0.868 1 0.393 1 120.41 1190 I 2010 1 1820 I 5650 I 2680 I 510 1 2400 I 2170 1 3590
BAY I 1.133 1 0.516 1 144.14 | 1050 | 0 I 3490 1 1880 I 5410 I 0 1 4140 10 6060

_JOUN 1.302 1 0.6071 158.99 880 i __ .. ___4970_ ___ ____ 650 L 5420 1 _ ______7800_1
JUL 1.488 1 0.717 1 146.47 | 840 I 0 5830 I 0 I 8550 I 0 1 6050 I 0 1 8350
AUG I 1.515 1 0.756 1 147.68 | 850 I 0 5770 I 0 I 8440 1 0 1 5820 0 8000

ISEP_1 1.377 1 0.711_1 132.541 920_i _____0_ 100 1 __0 1 ____6.2 9_L_____O_ __4330 I 0____ _ 61170_
OCT I 1.231 0.659 110.94 1100 I 830 | 2060 I 2990 I 3120 I 0 | 2350 I 1410 1 3480
NOV I 0.969 0.534 75.57 1230 I 3480 I 0 8640 0 I 1580 | 690 I 4730 1 1050

iDEC I 0.784 I 0.437 1 59.67 1 1410 1 5820 1 0 1 13560 0 L___2780 ___ I Q 7240 __1 0_I
I ANNUAL THEEHAL LOADS_ (BT)_ __1_ 13660 _ _28il50_ i__ 28o040_o _ _ _4Q _2140_J_ 12070 I __2 12270__ 34780_1__ 46140_

DESIGNGHOURLY THERMAL LOADS (BTU/HL _ ___ 32334 _ __20458_I_ I 62 689 _ 3083_ 20562 __"18701 [ __39391 30502_

I
01

- - - _ ---- - - -- - - -- - -- - - - - - - - -- - - - -- - - - -- - - CO

____________________CALCULATED ACES DESIGNS ____________________________
ACES I HOUSE 1 _ HOOSE 2 HO__ ___3…SE 3___U O ____OUSE_4
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE l ICE I BRINE I ICE I BRINE I ICE I BRINE

I _...-... _ __________ 1 A___ AKER I CHILLEI BAKER I CHILLER M HAKER_ ICHILLER I AKER . CHILLER
IVOLUHE OP ICE BIN, FT3 V I 4159 2439 I 8786 | 5249 1909 ~ 1120 , 4269 I 2481
IAREA OF PANEL, FT2 A I 0 0 I 0 0 0 0 0 I 0

IFULL ILENGTH OP ICE BIN COIL, FT L 0 520 0( 1020 0 318 0 1 620
IUSAGE OF ELECTRICITY, KWH/YR U 7323 7113 I 12020 | 11479 7233 3 7038 1 10715 I 10432

I_ _ IEFFICIENCY (ANNUAL COP) E____ E _ 282_ 90 __3. 10 1 3._25 1 2.35 _5_ __ 241.__ 259_1____22.66_1
( VOLUHE OF ICE BIN, FT3 V 2466 I 1412 1 5187 1 3021 1 1173 I 669 1 2581 I 1464
I I AREA OF PANEL, FT2 A 1 23 24 I 50 1 48 13 13 26 I 26

IPARTIALILENGTH OF ICE BIN COIL, FT L 0 487 1 0 956 0 I 299 0 I 582
I IUSAGE OF ELECTRICITY, KWH/YR U 8495 1 8329 I 14327 | 14038 7686 I 7700 11959 I 11996
I____ EFFICIENCY (ANNUAL COP) _______ E 2.43_ __ 2.48 1 2 .6.0 _2. 66 ._-- __221 2 21___232_J ___ . 2311
I IVOLUHE OP ICE BIN, PT3 V I 772 386 1 1589 | 794 438 ~ 219 894 I 447

I AREA OF PANEL, FT2 A 55 57 I 115 I 119 30 I 32 63 I 66
IMINIMUMHILENGTH OF ICE BIN COIL, FT L 0 | 415 I 0 811 0 I 260 0 I 502

IOUSAGE OF ELECTRICITY, KWH/YR U 9100 | 9104 I 16049 | 16061 7814 8013 12802 I 12410
I_____IEFFICIENCY (ANUAL COP)_____ E ___22Z_1___2. 27 1___2 2 . 3 ___232 _1__. _ .__1 2_L__2 216_ __2.23_



ALBANY, NEW YORK

GEOGRAPHICAL ZONE = A LATITUDE (DEG) = 42.7 GROUND AO = 47.92 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 10.0 LONGITUDE (DEG) = 73.8 TEMPERATURE BO = 24.60 F WINTER -6 F 70 F
COOLING(TOTAL/SENS.) = 1.09 ELEVATION (FT) = 275. CONSTANTS: PO = 0.624 HAD SUMMER 88 F 78 P

___________ ___________________ __-BUILDING DESIGN MONTHLY THERMAL LOADS ______ _____ ___
EB-40 INSULATION I UNGLAZEDI DOMESTICI MEDIUM INSULATION _H HIGH INSULATION

MONTH I BIN HEAT LEAK I PANEL I WATER H HOUSE 1 HOUSE 2 ~ HOUSE 3 ~ HOUSE~ 4
I ICOEFFICIENTS(32P) .HEAT __LHEATL -_ __1200 PT2 ____ 2400 PT2 I__ 1200 PT2 I _ 2400_FT2 ___

() I TB(MH) I SD(M) I PAN(HM) QHW(M I QH (M) I QC(M) QHi(M) I QC¢(M) I QH(M) I QC (M) I QH(m) QC() I
_ __.... MBTU/T2 __._[_IMBUT BTU _/FT2__T. ____BTU_ BTU _M _MBT3U_ _[ BBT_ I BTU _B TqU .I IBT MBTU __I

JAN I 0.134 I 0.102 I 7.98 1 1540 I 14370 I 0 27000 I 0 I 8330 I 0 I 17070 \ 0 I
FEB I 0.073 I 0.045 I 15.58 1 1440 I 11630 1 0 1 21910 I 0 I 6320 1 0 I 13220 0 I

IBAR_. . 0.157 1 0.058 1_.30.99 __1 600 J100701_ __0___19220 ___ _ 4960 .. 0 1090___0 0_
APR I 0.335 1 0.124 I 64.98 1500 I 5250 I 0 10460 ! 0 I 2150 0 5190 I 0
MAY I 0.608 I 0.247 1 91.56 1 1460 I 2510 I 880 5420 I 1240 I 740 1330 I 2330 | 1830 1
JUN 1 0.831 1 0.363 106.99 __ 1310 __680 1 21401 1920 _ 30 0 _ _ 0 _ _2890_ 0 1 3750
JUL ! 1.044 I 0.486 I 112.30 1250 0 3070 0 I 4360 I0 4000 I 0 5090

1 AUG I 1.103 I 0.543 I 108.79 1 1190 I 0 I 2930 960 I 4210 0 3750 I 0 4830
I SEP 1 0.993 1 0.5171 85.63 __11 40L__1030 l__1460 __ 270 _ _2010_ _ 0 ....___1940___1 2 80__ 2490_

I OCT I 0.828 0.459 1 65.831 1230 1 3030 1 0 6740 1 0 I 1300 440 1 3610 01
NOV I 0.555 I 0.332 I 33.52 1 1280 I 6670 I 0 13510 1 0 I 3290 0 I 7750 | 0
DEC 1 0.316 1 0.211 1 12.55 1 140 1 118801_ 0 I 22690 i 0_ _6710 0 ___ 14140 _0_O__

I _ANNUAL THERMAL LOADS (MBTr ___1 163801 67120_1~ 101480 132~590 1148 60 _ 33800 _1 14350 1 7
5380-- 17990- I

1 DESIGN HOURLY THERMAL LOADS LBTU/LHRI __ -45155_L_ 13154_1_ 78142 2 06 05 .___30641____51506 __ 54642". . 23111 I

______ _ ___ _____________________ _________ECALCULATED ACES DESIGNS________
ACES I __OUIoS E 1 _____ HOUSE 2 ________HOSE 3 _OUSE 4I
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

-___ - _ !j ._M-__MAKER I CHILLER I AKER CHILER I AKER CHILER I MAKER H CHILLER
IVOLUME OP ICE BIN, PT3 V 1 2104 | 1075 I 2701 1 1388 3442 I 1758 4318 2217
I IAREA OF PANEL, FT2 i * 503 1* 541 1* 1148 * 1241 98 I 110 I 367 396

IPFULL ILENGTH OF ICE BIN COIL, FT L 0 I 632 [ 0 1055 0 477 0 817
IUSAGE OF ELECTRICITY, KWH/YR U 9783 I 9777 I 17273 17257 6198 I 6213 I 10984 10966

I____IEFFICIENCY (ANNUAL COP) E_ _ 81 _ __28_ 2._82j -__2. 278 _ ._ 3.2 __ 053_L___-.04 _ 2. 93_1
IVOLUME OF ICE BIN, FT3 V 1788 I 906 I 2672 I 1354 2178 | 1108 I 3021 1539
IAREA OP PANEL, FT2 A * 570 D* 609 1* 1159 * 1268 203 ! 221 I 515 543

IPARTALILENGTH OF ICE BIN COIL, FT L 0 I 619 0 1052 0 4I 51 0 781
1 IUSAGE OP ELECTRICITY, KWRH/YR U 9897 9888 17269 17376 6698 6702 11604 11619
I_ .__ EFFICIENCY AHNUAL COPL_____ __E_____ 2.78 ___2.78 I 2.78 - 2.76 _ 2.82 ____ 2.82 _ __2.77 I 2.77-

IVOLUME OF ICE BIN, FT3 V 1473 | 736 I 2642 1321 915 457 I 1723 861
IAREA OF PANEL, FT2 A 1* 650 1* 719 1* 1173 1* 1296 401 1* 444 1* 761 * 841

MINIMUMILENGTH OF ICE BIN COIL, FT L 0 1 603 0 1048 0 I 404 1 0 726
I IUSAGE OF ELECTRICITY, KWH/YR 0 10071 I 10056 17266 17371 7338 I 7328 I 12112 12095

__-___E FFICIENCY (ANNUAL COP_ E_ _____2. 237___ 2.78 . 6 _ 2.58_ i 2.58 2.65i 2.66_

*OUNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.



BINGHAMTON, NEW YORK

GEOGRAPHICAL ZONE = A LATITUDE (DEG) = 42.2 GROUND AO = 45.85 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 13.0 LONGITUDE (DEG) = 76.0 TEMPERATURE BO = 23.65 F WINTER -2 F 70 F
COOLING(TOTAL/SENS.) = 1.07 ELEVATION (FT) = 1590. CONSTANTS: PO = 0.653 RAD SUMMER 85 F 78 F

___- _______ _______________ BUILDING DESIGN MONTHLY THERMAL LOADS___________ ______
R-40 INSULATION I UNGLAZEDI DOMESTICI __________MEDIUMINSULATION _______ I ______ nGHISULATION_______ I

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 | HOOSE 2 I HOUSE 3 t HOUSE 4
I OEFFICIENTS(32F)_BEA T _ __HEAT ________1200 FT2_____ 2400FT2_____ ___1200_FT2___ ____240FT2____

(M) TB () I SD(M) I PAN(M) | QHW(M) | QH(1) I QC () I QH(M) I QC(M) I QH(M) I QC(M) I QH(M) I QC(M)

I_____ __ BTU/FT2 _L L TEr21- ._. BT0 BTU _ _MBg 1 __ MBT__ __ MBTU _ I _MBT_ __ 1. BT __ I _MBT(_ _I__MBT _lI
JAN 0.082 1 0.076 1 5.93 1 1520 1 15110 1 0 1 28350 1 0 1 8930 1 0 1 18200 1 0
FEB 0.021 0.020 1 12.51 1 1430 1 12260 1 0 1 23040 1 0 1 6790 1 0 1 14090 1 0

I MAR I_ 0. 089 _ 0.026 .1 24_.2L __160 0_ . 11_30_1_ ______ __ 2148 _ ______0_ __...._ ______ 0_ 1241QJL ......_
I APR I 0.258 1 0.089 1 59.50 1 1530 1 6230 1 0 1 12240 1 0 1 2650 1 0 1 6220 1 0
I MAY 1 0.517 1 0.204 1 93.95 1 1520 1 3200 I 0 I 6680 I 0 1 1090 1 990 1 3050 1 1390
__JN I 0.735 1 0.317_ 114._65_l__1380_ ..___.. _2 __1 160 ___2780 1 ___244_.... ______...... ___2 _1_____91 ..___ 3080_

JUL I 0.943 I 0.435 1 138.23 1 1340 1 0 1 2560 1 1340 1 3670 1 0 1 3340 1 0 1 4340
AOG I 1.007 1 0.494 1 121.51 1 1280 1 0 1 2430 1 1330 1 3470 I 0 1 3130 1 0 1 4050

_SEP___ 0.909 04. 473 1 7 09_i___1_21_L__ __1300 _i__!180____ 3260 l___13_ _ _410 _ 1590_ .... __ 5_ 2070_
I OCT ' 0.754 1 0.420 1 71.30 1 1280 1 3470 I 0 | 7570 1 0 1 1490 1 380 1 4050 0
I NOV I 0.495 I 0.300 1 31.08 1 1300 1 7700 1 0 1 15360 1 0 1 3980 1 0 1 9110 0 O

DEC 1 0.262 1 0.183 1 10.26 1 1430 1_12950 1__ 0 24620 1 _ 0 7540______ 0 1 _5690_i__ _ 0_
I ANNUAL THERMAL LOADS_ (MBT) ____ 16820_L___24660 _ __7840_ __148050___11210_I _ 38690 ___ 11720 _I 85260 _1_ 14930_
I DESIGN HOURLY THERMAL LOADS _ BTUZHR __ ___43290 _l_ 11898_ __74566l__ 18389 l___ 28 857___L .167__ 51319_l___2 172_

00

=-.

____ __ ______ _______ ____ _____CALCULATED_ ACEDESDIGNS____ __ _ ______ ___________
ACES I _ HOUSE_ 1 H__OUSE 2___ _ _____HOUSE_3_ _HOSE _4 __
SIZE I SYSTEM DESIGN PARAMETERS ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE
_________ _________ __I 5R__iI LhiJ _L_ i~AKER LCHLL ER I MAKERL C EILLERl _ I AK_ LER__lCHILLERI

IVOLUME OF ICE BIN, FT3 I I I I 2469 1274 1 3122 1 1618
I AREA OF PANEL, FT2 A I I 267 1 284 1* 719 1* 755

FULL ILENGTH OF ICE BIN COIL, FT L I I 0 435 1 0 I 744
IUSAGE OF ELECTRICITY, KWH/YR U I I 6373 1 6575 1 11907 1 11913

I____ EFFICIENCY (ANNUAL COPL________ _E__ _____.._ _ _____ . .1_ ..... I ___309_1 _3._1__28_JL__ 288_
IVOLUME OF ICE BIN, FT3 V I I I 1718 879 2474 1 1265
IAREA OF PANEL, FT2 A I I 3681 390 1* 879 1* 940

IPARTIALILENGTH OF ICE BIN COIL, FT L I I I I 0 416 1 0 722
IOSAGE OF ELECTRICITY, KWH/YR U I I 6875 6972 1 12251 1 12242

__ __EFFICIENCY (ANNUAL COP)________ E _____ .. |..____ .._ . 286_._. 2.83_ 0 _ 2.80_
IVOLUME OF ICE BIN, FT3 V I 1540 1 770 1 2765 1 1382 1 968 1 484 1 1826 I 913
1 AREA OF PANEL, FT2 A 1* 968 1* 1067 l* 1745 1* 1923 1* 606 1* 668 1* 1149 1* 1267

IMININUMILENGTH OF ICE BIN COIL, FT L I 0 584 1 0 1 1012 1 0 1 386 1 0 1 693
1 IUSAGE OF ELECTRICITY, KWH/YR U 1 10490 1 10480 1 18843 18827 1 7260 1 7254 1 12498 1 12486
I____ EFFICIENCY IANNUALCOP __ ___E__ ___2....77___ 28 .___2 

7 4
274 1___2.1 1 _ 2.2 2___274__ 2.75_

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.



NIAGARA FALLS, NEW YORK

GEOGRAPHICAL ZONE A LATITUDE (DEG) = 43.1 GROUND AO = 47.63 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 15.0 LONGITUDE (DEG) = 78.9 TEMPERATURE BO = 23.73 F WINTER 4 F 70 F
COOLING(TOTAL/SENS.) = 1.10 ELEVATION (PT) = 590. CONSTANTS: PO = 0.679 HAD SUMMER 86 P 78 F

-____ __ -_________- _ ________ BUILDING DESIGN HONTHLY THERMAL LOADS
R I -40 INSULATION I URGLAZEDI DONESTIC _____ EDIUINSULATION_ ___ _ I - - HIGH INSULATION _____ __

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 I HOUSE 3 | HOUSE 4
1COEFFICIENTS (32F HBEAT __ .HEAT J ___ 1200_FT2_ 1 2400 PFT2 __ 1200 PT2____ __2400_FT2____

() I TB(H) I SD(H) I PAN(L) I QHW (I) QH() I QC(H) I OH(N) I QC (M) I QH() I QC () I QH(N) I QC) C()
I M. NBTU/FT2 __!_RBT/ 1 BTU_TL__2J BT__!_aSBTU I BTU_ I.B.BTU__.__/ IT__I ABT B__ BTBTUTU __ITU BT

JAN 1 0.152 1 0.112 1 7.81 1 1530 1 14240 I. 0 1 26900 I 0 1 8380 1 0 | 17260 1 0
FEB I 0.080 1 0.051 I 12.61 j 1440 I 12170 I 0 1 22980 1 0 I 6850 1 0 I 14250 1 0

I ARR _l 0.148 I 0.057 j' 29.00 1 1600_1 108601_- 0 1207201720_. 0 1_ 5590 0J_ _ I 120710_L___ 0_
APR 0.310 I 0.116 I 67.90 I 1510 I 5790 0 11480 I 0 I 2480 1 0 . 5910 I 0
I AY ! 0.570 I 0.231 I 101.36 I 1470 1 3020 1 770 I 6370 I 0 I 1020 t 1150 I 2940 1 1600

IJUN 1 0.789 1 0.343 1 133.34 1__1320 ____ 8801 -_2200 …_ 2340_ L 32001 __ _ 0 2__ 890 __ _ 3900
I JUL I 1.004 I 0.465 I 146.41 I 1270 I ' 0 I 3200 1 0 I 4610 I 0 1 4080 1 0 | 5380
I AUG 1 1.075 I 0.526 1 141.66 1 1200 I 0 I 3010 1 960 I 4380 | 0 1 3790 | 0 1 4990
ISEP 1 0.981 1 0.507 1 113. 54 __1150 ___.1170 J 1 ___13 30 ____3060._ 1J1820J I 90 1 7___180 1 15001. 2290_1
I OCT I 0.832 I 0.458 I 83.90 I 1240 1 2910 I 0 I 6550 I 0 I 1240 1 460 I 3540 | 0
I NOV 0.571 I 0.338 I 41.51 I 1280 I 6720 I 0 1 13690 I 0 I 3400 1 0 I 8060 0

.EC 1 0.338 1 0.222 1 13.67 I 1430 1 11860 01 22780 1 0 6850 1 '0 14480 __ 0
I ANNUAL THERMAL LOADS (BeTU) __ __16440 1 __69620_1 __1051_137830_ 140101____36200I 143150 0 80010 I.18160
I DESIGNHOURLY THEHAL LOADS [BJTULHRI_- 39427_ 135 16_ 67710 I_21377 I 26011 ]__15855 _ 46131 - 24136_1

I___._-____________ ._ · CALCULATED ACES DESIGNS__ __________
ACES HOUSE1 I HOUSE 2 I jHOUSE 3 HOUSE
SIZE I SYSTEM DESIGN PARAHETERS I ICE I BRINE I ICE I BRINE I ICE I BRIHE I ICE I BRINE

I I_____j___A____ _ ____ 1 AKER __ CHILLER I MAKER I fHILLE_. __A K ER__. CHILLER _ IHAKER __ CHILLER_
IVOLUBE OP ICE BIN, PT3 V 1 2050 I 1052 I 2653 1 1394 I 3256 1 1685 1 4388 1 2261

AREA OF PANEL, FT2 A 1* 560 1* 585 1* 1241 1* 1315 I 127 1 136 1 423 | 448
IPULL ILENGTH OF ICE BIN COIL, FT L I 0 I 560 I 0 ! 931 I 0 411 I 0 705

USAGE OF ELECTRICITY, KWH/YR U I 9986 1 9988 1 17869 I 17862 1 6377 1 6358 1 11357 1 11387
I . IPFPICIENCY (ANNUAL COP) · E -___2.83_1__ 2.83 l___2.761 __2.76 L _3.07 __3.008_ 1 2.966 j 2.956
I IVOLUME OF ICE BIB, FT3 V I 1755 I 891 1 2643 I 1355 I 2087 1 1072 1 3064 1 1566

IAEEA OF PANEL, PT2 A 1* 610 1* 641 1* 1246 1* 1349 I 247 1 262 | 577 1* 613
IPARTIALILENGTH OF ICE BIN COIL, PT L I 0 I 548 I 0 I 928 I 0 1 389 | 0 1 675

I IUSAGE OF ELECTRICITY, KWH/YR 0U 10086 I 10180 I 17868 I 17858 I 6689 1 6844 1 12026 1 12018
I__ IEFFICIENCY (ANNUAL COPL E 1__ 2.81 1__ 2.78 1 2.76 1 2.761 _ _2.93 __ 2.86_61 2.7_9__ 2.791

IVOLUBE OF ICE BIN, PT3 V I 1461 I 730 I 2633 I 1316 I 918 ~ 459 1 1741 | 870
I IAEA OP PANEL, FT2 A 1* 690 1* 764 1* 1251 1* 1383 I* 431 1* 478 1* 824 1* 912

IININUMBILENGTH OP ICE BIN COIL, PT L I 0 I 535 I 0 I 924 i 0 351 1 0 1 627
I UISAGE OF ELECTRICITY, KWH/YR U I 10270 I 10259 I 17867 I 17852 ! 7370 1 7505 1 12561 1 12745
I_ __.L PICIENCY (ANNUAL COP) 7 I____Z5_1__2.76 176 1 - 2.76 t26 2.65 ___2.61 _L 2.67L-- 2.63I

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.



SYRACUSE, NEW YORK

GEOGRAPHICAL ZONE = A LATITUDE (DEG) = 43.1 GROUND AO = 48.30 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 10.0 LONGITUDE (DEG) = 76.1 TEMPERATURE BO = 24.25 F WINTER -3 F 70 F
COOLING(TOTAL/SENS.) = 1.08 ELEVATION (FT) = 410. CONSTANTS: PO = 0.656 RAD SUMMER 87 F 78 F

[,_______ ___________________ _ _BUILDING DESIGN MONTHLY THERMAL LOADS________________
R-40 INSULATION I UNGLAZEDI DOMESTICI _______EDIUM INSULATION HIGH IN SLATION ___

MONTH BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 ~ HOUSE 3 | HOUSE 4
ICOEFFICIENTS (3 2F I _ 1HET____ HAT 1______ 1200_FT2__ I._- . 2000 _ FT2 ____2O1200FFT2 .00FT2

() I TB(H) I SD(N) I PAN(M) I QHW(M I QH(MI I QC(H) 1 QH(M) I QC () I Q(M) QH( QC(M) I QH() I C() I
.- I_ MBTU/PT2 I__ __ BTU/ MBTTU _I__2.t _ __.BTT I __BT____. I BTU .BT JLBT2 _ _L ____BT ___T__ _ MBTU I MBTU I

JAN I 0.162 I 0.117 I 7.63 I 1550 | 13960 0 26290 0 8080 I 0 1 16600 I 0
FEB 0.092 I 0.056 I 14.88 1450 | 11460 I 0 21620 | 0 O 6230 | O I 13050 I 0

__MAR 0.169 1 0.066 1 29.10 __ 1610 __10270L_ 0___ __O19_590 ____ ____512 0_1_____ _1_1100_i_ I0_
APR I 0.338 I 0.128 64..16 I 1500 5280 0 10540 0 | 2160 | 0 5220 | 0

1 AY { 0.606 I 0.247 I 97.46 I 1450 | 2550 890 5490 I 1290 | 810 I 1320 | 2440 I 1810
_JUNo_ _ 0. 827 I 0.362 _L_116.34_1 1290 1 700 __ ___2240 -__ 1950 1 __3230 ._____ __ .L2960 _0 ___ 3920_

JUL I 1.044 I 0.485 { 124.63 I 1230 | 0 1 3260 0 I 4680 I 0 I 4140 10 5420
AUG I 1.111 I 0.545 I 121.99 1170 0 3160 | 0 I 4550 1 0 { 3950 | 0 | 5140

I SEP 1.009 1 0.523 1 _1042_ 1 1 1 30 -___ 920_ _ 1690 __ 2530 L _2360___ _ ____0 21t 0 1170I -___27 80_
OCT I 0.853 I 0.470 I 73.92 { 1220 | 2790 I 0 | 6320 I 0 | 1170 I 540 3360 I 680
NOV 0.584 1 0.346 I 37.46 I 1280 | 6470 0 13180 0 3210 I 0 I 7640 I 0
DEC 1 0.348 i 0.227 i 13.49 1 1440 I 115702 - 0 1 22180 i 0 1__6550 j_____ 01 13870_i____ _l

I _ANNUAL THERHAL LOADS (MBT ___I_ 16320___65970 i 11240__129690 __16110_ 33330 15020 74450 Ij 19750
_DESIGN HORLY TBERAL LOADS_ (BTOHI___i__I---43234_J_ 13859_1 74704 I __21731 __29188 _i___.1583_l 51982 I 23973

…_…____-…- _ ___-__…CALCULATED_ CES DESIGNS________________________
ACES HOUSE 1__ ___ HOUSE_2 ___ ____HOUSE 3 _ OUSE_ 4
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE ICE I BRINE I ICE I BRINE I ICE I BRINE

I... _i __________ _ BAKERK_ I CHILLER I AKER _LCHILER_ _AKER__ CHILLER I MAKER__ CHILLER
IVOLUME OF ICE BIN, FT3 V I 2376 I 1216 3304 ~ 1704 I 3622 I 1852 { 4706 { 2433
IAREA OF PANEL, FT2 A 1* 465 1* 485 1* 957 1* 1015 I 86 I 100 I 314 { 338

IFULL ILENGTH OF ICE BIN COIL, FT L 0 I 618 0 I 1040 { 0 ! 460 | 0 1 790
IUSAGE OF ELECTRICITY, KIH/YR U 9631 | 9653 16984 16981 6148 ! 6163 | 10906 1 10871

I___ IEFFICIENCY (ANNUAL COP)____2.85_1__ E __.8___ __2___284 ___80 ..__2.801 ___38_/___3_.07o __2.97_ 2__1.98_
IVOLUME OF ICE BIN, FT3 V 1 1906 | 967 2940 1496 { 2257 | 1149 I 3193 I 1636
|AREA OF PANEL, FT2 A [* 517 1* 553 1* 1038 * 1153 187 205 | 487 { 511

IPARTIALILENGTH OF ICE BIN COIL, FT L 0 I 600 I 0 1024 I 0 434 1 0 753
IUSAGE OF ELECTRICITY, KWH/YR 0U 9832 | 9823 17178 17153 { 6703 | 6710 { 11611 { 11627

I .___I EFFICIENCY ANNOAL COP __ E___ _.79 2. 79 1 2.L77 _ ___2.7_L___283 _ ___282__ 79L 2.78_
IVOLUME OF ICE BIN, FT3 V { 1436 1 718 1 2577 i 1288 1 891 | 445 | 1680 [ 840

{ (AREA OF PANEL, FT2 A 1* 667 1* 739 * 1205 * 1333 4I 11 4* 456 1* 783 {* 866
IMININUMILENGTH OF ICE BIN COIL, FT L I 0 I 578 0 1005 I 0 I 386 | 0 { 693

IUSAGE OF ELECTRICITY, KWH/YR U I 10009 { 10102 1 17307 17286 I 7375 I 7367 | 12155 { 12340
_____IEFFICIENCY (ANNUAL COPL E 2.__7 ______ 24___1 2.71 2.1____27 2.75 

2
.5 2. ._2. ___2.5 __ 66j 2.62_1

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.



NEW BERN, NORTH CAROLINA

GEOGRAPHICAL ZONE = C LATITUDE (DEG) = 34.9 GROUND AO = 63.16 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 10.0 LONGITUDE (DEG) = 76.9 TEMPERATURE BO = 16.99 F WINTER 20 F 70 F
COOLING(TOTAL/SENS.) = 1.25 ELEVATION (FT) = 29. CONSTANTS: PO = 0.596 BAD SUMMER 92 F 78 F

_________________________________ _BUILDING DESIGN MONTHLY THERMAL LOADS _____ __ _
R-40 INSULATION I UNGLAZEDI DOIESTICI_ HEDIUM INSULATION HIGH INSOLATION __

MONTH ! BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 1 HOUSE 3 I HOUSE 4
I COEFFICIENTS (3 2F I HEA T -kT _ 1200 FT2 _ 2400 FT2 1200 FT2 2400 FT2 _

(M) I TB(M) I SD(M) I PAN(M) QH(M) I QH(M) I QC(H) I QH(M) I QC(M) I QH(M) I QC () I QH(M) I QC(M)
______ I MBTU/FT2 1 HBTU/FT21 MBTTO I aBT__._ MBT I HBT I TU I IMBBT__ T MBTU__..T H__ BTU __I

I JAN 0.839 0.443 I 73.43 1370 1 4120 I 0 I 10390 I O I 1670 1 370 I 4940 0
F EB 0.728 1 0.369 1 78.79 1 1230 I 3600 | 0 I 9010 I 0 I 1400 1 380 I 4270 0

_IMAR 0.864 0.417 I 102.03 1300 __ 3130_ _ o 1 __8100_ ___ I __1100_ _ 770 _ _3700 1 __ 1100_1
APR I 0.966 0.452 I 136.43 1 1150 I 1300 I 1590 I 4170 I 2250 I 0 1 2140 I 1490 1 3010
MAY I 1.180 1 0.551 I 152.61 1 1050 1 0 I 3260 I 1220 1 4890 I 0 I 4330 1 0 0 5830

I JN I 1.308 1 0.618 i 157.17 ____910 _l. .._____0 __60 .O_ 01__7050_ _ 01 _6060 1 --- 00 I 8530_1
JUL I 1.476 1 0.714 I 172.48 1 870 1 0 I 7150 I 0 I 10340 I 0 7500 1 0 0 11010
I AUG 1.512 1 0.751 I 161.68 1 870 1 0 I 6860 1 0 I 9790 I 0 I 7110 1 0 | 10290
SEP 1 1.407 0.718 I 152.01 _l_ 900_ ______ 0 _- 4880 0 ______ -I __6710_ I___ 0 _ 5450_1 ___0 7_ 7490_

! OCT ! 1.313 1 0.689 I 120.63 1050 0 1 2280 I 1470 I 3200 I 0 1 2890 I 0 ~ 3800
NOT I 1.100 I 0.588 I 88.67 1140 1890 I 670 I 5320 I 0 I 750 1 940 I 2770 | 1260
DEC I 0.960 1 0.517 I 67.89 I 1300 1 3790 I 0 ! 9580 1 0 1 1660 430 1 4910 1 01

I ANNUAL THERMAL LOADS (MBT__ 1 131
4

0 i 17830 __ 31650 1 492601 44230__ 6580 1 383701_ 22080_! 52320-1
I DESIGN HOURLY THERMAL LOADS BTU/HR) 1 26853_1__ 22870 I 51969 1 38537 [L 17371 __2139 3 _ 33222 1~L 37318_1

I

- --- -----__________-___CALCULATED ACES DESIGNS ________________________ _
IACES I I HOUSE 1 _ I HOUSE 2 __ ___HOUSE 3 _OU___ _ooSE_4 1
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

1_____- ____ I AKER_ tCHILLER I MAK ER I LLCHRILLER I MAKER__ CHILLER
IVOLUME OF ICE BIN, FT3 V 2597 1549 I 6060 I 3580 1 915 1 536 1 2755 1 1628
IAREA OF PANEL, FT2 A I 1 I 01 01 01 01 0 1

IPOULL ILENGTH OF ICE BIN COIL, FT L I 0 418 I 0 827 0 1 251 0 1 508
IUSAGE OF ELECTRICITY, KWH/YRB U 7435 7451 I 11399 I 11023 1 8000 1 8009 1 11321 1 11335

1__-__. FFICIENCY (ANNUAL COP) E ___ 2.47 1 2. 46 1 _-2-.74 1 2.83 1___ 2.13L___2.13 1 21.27 | 2.26_1
I IVOLUME OF ICE BIN, FT3 V 1 1552 1 901 I 3574 I 2062 1 598 1 338 1 1670 I 960

AREA OF PANEL, FT2 A I 14 1 14 I 32 I 32 1 0 0I 0 15 15
IPARTIALILENGTH OF ICE BIN COIL, PT L 0 1 392 I 0 ] 775 0 1 237 01 476

IUSAGE OF ELECTRICITY, KWH/YR U 1 8348 1 8168 I 13331 I 13374 I 8392 1 8405 1 12584 12373
_____ EFFICIENCY COP _____ ___j 2.20 1___2.25 1 2.34 I 

2
2. 14_ __2 03 ___2_L __2.041__ 2.07_

IVOLUME OF ICE BIB, FT3 V 508 254 I 1088 I 544 282 1 141 1 584 I 292
IAREA OF PANEL, FT2 A 32 1 34 I 69 I 73 11 12 38 40

IMTNIMUMILENGTH OF ICE BIN COIL, FT L 0 334 I 0 I 656 0 1 212 01 410
IUSAGE OF ELECTRICITY, KWH/YR U 8706 1 8813 [ 14364 { 14502 1 8487 1 8462 1 12905 12746

---..... IEFFICIENCY (ANNUAL COP __ _E_-l__2.11 2.___ 0 8 2__2.18 1 ___ 2.15 __2.012.01 1 2 I _199_2.___201_



GREENSBORO, NORTH CAROLINA

GEOGRAPHICAL ZONE = C LATITUDE (DEG) = 36.1 GROUND Ao = 57.85.F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 8.0 LONGITUDE (DEG) = 79.9 TEMPERATURE BO = 19.82 F WINTER 14 F 70 F
COOLING(TOTAL/SENS.) = 1.14 ELEVATION (FT) = 897. CONSTANTS: PO = 0.539 BAD SUMMER 91 P 78 F

______ _____ _ _______ ______ ___ BUILDING DESIGN MONTHLY THERIMAL LOADS
R-40 INSULATION UNGLAZEDI DOMESTICI M_________.EDIUM INSULATION_ H__ ___HIGH INSULATION___ __I

I MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 [ HOUSE 2 1 HOUSE 3 | HOUSE 4
ICOEFFICIENTS(32F __HEAT _ EAT _ __20 0_FT2 ___ _ 2400 FT2__ I_.____1200FT2____J ___2400_FT2

(M) I TB(M) I SD(M) I PAN(M) I QH (M) I QH(M) QC(M) I QH () I QC(M) I QH(M) I QC (M) I QH(M I QC ()
_ ___1_ MBTU/FT2 _ __I [_ 2 BTUT ___BTU _. U __ BT U I MBTU I_ MBTU_ I MlBTU I MT___L_ U___T MBTU ___I---!B I
JAN 1 0.578 I 0.314 I 43.13 1 1510 | 7370 | 0 1 17090 0 3130 1 0 1 8270 I 0 I
FEB I 0.498 1 0.253 1 49.381 1350 1 5980 0 14050 1 0 2440 1 0 1 6550 0

__ A _I 0.630 1 0.295 J 42.411 1420 920 0__ I 11950 I0 ___710_ .. …... . .________l_ 5060_1 0 I
APR I 0.769 I 0.347 I 99.66 1 1240 I 2320 940 I 6390 0 580 I 1490 1 2340 I 2140 1
MAY 1 1.009 { 0.458 { 116.51 1 1120 I 760 1 2160 I 2920 1 3030 O0 1 3050 0 | 4070

_JUN___ 1.166 1 0.543j 121.23 1 960 1_ _O_i___36 10_1 0 1 . 5220 1 ____0 ____4J40_ _____ . 63302
JUL I 1.340 I 0.644 I 140.75 1 920 I 0 | 4570 I 0 I 6580 1 0 I 5830 1 0 I 7910
AUG 1 1.370 I 0.682 1 129.25 1 930 1 0 I 4680 I 0 I 6150 1 0 { 5470 1 0 I 7320

__SEP_ _ 1.249 1 0.644 _ _10.q 1 _980_i__ _0 __2990 _880 100 I _____0 ____3720_ I _____.. __ 850_
I OCT I 1.119 1 0.599 { 88.27 1 1150 I 1420 1 1080 { 4330 { 1460 1 460 I 1450 1 2030 1 1990
I NOV I 0.881 I 0.486 { 63.51 1 1260 | 3800 I 0 I 9460 0 1670 { 380 1 4880 I 0
I DEC 1 0.710 [ 0.396 1 46.68 1 1440 I 6570 .. ___0 15410 1 0 2 __2970_ ____O 1 __ 7820_… _____0

A__ANNUAL THERMAL LOADS (MBTD) ___ 14280J !_331401_ 20030 1 82480 I _2 6540 _ __12960 l___ 26 __ 36950_1__ 34610
I DESIGN HORBLY THERMAL LOADS (BTU/HB1___I__U 325

7
6 17746 I 63206 I 25881_ I 20320 ] 18105 38937___29772_

CALCULATED ACES DESIGNS
ACES I I ___ HU SE___ . HOUSE 2 1 _OUSE 3_ _ HOUSE _4 __I
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

I -____ _1 -- ___________ L ER_ FI L LE __AKER _ CHILLER I _MAKER__ I CHILLER__ AKER_ I_CHILLER_l
IVOLUME OF ICE BIN, FT3 V 4I 804 1 2810 1 7487 I 3700 1 2307 1 1351 1 5153 1 2993
IAREA OF PANEL, FT2 A I 0 01 501 701 0 01 0 01

IFULL ILENGTH OF ICE BIN COIL, FT L I 0 1 532 0 1 987 1 0 ] 322 1 0 1 627
IUSAGE OF ELECTRICITY, KWH/YR U I 6148 1 5814 1 12420 12462 1 6012 I 6025 81 773 1 8485

1__ _EFFIIC IEN CY (ANNUAL COPL E 3.21 1___3.40 2.91 91 _2.90 _1.260 2.60lj._1__ 2.87 ..._ 2.96_
IVOLUME OF ICE BIN, FT3 V 2813 1 1610 41 604 1 2280 1 1369 I 783 1 3029 1 1723
IAREA OF PANEL, FT2 A [ 38 1 37 1 111 123 1 20 1 20 1 44 1 43 1

IPABTIALILENGTH OF ICE BIN COIL, FT L 0 1 498 0 931 1 0 [ 301 01 0 588
I{USAGE OF ELECTRICITY, KWH/YR U 7199 1 7252 1 13356 { 13388 1 6717 1 6729 10306 1 10086

___ I PFICIENCY (ANNUAL COP) E__ 22. 75___ 272 ..21_ ___ 2. 70_ _2.33 _L._ 2_ 244 1 _ 2.89_
IVOLUME OF ICE BIN, FT3 V I 822 1 411 1722 1 861 1 430 I 215 906 1 453
IAREA OF PANEL, FT2 A I 83 1 86 I 176 I 182 1 43 1 45 1 91 1 95

IMINIMUMILENGTH OF ICE BIN COIL, FT L I 0 421 0 1 825 1 0 { 257 1 0 1 498
IUSAGE OF ELECTRICITY, KWH/YR U 0 8251 8248 1 14751 1 14744 1 7178 1 7174 , 11126 1 11264

I___ jEFFICIENCY (ANNUAL COPL______ E_L__ 2.40 __. 40J 1 _245 1 28 .2245 1 __2 218 . 2.18 J__2.26_| __2.23_



BISMARCK, NORTH DAKOTA

GEOGRAPHICAL ZONE = H LATITUDE (DEG) = 46.8 GROUND AO = 42.14 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 10.0 LONGITUDE (DEG) = 100.8 TEMPERATURE BO = 30.56 F WINTER -23 F 70 F
COOLING(TOTAL/SENS.) = 1.01 ELEVATION (FT) = 1647. CONSTANTS: PO = 0.571 BAD SUMMER 90 F 78 F

___ ___________ ____________ BUILDING DESIGN MONTHLY THERMAL LOADS _ __ _
B-40 INSULATION I UNGLAZED[ DOMESTIC1 MEDIUM INSULATION I HIGH INSULATION ___

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 HOUSE 2 HOUSE 3 HOUSE 4
ICOEFFICIENTS(32FL) EAT__ I HEAT I __1200 FT2 1 2400 FT2 I 1200 FT2_____ 21400 FT2 __I

() I TB(M) I SD(M) I PAN(MI) QH(n) I QH(B I QC{B) I QH() I QC(M) I QH<() I QC I() I QB(M) QC (M)
_____I MBTU/FT2 _IaBTULSTE21 _ TU MBT BTU IBTU I MBTU I IBTU __MI _BTU __ BIBTU_ I MBTO 1 _MBTU_.I

JAN I -0.206 I -0.063 1 7.17 | 1490 1 20320 I 0 4 42390 1 0 0 111001 I0 | 24120 1 0
FBB I -0.232 I -0.108 I 9.84 I 1390 1 17040 1 0 1 35800 0 8720 1 0 19280 I 0

I M A 1 -0.145 1 -0.102. 32.17 1 1590 1 13760 _ 0 { 29800 _0 _6060 1 1 14180_ __ .I
I APR 0.098 I -0.007 I 67.50 I 1550 8070 0 1 18400 0 3020 I 0 1 7740.1 0O

MAY 0. 431 I 0.144 I 113.12 I 1600 4I 120 I 0 I 10160 I 0 1120 I 1390 1 3740 | 2040
I JU_3__ 0.713 1 0.293 -j1314.75 1 1510 I 1600 I 1750 1 4840 1 2440 0 l______ 2630 _ 1300 1__ 3850_

JUL 1 0.953 1 0.434 1 146.25 1 1510 1 0 3120 1 2350 4620 0 1 4130 0 5790
I G I 1.010 1 0.498 1 143.45 1 1450 01 3000 1 2300 4540 0 1 3770 0 ! 5460

I SEP I 0.868 I 0.463_ _104.13 1 J1360 1 23501_ 1110 1 6290 1 _1540 __ 790 1__ 1540 15 _ 2900_ _ 2250
I OCT I 0.639 I 0.378 I 76.90 I 1390 I 4920 I 0 1 11840 1 0 0 2060 I 580 1 5790 I 0
I NOT I 0.309 I 0.223 I 25.09 I 1350 I 11390 I 0 I 24910 I 0 1 5700 I 0 1 13490 I 0
I DEC I 0.006 I 0.068 I 9.39 I 1430 1 17520 [ 0 1 36910 0j_ 95101_ 0___ 21050 J__5 0_
! ANIUAL THERBAL LOADS (BBTU I_ 17620 1 101090. 8980 1 225990 I _13140 I -4808080 i -1400 113590-_1- 193901

DESIGN HOURLY THERMAL LOADS _(BTU/HR) L__6089 _ I 11507 I 118557 1 17275_ I 38564 1 1505_03 74299 I 24383j1

CO

I I
I _________ .^a___~co________________________CALCULATED ACES DESIGNS_____ _

ACES 1 _ HOUS - I___ SE 3__ HOUSE_2SEri_ -- I
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

I_.-- I -. ____ .AKEJ__ JCHILLEIM_1 AKERiLA CHIILLER __AKR _l._CHILLER_. I_ AKER__ iCHILLER
I IVOLUME OF ICE BIN, FT3 V I I I 2816 I 1457 3905 I 2032

lAREA OF PANEL, FT2 A I I I 382 1 398 1067 I 1083
IFULL ILENGTH OF ICE BIN COIL, FT L I0 1 571 0 1 1058

IUSAGE OF ELECTRICITY, KWH/YR U I I I I 7715 | 7730 15156 I 15189
I [J-ICEFFICIENCY (ANNUAL COP) E l I-____ I 3._____ 03 i __302__ 2.91____ 2.90_1

IVOLUME OF ICE BIN, FT3 V I I 1991 I 1020 3138 I 1608
I IAREA OF PANEL, FT2 AI I I I 510 I 523 1180 I* 1203
IPARTIALILENGTH OF ICE BIB COIL, FT L I I I 0 I 547 0 I 1028
I IUISAGE OF ELECTRICITY. KWH/YR U I I 8124 I 8138 15538 I 15570
I--- ITICIENCY (4IHNUAL CO PL___ _. ... I I _ ___---288 [__2887_ 2_.84_j__ 2.83j1

IVOLUME OF ICE BIN, FT3 V I 2019 I 1009 I 4062 ! 2031 1165 I 582 2371 I 1185
IAREA OF PANEL, FT2 A * 1114 1 1143 1* 2248 1 2306 * 631 I* 659 * 1290 1| 1349

IHINIBUHILENGTH OF ICE BIN COIL, FT L I 0 I 815 I 0 I 1593 0 I 510 0 I 989
I IOSAGE OF ELECTRICITY, KWH/YR U I 13556 I 13398 I 277 04 27701 8529 I 8525 15955 I 15949
___.__ 1FFICIENCY (ANNUAL COP _ E J 2.76 L 2.79 I 2.72 I 2.72 I__2.74 1__ 2.74_1_ 2.77 1-_ 2.77_1

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.



GRAND FORKS, NORTH DAKOTA

GEOGRAPHICAL ZONE = H LATITUDE (DEG) = 47.9 GROUND AO = 39.07 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 10.0 LONGITUDE (DEG) = 97.4 TEMPERATURE BO = 32.57 F WINTER -26 F 70 F
COOLING(TOTAL/SENS.) = 1.05 ELEVATION (FT) = 911. CONSTANTS: PO = 0.595 RAD SUMMER 88 F 78 F

___ __0_INSUL___TION___ ___D_____1_ _ZBUILDING DESIGN MONTHLY THERMAL LOADS
R-40 INSULATION I UNGLAZEDI DOMESTICI M____.EDIUM INSULATION _____1_____ ___HIGH INSOLATION______ ___

MONTH BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 1 HOUSE 3 | HOUSE 4
I COEFFICIENTS (32F) I _HET__HTL HEAT I . 1200FT2__……A__………___._.T __ 1200 FT2____ ___2400_FT2 __I

(H) I TB(M) I SD(M) I PAN(M) I QH() H(M) I QC (M) QH (M) I QC(M QH() QC (M) I QH(M) QC(M)
...____ __ MBTU/FT2 ___ aTU/ T2] MBT mBTI U ML__BT_ _ BTU MBTO ___I BT_ i__L BT I BT MBTU

JAN -0.352 -0.131 1.48 I 1510 1 23660 0 I 48880 | 0 1 13430 1 0 I 28620 I O
FEB I -0.374 1 -0.177 1 6.58 1 1380 1 18820 0 I 39270 | 0 1 9780 1 0 I 21360 1 0
MAR__ -0.303_1 -0.181 1_ 19.34 1 1560_1 __16540 _ ____ _0 35220 1 ____ ___- 650 . ______ 1 17420_1_____0_
I APR -0.044 -0.081 55.38 I 1530 | 9290 1 0 1 20900 1 0 I 3410 1 0 | 8600 1 0
HAY 1 0.303 0.076 96.36 I 1600 1 4840 1 0 I 11690 | 0 I 1340 1 1170 I 4220 1 1690

_JON - 0.611 j 0.237 1 115.32 15 50____ 205 0 J__13 50 1 __5870_1_ 1720 1 ____ 0L___2270 _ 1580_..___3250_1
JUL I 0.869 0.388 1 124.65 1 1600 | 740 1 2760 I 2970 | 4020 | 0 | 3900 I 0 1 5400
AUG 1 0.939 1 0.460 126.34 I 1570 | 790 1 2430 I 2950 1 3490 | 0 | 3340 I 0O 4610

I_SEP _ 0.800 I 0.429 _ 92.18_ __1500_1_ 2420 _1____810_1 6510_ __ 0 1 _____720 ___1220 1 2810_I___ 1760_
OCT { 0.557 0.340 1 64.75 I 1520 1 5510 | 0 1 13210 1 0 1 2220 1 0 I 6220 1 0
NOV 0.211 0.179 1 18.27 I 1450 1 12190 0 O I 26490 | 0 1 6060 1 0 | 14250 0
DEC 1_-0.119 1 0.010 1 4.17 1 1500 1 19400 _ 0 I 40550 I 0 1. 0 10690 _ 0 _ 23330 1j - 2_

_ANNUAL THERMAL LOADS (MBTU __1 182701__116250_1- 7350 1 254510 _2___2230 _ __5530 0__ 11900 I 128410_ I 16710_
1 DESIGN HOURLY THERMAL LOADS IBTUL/HL ________64159_1 _9966 124983 1 3750 1 40368__ 14805 1 77816___ 22834_1

I --__ ___________ ___________ __ _____ CALCULATED ACES DESIGNS
IACES U____HOSE 1 ___ HOUSE 2____ HOUSE _3_____ _ _ HOUSE_ 4 -_
SIZE | SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

I__--L_____ _ _______________AKER JCHILLER I MAKER_ ICHILLER_ .AKER _I CHILLER I MAKER I HILLERE
IVOLUME OF ICE BIN, PFT3 V I 2296 1 1196 I 3014 i 1613
IAREA OP PANEL, FT2 A I I I * 1531 I* 1558 1* 5484 1* 5276

IFULL ILENGTH OF ICE BIN COIL, FT L I 0 581 0 1071
! IUSAGE OF ELECTRICITY, KWH/YR U 8486 1 8506 | 16608 1 16914
-- ___ jEFFICIENCY (ANNUAL COP)LI I__.... I._. 1-__i___ 2.95 1 ___ 2.88_1___2.83_1

IVOLUME OF ICE BIN, FT3 V 1840 1 944 | 2902 1 1504
I IAREA OF PANEL, FT2 A 1* 2055 1* 2106 1* 5711 1* 5838
IPARTIALILENGTH OF ICE BIN COIL, FT L 0 1 564 | 0 1 1062
I [USAGE OF ELECTRICITY, KWH/YR I 8618 1 8701 1 16504 1 16753
I ____ IEFICIENCY (ANNOAL COPL 2.____ _ _ _I__ 291_ .1____2

8 8
2.88l .90 ___ 2.86_1

VOLUME OF ICE BIN, FT3 v I 2331 1 1165 4665 1 2332 1 1383 1 691 | 2790 1 1395
IAREA OF PANEL, FT2 A 1* 5003 1* 5274 1* 9994 1* 10551 1* 2963 I* 3192 |* 5967 I* 6404

IMINIMUMILENGTH OF ICE BIN COIL, FT L I 0 868 1 0 1 1698 I 0 | 542 | 0 1 1052
IOSAGE OF ELECTRICITY, KWH/YR U 14943 I 15066 1 30186 1 30433 I 8741 | 8872 1 16604 1 16756

I__ IJEFFICIENCY (ANNUAL COP) E__S___ 278___2.76 E 2.74 8 2.72 2._86… 2__j.828_1 _2.88_1___ 2.86_1

*OUNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.



WILLISTON, NORTH DAKOTA

GEOGRAPHICAL ZONE = H LATITUDE (DEG) = 48.3 GROUND AO = 43.19 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 7.0 LONGITUDE (DEG) = 104.5 TEMPERATURE BO = 29.73 F WINTER -21 F 70 F
COOLING(TOTAL/SENS.) = 1.00 ELEVATION (FT) = 1860. CONSTANTS: PO = 0.588 HAD SUMMER 88 F 78 F

R-0___ INSULATION_ - .. _BUILDING DESIGH MONTHLY THERMAL LOADS______
R-40 ISULATION I UGLAZEDI DOMESTIC M____ EDIUM INSULATION HIGH INSLATION

MONTH BIN HEAT LEAK I PANEL | WATER I HOUSE 1 ~ HOUSE 2 I HOUSE 3 1 HOUSE 4
COEFFICIENTS(32 FL._ _HEAT _L HEAT 1..____... 200_FT2 I 2400 FT2_ 1_ 1200 FT2 2400 FT2 _

() I TB(M) I SD(») I PAN(M) I QHW(M) I QH(M! I QC (M) I QH() I QC (MM) IH( QC (M) I QH(M I QC(M) I
_ . .___ MTU/FT2 I.. IBTUPT2_1 MBTU _ LBT__W__MATU _IW I f iBT mT IM _L MBTU MBTU I BTMBTU __1
JAN -0.147 -0.033 5.73 ! 1490 19290 I 0 I 40360 O 10300 I 0 I 22560 0 I
FEB I -0.182 I -0.082 I 13.41 I 1400 I 15310 I 0 I 32420 0 7400 0 i 16670 i 0

IAa 1 -0.09881 -0.076 I 28.83 I !590_-___1336-_1____O .. _2900 __ 0 -5780 _. 0_ 13580 ___ _ 0l
APR 0.134 I 0.014 1 61.45 1550 1 7470 - 0 - 17260 - 0 2660 I 6950 0 --
MAY I 0.458 I 0.160 I 97.37 I 1590 1 3670 1 0 I 9260 0 1 910 I 1250 I 3180 1 1790

IJUN 0.733 1 0.304 1 110.46 I _ 1490 __ 1340 1 __1550_ _ 4190 2130 0 2500 _1040 3510
JUL 0.972 I 0.444 I 125.61 I 1470 0 3050 I 1790 14490 0 --- 11--i I -- 0 5830
AUG I 1.033 I 0.509 I 123.35 I 1410 I 0 2970 I 1680 4340 0 I 3870 0 i 5460

_SEP 1 0.898 1 0.476 1 88.14 1 - 21320 1 __ 830 .__ 930_ -5190 1 -270 1 530 I 1370 _ 2210 i 1910
OCT I 0.681 I 0.397 I 64.94 ! 1350 4560 I 0 11150 0 ! 001810 I 440 5240 -- I
NOV 1 0.359 I 0.246 I 24.54 I 1330 10280 | 0 I 22730 0 4860 0 11830 0
DEC I 0.063 1 0.095 1 12.08 I 1420 i 15290 I 0 I 32570 1 0 1 7790 i 0 177201 01

I _ANNUAL THERMAL LOADS (MBTUI __- 17410 I 92400 __ 8500 1 207600 1 12230 42040_1 13540_ 100980~ 18500_
IDESIGN HOURLY THERMAL LOADS (BTO/HR) I _59081_1__11205 I 115000 1 167 25 37448I 1 4746 I 72130 l 23850 I

I

-ACALCULATED ACES DESIGNS
ACES HaOUSE 1 __I HOUSE 3 ___ 3 __- HOUSE_4

I SIZE I SYSTEM DESIGN PARAMETERS ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE
IC! ____ __ I MAKER ICHILLER I MAKER I CHILLER I M _AKER_LICHLLE R I MAKER 1 CHILLER I

IVOLUMOE OF ICE BIN, FT3 V I I I I 2830 ! 1463 I 3916 2034
IAREA OF PANEL, FT2 A I 243 254 746 1 754

IFULL ILENGTH OF ICE BIN COIL, FT L I 0 I 557 0 1031
IUOSAGE OF ELECTRICITY, KWH/YR I I 7056 I 7055 I 13734 | 13802

I-_ IEFFICIENCY (ANNUAL COP) _ E I ..____ __ ____ 3.03 1 __3.03 I1 2l92_1 2.91
IVOLUME OF ICE BIN, FT3 I I I 1961 I 1004 I 3071 | 1573
IAREA OF PANEL, FT2 A 355 1 363 1 887 1 898

IPARTIALILENGTH OP ICE BIN COIL, FT L I I I 0 532 1 0 | 999
I USAGE OP ELECTRICITY, KWH/YR I 7447 1 7471 I 14103 1 14162

i--I.EBFFICIENCY (ANNUAL COPL____ E 1 i____ I __28_--_ _ ___2876_ _ 2.894 1 2.83-1
IVOLUME OF ICE BIN, PT3 V 1924 | 962 I 3874 ! 1937 1091 I 545 I 2226 1 1113
IAREA OF PANEL, FT2 A * 1063 1* 1122 1* 2132 1* 2265 * 604 1* 634 IS 1223 1* 1300

IMINIMUNILENGTH OF ICE BIN COIL, FT L 0 | 789 I 0 1542 0 493 0 1 957
I IUSAGE OF ELECTRICITY, KWH/YR U 12420 | 12436 I 25356 I 25387 1 7731 I 7781 I 14365 | 14591
I - IEFFICIENCY (ANNUAL COP) E___ __2.79 J__ __.79_L _74 274 __ 2.77 1___2..75 2.79__ 2.75_

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.



AKRON, OHIO

GEOGRAPHICAL ZONE = G LATITUDE (DEG) = 40.9 GROUND AO = 49.39 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 12.0 LONGITUDE (DEG) = 81.4 TEMPERATURE BO = 22.73 F WINTER 1 F 70 F
COOLING(TOTAL/SENS.) = 1.08 ELEVATION (FT) = 1208. CONSTANTS: PO = 0.635 RAD SUMMER 87 F 78 F

I___ ______I__ ________________BLDING DESIGN FONTiLY THERMAL LOADS_________ ___ ____________
I I R-40 INSULATION I UNGLAZED[ DOMESTICI _MEDIUM INSULATION_ __ _ L. HIGH INSULATION _____
MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 | HOUSE 2 I HOUSE 3 I HOUSE 4

ICOEFFICIENTS32FL ___HEAT -_- IHEAT 2__L______1 200_T2___ _2400FT 2___-____- 1200 FT2 __ 2400 FT2__
(M) I TB(M) I SD(M) I PAN(M) I QHW(M) 1 QH(M I QC(M) I QH(M) I QC(M) I QH(M) I QC(M) I QH(M) I QC(M)

_______I BTU/FT2 _ BT_1 ML___�BU 1 MBTU 1 __BTU _ ___BTU -_____BT__ ___BBT___ _HT---l _ _MBT--_L____(BTO _ L_MBTU.I
JAN | 0.226 1 0.146 1 12.54 1560 12630 0 1 29080 ( 0 I 7150 1 0 1 15840 1 0
FEB 0.157 1 0.087 1 19.51 1 1450 10310 1 0 O 24490 | 0 i 5470 1 0 1 12510 1 0

I MAR __ 0.242 __ 0.103_1 37.71_. ____1590__ ___270_1 ______ .___23000 ...._______0_ 4610 . _ ._10920_ __
I APR 0.402 I 0.161 1 72.22 1470 1 4910 0 13670 1 0 1 2020 I 510 I 5540 0
MAY 0.657 1 0.276 1 99.23 1400 1 2440 950 1 7820 1 0 1 780 I 1350 1 2760 { 1780

IJUN _ 0.860 1 0.381_ 19.68_ ____1240_ ____.68_0__2550 ___3250 _i___2910 _ ._0_____320Q_ _____0 ___ 4180_
JUL 1.062 1 0.497 1 127.15 1 1180 0 1 3480 1 1310 1 4300 1 0 1 4410 1 0 1 5410
AUG 1 1.119 0.551 124.33 1 1130 0 D 3330 1 1200 1 4220 1 0 1 4160 1 0 1 5300

I_S EP 1.017_1 0.526_l 100.721 ___110 81 _____ 0_ ___ 2182_____3010 2000 1 ....20 .. 2 10 2860_
I OCT I 0.869 0.476 1 79.54 1 1220 2850 1 0 1 7930 | 0 1 1240 1 670 1 3710 1 860

NOV I 0.614 1 0.358 1 42.01 1 1290 6500 0 1 16130 1 0 1 3340 1 0 8250 1 0
I DECI 0.396 1 0.248 1 19.59 __ 1460__ 10890_ 0 1 25280 1 __ I __6140 l__.___ 13810__L ____ 0_
_ANNUAL THERMAL LOADS __(BTM _ _.. . 16100 _ 128_0 1 12130 1_ 156170_ _13430 _ 30750 __ 1_66 __74460_ 1 20390_
_DESIGNHOURLY THERAL LOADS _BTULZFI ____ _ _40576 _ 14369 _l 83418_l __167881 _ 27257___ 17 50916I 24098

co

I___C___________________________________A LCULATED ACES DESI GNS
I ACES I _ -HOUSE 1 OUSZ 2 E_ _ -

L____ _l - -
HO USE-4__

SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE | ICE | BRINE I ICE I BRINE I ICE I BRINE

__ _-_____ ______ _-------------________________-_-ILL ER i AAKER I CHILLER i__--AKE___R-LCLLER_l MAER__ _CHILLER
IVOLUME OF ICE BIN, FT3 V I I I 1 4055 1 2062 1 4916 | 2542
I AREA OF PANEL, FT2 A I I i 29 1 42 1 193 1 208

IPULL ILENGTH OF ICE BIN COIL, FT L I I 0 438 1 0 780
IUSAGE OF ELECTRICITY, KWH/YR U I I 1 5918 | 5824 { 10985 i 10953

FICIENCY (ANNUAL_COPL .____________.________l_._______ _______ .___......_ _ ____3.20_I__296_J____-97_
IVOLUME OF ICE BIN, FT3 V I I 1 2431 I 1233 I 3263 1 1674
AREA OF PANEL, FT2 A I I I 95 1 106 313 1 330

IPARTIALILENGTH OF ICE BIN COIL, FT L I I I 0 412 1 0 742
USAGE OF ELECTRICITY, KWH/YR I I 6511 6670 11690 11706

I __--_ lFFICIENCY (ANgNAL COPL __-- ......_____l_____. ____L_. ___ __ _.__._ _____ ___.___._279____2:I8_l___ 2.78_
IVOLUME OF ICE BIN, FT3 V I 1314 1 657 2836 1 1418 1 807 1 403 1 1611 1 805
AREA OF PANEL, FT2 A 1 373 413 I 811 894 I 229 1 253 1 462 1 508

IMINIMnUMLENGTH OF ICE BIN COIL, FT L I 0 541 0 1 1120 1 0 1 359 1 0 1 677
I USAGE OF ELECTRICITY, KWH/YR U 1 9814 9797 19976 1 19944 1 7226 9 7327 1 12136 1 12434

I ____EFFICIENCY (ANNUAL COQL ___-E__I____2 6_1___ 268____2___ 2 73 1__2 ____ .54_ _268__ 2.61



COLUMBUS, OHIO

GEOGRAPHICAL ZONE = G LATITUDE (DEG) = 40.0 GROUND AO = 52.58 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND <(PH) = 10.0 LONGITUDE (DEG) = 82.9 TEMPERATURE BO = 21.60 F WINTER 0 F 70 F
COOLING(TOTAL/SENS.) = 1.09 ELEVATION (FT) = 812. CONSTANTS: PO = 0.587 HAD SUMMER 90 F 78 F

-- ________________________________-_BUILDING DESIG N MONTHLY THERMAL LOADS____________
R-0 INSULATION I UNGLAZED! DOMESTICI M| _______ B NSISIATIN_ _ __ HIG H INSUPLATIO-N -_ ___

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 ~ HOUSE 3 1 HOUSE 4
ICOEFFICIENTS(32P) I HEAT __ HEAT ___ 2 FT21200T2_ 2O FT2 .... 2___ 00_ T2-- FT2____

1 () I TB() I SD(H) I PAN(M) I QH(M I QH(M) I QC(M) I QH(M) I QC(M) I QH(M) I QC (M) I QH(M) I QC() I
I___ I MBTU/FT2 - I MBT! ZT2.21__ HBTU __ BTU__I_ __ET I __BT_ I I ____BTU _ _/O___ I TO .. ___ .___ __ _ BT I

JAN I 0.356 I 0.207 I 24.23 I 1580 I 9440 1 0 I 22780 1 0 ! 4880 1 0 1 11510 I 0
PEB 1 0.286 I 0.149 I 26.32 1 1440 I 8590 I 0 I 20900 I 0 I '4360 I 0 I 10290 I 0

__HAR j_ 0.392 1 0.176 1 48.42 _ 1540___ .... 370 _1_____8200 30 _J. …...... -O9 ___ ___ __ 8630_1____ 0.
APR 1 0.546 I 0.234 g 76.76 I 1370 I 3770 1 0 I 10850 I 0 ! 1470 1 660 I 4310 I 0
MAY I 0.796 I 0.348 I 97.17 I 1270 I 1710 | 1450 I 5970 I 1350 I 430 1 1900 1 1940 I 2530

I JUN ! 0.981 1 0.445 1 113. 65_ l___1090_ 0_1 3360__ _ 1830 4100 1 ___ 1_190 __ __ 5280_1
I JUL I 1.169 I 0.554 I 115.64 1 1040 I 0 .4170 1 0 i 5370 1 0 ) 5070 I 0 I 6540

I AUG 1 1.213 I 0.601 1 112.50 I 1020 1 0 I 3910 I 0 1 4810 1 0 I 4510 I 0 1 5730
I IS1: 1.100 I 0.570 I 98.902 ___10502.0_530___25.70 J…___21.10_l _3110 ..___ ..__ o____ 2980_L_ ... . ___ 3870

OCT I 0.957 1 0.520 1 75.66 1 1200 1 2560 1 880 1 6990 I 0 I 1170 1 1100 1 3390 I 1440
NOV 1 0.708 I 0.403 I 42.68 I 1310 1 5900 | 0 I 14620 I 0 | 3000 | O | 7470 0
I DE I 0.509 1 0.301: 1 24.481 1490 I 9130 1 0 I 21650 I _ 0 I 4900 I 0__ 114101_ t0_

I ANNUAL THERMAL LOADS -(MBTl_ 1 15400 I 49000 __ 1640 1 126520 _ __18740_L _ 23700_i__20 10 I0 58950"t 25390 _
I DES IGN HOURLY .THERMAL LOADS_. _BT.ZRL l[___40213 ___.16315__. 81808 1 _20330 ___ 27517_1___16968_1 ___ 5118_1 25115

_______ ~-_____ _ ________~_ _ _ ICALCULATED ACES DESIGNS_____ ... . . . .
ACES I_ _HOUSE .I HOSE 2._ _ _ HOUOSE 3 _ _I_ _ HOQUSE _4
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

I____ - _ I MAKER CHILLAERKI KER CHILLER AIKEAR _ CHILLER _ MAKER _I CHILLEAR
I IVOLUME OP ICE BIN, FT3 V I 4024 1 2032 4I 509 2292 I 3988 I 2288 I 6998 ~ 3515
IAEBBA Or PANEL, PT2 A i 75 85 I 337 356 I 0 I 0 I 28 46

IPULL ILENGTH OF ICE BIN COIL, FT L I 0 617 I 0 1169 I0 I 447 I0 g 814
IUSAGE OF ELECTRICITY, KWH/YR U I 8061 8100 I 17040 17067 ! 5560 I 5288 9686 9697

__.IEPPICINCY IA£NU.LCOP) _____ E__j.___2 ..93___22. 9 2 L__2.276 I _2.76_ _3.14 1 _ 3.30 __3.02 l 3.01
IVOLUOE OF ICE BIN, FT3 V I 2522 1271 1 3382 1710 I 2293 1 1293 4105 I 2060
IABEA OF PANEL, PT2 A I 128 1 138 I 397 415 ! 45 43 I 109 I 119

PARTIALILENGTH OFP ICE BIN COIL, PT L I 0 583 0I 1127 1 0 418 0 764
IOUSAGE OF ELECTRICITY, KWH/YR U 0 8636 1 8629 I 17528 1 17517 1 6542 1 6567 1 10831 I 10839

_I BPPFICIENCY B(ANNUALCOP1_) ___ __E _ 2.74 I _2.74 I 2.69 J1 _ 2.691 _ __ 2.67 1 2.65 _ 2.70 -l 2.70 1
IVOLUME OF ICE BIN, FT3 V I 1020 510 1 2255 I 1127 [ 598 299 [ 1212 6061
lAREA OF PANEL, FT2 A I 208 216 I 461 4I 77 I 122 127 I 248 I 257

ININIMUoILENGTH OF ICE BIN COIL. FT L I 0 520 0 I 1070 0 349 I0 I 656
IUSAGE OF ELECTRICITY, KWH/YR U I 9099 9295 18052 I 18041 7252 | 7442 12061 I 12054

______ LPPFICIECCY (ANNUCOALg___ E -_1___2.60_1_____2. 55___2.61 I _--2_11__ 240_ L ...__ 2.342-____.42 i 4__ 242_



DAYTON, OHIO

GEOGRAPHICAL ZONE = G LATITUDE (DEG) = 39.8 GROUND AO = 53.70 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 12.0 LONGITUDE (DEG) = 84.0 TEMPERATURE BO = 23.50 F WINTER -1 F 70 F
COOLING(TOTAL/SENS.) = 1.13 ELEVATION (FT) = 824. CONSTANTS: PO = 0.605 RAD SUMMER 90 F 78 F

_______________-- -- _BUILDING_DESIGN MONTHLY THERMAL LOADS_______________
R-40 INSULATION UNGLAZED1 DOMESTICI ...._________.... MEDIU_ INSULATION HIGH INSULATION I

MONTH BIN HEAT LEAK PANEL I WATER I HOUSE 1 1 HOUSE 2 I HOUSE 3 1 HOUSE 4
£IOEFPICIENTS2 I __ ... __ __HEAT_ _____ 1200_FT2 _____2400 PFT2 I 1200 FT2 ____ 2400 FT2

(M) I TB(M) I SD(M) I PAN () I QHW (M) I QH(M I QC(M) I OH() I QC (M) I QH (M) QC (M) I QH(M) I QC()
---.. . BTU/PT2 ___.I MBTU/PT2- BTU _LBTU __MBTU __L_ BTU__ I _MBTU ___I MBTU T___J TU BTU__I

JAN I 0.366 0.215 17.17 I 1580 I 11450 0 26510 I 0 I 6450 |0 14460 01
FEB I 0.288 0.151 1 29.15 I 1450 I 8730 0 I 21170 I 0 I 4530 |0 O 10630 01
MAR__1 0.396 1 0.178 1 55.70 1540_1___130_1_____ 0 _1__ 18360 ___ __380_____ __ 0_ ___ _
APR I 0.562 0.239 92.96 I 1370 I 3230 1 0 9650 I 0 I 1230 1 870 I 3700 I 1100
MAY I 0.832 0.361 116.43 I 1250 I 1360 1 1700 I 5010 I 1710 0 1 2260 I 1580 2910

_JUN { 1.035 1 0.468 . 129.51_ ___1060_ ......_______0____3260_ 11_1 ___ 900 ______ .. __ _ _ ___ 5060
JUL ! 1.243 0.588 138.08 | 1000 I 0 1 4850 { 0 1 5840 1 0 1 5500 | 0O 7180
AUG 1 1.295 0.641 128.28 I 980 1 0 1 4760 I 0 I 5770 0 0 5280 0 6860

__SEP_ | 1.177 0.60 126.9 __239__000_. 0 _______L___3180 I __1270 3880_L ... .i___ 360022 46 30_1
OCT I 1.024 0.556 I 91.76 I 1170 I 1780 1 890 I 5310 I 0 I 730 1 1130 I 2480 I 1440
NOV I 0.754 1 0.430 I 54.67 I 1290 | 5090 0 [ 12900 I 0 I 2590 |0 I 6590 0
DEC 1 0.535 1 0.318 1 25. 84 1480 1 9530 I I 22330 i 0 1 _5310 ___12200 ______

__ANNU AL THERMAL LOADS MBT U_____.15170 1___48300_1__18640 124020 1___2 1___2 ._2 2710 _ 60020_i 29180_1
I DESIGN HOURLY THERMAL LOADS (IBTUZHR) .....__- _-__~ _ 171904__ 82499 I___23056 ____27949___1786 3_ __51954_27__27434_1

80

CD

A__ _C _L___ __ CUL ATED_ AC ES_ DESIGNS
ACES H __ ___HOUSE 21 O HOU SEUE 3 RHSUSE 3 OUSE 4
SIZE | SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

.-. L.-- -_ I ----- I,_ ___ ____ _MAKiER I CHILL ER ILAKER I CHILLER_._| MAKE __I_CHILLE8RL I AKER__ICHILLER
IVOLUHE OF ICE BIN, FT3 V 1 5186 2545 [ 5481 I 2778 1 4125 1 2367 1 8440 1 4130
IAREA OF PANEL, PT2 A I 45 63 | 333 [ 360 [ 0 0 0 26

FULL ILENGTH OF ICE BIN COIL, FT L 0 640 0 [ 1206 I 0 455 | 0 841
I USAGE OF ELECTRICITY, KWH/YR U I 8008 8046 ] 16744 | 16772 | 6069 5889 | 9639 9658
EFICIENCY (ANNUAL COP) __E____ 3 ___ ..9_9_ 24.80 __2.80 1 3.00 .... I 309 _1 _ 3.17 _ - 3.17

1VOLUHE OF ICE BIN, FT3 V 3196 1574 4041 2039 2435 1369 [ 4963 1
2436

IAREA OF PANEL, PT2 A I 113 132 419 [ 442 I 46 45 I 92 1 114
IPARTIALILENGTH OF ICE BIN COIL, PT L I 0 604 I 0 ] 1161 0 427 I 0 790

IUSAGE OF ELECTRICITY, KWH/YR U I 8623 1 8794 17214 [ 17238 [ 6861 6889 I 10962 10981
I____. JEFFICIENCY ANNUAL COP.._______ _ E _1__2.79_1__2.74 1 __2..73 .. 72 .65_ ....264.___ _ 2.728

IVOLUME OF ICE BIN, FT3 V I 1207 603 [ 2601 I 1300 I 744 372 | 1486 1 743
IAREA OF PANEL, PT2 A 246 268 I 534 I 582 [ 150 165 | 305 1 332

IMINIMUMILENGTH OF ICE BIN COIL, FT L 0 536 { 0 [ 1097 0 363 0 682
I IUSAGE OF ELECTRICITY, KWH/YR U 9609 9594 ] 17833 3 17803 I 7634 7769 I 12375 12547
I ___ EFFICIENCY (AlNNUAL COP1 ..... I [_______!__5__i__2.1 ____ 6 __ 2.64 ____2.38_jL__ _21 _J__2,_.47_j. 2.44_



TOLEDO, OHIO

GEOGRAPHICAL ZONE = G LATITUDE (DEG) = 41.6 GROUND AO = 48.90 F AIR TEHP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 13.0 LONGITUDE (DEG) = 83.8 TEMPERATURE BO = 24.61 F WINTER -3 F 70 F
COOLING(TOTAL/SENS.) = 1.09 ELEVATION (PT) = 669. CONSTANTS: PO = 0.623 RAD SUMMER 90 F 78 F

_I -__ _____ __________ ___. ___ _ -___BUILDING DESIGN MONTHLY THERMAL LOADS _____
R-40 INSULATION I UNGLAZED] DOMESTICI T __ M_EDIU INSULATION__ __H___I_______AIGRHINSULATION

MONTH BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 I HOUSE 3 1 HOUSE 4
ICOEPFICIENTS (32FLL U AT HEAT 1200_ H T2_ ___ 2412000 T2 X1200T22400 T2 I__

() I TB(M) I SD(M) I PAN(M) I QH(N) I QH(M) I QC(M) QH(M) 1 QC() QH(H) QC (M) QH() I QC() I
1____ t MBTU/FT2 I _ RBTU/FT21 2T__ .BTO I_J__BTU_ I _MBTo [I I 'HBBT_ I ' I MBTU ! MBTU __ I BTU___B__B TU __I

JAN I 0,171 I 0.120 . 9.45 I 1540 I 14070 I 0 I 31890 I 0 | 8230 I 0 1 17860 1 0
FEB 1 0.106 I 0.062 I 15.43 I 1440 I 11320 I 0 1 26530 | 0 | 6160 I 0 1 13820 1 0
MAB _ 0.193 j 0.0761 37.83 __ 6009_1___-950 23730 0 4700 J 0 1210 ____ _
APR 0.370 I 0.142 I 76.04 I 1490 I 5110 I 0 1 14140 I 0 1 2190 I 490 | 5800 | 0
MAY 1 0.645 I 0.266 1 109.98 I 1430 ' 2260 I 1200 1 7360 I 0 1 700 I 1700 1 2540 I 2190

I JUN I 0.867 1 0.3811 127.34 _ 270j 690 _1___2640 3180 _1_ 2950 _ 0 . 33260 _5____0 __ 4300_
JUL I 1.080 I 0.504 I 129.90 i 1210 I 0 l 3840 I 1270 I 4800 1 0 I 4710 | 0 1 5930

1 AUG I 1.140 I 0.562 I 133.57 I 1150 0 I 3650 I 1280 | 4660 | 0 1 4400 | 0 I 5760
I SEP 1 1.028 1 0.534 1 103-.71 __1 120_L 880 _1___ 2060 I__ 3100 1 _23801_ 0 ___2530 _11210 ___3230_1

OCT ] 0.864 1 0.477 I 89.18 ) 1210 1 2860 1 620 I 7890 I 0 1 1290 I 820 | 3770 | 1060
NOV 0.590 I 0.350 I 41.83 I 1280 I 6640 I 0 I 16480 0 3410 I 0 | 8410 | 0 I

I DEC 1 0.352 1 0.229 - 14.22 1440 1 12040__ 0 I 27500 1 __ 0 ) 69801 __ 0 1 15400_1 __ O_
I ANNUAL THERMAL LOADS __(BTU ___L i16180_1 . 65442_1__400 1 0_1__164350 __147 90 _1 33660. 18010 1 80020 -_-- 22470_
.IDESIGN HOURLY THERMAL LOADS _ BTUHR_.___i.___43187_1 __16409__ 88681 ___20498 l__ 29178____1796 7 ___54530~21 26984 I

I

]____- -_ _ ______ _____CALCULATED ACES DESIGNS _______ ___________ __ ____
I ACES I __ HOUSE_ L_ SE _2_ HOUSE 3 HOUSE_ 4
I SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE BRINE
J ___L__ __…_____! I 1_AKER _R CHILLER I MAKER I CHILLER I L AKEER__ CHILLRI

IVOLUME OP ICE BIN, PT3 V I 4533 I 2275 1 5419 I 2778
I IAREA OF PANEL, PT2 A 32 1 51 269 1 300
IFULL ILENGTH OF ICE BIN COIL, FT L 0 I 471 0 837

IOUSAGE OF ELECTRICITY, KWH/YR U I I 6275 6286 11598 11620
I___IBFFICIENCY (ANNUAL COP E l.______ __..... _______.________ ___..16 JL___300_j 2.99

IVOLUME OF ICE BIN, PT3 V I I 2719 I 1364 3608 1 1838
AREA OF PANEL, FT2 A 132 I 153 459 I 487

IPARTIALILENGTH OF ICE BIN COIL, FT L I I 0 443 0 797
IUSAGE OF ELECTRICITY, KWH/YR U I | 6909 I 7073 12418 1 12434

____ IEFFICIENCY _(ANNUAL COP I ___....2______L8 ___. I _ 2 81_2 I_2.80__ 2.80_1
IVOLUME OF ICE BIN, PT3 V I 1446 723 3096 I 1548 1 905 { 452 1 1796 1 898
IAREA OF PANEL, FT2 A 1* 559 * 612 * 1204 1* 1315 1 348 I 382 1 698 763

IMINIMUMILENGTH OF ICE BIN COIL, FT L I 0 578 0 I 1195 0 1 387 0 729
IUSAGE OF ELECTRICITY, KWH/YR U 1 10378 1 10366 20879 | 20876 7805 I 7797 13268 13253

I_-__ IEFFICIENCY (ANNUAL COP ______ __ 2.70 .. …2..20 1 … 2. - 274 1__2.I2.55 _ 1 .I2 2.55… _2.62 - 2.62_I

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.

IHC002I STOP 0



ALTUS, OKLAHOMA

GEOGRAPHICAL ZONE = J ·LATITUDE (DEG) = 34.6 GROUND AO = 61.51 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 11.0 LONGITUDE (DEG) = 99.3 TEMPERATURE BO = 23.64 F WINTER 11 F 70 F
COOLING(TOTAL/SENS.) = 1.09 ELEVATION (FT) = 1378. CONSTANTS: PO = 0.567 RAD SUMMER 101 F 78 F

__-_____-- _____ -- - _____________ SJBUILDING DESIGN MONTHLY THERMAL LOADS_______ _____________. .___________I
R-40 INSULATION I UNGLAZED{ DOMESTICI _M____ EDIUM INSULATION _ _ HIGH INSULATIO

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 1 HOUSE 2 I HOUSE 3 1 HOUSE 4
TCOEFFICEIIENTS(32F __BEAT__ ] HEAT I______ 1200 FT2 ___1_____200 FT2 ______ 1200 PT2_________200 FT2 I

(M) I TB(M) I SD(B) I PAN(M]) I QHW (M) QH() I QC(M) I QH() I QC(M) I QH(M) I QC (M) QH(M) I QC(M)
___.... 1__ MBTULFT2 ___I M.BTUFT2i MBTU__I__MBTU____ MBT _BTU __ MBTU __- M MBT BTU __UTMTU... MIBTU _-- MBTU

JAN I 0.646 1 0.354 I 52.60 I 1500 1 7610 I 0 I 17390 ( 0 1 3670 I 0 1 9160 | 0
FEB I 0.549 1 0.280 I 60.73 I 1350 1 5890 | 0 1 13700 | 0 1 2570 | 0 1 6750 | 0

_MARR___ 0.695 1 0.325 93.53_ 1__400 .... 4790_ 0 _____0_l _ 530...... 1920__ 810 _5450_1___1200_
APR ! 0.858 1 0.386 I 131.35 I 1200 1 1810 I 1390 I 5210 I 1910 I 440 | 2020 I 1940 1 2890
IAY 1 1.141 1 0.515 I 163.75 1 1050 1 0 I 3130 I 1370 I 4540 I 0 I 4090 | 0 I 5450

I_JUN _ _ 1.333_1 0.617 _ 181.49J__ 860 _ _L _ _____ ____5 _____ 650 01__6070_1__ ___0_1__ 510_
JUL 1.544 0.740 I 195.56 I 800 1 0 1 7660 1 0 1 11260 0 1 7520 1 0 1 10970
AOG I 1.587 0.789 1 185.66 I 800 I 0 I 7480 I 0 I 11050 I 0 I 7110 1 0 I 10250

__SEP__ 1.451 1 0.748 157.65_1__ 870_1_ ....... __ 4820 __ 0 ___ .._J .6940......_ _____..___4950____ ....___680_
OCT 1 1.299 0.695 I 126.58 I 1060 1 500 I 2140 I 2030 I 3170 1 0 | 2460 1 1000 1 3490
NOV I 1.017 1 0.562 1 84.93 1 1210 1 3090 | 0 I 7880 I 0 1 1450 I 650 1 4400 1 930
DEC [ 0.809 0.455 , 61.39 I 1410 | _5880 1__ 0 I 13810_1 _ 0 __ 2850J_I _ ___ 7490_1___ 0_
ANNUAL THERMBAL LOADS MBT__ ..... 13510 __29570 __ 31900 I 72920 1 465201. 129001. 35680 3690 1 50520

1 DESIGN HOURLY THERMAL LOADS ABTU/HPH L __ l __..I229 ___1 23799_ 64408 Z "~ 39982 I2 - 213471i 1086_l 40901 I 35242-_

Co

.----- CALCULATAED AC ESDE GNS________________ ________ _ __
I ACES I I__ .....OUS_l _l SE. __S SE_ 3 _.. OSE 4___
SIZE | SYSTEM DESIGN PARAMETERS I ICE | BRINE ICE I BRINE I ICE I BRINE I ICE I BRINE

_ _ ___ ___ I_____ f________i_____ __HMAKE AILLER I CMA KER _CHILLER L _MAKER __ICHILLER_ MAKER __ I CHILLER _
IVOLUME OF ICE BIN, FT3 v 1 4330 I 2541 i 9508 I 5567 I 20761 1220 1 4642 { 2703
IAREA OF PANEL, FT2 A 0 I 0 0 1 0 0 1 0 0 I 0

IFULL ILENGTH OF ICE BIN COIL, FT L I 0 { 535 1 0 1 1052 1 0 1 332 1 0 { 648
USAGE OF ELECTRICITY, KWH/YR U 8027 { 8057 1 13037 1 12657 I 7872 7884 1 11631 1 11673

T___ [EFFICIENCY (ANNUAL COPL_____ __ E __.___2714_J____2.73_ 1 __299 1 3.08 2.31 ____.31_i___2.31_ __2.52 ___ 2.52_1
IVOLUME OF ICE BIN, FT3 V I 2587 1481 1 5628 1 3220 I 1277 729 1 2814 ] 1598
IAREA OF PANEL, FT2 A 1 26 I 26 1 53 1 53 1 14 1 14 1 2 8 28 28

IPARTIALILENGTH OF ICE BIN COIL, FT L I 0 I 502 1 0 I 987 1 0 I 312 1 0 1 608
I USAGE OF ELECTRICITY, KWH/Y U 9249 { 9273 1 15477 15087 I 8425 8435 1 13022 1 13037

I__ EFFICIENCY (ANNUAL COP) ____ ____ 238 1___237 1 2.52__ 2.58 I 2.16_16 225_ I___ 225
IVOLUME OF ICE BIN, FT3 844 422 1 1749 874 78 239 987 1 493
IAREA OF PANEL, FT2 A 62 I 65 i 131 136 I 34 I 36 73 I 76

IMINIMUMILENGTH OF ICE BIN COIL, FT L I 0 1 430 1 0 8 840 0 271 1 0 I 526
I IUSAGE OF ELECTRICITY, KWH/YR I 9980 9985 1 17136 17149 I 8819 8822 I 13854 I 13861

__--IFFICCINCC Y AaNNUAL COPL 2._______- E ______1.20 1 _220 2.271.____2.27._ __.-06 2L__.06_ 2.12 2.12_



OKLAHOMA CITY, OKLAHOHA

GEOGRAPHICAL ZONE = J LATITUDE (DEG) = 35.4 GROUND AO = 59.94 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 15.0 LONGITUDE (DEG) = 97.4 TEMPERATURE BO = 23.07 F WINTER 9 F 70 F
COOLING(TOTAL/SENS.) = 1.14 ELEVATION (FT) = 1291. CONSTANTS: PO = 0.586 RAD SUMMER 97 F 78 F

i _STON UDOMEST IC--BUILDING_DESIGN MO.NTHLY THERMAL LOADS_ ___ _______
R-40 INSULATION I UNGLAZEDI DOMESTIC| .. .__ . EDIOU INSULATION ____HIGH ISLATION ____

MONTH BIN HEAT LEAK I PANEL I WATER HOUSE 1 I HOUSE 2 HOUSE 3 - HOUSE 4
ICOEFFICIENTS(32 1) I HEAT I HEAT 1 1200 FT2 1 2400 FT2 ___ 1200 _PT2 2400 FT2 I

() I TB() I SD () I PAN(M) I QHW(M) I QH() QC(M) I QH(H) I QC(M) I QH) I QC () QH(M) I QC (M)
I HMBTUIT/FT 21 IBTU I BTU II TU I MBTU I MBTO T MBTU 1__[ BTUO.T MUBTU J MBTU_

JAIN 0.602 1 0.332 I 51.04 1 1510 1 8470 1 0 I 19190 { 0 I 4150 I 0 1 10260 1 0 -
FEB 1 0.506 I 0.260 I 58.59 1 1370 1 6600 0 1 15230 0 2940 I 0 1 7590 0 0

l__Mj 0.604,1 0.299__- 91.80 1 01420 _537.0 1_ 0 I 12850 __I 0 A_ 2200 J .. __..510___6060 0_
I APR 0.798 I 0.358 I 138.36 1 1230 1 2070 I 1050 1 5830 I 1360 1 550 1 1650 1 2200 t 2330
I AY 1 1.073 I 0.483 I 167.64 1 1080 1 0 I 2480 I 1710 I 3540 1 0 I 3590 | 0 I 4640
I .Jo _ 1.263 1 0.583 __188.23_ 900 ___ 0_ 4610 _0 _ 6590 __ 0 1 ___5670 0 1 7860_
I JUL 1.471 1 0.703 1 195.44 1 840 0 { 6890 { 0 1 9980 ~ 0 1 7180 I 0 I 10350
I AUG 1.518 1 0.753 1 198.171 840 0 1 6950 1 0 1 10140 1 0 1 6960 1 0 1 10000
I sEp _ 1.390 1 0.716 173.80 1 900o__ 0 I1 4310 1 0 _I __6150_ __ 0_.__40650_ _ __O_ 01 6350_1
I OCT I 1.244 I 0.666 I 142.24 1 1090 630 1 1860 1 2350 1 2740 1 0 I 2250 1 1130 I 3150
I OV 0.971 I 0.537 I 91.24 1 1230 1 3310 I 0 I 8380 0 1560 I 530 1 4630 1 0
I DEC 1 0.765 I 0.4321 - 60.89 I 1430 1 6480 i 0 1 15150 1 0.1 31600 _ 0___ 8190_2 0._
I __ANNUAL THERMAL LOADS H(BTU) _I 13840 _ 32930 1__28150 1 80690 1 _40500 1 14560_1_32990_ 140060_1 _44680_
! DESIGN HOURLY THERMAL LOADS (B. U/HR) I_ 34719t1 2-2864 1 67319 1 38042 L __22268_1__221051__ 42682_ 1__ 35459_

CO

00

_ CALCULATED ACES DESIGSNS______ __
I ACES H I__ HU-SE-!- 1____ HOUSE___ -_ H E_2_H I -HOU3 HOSE 4
SIZE I SYSTEM DESIGN PARAMETERS ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRIVNE

I J ._N _AKAKER_ / CHILLER A__ AKER_ ICHILLE R_ BAKER _t CHILLiEB_ __AKE __JCHILLEB_
IVOLUME OF ICE BIN, FT3 V 1 4920 I 2880 I 10659 I 6220 ~ 2407 I 1406 f 56.44 1 3293 1
IAREA OF PANEL, FT2 A 01 0 0 0 0 01 0 0 O

IFULL ILENGTH OF ICE BIN COIL, FT L 0 ! 564 0 1108 0 1 350 0 688
IUSAGE OF ELECTRICITY, KWH/YR U I 7535 I 7295 I 12431 I 11752 7366 I 7380 1 10857 10893

-I_ __ IEPFICIENCY (ANNUAL COP E I 2.91_ 1 3.01 1 3.18 1 3.37 __2.44 I__2.44 1 2.66_1 2.65_1
I IVOLUME OF ICE BIN, FT3 V I 2922 1 1671 I 6288 I 3589 1466 I 834 3367 1919
I IAREA OF PANEL, FT2 A 28 28 58 I 58 15 I 15 34 34
IPARTIALILEHGTH OF ICE BIN COIL, FT L I 0 I 529 I 0 I 1040 0 I 329 0 646

0IUSAGE OF ELECTRICITY, KWH/YR U I 8956 I 8711 14992 14656 8222 I 8012 12382 12416
I _ IEFFICIENCY (ANNUA=L COP). E__ _l___.245 J_ 2.52 1 _2_64 1___2.70 __2.19 _ .2 _ 22.24 3 __2 _33 2.33_
I IVOLUNE OF ICE BIN, FPT3 V I 924 I 462 1 1917 ! 958 I 524 I 262 1 1090 I 5145

IAREA OF PANEL, FT2 A 71 I 73 I 149 I 155 39 { 41 I 82 I 86
IMINIMUMILENGTH OF ICE BIN COIL, FT L I 0 4I 52 I 0 I 884 0 I 285 I 0 I 552

I IUSAGE OF ELECTRICITY, KWH/YR U I 9656 I 9834 I 16919 { 16933 8537 { 8533 I 13394 I 13554
__ . IBPEFFICIENCY (ANNUAL COP) ___ E I 2.27 L 2.23 1 2.34 1 2,34 __2.11 i ___2._1 _2.16__ 2.13I



TULSA, OKLAHOMA

GEOGRAPHICAL ZONE = J LATITUDE (DEG) = 36.2 GROUND AO = 60.10 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 11.0 LONGITUDE (DEG) = 95.9 TEMPERATURE BO = 23.17 F WINTER 8 F 70 F
COOLING(TOTAL/SENS.) = 1.16 ELEVATION (FT) = 650. CONSTANTS: PO = 0.593 RAD SUMMER 99 F 78 F

H-lID INS__LAT0N _ UNL _ -BUILDING DESIGN MONTHLY THERMAL LOADS - -
I R-40 INSULATION UNGLAZED! DOMESTIC M___EDIUM INSULATION_ _- -- HIGH INSULATION - - -

--
MONTH I BIN HEAT LEAK I PANEL WATER I HOUSE 1 I HOUSE 2 ! HOUSE 3 - HOUSE 4

ICOEFFICIENTS (32P) I HEAT _I HEAT 1200_FT2_ 1 __ 2400 FT2 __ L --- 1200 PT2____ _ _I 2400 FT2
( I TB(H) I SD(M) I PAN(H) I QHW () QH() I QC () I QH(M) I QC (M) I QH (M) I QC (m) I QH() I QC(M)

--- -I MBTU/FT2 I - .BTU/g21 NBTI _JLaT2MBT T___ MBTU_ I _flTS___I_ _BTUlT I BTO 1 BBTu.I T D . I
JAN 0.608 t 0.335 39.65 1510 8710 I 0 19680 I 0 | 4200 0 | 10430 1 0
FEB I 0.510 I 0.262 1 53.14 1370 1 6370 ! 0 14770 I 0 | 2720 ( 0 | 7170 1 0

IMARR 0.643 j 0.301 87. 01_1 1420 ..____5020 __ O_1 _.12140 ___ 1960 L___ I 5560_1_ I _O_
I APR I 0.800 I 0.359 116.38 1 1230 2120 I 940 5910 0 I 560 I 1540 2210 2120

MAY 11.075 1 0.484 144.96 1 1080 I 0 I 2540 1 1990 | 3630 I 0 1 3690 | 0 I 4820
I JUN I 1.267 | 0.585 1 156.86 J_ 900 j … 0 1 4750 I I- 6790 1 0 1 5760 1 0 I 8030
I JUL { 1.477 { 0.706 I 168.09 1 830 01 I 7140 0 I 10430 f -- 0 7360 I -- 0 10730 i

AUG 1.526 1 0.757 I 167.73 1 830 1 0 J 7040 1 0 I 10260 I 0 | 7020 i 0 10160
I S -P 1.399 1 0.720 J 143. 43 1 _890_ _____0____ 443 1 0 6310 1 . O 4730_1 0 _ 6440
I OCrT 1.254 I 0.671 I 122.24 1080 690 1920 2470 I 2700 0 1 2310 1 1210 - 3140

NOV ! 0.980 1 0.542 I 80.81 ; 1220 1 3220 I1 0 8200 0 1470 540 4450 I 0
DEC __I 0.773 1 0.436 1 54.97 . 1420 I 6140 _[_ O 14500 1 0 I 2870 1 0 ____ _ 7610 i 0
ANNUAL THERMAL LOADS BT___. 13780_I _32270 ___ 287 1 9 6_ 6 . .1____40120 _- 13780 __ 33520 i 38640" 45440 ~

_DESIGN _HOURLY THERMAL LOADS (_BTD/HIR) I 5 165 _ I __35641_ 68174 _1_39488I I 2667 ___2159_1 43449l_ 3672I_1

CO

C-----ES I _____ ___1________-£LC5LATEDAESDEN____
ACES 1___ HOSEl _ -__ -HOUSE 2__ 1--- HOUSE 3___T __UHOUSE 4
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

----- -- __AKER_ _LL I MAKER CHILLER MKER CHLLERR M MAKER I CHILLER C
IVOLUME OF ICE BIN, FT3 7 4836 I 2833 1 10722 6267 ~ 2289 I 1336 1~54~47 3175 1
IAREA OF PANEL, PT2 AI 0 01 DI 0 I oj 00 0 0

IFULL ILENGTH OF ICE BIN COIL, FT L I 0 I 570 1 0 1 1122 0 I 354 i 0 i 696
IUSAGE OF ELECTRICITY, KWH/YR U 7784 I 7538 12304 11625 I 7580 | 7371 1 11210 i 10809

__ FFICIENCY (ANNUAL COPL) __P E 1__._2.82_1___2.91 3.18 3.37i7 2.36 i 2.43 1 2.56 - 2.65
VOLUME OF ICE BIN, FT3 V 1 2891 { 1653 1 6342 4 2 3624 1 1409 I 800 I 3277 1 1864 1
A REA OF PANEL, FT2 A 1 30 1 30 1 61 1 60 1 16 | 16 i 36 36

IPARTIALILENGTH OF ICE BIN COIL, FT L 0 I 535 1 0 1 1052 1 0 | 333 01 0 654
IUSAGE OF ELECTRICITY, KWH/YR U 8979 I 8723 1 14973 I 14631 8( 223 | 8231 1 12354 12386

-- _IEPICIENCY f_(NNAL CPL__ E 1__2.4E4 4 2.51 1 2.61 j 2.67 __2.18 1 2-17 2.32 -- 2.31
IVOLUME OF ICE BIN, FP3 V 1 946 473 1 1962 981 I 529 | 264 T 1106 -- 553
IAREA OF PANEL, PT2 A I 80 84 1 169 1 176 1 43 1 45 i 92 1 96

IMINIMUMILENGTH OF ICE BIN COIL, FT L I 0 458 I 0 896 1 0 1 290 i 0 I 562
IUSAGE OF ELECTRICITY, KWH/YR U I 9691 I 9874 I 16932 1 16941 | 8547 1 8550 I 13367 | 13549

I___. . gP!ELCIEC C (AANNAL COP) E __...E2.26J 2.22 1 __2..331_1 --- _2_.3_1 __2.09__ 2.09_ _2.14 .___ 2.121I



ASTORIA, OREGON

GEOGRAPHICAL ZONE = N LATITUDE (DEG) = 46.1 GROUND A 50.62 IR TEP: UTDOR INDOOR
JANUARr Y IND (MPH) = 8.0 LONGITUDE (DEG) = 123.9 TEMPERATURE BO 9. 13 F WINTER 25 F 70 F
COOLING(TOTAL/SENS.) = 1.01 ELEVATION (PT) = 8. CONSTANTS: PO = 0.771 RAD SUMMER 72 F 78 F

BUILDING DESIGN MONTHLY THERMAL LOADS
i R-40 INSULATION UNGLAZEDI DOMESTIC1 EDIUN ISL INSULATIOgN-

HONTH I BIN HEAT LEAK PANEL I WATER HOUSE 1 HUSE 2 I OUSE 3 I HOUSE 4
COEFFICIENTS 32F0 _HEAT HEAT 120O 2400 T 200 FT2 I 2400 PT2

(M) I TB() SD (M) IPAN (M) I QHW(M) I QHQ(M I QC(M) I QH(M) I QC(M) I QH(M) I QC (M) I QH(M) I QC(M) I1___ I- MBTU/FT2 [ MBTU/FT21 MBTU I _MBTU__ _- _MBTU I I MBTU 1 B _ IfII .. I
I JAN 0.537 ! 0.284 ! 32.48 I 1470 I 7300 I 0 17130 0 2680 0 7830 0

FEB I 0.456 I 0.234 I 41.35 1340 I 5950 0 14260 I 2020 0 5990 0
I MAR__ 0.518 j 0.255J 51.10 _1460 . 5970 14550 0 2170 _ 6100

I APR 0.559 0.266 I 60.73 I 1360 4490 0 11180 1510 0 4730 0
I MAY I 0.671 0.315 77.07 1330 3470 0 8750 0 870 0 3550 0
I JON 3 0.742 I 0.351 80.95 1- 123 _2 3 2 0____ 0 i 030 _23_ 1 _20_1

JUL 0.845 0.407 I 95.85 I 1220 1 1720 660 5330 0 0 1000 1600 1470
I AUG I 0.881 I 0.435 I 96.81 I 1210 1510 750 4930 0 0 1200 1450 1750

nS IP i0.839 o 0.4 83-18 1 1190 1 n 830_1___ 30_0_40 5501. 0 __260 750 _ 1910 1060_OCT 0.804 0.417 I 65.27 1290 2890 0 7830 0 750 150 3200 I
BI NOV 0.690 1 0.365 I 43.60 1310 4930 0 I 12410 I 0 9 1640 0 { 5330 I 0I_.DC I 0.615 I 0.328 I 38.31 ! 1420 1 6450 1 0 { 15470 1 L 2260 OfI ANNUAL THERMAL LOADS (MBT 15830 18 0 123704 0 50930 14480 .60
1 DESIGN HOURL -THERMAL io-ADS (BTU/HR- _ __27867 2815 54170 .... 9378__ 31007 _J. 13709 I

---CA-- LCULATED' ACES DEIGNSI ._
I ~ACES I. I I-- ~_==- HOUSE USE HOUSE 2 OUSE 3 HOUSE___4SIZE { SYSTEM DESIGN PARAMETERS U 4 - II ICE I BRINE I ICE I BRINE ICE I BRINE I ICE I BRINEI[__I MAKER_ I._C____ A!L IH ILLER j MAKER jH LRCHILLER { MAKER CHILLER IIVOLUME OF ICE BIN, PT3 VI---307 157 97 51

IAREA OF PANEL, FT2 A 50 52 169 170
IPULL ILENGTH OF ICE BIN COIL, FT L 0 202 0 311
! IUSAGE OF ELECTRICITY, KWH/YR U 3721 3719 7876 7868

{ _FFICIENCY (ANNUAL COP) Et E I A C E ........ I ... 2- 66-J_ _. [66 1 21,66 _.. 2. 66_6IVOLUME OF ICE BIN', -T3 - -V- I 346 I 174 479 241
IAREA OF PANEL, PT2 :A I 49 50 128 131IPARTIALILENGTR OF ICE BIN COIL, FT L 0 205 0 377

I IUSAGE OF ELECTRICITY, KWH/YB U 3709 3723 8051 8047
EFFICIENCY (ANNUAL COP) E ... 2.60 2._ 61_
IVOLUME OF ICE BIN, PT3 V 813 I 406 1722 861 384 192 861 430

I IAREA OF PANEL, FT2 A 102 I 108 221 232 47 49 108 112IMINImUMILENGTH OP ICE BIN COIL, FT L 0 367 0 721 0 207 0 406
JUSAGE OF ELECTRICITY, KWH/YR U 7850 I 7844 I 16818 16802 I 3715 3728 8058 8089I EjFICIENCY ANNUAL COP) E 2.48 1___248 … 2.43 _ _2. 43 266 2-65 2.60 2.5 _9



MEDFORD, OREGON

GEOGRAPHICAL ZONE = N LATITUDE (DEG) = 42.4 GROUND AO = 52.74 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 5.0 LONGITUDE (DEG) = 122.9 TEMPERATURE BO = 16.50 F WINTER 19 F 70 F
COOLING(TOTAL/SENS.) = 1.00 ELEVATION (FT) = 1298. CONSTANTS: PO = 0.579 RAD SUMMER 93 F 78 F

I I 8 _________-40__ INSULATI ______ONBUILDING DESIGN MONTHLY THERMAL LOADS___ ___________ _____ __________
R-40 INSOLATION UNGLAZED) DOMESTIC) ___ MEDIUKINSULATIO _ ____ HIGH INSULATrON

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 1 HOUSE 3 | HOUSE 4
1COEFFICIENTS(32F) I__HEAT _2__0_______.HEAT I 1200FT22400 FT2____ __2400 FT2

(M) I TB(M) I SD(M) PAN(M) QHW(M) QH(M) I QC(M) I QH(M) I QC () I QH(M) I QC (M) I QH (M) I QC(M)
____[__ MBTUT2 MBTU/FT2 _ MBT MBTU -I MBTU MBTU ____BT BT__ BTU __ MBTU .... MBTU _ __MBTU___

JAN ! 0.458 0.251 23.36 | 1550 I 8420 1 0 1 19260 1 0 | 3310 1 0 1 9020 0O
FEB B 0.388 1 0.198 1 36.23 ( 1400 | 6400 0 1 15070 | 0 I 2350 | 0 1 6420 0O
MAR___ 0.4881 0.229 _1 52.56 __ 1480_ ..___5810_1______ 0 138601______....... _ 2150 0 _ 5990___ _0_
APR { 0.600 0.270 1 69.58 I 1330 I 4150 1 0 1 10050 I 0 | 1350 1 700 4320 I 1040
MAY { 0.798 0.360 84.09 I 1240 I 2830 1100 | 7410 1 1550 1 710 | 1540 1 2910 I 2330

I_JUN_ _ 0.932 1 0.4321_ 997.231 1090_ .... 1280___ 2330_ 1 4070 35000 2920 1__ 300 I 4370
JUL 1.081 1 0.518 1 120.31 ~ 1060 \ 0 1 3950 1 2030 1 6190 1 0 1 4510 0 6760
AUG I 1.113 1 0.553 1 108.78 I 1070 | 0 3590 1 2060 1 5590 1 0 | 4110 1 0 | 6150

_SEP__ 1.020 0.525 1 83.51 1 1090 1 ___1160 ____2180 _1__ 3810_ __ .... ___ _._.. _0 -2640_ _ 1440_1 . 3950_1
OCT 1 0.915 1 0.489 1 58.90 | 1250 t 2970 1 0 I 7730 ~ 0 I 1020 1 780 1 3640 | 1110
NOV 1 0.719 10.3971 30.06 1 1330 1 5260 0 I 128501 0 1 2040 1 0 1 5950 I 0

IDEC. 0.573 1 0.322 _16.29 I 1490 I 8030 1_ 184701 _ 0 L 3280 8980_____ 0
I ANNUAL THERMAL LOADS (MBTU) 1.___5380_ _ __2i46310_1__ 131 50 __1166!! ... 20090_-161210 _1_7200 L_49970 __ 25710_

1 DESIGN HOURLY THERMAL LOADS _BTUZER ___ ___J452i58____ 51 04_L_ 6146 _24194 I-_1 4 I___17186_1 35731 I ~28423

Co__ __________ _ _ 00________ _________ E1_ __ ___ _ o

---- ---- ___ -_ _______-- -I__…_C_____£CALCULATED ACES DESIGNS…________. .. ...........
I ACES I I _HOUSE_ 1 O SES 2 HOUSE 3_____ J__ HOUSE4_____
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

---- __________I-AKEA RCHILLER MI AKERL I CSILER___CHLLER_ AKER I _CHILLERL
IVOLUME OF ICE BIN, FT3 V I 2892 1 1479 3258 I 1673 I 2846 ~ 1660 1 5941 { 3028
IAREA OF PANEL, FT2 A 78 1 89 1 319 1 333 1 0 I 0 1 10 1 22

{PFLL ILENGTH OF ICE BIN COIL, PT L I 0 I 478 0 9871 0 305 1 0 ] 582
IUSAGE OF ELECTRICITY, KWH/YR U 1 7582 7617 1 15788 I 15840 I 4585 I 4459 1 8514 1 8558

-.-___EFFICIENCY (ANNUAL COP ._____ ___ ___2. 88 I --- 2,82 1__2.81 ._L___ _21 ___33__ 3__12
IVOLUME OF ICE BIN, FT3 V 1 1907 970 1 2593 1 1318 1 1648 I 942 1 3460 1 1758

{ IAREA OF PANEL, FT2 A 123 1 129 1 377 397 1 31 I 31 1 71 1 81
IPARTIALILENGTH OF ICE BIN COIL, FT L 0 455 1 0 I 846 I 0 1 286 1 0 { 546
I IOSAGE OF ELECTRICITY, KWH/YR U 7927 1 8074 16093 1 16101 1 5381 ! 5401 1 9648 1 9674

..____.IEFFICIENCY (ANNOAL CCP 
7

7__ E__ _ 2.7Z___ 72 1 2.77 1 ___ _L__ _22.66_5 ___.7.761___2 6_
I IVOLUME OF ICE BIN, FT3 V 923 1 461 1927 1 963 1 451 1 225 1 978 1 489

AREA OF PANEL, FT2 A 1 209 222 1 442 1 468 1 103 1 110 1 228 I 242
IMINIMUMILENGTH OF ICE BIN COIL, FT L I 0 414 1 0 1 813 1 0 I 239 1 0 [ 466
I IUSAGE OF ELECTRICITY, KWH/YR U 8340 8332 1 16315 1 16303 1 5919 I 5915 1 10483 1 10601
I___ EFFIIENCY (ANNUAL COPL2.___________ 263 263 2.73 --- 2.73J 241 __ 2.4254 252



PORTLAND, OREGON

GEOGRAPHICAL ZONE = N LATITUDE (DEG) = 45.6 GROUND AO = 52.38 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 10.0 LONGITUDE (DEG) = 122.6 TEMPERATURE BO = 13.16 F WINTER 17 F 70 P
COOLING(TOTAL/SENS.) = 1.00 ELEVATION (FT) = 21. CONSTANTS: PO = 0.642 RAD SUMHER 89 F 78 F

| _ _ _1 _ __ _______ - -BUILDING DESIGN MONTHLY THERMAL LOADS ____ _ ___ _
R-40 INSULATION I UNGLAZEDO DOMESTIC ___ _ MEDIUM INSULATION ___ __ _ HIGH INSOLATION_ _

I MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE I I HOUSE 2 l HOUSE 3 l HOUSE 4
ICOEPFICIENTS(32F) _EA1T I HEAT I __1200_T2___ .1 _ 2400 FT2 ___ 1200 FT2 _J_240_T2 _1

() I TB(M) I SD(M) I PAN(M) I QHW(M) I QH(M) I QC () I QH(M) I QC(M) I QH(M) I QC () I QH(M) I QC(M)
_1 MBTU/FT2 I _ BTU/FT2I MBTU I _ BTU I __MBTU I .MT I M TU _ l MBTU L__ BTU____ BTU ___l__BTU___

JAN 0.515 I 0.277 27.70 1500 ! 8560 l 0 1 19560 1 O I 3600 1 0 1 9670 I 0
FEB I 0.437 0.224 40.03 I 1360 6200 1 0 I 14740 I 0 I 2150 I 0 1 6280 I 0
B MAR I 0.523 I 0.251 1 55.23_1 1460__ 5720 _ ____ 0 _13950 __ _ _ _ 2050_1 __ ___ _5850 1'_ 0_
APR ! 0.602 I 0.278 I 69.46 I 1330 I 3990 O 0 9910 I 0 I 1230 1 280 4150 1 O
MAY 0.762 I 0.350 I 83.49 I 1270 I 2660 I 560 I 7140 0 ! 530 1 880 2630 | 1290

I JUN 1 0.867 1 0.405 i 91.97 __ 1140 1 __1430_ .__1130 I __4600__ 1560 ._ 0J 1 5__1590l _ 1350 .__ 2330_1
I JUL I 0.997 I 0.479 I 114.52 I 1120 I 680 I 2630 2880 1 3970 I 0 I 3270 O 0 1 4830

I AUG ! 1.032 1 0.511 1 112.05 1 1120 1 550 I 2300 I 2660 1 3430 1 0 I 2910 1 0 I 4300 I
SEP__ 0.961 1 0.491 1 89.41 1 1130 1__ 1_09_1__ 1220 1 3860 __1680_ __ 0 _ _1680 1__1220_ __ 2450_1

I OCT I 0.888 I 0.468 I 66.33 1 1250 I 2480 0 l 6890 0 I 640 1 410 2900 I 0 I
NOV 0.728 1 0.394 0 47.09 1 1310 1 4790 1 0 ! 12050 0 1 1720 1 0 5400 1 0 I

IDEC I 0.614 1 0.336 1 33.77 I 1450 I 7180 I 0 I 16880 1 0 _ 2820 1 _ 0 _1 8160 Q__ 0 I
I ANNUAL THERMAL LOADS (HBTl I 15440 1 __45330 __ 7840 1 115120 __10640 1 14740 J__ 110201_ 476101___15200_1
I DESIGN HOURLY THERMAL LOADS (BTU/HRI I _ 31883__ 12155 1 619261 18482'1 19302 __ 1 5468_._ 36992 1_ 25153_1

00
I

____.__________________ ___ __ --------- _- ------- _-

-- _--- ---------- _ _cAC____ULATED_ ACES DESIGNS _____ _ _________ _
ACES I I ___HOUSE 1 _I HOUSE 2 _ _ _ _ -_ HOUSE 3 __ ___HOUSE 4 _I
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE I

. I I_ _AKER _ CHILLER I MAKER I CHILLERER L AKER I CHLLER I MKER I CHILLER
I IOLUE OF ICE BIN, PT3 V I I I I 2410 I 1236 I 3374 i 1744

IAREA OF PANEL, PT2 I I I 0 I 11 I 56 I 61
IFULL ILENGTH OP ICE BIN COIL, FT L I I 0 I 304 I 0 I 563

I ISAGE OF ELECTRICITY, tKH/BYR U I I I 3963 3978 1 7990 I 8035
_____IY FfICIENCY (ANNUAL COP) E __J_ __l I ___I - 3051 3.03 1 _2.87_1__ 2.85_1

VOLUME OF ICE BIN, PT3 V I I 1441 1 736 2204 I 1130
IAREA OF PANEL, FT2 A I I 27 I 30 I 88 I 92

PARTIALILENGTH OF ICE BIN COIL, PT L I I 0 286 0 I 534
IUSAGE OF ELECTRICITY, KWH/YR I 1 4331 I 4345 8520 I 8538

1.. __ 1EFICIENCY (ANNUAL COP) ___ E _I __L_ _ _ __29_1___.2.78 1 _2.69_ I 2.69_1
IVOLUME OF ICE BIN, FT3 V { 932 I 466 I 1950 975 I 473 I 236 I 1035 I 517

IAREA OP PANEL, FT2 A l 133 I 139 1 283 1 290 I 65 1 69 I 148 I 154
IMINIMRMILENGTH OF ICE BIN COIL, PT L O 1 420 0 823 1 0 248 1 0 1 484
I IIUSGB OF ELECTRICITY, KWH/YR U I 7359 I 7357 I 15336 15583 l 4802 I 4682 1 8911 I 8898

_ ..._._ FFICIENCY (fANOUAL COP _ _ ___2.73 1__ 2.73 _ 2.70 1 _2.65 1 2.51 1I _258 1 _2.57 _ 2.58_1

2..-.~-5__8_1~~~~~~~~~~~»



MIDDLETOWN, PENNSYLVANIA

GEOGRAPHICAL ZONE = B LATITUDE (DEG) = 40.2 GROUND AO = 52.67 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 11.0 LONGITUDE (DEG) = 76.8 TEMPERATURE BO = 23.32 F WINTER 7 F 70 F
COOLING(TOTAL/SENS.) = 1.13 ELEVATION (FT) = 308. CONSTANTS: PO = 0.607 RAD SUMMER 92 F 78 F

INSULATION _--- _- __ __ -- BUILDING_DESIGN _ONTHLY THERMAL LOADS
R-40 INSULATION I UNGLAZEDI DOMESTICI ___ ___ EDIUM INSULATION I HI___ __JGH INSOLATIOHN _____ _I

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 [ HOUSE 3 | HOUSE 4
ICOEFFICIENTS (32F L__EAT_ I HEAT 1 1200 FT2_ __ 2400 FT2 I 1200 FT2________2400 FT2_

() I TB(M) I SD() I PAN(M) I QHW(M) I QH(M I QC(M) QH() QC (H) I QH(M) I QC () I QH(M) I QC(M) I
I__ _-_ MBTU/FT2 .I MBTU/FT2_ MBTU I __BTU 1__MBTUBT I BTBTU ___ _ I ~ BT __ BTI T__I

JAN I 0.331 I 0.198 I 17.76 1 1570 11920 0 26070 I 0 I 5780 1 0 I 13910 I 0
FEB I 0.257 0.136 I 23.02 1 1450 10270 | 0 1 22640 I 0 I 4690 I 0 I 11490 I 0

I AR 1__0.360 1 0.160 __54.96 1 1550 j 82601 0_ 18950- 1 0 I __3360_0 .______.. _8610_1 __ 0 I
APR I 0.525 I 0.221 I 82.39 1390 4280 I 0 10670 I 0 I 1340 I 590 I 4190 I 0
MAY I 0.792 I 0.342 I 107.87 1290 1780 I 1140 5310 I 1400 I 0 | 1910 I 1580 1 2620

IJUN__ 0.995 1 0.448 [ 119.95_ _1110 __ _0 ___2530 1 1610 1 3590 _ ____ _1 _3740 ___0 i__ 4840_
JUL [ 1.201 1 0.567 1 126.34 1 1040 I 0 | 3820 1 0 ) 5390 I 0 1 5110 I 0 1 6790
AUG I 1.253 1 0.620 I 120.76 1 1010 I 0 I 3440 I 0 I 4800 I 0 | 4600 I 0 1 6000
SEP8{ 1. 138 1 0.589.1 _99.54 __1030 _ 450 _1___1940 i 1820 i ___2630 I ______j__ 2700 _ _ __9____ 3510
OCT 1 0.985 I 0.536 1 78.89 1 1180 I 2080 | 480 5920 I 0 I 670 800 I 2720 | 1040 I
NOV I 0.718 I 0.412 I 46.66 1 1280 5250 0 12860 { 0 | 2150 | 0 I 6270 0 0

lDM__ 0.500 { 0.300 I 22.04 1 1470 i 10330O I 0 1 22940 OL___5050 13 ____ 0 1 2430 .____ I
I ANNUAL THERMAL LOADS _(MBTU__ IJ 15370 __ 54620 1 13350 1 128790 I _17810 __23040_ ___945 _ 61200 ... __24800
) DESIGN HOURLY THERMAL LOADS JBTU/HR) _ _I 38633 1_147601 75078 _22466 I __23717___17029 I 45518~|_ 27495_

Co

-__CALCULATED ACES DESIGNS
ACES I_____HOUSE 1 ____HOUSE 2 ____HOUSE 3___ ___HOUSE4__
SIZE | SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

I____ 1_L ERI M_____ __ __KAER__iCHILLER AKER __ CHILLER_ AKER .__CRHLLER i AKE__I_ CHILLER
IVOLUME OF ICE BIN, FT3 V I 3300 | 1663 1 4294 { 2178 1 4061 1 2326 1 7069 1 3537
I AREA OF PANEL, FT2 A I 153 170 1 481 I 507 I 0 0 40 6 63

IFULL ILENGTH OF ICE BIN COIL, FT L I 0 581 0 1077 I 0 3 393 0 734
I USAGE OF ELECTRICITY, KWH/YR U I 8420 | 8437 17015 I 17054 1 5417 5145 { 9761 9764

I_ _J[EFFICIENCY (ANNUAL COP) ____ E 1 2.90 __2.89 1 2M.79 _ 2.78_ 3.1__ 3___ 3.29_ _ 304_L_ 3.04
I VIOLUME OF ICE BIN, FP3 V I 2275 1 1144 3427 I 1729 1 2371 1 1333 1 4251 1 2127
I IAREA OF PANEL, FT2 A 220 235 538 I 564 48 1 47 I 146 169
IPARTIALILENGTH OF ICE BIN COIL, FT L 0 | 555 0 I 1047 0 368 0 692
I IUSAGE OF ELECTRICITY, KWH/YR U 8811 | 8822 17373 17363 6348 6187 10675 10913
___ EFFICIENCY {ANNUAL COP) E _ ._-7___- 2.2____277_ 2-731 .... 73_ .__ 6712.7 74 2.78 L___272_1

I IVOLUME OF ICE BIN, FT3 V I 1250 | 625 i 2560 I 1280 1 681 1 340 1 1434 717
! IAREA OF PANEL, FT2 A 290 1 301 1 600 I 621 1 156 1 163 I 331 347
IMINIMUMILENGTH OP ICE BIN COIL, FT L 0 I 515 0 { 1008 I 0 1 311 1 0 6 605

I USAGE OF ELECTRICITY, KWH/YR U 9311 1 9307 1 17705 i 17877 1 7063 1 7059 1 12027 1 12019
I __ JEFFICIENCY (ANNUAL COP ____ E I__ 2.62_ 2.62 I 2.68j 2.65 2.4040 2.40 _247L_ 2.47_1



PHILADELPHIA, PENNSYLVANIA

GEOGRAPHICAL ZONE = B LATITUDE (DEG) = 39.9 GROUND AO = 53.54 F AIR TEMP: OUTDOOR INDOOR
JANUAOBY WIND (MPH) = 12.0 LONGITUDE (DEG) = 75.3 TEMPERATURE BO = 22.43 F WINTER 10 F 70 F
COOLING(TOTAL/SENS.) = 1.13 ELEVLTION (PT) = 5. CONSTANTS: PO = 0.593 RAD SUMMER 90 F 78 F

- - ___________.. . BUILDING_DESIG MONTHLYY THERMAL LOADS_ - _ __-_--____
E-40 INSULATION IUNGLAZEDI DOMESTICI -_ _MEDIUMD ISOLATION I HIGH IONSULATIOR__ ___

IMONTH BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 - I HOUSE 3 I HOUSE 4
COEFFICIENTS (32FI HBEAT T HEAT I 1200_P FT .' 2400 FT2 _ 1200 FT2 _L__ _ 2400 PT2 !)

(B) TB(M) I SD(M) I PAN(H) QH() QH() I C() I QH(M) QC() H() QC() QH() I QC () I QH() I QC() I
I _____,I MBTU/PT2 ' I BTU/PT21 MBTU IBTI B___I_._ TUT i BT_ BT__._ BT TU MBTU L BTO_ _

JAN I 0.378 I 0.219 I 18.02 1600 I 11390 I 0 25040 I 0 I 5550 I 0 1 13420 1 0
FEB I 0.303 I 0.158 I 21.34 1 1450 I 9640 I 0 1 21410 I 0 I 4260 I 0 I 10720 1 0

I AR !_ 0.412 1 0.186 1 55.08 1 1530 _ 7670__ __1..__ _ 1 ___2 1 0 1 _2921 .._____1 7920_J.__ _ O_
APR B 0.571 I 0.245 I 85.39 1 1350 I 3760 I 0 1 9620 I 0 I 1070 I 610 1 3600 1 810

'AY 0.830 1 0.363 I 115.96 1 1230 I 1510 1 1100 1 4630 I 1320 I 0 I 1930 I 1390 I 2530
JOU 1 1.022 1 0.464 1 11790_1 1050 1 0 __ 2360 1 __1360 1__ 3 140_0_- j__ 0 [1 -_ __0__ 4580I1
JUL I 1.220 ! 0.578 1 139.12 1 990 I 0 I 3530 1 0 I 4500 I 0 5090 I 0 | 6540
AUG I 1.267 I 0.627 I 126.47 I 980 I 0 I 3010 0 I 3940 I 0 I 4070 I 0 1 5050
SEP_]. 1.151 1 0.595 1 97.20 __1020 j 01_ 1 __ 1630 1190 __ 2080 1 .0_1 __2540 _ I_____0 3030_
OCT I 1.003 I 0.544 79.91 1 1190 I 1920 1 460 1 5580 1 0 I 610 ~ 770 I 2540 I 990 I
NOV I 0.745 1 0.423 I 51.18 1 1310 1 4810 I 0 1 11860 I 0 I 1930 I 0 I 5780 0 0

I DEC I 0.537 I 0.317 I 17.63 1 1500 1 100801 0 1 22450 I 0_L_ 4880 I 0 1 12130_ 0.1
I__ANUL THEBMAL LOADS (MBTm _ _ _ 15200 0 I L50 7 _ 12090 1 _120950 14980 _1_2122Q _18720_ I 57500_1-- 23530-1

DESIGN HOURLY THERMAL LOADS (BTUO/HR) I 36629 I 12411 I 71174 1 18374_ 1 223761 14478 1 42928 1 22381

- -- ___--__ __'____~CLALCULACTEDACES DESDSIGNS ________ ______ _____
ACES I .HOUSE 1 HOUHOSE I2 HOUSE 2 I HOs__EOOSE_ 4 _O
SIZE I SYSTEM DESIGNPARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

1MAKER I CHILL ER I MA KER I CHILLER I MAKER CHILLE I ER_ CHILLER_ I
---I IVOLUE OF ICE -BIN, PT3 " V 3002 1519 1 3596 I 1815 ~ 3782 2174 1 6513 1 3244

IAREA OF PANEL, FT2 A 168 189 1 544 1 575 0 01 45 1 68
IPULL ILENGTH OP ICE BIN COIL, FT - L 0 549 1 0 1005 1 0 1 370 0 1 690

I USAGE OF ELECTRICITY, KWH/YR'. U 7963 1 7923 1 16013 1 16014 I 5105 1 5026 I 9189 1 9234
___ 1PEFFICIENCY (ANNUAL COP) - E _ 2.87 1__ 289 J__277J __276_L__J3.16 J___3.21_ 3.07 1 3.05_1

IVOLUME OF ICE BIN, FT3 v 2102 1 1060 1 3031 1 1524 I 2222 1 1252 1 3952 1 1970
BIARE OF PANEL, PT2 A 237 1 253 1 588 I 616 I 48 1 47 I 156 1 184

IPARTIALILENGTH OF ICE BIN COIL, PT L 0 { 525 1 0 I 983 ! 0 1 347 I 0 651
IUSAGE OF ELECTRICITY, KWH/YR U 8261 1 8273 1 16283 1 16275 1 5988 1 6006 I 10146 1 10152

I___ [EFFICIENCY (ANNUAL COPL E _L 2.7 L_2.76 1 2.721 2.72 L 2.70 - 2.69_1 2_.78_J_ 2.78_1
IVOLUME OFP ICE BIN, FT3 V I 1203 I 601 1 2466 1 1233 1 662 1 331 I 1391 1 6953
IHEA OF PANEL, FT2 A 1 305 1 320 1 633 1 663 1 165 1 176 I 354 1 375

IMINIIIUHLENGTH OF ICE BIN COIL, PT L I 0 1 489 1 0 { 958 I 0 1 295 0 1 573
IUSAGE OF ELECTRICITY, KWH/YR U { 8712 I 8706 1 16412 { 16544 I 6694 6690 { 11240 1 11231

1-- BPFFPICIENCY (ANNUAL COP_ E_____2.63____ 2.63 1 _2.70 I ___268 ___ 2.»41____241_ _22.51 2.51 2.51



PITTSBURGH, PENNSYLVANIA

GEOGRAPHICAL ZONE = B LATITUDE (DEG) = 40.5 GROUND AO = 50.22 F AIR TEMP: OUTDOOR INDOOR
JANUARY WINT (MPH) = 11.0 LONGITUDE (DEG) = 90.2 TEMPERATURE BO = 22.62 F WINTER 1 F 70 F
CCOLING (TOTAL/SENS.) = 1.10 ELEVATION (FT) = 1137. CONSTANTS: PO = 0.614 RAD SUMMER 87 F 78 F

____…____________ ____------ _ BUILDING DESIGN MON THERMAL LOADS___________
I R-40 INSUIATION I UNGLAZED1 DOMESTIC ________MEDIU INSULATION_____IGH IN LATION

MCNTH I BIN HEAT LEAK I EANEL I WATER I HOUSE 1 I HOUSE 2 I HOUSE 3 1 HOUSE 4
ICE…CICIENTS_32F….__EEAT ____HEAT__200 F12 400 FT2 F______ 2400 FT2____

(MM) I TE(M) I SD(M) I PAN(M) I QHW () Q(M I QC(M) I QH(M) I QC (M) H() I QC (M) QH(M) QC(M) I
....... _-_ [ B ____MBUTF_ __TU/FT T__2 _T MBTU _I MBTU _ _MBTU __M__BTU __I__BTMBT__ BTU ___ _BTU__L _MBTU ._

JAN I 0.251 I 0.158 | 9.20 I 1570 | 13610 | 0 I 29350 I 0 1 6970 I 0 i 16200 0
FEB I 0.184 I 0.100 I 17.00 I 1450 1 11380 I 0 | 24770 I 0 | 5380 | 0 | 12830 0

I__MAR____l___.z2. -l 91. t__ 4_ 136_ ! 150__ .___9830 _____ 0 __22090 1_____ 1___408o __ ____L __. 1000 ______0_
I APR I 0.439 I 0.179 I 72.64 I 1450 1 5160 I 0 | 12550 I 0 I 1630 1 520 1 4910 0 I
I MAY I 0.698 1 0.296 I 104.26 1 1370 | 2440 | 820 I 6760 I 0 I 530 1 1570 1 2220 | 2140

-I NL1__899 __ 4 l __ _l__ 109 .0 01_____ 1200_ ..._____90_____1920 ____30.l0 __ 2590 ____ 0 .__. 3070 0______O___ __ 860_
I JUL I 1.099 I 0.516 I 123.99 I 1140 1 0 I 2830 1 1190 I 3980 1 0 | 4080 1 0 1 5280
! AUG I 1.152 I 0.569 I 111.43 I 1100 I 0 I 2610 1 1080 I 3600 I 0 1 3740 1 0 | 4730
I __SEP____l 043_L__054LI1__ 10. I 40 _ 1090 ..... 760_1___ 1560_ 2750 1__2050_L -- ____ 1 _ 2250 _ __ 1010 ____2880_
I OCT t 0.892 I 0.488 I 74.33 I 1210 | 2660 I 0 I 7270 I 0 I 890 1 670 i 3250 | 810
I NOV I 0.634 I 0.368 I 36.23 I 1290 6520 I 0 I 15390 I 0 I 2770 1 0 I 7720 I 0
I__DE_ I 0.417 L_0.258 1 _ 12.71 1 470 | _11860 L 0 1 25930 i _ 01 6100 I ____ 14490_ 0_
I 1NNUAL TRERMlAL LOADS (MBT t)_____ 15920 1__65010_1 90 90_1 152140 [___12220____28350 L_15900__1 73030 1___19700_|
1 _ESIGN_ HORLY THERMAL_ LOAD__.BTUR_______J 2656_ __ 10404 I __8291 1 _14 2555_L 26453 _ 11_1 50808 _ __21626_

kD

-I - --- ___ _ _----C-_- _____- ___________CCALCULATED ACES DESIGNS
ACES ) _____HOUSE 1 ___Rj_ _HOSE 2___ HOUSE 3 HOUSE_____
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE I

-______ _ I MA_______________ ___ _E_.AKER ClHIHILLER I_ MAKER _ CHILLER I MAKER I CHILLER_
JVCIOME CF ICE BIN, F13 V I I I I 1 4017 1 1996 I 4791 1 2435
IAREA OF PANEL, FT2 A I |I I I 27 i 47 1 279 1 312

lELtL ILENGTH OF ICE BIN COIL, FT L I I I I 0 1 425 | 0 775
IUSAGE OF ELECTRICITY, KWH/YR U I I | 5593 I 5602 1 10742 1 10761

--.I ____ IFFCIENCY_NNNUAL CP E .-_______.E__ _______ ____ I ...... ______15 1 ___ _3-_l _ 2.96__ 2.96_ I
I VCIUME OF ICE BIN, P13 V I I 2404 I 1196 | 3218 1629
IAREA OF PANEL, FT2 A I I I 119 I 140 438 i 470

IEARTIALILENGIH OF ICE BIN COIL, FT L I I I I 0 1 400 1 0 I 738
IUSAGE OF ELECTRICITY, KWH/YR U I I I I | 6138 I 6273 1 11397 j 11410

I____. __E ICICENCY_ANNAL CCP _ 1________ ___ _ E .. 2.87 __2.811 __2.79 ___279_
IVOLUME OF ICE BIN, F13 V ~ 1406 1 703 1 2863 1 1431 I 791 I 395 1 1646 823
IAREA OF PANEL, FT2 A I 595 1* 629 1* 1224 [* 1292 1 335 1 355 1 708 748

IMINIMUMILENG'H OF ICE BIN COIL, FT L I 0 570 1 0 | 1115 I 0 I 349 01 0 678
IOSAGE OF ELECTRICITY, KWH/YR U I 9676 9668 i 19418 | 19332 1 6882 I 6878 1 12107 1 12099

-I ------ lEFIlCIENCY ANNA2L_.C7P5__-- ___E__i____2.75 I- 2.75 .2_l_ 2 ./73 ... 2.z56_L___-26 2.56 _ 2.63 2.63_

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.



WILKES-BARE,. PENNSYLVANIA

GEOGRAPHICAL ZONE = B LATITUDE (DEG) = 41.3 GROUND AO = 49.35 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 8.0 LONGITUDE (DEG) = 75.7 TEMPERATURE BO = 22.86 F WINTER 1 F 70 F
COOLING(TOTAL/SENS.) = 1.10 ELEVATION (FT) = 930. CONSTANTS: PO = 0.621 HAD SUMMER. 87 F 78 F

__ ___________ _ __________BUILDING DESIGN MONTHLY THERMAL LOADS __ __ __I

R-40 INSULATION I UNGLAZEDI DOHESTICI MEDIUM INSULATIOIN _IGHINSLATION _
IMOTH I BIN HEAT LEAK I PANEL I WATER I SE 1 HOUSE 2 OUSE 3 I HOUSE 4

ICOEFPFICIENTS( 32) I EAT __1 HEAT1_ 2 I 201200 2 00 FT2200 200FT2
(M) I TB(M) I SD(M) I PAN(M) I QHN () I QC(I I QCH( () QC Q(M) I QHC() I Q() IQC () QH(M I QC(M)

-I I BT EU/FT2 I HBTU/FT2 I HBT I TU BTU BT [\ MBTU_ ! HBTU. I HLMBTU __I
I JAN 0.219 1 0.142 I 11.14 I 1560 1 13220 | 0 1 28580 1 0 6480 1 0 | 15220 I 0
FEB 0.153 1 0.085 j 19.90 I 1450 10820 I O 0 23680 1 0 4800 I 0 | 11680 I 0

I MAB__ 0.241 I 0.101 1 32.97 _1 1590 10020 0 .__O J 22450_ 4060 __ _ 0 ___10280 _ 0
I APR 0.404 I 0.162 I 63.09 I 1470 I 5310 I 0 I 12850 1 0 1680 I 460 | 4990 ' 0

I MAY 0.662 0.278 I 82.94 ! 1400 I 2800 I 650 I 7510 1 0 590 I 1270 | 2520 I 1760
I JUN 0.865 1 0.384 1 95.50 I 1230 --- 800 1 1890 1 3070 1 2540 0 .1 2920 1 0 3820
I JUL 1.066 1 0.499 I 106.99 I 1170 I 0 I 2790 j 1240 1 3900 1 0 I 4090 1 0 I 5260

AUG 1.120 1 0.553 I 103.91 I 1130 I 0 1 2640 I 1230 1 3720 1 0 1 3770 1 0 I 4850
I SeP 1 1.014 1 0.526 1 85.51 1 1110 I 870 1 __ 1420_ _ 3070 1 1850_1 0 J1 2110 1__1080__ 2720j

OCT I 0.863 1 0.474 I 61.06 I 1220 1 2950 1 0 I 7830 0 I 1010 1 530 1 3520 I 0
NOV I 0.606 I 0.354 I 32.20 1 1290 I 6630 I 0 I 15620 1 0 1 2740 1 0 0 7610 I 0

I DEC 1 0.387 1 0.243 1 15.98 I 1460 1 11090 1 0 I 24400 1 0 1 5290 I 0 12900 I 0_
NNUAL THERMAL LOADS (MBTU)____ I 16080 __64 510_1_ 9390 1 1515301 _12010_ _ 26650 __15150 69800 1__184

_ DESIGN HOURLY THERMAL LOADS__BTU/HR)l I 42993 1__ 10844 _ 83589 1 15375 L" 26526 I 141846__ 50953i J. 22774_1

CALCULATED ACFS DESIGNS -... II ACES_ __ _ __SLSLAT____E_ DESIa_________ _______ _________ __
ACES H I_ HOUSE 1 1 _.HOUSE 2 L __ HOUSE 3 ___ _HOUSE_4 _I
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE I

I I- O_____ I MAKER I-CHILLER I MAKER I CHILLER I MAKER ICH ILLER I MAKER_ CHILLEI
IVOLDBE OF ICE BIN, PT3V I I 3645 I 1855 1 4577 I 2361
IAREA OF PANEL, FT2 A I I 31 I 44 208 I 224

IFULL ILENGTH OF ICE BIN COIL, FT L I I 0 I 423 0 I 774
IUSAGE OF ELECTRICITY, KWH/YR U I I 5439 I 5462 1 10467 I 10437

I_.__ I. . IEFFICIENCY (ANNOAL COPI_ E _I ____i __ 3.12 1 3 .10 _ 292 _1_ 2.93_
[IVOLUME OF ICE BIN, FT3 v I I 2195 1 1113 1 3065 I 1569

I .IAREA OF PANEL, FT2 A I 97 1 106 1 323 I 342
IPARTIALILENGTH OF ICE BIN COIL, FT L 0 1 398 0 ! 736

I USAGE OP ELECTRICITY, KWH/YB U I I 5969 I 6112 I 11099 I 11115
_ _ / PFFICIBNCY LANNI ALOPL __ E __ L ._______ 84__- I ._2Z2 12 . 7715 - 2.75_1
I IVOLUME OF ICE BIN, FT3 V I 1369 1 684 I 2791 1 1395 1 745 I 372 1 1554 I 777

IAREA OF PANEL, FT2 A f 442 I 467 I 911 1 962 1 237 I 251 I 504 I 533
IININIUMILENGTH OF ICE BIB COIL, FT L I 0 1 572 I 0 I 1120 I 0 I 347 O 0 i 675
I !USAGE OF ELECTRICITY, KWH/YR U I 9673 9664 I 19466 I 19451 1 6707 1 6701 11804 I 11793
I _ .__ FPFICIENCY (ANNUAL COP) _____ _ E I ... 22 17 1--273 1__270 _ __2j71_ ___2-53 ___253 1_2_2 .59-j 2.59_1



CHARLESTON, SOUTH CAROLINA

GEOGRAPHICAL ZONE = D LATITUDE (DEG) = 32.9 GROUND AO = 63.76 F AIR TEMP: OUTDOOR INDOOR
JANUUARB WIND (MPH) = 10.0 LONGITUDE (DEG) = 80.0 TEMPERATURE BO = 16.37 F WINTER 24 F 70 F
COOLING (TOTAL/SENS.) = 1.27 ELEVATION (FT) = 45. CONSTANTS: PO = 0.553 RAD SUMMER 91 F 78 F

-__ _ ___________________ _R-40 - ____BUILDING_DESIGN MONTHLY_THERBEAL LOADS______ _____
R-40 INSULATION I UNGLAZEDI DOMESTICI H---- MEDIUM INSULATION I_ _ _____IGH INSULATION_

MONTH BIN HEAT LEAK I PANEL WATER I HOUSE 1 I HOUSE 2 1 HOUSE 3 | HOUSE 4
ICOEFFICIENTS(32F __H HEA T HEAT I _ 1200_ PT2 I 2400 FT2 ___ _____1200_FT2 ___1 2400 FT2 _

(H) TB(M) I SD(H) I PAN(M) I QH () QH(M) I QC(M I QH(M) I QC(() QC(H)) I QC (MH I QH(M I QC(M)
_I .1_ MIHo6pT2 j RBTgFTn MBTU MBTUU/FT2_I I MBTU .._B _T____ IBT_ .___ BT... HBT __MBTU I
JAN I 0.867 I 0.454 I 70.66 I 1350 I 400 0 I 10860 0 | 1910 I 0 I 5460 | 0
FEB 0.761 ! 0.384 80.10 I 1210 1 3200 1 0 8150 0 1200 1 630 3790 1 870

_H _AR__ 0.905 1 0.436 [L 101.15 _ 1280 I 2700 __ 690 1 7220 I______0 ___9001 _2Q . .1080 1_ 3170_ 1530_1
APR 1 1.006 I 0.473 1 127.87 I 1130 I 980 1 1810 3410 2530 1 0 | 2490 1 1120 | 3400
MAY l 1.216 1 0.570 1 136.98 1 1030 I 0 1 3310 I 0 1 4850 1 0 | 4530 1 0 6030

I JUN _13_1 4.33 4 0.633 1 143.75 _J_ 900 1__ 10 4940 1 0 6390____0 5820 ___0 I 010_1
I JUL I 1.492 I 0.724 I 145.13 I 860 I 0 I 6500 I 0 9020 1 0 | 6930 1 0 9940

AUG 1 1.520 i 0.757 1 147.08 i 870 1 0 | 6560 0 9120 I 0 1 6840 0 | 9770
__SEP _ 1.410 _ 0.721 __129.16 j _ 910 _ __ __0 4620 0 __61722_ ____ 0 1_ 52202 ___0 __ 7040_1

i OCT I 1.316 I 0.690 I 110.38 I 1050 I 0 1 2310 I 1730 1 3210 1 0 I 2850 1 810 | 3760
I NOV 1.108 I 0.591 I 87.61 I 1140 I 1680 1 910 I 4800 I 1190 | 660 1 1280 1 2460 1 1700
I__DEC I 0.978 1 0.523 I 68.46 I 1290 1 3780 0 I 9480 0 1690 1 380 1 1_4980 _ _0
I INNUAL THERMAL LOADS_(BTn _____1 13020 1_ 16740_1__ 31650 1 45650_1 _42480_L___6360 ___3805 0_ 21790 1- 52050
IDESIGN HOURLY THERNAL LOADS BTO/HR) ____24676_1__ 21369_L_ 47754 U_._35018 _L__15796 ___20108JL 30193 34850

____ __ ~_______ _C&_ CALCULATED ACES DESIGNS ____ _

ACES I H0OUSeI HOUS 2 1___ HOUSE 3_____l HO__USE _4___
1 SIZE | SYSTEM DESIGN PARAMETERS ~ ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE
I L.___L-___ _____ L.A1Th____ _I nIW_. I f&lfl .__M IAK _ERR____C _ AKE CLLERE KER £ CiH ILLE i__ AEER_ _j CiHI.LLER

VOLUME OF ICE BIN, FT3 V I 2284 I 1358 5498 ~ 3256 1 865 1 503 1 2330 1 1356
IAREA OF PANEL, FT2 A 0 I 0 I 0 0 0 I 0 I 0 I 0

IFUIL ILENGTH OF ICE BIN COIL, FT L I 0 I 382 0 I 759 1 0 I 229 1 0 457
IUSAGE OF ELECTRICITY, KWH/YPR 7274 | 7093 10972 1 10647 7961 [ 7794 2 11288 11066

I__1PEFFICIENCY (ANNUAL COP) ___ E I 2.47 1 2.54 I __72.70 I _2.78 _2. i _2...1 216 2.25_1 2.30_I
IVOLUME OF ICE BIN, PF3 V 1408 1 812 1 3314 2 1911 1 584 I 327 1 1480 1 836

AREA OF PANEL, FT2 A 12 [ 13 29 1 30 1 0 I 0 1 14 1 15
IPARTITLILENGTH OF ICE BIN COIL, FT L I 0 359 0 712 0 [ 217 0 430

OUSAGE OF ELECTRICITY, KWH/YR 0 8151 I 7973 12576 12352 8110 I 8111 12077 11866
1__E__ fFFICIE8CT (SINNL COP)221 ______E&__2____21_i___2 _ 1____2.36l 2.110 2 2.07 2.1 2.14I

IVOLUME OF ICE BIN, PT3 V 533 t 266 1130 565 1 302 I 151 631 315
IARER OF PANEL, FT2 A 31 1 33 1 67 1 72 14 I 16 1 38 41

IMINIMHMILENGTH OF ICE BIN COIL, FT L 0 [ 312 1 0 1 612 I 0 I 197 I 0 381
IUSAGE OF ELECTRICITY, KWH/YR U 8420 8412 13393 1 13373 1 8239 I 8242 12324 12319

.___ IEFFICIENCY (A&NUAL COPL E 21L41 __.. 1 _2. 14 2.21 _22.22 __ .4_..____204_ _2.06 1 2.07_1



GREENVILLE, SOUTH CAROLINA

GEOGRAPHICAL ZONE = D LATITUDE (DEG) = 34.9 GROUND AO = 60.26 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 8.0 LONGITUDE (DEG) = 82.2 TEMPERATURE BO = 18.71 F WINTER 18 F 70 F
COOLING(TOTAL/SENS.) = 1.16 ELEVATION (FT) = 957. CONSTANTS: PO = 0.565 R&D SUMMER 93 F 78 F

I__________ ____BUILDING DESIGN MONTHLY THERMAL LOADS__ _ ____
R-40 INSULATION I UNGLAZEDI DOMESTICI M____ EDIUM INSULATION I HIGH INSULATION _____

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 'HOUSE 2 I HOUSE 3 I HOUSE 4
I COEFFICIENTS(32PFI NEAT I HBAT I _ 1200 _T2 I .. 2400 FT2_____- 1200 PFT2 __ 1 _2400 FT2

() I TB(B) I SD(M) I PAN(M) I QHW () I QH(H) I QC(M) I QH(M) I QC(M) I Qs(M) I QC () I OH(M) I QC(M)
I._____ L_ BHBTO/FT2 I §BTU'FTT21 2BTU I .. BTO 1__BTU I S_ .BTU 1 IBT HBTU I BT___. H.BT. O..___I_. T __I _I

I JAN ! 0.693 I 0.371 I 46.22 I 1450 I 6290 1 0 I 14940 I 0 I 2640 1 0 I 7230 0
I PEB I 0.599 I 0.304 I 54.46 ! 1300 1 4900 I 0 ! 11840 I 0 I 1900 I 0 I 5440 0
I __AR 1 0.733 1 0.348 1 78.68 1 13701 4170 __I 0 1 _10390 _ l9 0 J_ .490L I _4620. ___ O_

I APR 1 0.856 1 0.394 I 110.44 I 1200 I 1740 I 1110 I 5170 I 1460 I 380 1 1670 I 1800 1 2380
I AY 1 1.086 I 0.500 I 121.91 I 1090 I 0 I 2350 I 2030 I 3380 0 0 3070 I 0 1 4180
JO 1. 1.232 I 0.577 I 130.71 1 930 I ___0 _1 _3690 .. 0_ __ 5360 _ .___ 0 _ 459 0_ ____OL 6380_1

I JUL 11.405 1 0.677 1 132.87 1 890 0 I1 5310 1 0 1 6880 1 0 1 5930 1 0 1 8260
AUG I 1.439 0.715 1 134.44 1 900 I 0 , 5390 1 01 7290 1 0 5770 1 0 8060

I SlP I 1.325 1 0.680 1 125.09 I 94_ 0 _I__0 1_ 3400 . _I 0 I 4620._ __ 0 __3770 I ___. 0 _1. 52301
I OCT I 1.210 1 0.641 I 101.65 1 1110 1 730 1 1140 I 2770 1 1610 I 0 1 1390 I 1200 1 1930

NOV 1 0.981 I 0.533 I 72.83 I 1210 I 2570 I 0 1 6910 I 0 I 1010 I 520 I 3460 | 710
I DEC ! 0.822 1 0.451 1 51.99 1 1380 £ 5340 I 0 I 12950 I 0 I 2330 i 0 I 6540_L 0_
I ANNoUL THERMAL LOADS (MBTl .. _. 1 137701 257401 22390 __67000 30600 I 9750 _27200_ 30290 37130

1 DESIGN HOURLY THERHAL LOADS (BTU/HR I1 29364^1__19306 I 56921 1 30147 I 18476_^ .18557 1 35370_ 31194_1

O

1 -________________________cLCBLaTEDtCES DESIG__NS____ __ __ _______ (_________-___-
_ __ CALCULATED ACES DESIGNS

I ACES 1 I HOUSE _1 __ HOUSE 2__1__ OUSE 3HOUSE_ 4
I SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE
1 _____--I________________ ___________ I MAKER I CHILLER I MAKER AKER I CHILLER IER KE CHILLER I MAKER I CHILLER I

IVOLUME OF ICE BIN, FT3 V 1 3771 | 2271 1 8565 1 4477 1 1744 1 1027 I 4125 1 2425
I IAREA OF PANEL, FT2 A0 1 01 0 1 10 0 0 I 01 01
IFULL ILENGTH OF ICE BIN COIL, FT L 0 473 0 I 920 I 0 286 I 0 1 562
I IUSAGE OF ELECTRICITY, KWH/YR U I 6091 I 5904 1 10032 I 10733 1 6090 1 6099 I 8947 1 8657
I_ [IEFFICIENCY (ANNUAL COP)_ EE 2.98 1 3.07 1__ 3.25 1 3.04 2.44 2.44 44 1 2.66_L__ 2.75_j

IVOLUME OF ICE BIN, PT3 V 1 2244 I 1315 1 5042 I 2618 I 1061 608 [ 2464 1413
I REA OF PANEL, PT2 1 27 I 26 1 55 I 62 I 12 13 I 30 30

IPARTIALILENGTB OF ICE BIN COIL, FT L I 0 1 444 1 0 864 I 0 269 t 0 527
I IIJSAGE OF ELECTRICITY, KWH/YR 0 7224 I 7051 1 11922 1 12085 I 6633 6642 I 10163 10173
I__ IEFFICIENCY (ANNUAL CCPL__ E 1 2.51 ___2.57 1 2.74 1 __2.70 2.24 

1
__2.24 2.34 2.34_1

I IVOLUOE OF ICE BIN, FT3 V 717 I 358 1518 1 759 I 379 1 189 I 804 I 402
IA&REA OF PANEL, FT2 A 1 62 1 66 1 134 1 141 I 33 1 35 I 71 1 75

IMINIMUNILENGTH OP ICE BIN COIL, PT L 0 1 378 1 0 I 741 I 0 1 232 I 0 1 451
IOUSAGE OF ELECTRICITY, KWH/YB U 7903 1 7897 1 13665 1 13656 I 6993 1 6989 1 10872 1 11011

_ _- _EFFICIENCY (ANNUAL COPE _J____ 2.291_ 2.30 1 _ 2.39 __2.12 __ 13 _ _2.19-1 2.16_1



SOUMTER, SOUTH CAROLINA

GEOGRAPHICAL ZONE = D LATITUDE (DEG) = 33.9 GROUND AO = 63.11 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 7.0 LONGITUDE (DEG) = 80.4 TEMPERATURE BO = 17.80 F WINTER 22 F 70 F
COOLING (TOTAL/SENS.) = 1.19 ELEVATION (FT) = 169. CONSTANTS: PO = 0.551 RAD SUMMER 94 F 78 F

U__ILDING DESIGN MONTHLY THERMAL LOADS
R-40 INSULATION I UNGLAZED1 DOMESTIC ___ EDIUM NSLATION H__IGHINSLATION_ _____

MONTH BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSB 2 1 HOUSE 3 1 HOUSE 4
ICOEFFICIENTS(32FL__HEAT ___ I HEAT _1 1200_ FT2__ 2400 FT2_______ 1200 FT2____ ___2400_FT2

(n) TB () I SD(M) I PAN(M) I QHW(M) I QH(MI I QC(M) QH(M) IQC() QH(M) I QC (M) QH(M) I QC() I
___ _I - MBTO/FT2 _I HMTU/ET21_BTO _L__MT2II__ BMBTU MBT U tI __I IIBT MBT __I_ ...___. l_mBTU___ MBTU I

JAN 0.815 0.430 57.08 { 1380 1 4810 | 0 1 11790 1 0 I 2000 1 0 | 5710 1 0
FEB 1 0.712 9 0.360 62.70 J 1240 1 3700 0 9300 1 0 1390 I 330 1 4250 1 0
I MAR 1_0.857 1_0.411 __85.98_ _ 1300_ _ _.3030 0 27960 1 0 I 980 1 . .. 740 i_ 3440 I 1030
APR 1 0.971 1 0.453 1 114.73 I 1140 I 1120 I 1570 1 3700 1 2220 0 I 2190 I 1220 I 3070
MAY 1.196 0.556 1 123.30 I 1040 1 0 I 3280 1 0 1 4750 1 0 I 4410 0 I 5790

IJUN I_ 1.328 1 0.627 1 129.10_1 _890 _01__ 4840 0 __6510 1 0 ______ __5660_ _____0_ 7700_
JUL I 1.496 1 0.724 1 135.98 1 860 1 0 I 6190 1 0 1 8440 1 0 I 6590 1 0 I 9270
AUG 1.525 1 0.759 1 127.83 I 860 1 0 1 6290 1 0 1 8670 1 0 I 6510 1 0 I 9140

I SEP_ 1.. 409 1 0.722 1__112.82 1 900 1 ___ 1 _ 4310 1 I____ __58001 01 ...._ 9______0_ 6400-
OCT 1.303 0.686 93.71 1060 ~ 430 | 1890 1820 2580 | 0 I 2350 | 820 I 3060
NOV 1.080 0.580 1 73.68 I 1160 1650 | 710 4800 0 580 { 1030 2 2350 I 1370
DEC 1 0.935 _90.505 53.42 1 1320 3

___990_ 0 1 10060 0 1680__ 0_ 1 5000 0_
I ANNUAL THERMAL LOADS _ (MBTU___ 1 13150 1__18730 1_29080 _ 49430 _ __38970_ ___. 6630_1___ 34600_1 22790_ i___6830_
I_DESIGN HOURLY THERMAL LOADS _IBTU/H__ __26155_l___21552_ __L-50642 __35200_l__1l 66 3_1___19968_ L 31867 ____. 34141_1

4-I

AE_____SCALCULATED ACES DESIGNS
ACES H|US ____ -1 -HOUSE_1__UE 2 IHOUSE 3 __HOUSE_ 4
SIZE SYSTEM DESIGN PARAMETERS I ICE I BRINE 1 ICE I BRINE I ICE I BRINE I ICE I BRINE

I_____i -__ __________._MAKER__ _CHILLER__MAKER_ CHILLE_ MAKER CHILLER_ AKE __IHI LLER
IVOLUME OF ICE BIN, FT3 V 2695 I 1601 6284 3714 I 1175 686 1 2809 I 1646

AREA OF PANEL, FT2 A I 0 0 0 0I 0 0 0 I 0
IFULL ILENGTH OF ICE BIN COIL, FT L 0 I 410 0 812 I 0 249 0 [ 490
I IUSAGE OF ELECTRICITY, KWH/YR U 7007 [ 6778 10378 10079 I 7264 7268 8 10282 I 10296
1_ EFFIE ICIENCY (ANNUAL COPL ____ E I_ 2.551_ 2.64 2.87 2.__95 _ .... 2.19_1___2.192. _ 236 __ 2.36_

VOLUME OF ICE BIN, FT3 V 1635 I 944 3752 1 2162 I 745 ~ 421 1 1733 I 987
AREA OF PANEL, FT2 A 18 I 19 40 1 41 0 0 0 21 I 21

IPARTIALILENGTH OF ICE BIN COIL, FT L 0 385 0 761 { 0 235 0 I 461
IUSAGE OF ELECTRICITY, KWH/YR U 7728 I 7692 12369 1 12062 I 7757 7599 11383 I 11181

I____ jFFICIENCY (ANNUAL COP) __ E ____2.31_ l__1 2.2_ __2.14 1_2___ 247 _ __2.052._1__2.10____ 2.13 _1 . 2.17_
I I7OLUME OF ICE BIN, FT3 V I 574 1 287 1 1220 1 610 I 314 157 657 { 328
I IAREA OF PANEL, FT2 A 42 45 93 1 97 I 22 24 49 I 52
IMINIMUMILENGTH OF ICE BIN COIL, FT L 0 { 332 0 651 0 207 0 I 401

{UISAGE OF ELECTRICITY, KWH/YR U 8222 { 8216 13450 13440 { 7862 7857 1 11755 I 11749
1 _ IEFFICIENCY ANNUAL COP) E_ 2.__.17 2__17 2.2_- 2.21 2 1 .__2.03_ 0

3
1

2
.03j 2 .0606



HURON, SOUTH DAKOTA

GEOGRAPHICAL ZONE = H LATITUDE (DEG) = 49.4 GROUND AO = 45.10 F AIR TERP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 12.0 LONGITUDE (DEG) = 98.2 TEMPERATURE BO = 30.33 F WINTER -18 F 70 F
COOLING(TOTAL/SENS.) = 1.07 ELEVATION (PT) = 1281. CONSTANTS: PO = 0.598 RAD SUMMER 93 F 78 F

_______0 -__ - ______________________ BUILDING_DESIGH MONTHLY THERMAL LOADS _ -- ----- __--
R-40 INSULATION OUNGLAZEDI DOMESTICI HEDIU INSULATION _ HIGH NSULATION__

MONTH I BIB HEAT LEAK PANEL I WATER I HOUSE 1 I HOUSE 2 I HOUSE 3 I HOUSE 4
ICOEFPFICIENTS(32F1 I BEAT I HEAT __ 1200 FT2 1 2400 FT2 j_ 1200 FT2 __ 2400_FT2

() TB(BM) I SD() IPAN(B) I QHW(B) I QH(M) I QC(M) I Q(()) I QH(M) I QC(B)
I__. t - MBTU/FT2 I BTU/F r21 BTU _ MBTU_ _1 BTn I TB ._ BTU_ I T_ BT_ B BTOTI MBo BTU _
I JAN I -0.084 I -0.001 1 5.30 I 1490 I 19070 1 0 39970 I 0 I 10440 I 0 I 22880 I 0--
1 PER I -0.129 ! -0.055 1 14.45 I 1410 I, 15410 1 0 I 32640 1 0 I 7760 I 0 I 17410 I 0
_AR -0.041 -0.047 I 35.00 I 1600 _ 13060 __ 0 28 410 0 5830 0I I 13700 __

APR I 0.192 I 0.042 I 75.89 1 1550 1 7260 1 0 I 16730 1 0-- 2690 -- 0 7050 I-- 0
I NAY I 0.524 I 0.191 I 115.71 I 1560 I 3630 1 760 1 9160 1 0 I 950 I 1470 I 3310 I 2140
I JUN 1 0.803 1 0.338 1 142. 1 1440 1__ 1060 i -2190 1 _3570_ _3010 I 0_1 _3300 ____ _ 0 _ 4540_1
JUL I 1.051 I 0.482 I 162.48 I 1400 I 0 1 3750 I 1330 1 5610 1 0 I 4980 I 0 I 6780
AUG ! 1.117 1 0.550 I 159.03 I 1320 0 3720 1 1150 05450 I 0 I 4700 I 0 I 6460

.SEP 1 0.980 1 0.517, 1 123.12 1 1240 I 1480 ___1630 I 43401 -2320 L- 470 . 2140 1 1950 I 3050
I OCT I 0.763 I 0.438 I 83.73 I 1280 ! 4190 0 I 10320 0 I 1790 I 690 I-5180 0---

NOV I 0. 433 1 0.285 I 34.44 I 1290 I 9780 1 0 I 21720 0 , 4870 I 0 I 11750 0 I
I DEC 1 0.133- 1 0.132 1 12.87 1 1410 I 15390 I 0 I 32780 i 0 I 8170 1 0 1 18480 0j
I AU AL THERBAL LOADS (HBTa I 16990 I 90330 12050 I 202120 _ 163901 42970 I172801 101710-- 22970_1 I
I DESIGN HOURLY THBEBAL LOADS TU/HR) 1 56628 1 4680 110199 1 22399 1 35848 1 17693 I 69020 1 28189_1

'l

--- --------------------------- _______________ CALCULATED ACES DESIGSNS __ _
I ACES __ HOUSE I_____ HOUSE 2 1 __ HOUSE 3 _____ OUSE
I SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE
- -I [ I MAKER I___CH!LES A CHILLER I AER I CHILLER I MAKER I CHILLER I BAKER I CHILLER I

I IVOLUOE OF ICE BIN, PT3 V I 4046 I 2080 I 5630 I 2903
IAREA OF PANEL, FT2 A I I 125 I 137 I 533 I 561

IFULL ILENGTH OF ICE BIB COIL, FT L I 0I 0 559 I 0 I 1036
IUSAGE OF ELECTRICITY, KWH/YR U I I 7125 1 7309 I 13914 I 13979

I____ IEPFICIENCY (ANNUAL COP) E __ ____ II 3.18 I 3.10 1 2.98 _ 2.97_
IVOLUME OF ICE BIN. PT3 V I I I 2576 I 1316 I 3943 I 2016
IAREA OF PANEL, PT2 A I I I 278 1 295 1 748 1 770

IPARTIALILENGTH OF ICE BIN COIL, PT L 0 I 529 I 0 I 991
lOSAGE OF ELECTRICITY, KWH/YBR I I 7869 I 7878 I 14596 I 14863

__-- IEFFICIENCY (ANNUAL COP) E I __ I__ _ 2.88 iI 2.887 1 2.879
IVOLUME OP ICE BIN, FT3 V I 1904 952 I 3839 1 1919 I 1105 1 552 I 2257 I 1128
I AEA OF PANEL, FT2 A 1* 1153 1* 1203 1* 2330 1* 2433 1* 666 1* 695 1* 1366 1* 1426

IBINIMIUILENGTH OF ICE BIN COIL, FT L I 0 1 759 I 0 I 1484 I 0 I 475 I 0 I 922
IUSAGE OF ELECTRICITY, KIE/YR U I 12515 12612 I 24801 i 25002 I 8644 I 8698 I 15419 I 15533

I__ IBEPFICIENCY fANNUAL C0 N gI_ 2.79_j_ 2.77 I .78 i 2.76 I 2.62 I 2.60 1 ___2.9_L 2.67

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.



RAPID CITY, SOUTH DAKOTA

GEOGRAPHICAL ZONE = H LATITUDE (DEG) = 44.0 GROUND AO = 47.61 P AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 10.0 LONGITUDE (DEG) = 103.1 TEMPERATURE BO = 25.39 F WINTER -11 F 70 F
COOLING(TOTAL/SENS.) = 1.00 ELEVATION (PT) = 3162. CONSTANTS: PO = 0.646 RAD SUMMER 92 F 78 F

I_ _ISLATION _LAE__ _WATE BUILDISG_DESIGBN MONTHLY THERAL LOADS ______ ______ ________
l R-40 INSULATION I UNGLAZEDI DOMESTICI ____.__ .!.DIUM INSUATIO9N . _ L._.___ _I HIGH INSULATION_____ ___

MONTH I BIN HEAT LEAK I PANEL H WATER I HOUSE 1 I HOUSE 2 1 HOUSE 3 HOUSE 4
1 IOEFFICIENTS(32FII _HEAT __I HEAT _ L____ 1200_FT2 1 _--__2400 2__ 1200 T2 __ __ 200 FT2 __

() I TB(N) I SD() I PAN(M) I QHW(H) I QH() I QC(M)) I QH(M) I QC(M) I QH(M) I QC(M) QH(M) QC(M)
l_ i BBTU/FT2 |I BTU/FT21 MBTU __ MBTU B O.___UI .__/_ I T__ __ _ BT 1 BU I MBTU _L MBTU

JAN 0.113 I 0.094 I 23.63 1 1530 I 14250 1 0 1 30600 0 1 7130 1 0 l 16340 l 0
FEB 0.047 I 0.034 I 27.64 I 1440 I 12160 1 0 I 26290 1 0 I 5810 1 0 1 13440 l 0

I MAR 1 0.125 1 0.043 1 46._1 I 1610-1___ 117 ____ 0 1 24400 1___ I _1930_i_____ _ 11740______ 0_
I APR I 0.306 I 0.110 I 72.31 I 1520 1 6830 I 0 I 15800 1 0 I 2620 1 0 I 6910 1 0

I MAY I 0.586 I 0.234 I 108.78 { 1480 I 3430 1 680 I 8770 0 1 860 1 1220 l 3200 1 1790
I JUN 0.818 l 0.355 J 131.6 61 1330_ _ 1090J _1 850_ _ 3340 _ _2630 _ 0 _ _L__2690_ __890_1___ 3860_

JUL I 1.041 I 0.482 1 151.34 l 1270 0 1 3190 1 1250 1 4820 l 0 1 4170 1 0 1 5850
AUG I 1.109 1 0.544 I 153.47 { 1200 1 0 l 3440 1 1140 l 5220 I 0 l 4260 I 0 1 6000
SEP I 1.001 1 0.520 1 121.23_1__ 1150 1 1330 1 __ 1690 I 4060___ 2500_ _ 0_ i___2140 1 _1740_ __ 3110_

l OCT I 0.834 1 0.463 l 94.51 1 1230 r 3310 l 0 1 8450 0 l 1280 1 900 I 4100 1 1310
NOV I 0.554 I 0.334 I 43.80 I 1270 I 8220 1 0 I 18600 1 0 I 4030 0 I 9960 0

I DC I 0.305 0.208 1 28.10 1 1430 1 11890 1 O 1 25960 1 0 1 5880 I ____ 13870_1__ 0_1
IANNUAL_THERMAL LOADS (_BTUl___ . 16460_L _ 73580 1_ 1_850 1 _169060 1 _15170_ __ 32540 1_ 153801 _ 82190 _1__21920_

DESIGN_HOURLI THERMAL ILODS BR _TU/H ___ 1 50603 _ 1 3510_1 98391 _1_21170 1 321161___15995 L 61770_1__ 26201_1

-_-__ ______ ___________ ___--S___CALCULATED S DESIG__________________ _______
IACES ___ HOSE __1_ __ _HOUSE 2 ____ _ HOUSE 3____ ___HOUSE_4 ___I

SIZE | SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE BRINE I

I ___ _ __ _ __ ___C _ _ MAKER I _ HILLER I MAKE _ CHILLER I _ MKER _ CHILLER_ I AKER__ CHILLER_I
IVOLUME OF ICE BIN, PT3 V I I 3638 1 1843 I 4921 1 2539
IAREA OF PANEL, PT2 A I 1 39 1 46 | 154 1 160

IFULL ILENGTH OP ICE BIN COIL, FT L 0 l 500 I 0 1 925
IUSAGE OP ELECTRICITY, KWH/YR U 6142 2 6172 I 11966 1 12013

-___ _.[ FFICIENCY (ANNUAL COP) __ E .. l_..____ __ ..... ___07___ _______L 3_.__0 _ 6 1 2.95_1___ 2.94_
l IVOLUME OF ICE BIN, PT3 V I 2220 1 1122 1 3288 1683
l IAREA OP PANEL, PT2 A I I 1 78 82 216 1 223
IPARTIALILENGTH OP ICE BIN COIL, FT L 0 I 471 { 0 I 879
l JOSAGE OF ELECTRICITY, KWH/YR U I 6743 6768 I 12568 1 12824
I-__IEFFICIECY (ANSNAL_ CQOPL_ E __ _ __ I_ I .______ _ _2.80_1___ 2.79 _ 2.81 1 2.75_
I IVOLUME OF ICE BIN, PT3 V l 1461 730 1 2974 l 1487 l 802 l 401 { 1655 l 827
I IAREA OF PANEL, PT2 A 261 1 270 1 535 1 553 I 141 1 146 { 293 1 303
ININIMUMILENGTH OF ICE BIN COIL, PT L 0 665 I 0 I 1302 { 0 414 ( 0 1 804
{ {USAGE OF ELECTRICITY, KWH/YR U 10870 l 10981 | 21623 1 21616 1 7416 1 7413 1 13398 1 13607
-I_ __IEFFICIENCY (ANNUAL COP L__I ____ _ E ...2___2 ___ 229 ___27 2 1 __ _2 2_ L___ 5 _ 2.54 _ 2.64_ __ 2.60_



BRISTOL, TENNESSEE

GEOGRAPHICAL ZONE = C LATITUDE (DEG) = 36.5 GROUND AO = 56.56 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 7.0 LONGITUDE (DEG) = 82.4 TEMPERATURE BO = 20.15 F WINTER 9 F 70 F
COOLING(TOTAL/SENS.) = 1.10 ELEVATION (FT) = 1507. CONSTANTS: PO = 0.558 RBAD SUMMER 90 F 78 F

-[-0ISLAIN-______ : ____ __ _BUILDING DESIGN HROTHLY THERMAL LORDS _ ___ _
-40 INSULATION I UNGLAZEDI DOMESTICI__ MEDIUM INSULATION INSLATIOHIGH INSLAT __ION

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I , HOUSE 2 1 HOUSE 3 1 HOUSE 4
I !COEFFICIENTS(32F> HE.AT I HEAT 1 1200 FT2 1 2400 FT2_ I 1200 FT22__4__ _20 0PT 2 __I

I () I TB(M) I SD() I PiAN(1) I QW(M I ) Q I QC(| ) I QH() QC(H' I QH(B) I QC (M) I QH(M I QC () I
I__ I [ BTUHFT2 I M L!FL I BTFT2 BT T2 T BTO __MBT I MBTO I T __MT . I IBTU _ I IBTO .__. I BTU __I

JAN I 0.527 I 0.290 ! 31.92 I 1530 8420 I 0 I 19220 1 0 3630 I 0 1 9440 01
FEB I 0.448 0.228 1 40.651 1380 63001 0 1 147701 0 2450 1 01 66401 0
M__LR1 0.572 1 0.267 1 60.68 I 1450 1 5710 __ 0 i 13640 0 1 212 0 0_ 6000_ _ 0

APR 0.713 I 0.319 I 87.13 I 1270 1 2810 1 690 I 7420 0 780 1 1230 I 2830 1 1710
I MAY I 0.955 I 0.430 I 100.38 I 1150 I 880 1 1970 I 3200 2720 0 I 2900 820 1 3880
I JU _ 1.118 1 0.5171 99.20 I 980 1 0 __ 0_ 2990 890 _4220 0 1__50 1____O __ 5380_1
I JUL 1.296 0.6211 98.87 940 1 0 1 4030 01 57501 0 1 5290 1 0 1 6930
I AUG I 1.330 I 0.661 I 97.91 I 940 0 1 4100 I 0 I 5530 1 0 I 4990 1 0 1 6460
_SEP 1.213 1 0.626 1 96. 42 1 990 _ _0 __ 2810 1 920 _3910 _ 0 __ 3540 __ 0 _O_L_ 45709_

I OCT 1 1.082 I 0.580 1 76.25 I 1170 1 1420 1 990 1 4390 1 1300 1 450 I 1390 1 1950 1 1890 I
I NOV I 0.842 I 0.467 I 52.39 1 1280 1 4010 0 I 10020 1 0 1 1670 I 0 1 4940 0
I DEC I 0.664 I 0.375 1 33.71 1 1460 1 7350 0 1 17030 i 0 j 3240 I 0_ 1 8570 __ 0 0
I __ NNOAL THERMAL LOADS (MBTUl _ 145401 36900 1 17580 I 91500 i 23430 1 14340 1 __23490 _ 4A190_.__ 30820_1

DESIGNB HOULY THERMAL LOADS (BTU/HRI J 35634 I_ 15621 1 69149 I__ 23040 I 22464 I 16744 L 43074 I 26477_1 I

___I_ _____ _ __ _ __CALCULATED ACES DESIGNS ___ ____ ______ ___D____ _
ACES I O__ SE1 _ I __ HOUSE 2"_ 1 HOUSE 3 ___ -HOUSEI4

! SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE I
I ..... I M AK ER _ C HIALLER I MAKER__L CH. ILLE 'I MAKER . CHILLER_ MAKERa _ CHILLER I

IVOLUME OF ICE BIN, FT3 V I 4968 1 2375 I 6064 I 3012 1 2605 1518 1 5621 1 3326 I
IRAREA OF PANEL, FT2 A I 01 22 1 110 1 1261 0 I 01 01 0

IFUIL ILENGTH OF ICE BIN COIL, FT L I 0 1 565 I 0 I 1042 I 0 I 356 1 0 1 694
I IUSAGE OF ELECTRICITY, KWH/YR U I 6639 1 6658 I 13368 I 13425 1 5728 I 5538 1 8439 71 964
I____EFFICIENCY (ANNUAL COP)E 3.05 _ 3.04 1 2.84 I _2.83 1 2.68 l__ _ 2.77_ 3.00__ 3189_1
I IVOLUME OF ICE BIB, FT3 V I 2945 1 1418 I 3993 I 1987 1 1542 I 878 1 3319 1 1917
I I&REA OF PANEL, FT2 A I 50 1 60 I 166 1 182 1 24 ! 24 1 52 1 51
IPARTIALILENGTH OF ICE BIN COIL, FT L I 0 1 531 I 0 I 991 I 0 I 334 I 0 1 651
I ItUSAGE OF ELECTRICITY, KWH/YB U 1 7386 1 7412 I 14036 I 14062 1 6436 I 6299 1 9896 1 9665
_..__I EFFICIENCY (ANNUAL COP) __ __ E _L___-_.7___2.73 2.1 2 .70_1 _ 2. 38 2.44__ 2.56 I 2.62
I IVOLUME OF ICE BIB, FT3 V I 922 1 461 1922 I 961 1 479 I 239 1016 1 508
I IAREA OF PANEL, FT2 A 1 119 1 127 I 252 I 267 1 62 I 66 1 134 1 143
IMINIOUMILENGTH OF ICE BIN COIL, FT L I 0 462 0 1 905 0 I 284 01 0 552

I IUSAGE OF ELECTRICITY, KWH/YR OU 8132 8121 15000 I 14977 1 6868 I 6860 1 10861 10848
I____ IEFFICIENCY (NNUAL COP) __C__OE _ __O 2.49 1 2.49 253 12,5 23-53 2.243 L 22.33_1_ 2.34_1



KNOXVILLE, TENNESSEE

GEOGRAPHICAL ZONE = C LATITUDE (DEG) = 35.8 GROUND AO = 58.49 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 9.0 LONGITUDE (DEG) = 84.0 TEMPERATURE BO = 20.56 F WINTER 13 F 70 F
COOLING(TOTAL/SENS.) = 1.19 ELEVATION (FT) = 980. CONSTANTS: PO = 0.541 RAD SUMMER 92 F 78 F

- -- ____ __-BUILDING DESIGN MONTHLY THERMAL LOADS
I R-40 INSULATION | UNGLAZED( DOMESTIC[I ___ __MEDIUM INSULATION H ___ _ HIGI SLATION

MONTH B BIN HEAT LEAK I PANEL I WATER { HOUSE 1 I HOUSE 2 1 HOUSE 3 I ROUSE 4
ICOEFFICIENTS (32FI_ HEAT ___ HEAT__LI___ 1200FT2 I 2400 FT2 _ 122 00_T2____ _2400_2 _

(M) I TB(M) I SD(MH I PAN(N I QHW (MI' I QH(n) I QC() I Q() I QC(n) I QH(M) I QC () I QH(I) QC(M)
__ 1__ MBTU/FT2___l MBTU/FT21 _ T BTU TU M U M TU_ H I -_.B____BT______ .__ BTU___Q_5BTU__ I BTU __iL .TU ___
JAN 0.588 I 0.320 21.14 1 1510 I 8760 1 0 1 19920 | 0 1 3890 0 I 10250 I 0
FEB 0.506 1 0.257 39.12 I 1350 I 5860 1 0 13990 | 0 1 2170 0 I 6180 0

__AR _ 0.642 1 0.300 65.66 1_14 5100_1___ ___0 1260 16 _ 5240_ ______O_
APR 0.785 1 0.354 93.68 ! 1230 I 1740 | 610 I 5150 0 | 360 1 1270 | 1650 1590
MAY 1.034 0.469 113.73 { 1110 | 540 1720 | 2220 I 2110 0 O 2860 | 0 3480
JUN_ 1.198 0.557 117.19 ____940 ___ ___ _ 3260____ _ _0 _4400_ ___ _____4 .490_ _ __0_ . 58104
JUL 1.378 0.662 118.99 { 900 I 0 I 4880 | 0 1 6230 1 0 1 5810 I 0 1 7730
AUG 1.410 0.702 122.22 { 910 I 0 1 5120 | 0 f 6720 1 0 | 5880 1 0 7860
SEP 1.285 1 0.663 105.56 _ _960_1______0_ 29901_______0.350.. ..... 0____1 3750 . ___ ..___600
OCT 1.150 1 0.615 1 79.92 1 1140 I 920 1 700 I 3180 1 840 1 230 1 1110 I 1380 1 1340 1
NOV 1 0.904 1 0.499 I 53.91 ! 1250 I 3230 | 0 | 8590 | 0 1 1200 0 4040 I 0 I

1 DEC 10.726 0.406 1 31.25 i 1430.1 6710 U 0 ] 15800 I ____O I 2810 1_ ___O_ 7850_0______
IANNUAL THERMAL LOADS_ ILBT)____1 14140_1 32___860__192 80 1___81520_ .__24150 1__12340_1__251

7
70_I 36590_1___.3241_

DESIGN HOURLY THERMAL LOADS _ BTU ___R__R) ___32945_ 1 912 _ 63910 J 29664_1 20693____188_27_ 39653_1___3156 4_.

______-_______ ____ __C__C£ALCULATED_ AES DESIGNS________ ________________________
ACES I_ HOUSE____ _ _ __HOUSE_2__ ______HOUSE_ 3 _________ OUSE_4 ____
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

t-_. 1__ A___________ ______MAKER_ ICHILLER I MAKER CHILLER MAKER I CHILLELR __ .AKE_ ICHILLER
IVOLUME OF ICE BIN, FT3 V 1 4923 1 2853 1 7233 1 3560 | 2371 | 1387 5267 3063
(AREA OF PANEL, FT2 A 0 0 76 99 0 0 0 0

IPFULL (LENGTH OF ICE BIN COIL, FT L 0 I 538 0 992 0 328 0 639
1 IUSAGE OF ELECTRICITY, KWH/YR U 5963 1 6362 12213 1 12283 1 5967 | 5751 1 8373 1 8097
_____ IFFICIENCY (ANNUAL COPI ___ _ i E ___ 26 _1 _3.05____ 2.87 _L 2.8861 _254L _ 263 2 .91 3.01

IVOLUME OF ICE BIN, FT3 V 2937 1 1664 4608 2276 | 1435 | 818 3178 1 1803
I IAREA OF PANEL, FT2 A 45 46 153 176 | 23 I 24 52 1 52
IPARTIALILENGTH OF ICE BIN COIL, FT L I 0 505 0 940 | 0 { 308 0 1 601
I IUSAGE OF ELECTRICITY, KWH/YR a 7268 7118 13051 1 13320 1 6661 I 6505 1 9965 1 9693
I IE!FFICIENCY (ANNUAL COP1 ______ _E 2.67 2.7 269 ___2. 64 - 2_ 2.27 - 2.33 21 S21.44____ 2.51_1
I IVOLUME OF ICE BIN, FPT3 V 951 475 1983 1 991 1 500 I 250 1 1088 1 544
I |AREA OF PANEL, FT2 A 146 156 1 311 329 f 75 I 81 1 167 1 178
IMINIMUMILENGTH OF ICE BIN COIL, FT L 0 433 0 848 I 0 I 266 1 0 518

I USAGE OF ELECTRICITY, KWH/YR U 7983 8101 14069 14079 | 6934 I 7027 1 10689 10696
I . .____. IFFICIENCY (ANNUAL COP) ____- E _ ___2.431 2.___ 40 2- .- 50 1____2.49 j__2.18 _ ___215_ j 2._28_1___.

2 -
28_1



MHEPHIS, TENNESSEE

GEOGRAPHICIL ZONE = C LATITUDE (DEG) = 35.0 GROUND AO = 61.12 F AIR TEBP: OUTDOOR INDOOR
JANUARY WIND (BPH) = 11.0 LONGITUDE (DEG) = 90.0 TEBPERATURE BO = 21.28 F WINTER 13 F 70 F
COOLING(TOT&L/SENS.) = 1.20 ELEVATIO0 (FT) = 258. CONSTANTS: PO = 0.555 RAD SUMHER 96 F 78 F

_________ __ BI__LDINGDESIGN OTLY T_ R___ LOD§___ _____ ________ __BUILDING DESIGN NONTHLY THERHAL LOADS
RB-40 INSULATION I UNGLAZED! DOHESTICI _m EDIU INSULATION I _HI_ _ HIGH INSULATION __

NONTHB BIN HEAT LEAK I PANEL I WATER I HOUSE 1 HOUSE 2 1 HOUSE 3 I HOUSE 4
ICOEFFICIENTS(32FlI BHE1T I HEAT I 1200_PT2 1 2400 FT2 I _ _1200 T2_ ___ 2400 FT2 _l

(B) I TB () I SD(B) I PAH(}) I QH ()) QH(BI I QC(B) I H(B) QC(m) I QH () I QC () I QH (m I QC ()
I -_ 1_ BTU/FPT2 I MBTTU/FT21 BTU I MBTU I__MBTU I MBTU I _BTU _ IHBTUQ __ I__BTU ___ BTU I __H

JAB 1 0.674 1 0.365 1 41.54 1 1470 1 7580 1 0 1 17500 1 0 1 3460 1 0 1 9030 1 0
FEB I 0.580 1 0.295 1 54.96 1 1320 1 5400 1 0 1 12890 1 0 1 2180 1 0 1 6050 1 0 1

1_.lA 1 0.724 1 0.341 1 84.19 1 1370 1 4270 I 0 1 10660 ___ 0 1 1560 1I_ _80_ _4720__1__ 0_
I APR 0.869 1 0.395 1 117.16 1 1190 1 1520 1 1150 1 4610 1 1450 1 0 1 1870 1 1590 1 2460
I AY 1.128 1 0.514 1 135.29 1 1060 1 0 1 2970 1 1400 1 4160 I 0 1 4130 1 0 1 5310
JU0N . 1.296 1 0.604 t 137.30 I 890 1 _ 1__ 4550 1 0 I 6390 1 __ _0 _ __5630_ _ ___ I _ _7720_1
3 JUL I 1.487 1 0.715 1 151.73 1 840 1 0 1 6850 1 0 1 9770 I 0 1 7160 1 0 1 10370

I AOG I 1.523 1 0.758 1 141.88 1 850 1 0 1 6770 1 0 1 9690 1 0 1 6870 1 0 1 9850
_ SEP I 1.395 1 0.718 1 105.41_1 900 1 _O _ _ 4360 1 0 __ 6070_ -___ _ 4780 I ___O__0 6470_1

OCT 1.259 1 0.671 1 109.32 1 1080 1 690 1 2040 1 2470 1 2850 1 0 1 2470 1 1200 1 3340
I NOV I 1.003 1 0.549 1 74.88 1 1210 1 2910 1 0 1 7590 1 0 I 1290 1 540 1 4030 1 0 1

O -DEC I 0.819 1 0.454- 1 51.77 1 1390 1 5510 1 0 1 13320 1 0 1 2430 1 0 1 6800 _ 0 _
I __ANUAL THERMAL LORDS_ (IBTUl I 13570 1 _27880 1 _ 286901 70440 1 40380 _ 10920 1 _33930 1 334, 201__45520_

DESIGN HOORLYT THERML LOADS (BTUO/BR) 1 31990--__ 22481 1 62001 1 37613 _l_ 20488_ _ 20767 1 3924_1__ 35602_

.1_ ___ ____I LLCU D ____ ______ _ _ __ _____ ____£ _

------- ____CALCULATED ACES DESIGNS
I ACES __ _ HO USE 1 _ I __HOUSE 2 _ I HOUSE 3__ ___l_ _HOUSE4__ _
t SIZE SYSTEM DESIGN PARABBHETES I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE BRINE I
I /- -_ _ A_ R__L-HS _CILLE__R MAKE__ I CHILLER I LAKER, I CHILLER _ MAKER--__L HILLER_

I VOLUOBE OF ICE BIB, FT3 V 1 4096 1 2407 1 9178 1 5382 1 1954 1 1147 1 4754 1 2784
! |RBEA OP PANEL, FT2 A 1 0 1 0 1 0 1 0 100 0 0 0 1
IFULL ILENGTH OF ICE BIN COIL, FT L I 0 1 514 1 0 1 1013 1 0 1 318 1 0 1 627
I oUSAGE OF ELECTRICITY, KtH/YR 0 1 7488 1 7247 1 11862 1 11304 1 7415 1 7427 1 10954 1 10560
1 !EFFICIENCY (ANNUAL COP E I 2.74 1 2.84 1 3.07 __ 3.22 1 _ 2.31 ]i_ 2.30 1 _2.47 1_ 2.57_1

IVOLUBE OF ICE BIN, PT3 V ? 2467 1 1413 1 5467 1 3130 1 1205 1 688 1 2863 1 1635
AREA OP PANEL, FT2 A 1 28 1 28 1 58 1 58 1 14 1 14 1 32 1 32

IPIBTIALILEBGTB OF ICE BIN COIL, PFT L I 1 483 1 0 1 951 1 0 1 299 1 0 1 588
1 IUSIGE OF ELECTRICITYI, KWH/YR U 8635 1 8391 1 14120 1 13794 1 7986 1 7999 1 12276 1 11996
I_____ JLFFICIENCT (ANNUAL COPI ___ E 1 2_.38 1_ 2.45 i 2.58 1 ___92.1 2.64 I 2.14 1212.1 226_1
! IVOLUME OF ICE BIN, PT3 V 1 838 1 419 1 1757 1 878 1 456 1 228 1 972 1 486
I IARE» OF PANEL, PT2 A1 70 1 74 1 149 1 158 I 37 1 40 1 81 1 87
ISIIIUBILENGTB OF ICE BIN COIL, PT L I 0 I 415 I 0 1 813 1 0 1 260 1 0 1 506

USAGE OF ELECTBICITY, KWB/TR U 1 9237 1 9239 1 15896 1 15877 1 8379 1 8371 1 13076 1 13058
__ __L PFICIENCY (ANRUAL COP) - E 22 2.22 2,22 2.29 1 _2.30 ____ 2.04 __2.4 1 2.07_1 __ 2.08_1



HNASHVILLE, TENNESSEE

GEOGAPHICAL ZONE = C LATITUDE (DEG) = 36.1 GROUND AO = 58.31 F AIR TEBP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 9.0 LONGITUDE (DEG) = 86.7 TEMPERATURE BO = 21.12 F WINTER 9 F 70 F
COOLING(TOTAL/SENS.) = 1.16 ELEVATION (PT) = 590. CONSTANTS: PO = 0.556 HAD SUMMER 95 P 78 F

R-4______ ______ ___ __ _ _ BUILDING DESIGN MONTHLY THERMAL LOADS______
R-40 INSULATION I UNGLAZEDI DOMESTICI _____ __EDI ISOLATIO ___HIGH INSULATIO _

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 I HOUSE 3 H BOUSE 4
ICOEPPICIENTS (32F) HEAT __l_ HEAT .__I_ 10___./_.____ 200 ?T__ I--__ _ 120 0 FT2___ _ _2400_FT2

(N) I TB(B) I SD(S) I PAN(H) I QHW () I QH(HI I QC(H) I QH() I QC() I OH(n) I QC (M) I QH(M I QC(M)
I__ - I BTU/FT2 __I.BTU T22 MBTU I MBTOU _ __ ___BTU . HBTU I BTO _I.__fBTHIBT LiMBTU___ .BTU OI 1_ MBT

JAN 0.573 I 0.314 I 31.77 I 1520 1 8650 { 0 1 19630 1 0 | 3960 ! 0 | 10090 I 0
FEB I 0.489 I 0.249 I 41.66 I 1360 1 6620 I 0 15350 I 0 I 2760 1 0 0 7290 1 0

IMAR 1 0.622 1 0.290 1 67.44 1_ 1420 1 ___320 ____ 01 128601 .__ OJ __201 0 ____ 0 I 5710__ __ 0_
APR 1 0.769 I 0.345 I 98.05 I 1240 2240 I 890 6200 1 0 I 570 I 1520 | 2260 I 2080
I Y T 1.023 I 0.462 I 119.05 I 1110 I 650 I 2380 1 2530 1 3380 | 0 I 3440 1 0 | 4460

IJUN _- 1.193 1 0.553 1 121.50 I __940 _ ____ _ 3730 L 0 1 5390 1 __ -__ 93 ... __ __ 6600_1
JUL I 1.380 0.661 123.06 890 0 I 5270 0 1 6940 I 0 1 6050 I 0 I 8320

O AUG I 1.415 I 0.704 [ 122.49 I 900 I 0 I 5200 1 0 1 7210 I 0 I 5770 I 0 | 7870
ISEP_ 1.291 ! 0.666 1 106.15 1_ 950_ ____ I_ 3450J 0 J ___ 20820_l_ 0 .__ _406 9._ __0 0 . 5410_
I OCT 1.154 0.618 I 83.31 I 1140 1270 I 1360 1 3960 1 1860 | 410 ] 1770 I 1870 I 2430

1 NOV I 0.902 1 0.499 I 59.88 I 1260 1 3620 0 9130 I 0 I 1570 I 410 I 4670 I 0
. DE_ 1 0.717 I 0.403 i 37.97 I 1440 6790 I 0 1 15930 Ij 0 | 3030 __-0 8140I__ 0_ 1
I ANNUAL THERMAL LOADS (MHBT_ __ 14170 _ 35160 jI _22280_ 85590 1 _29600_L_ 14310 ___ 27950 _ 40030__ I 37170I

_ DESIGN HOURLY THERMAL LOADS__(BTU/HR) _L_35111 __ 19486_ 68102 1 -30887 L__2352 _ 2 __19062_L 28502L_ 31648_

CD

____________________ __ _ ______,_______ ____ CALCULATED ACES DESIGNS_________________ _______
ACES I HU 1 ~HOUSE 2 ___ _ OUSE 3___S__
SIZE I SYSTEM DESIGN PARAMETERS ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

___ MAKER__ _ I CHILLEER I AKER CHILLER MAKER CHILLER I MAKER I CHILLER I
IVOLUME OF ICE BIN, FT3 V 5124 2992 9081 4338 1 248 4 1454 1 5599 I 3251
IAREA OF PANEL, FT2 A 0 0 33 64 0 0 0 01

IPULL ILENGTH OF ICE BIN COIL, FT L 0 572 0 1074 { 0 I 353 0 I 689
IOUSAGE OF ELECTRICITY, KWH/YR U 6751 6342 12820 13016 I 6400 I 6421 9478 ! 9179

-____. I FFICIENCY (ANNUAL COP) _E 3.111 3..31 _2.96 __ 91___ ]. 2 .58 I__257 _L 2.82 1 2.92_1
IVOLUME OF ICE BIN, FP3 V 3032 1 1731 5520 2658 I 1495 1 853 3337 I 1894
IAREA OF PANEL, FT2 A 1 42 41 109 129 { 22 I 23 49 I 49

IPARTIALILENGTH OF ICE BIN COIL, FT L 0 537 0 1013 0 { 331 0 I 647
oUSAGE OF ELECTRICITY, KWH/YR U 7911 7746 14223 14247 I 7177 { 7182 10865 { 10900

I ___ I-EFFICIEBCY JSNNUI, COP)___ E 1_ 651___2.71_ 2 .66 I 2. 66_ 230 ___230 ____ I 2.46_1
IVOLUME OF ICE BIN, FT3 V 941 470 1958 979 I 507 { 253 1075 I 537
|AREA OF PANEL, FT2 A 110 116 233 246 ! 58 [ 62 126 [ 135

IMINIMUMILENGTH OF ICE BIN COIL, FT L 0 457 0 895 I 0 { 285 0 ! 553
lUSAGE OF ELECTRICITY, KWH/YR U 8697 8824 15451 15600 I 7658 I 7650 11953 I 11937

I__.__ .JIFFICUNCY (ANNUAL COPL .__ _ E 1 2.41 .__ 38_ _ 2.345 I __2.43 ____ 2.16 _1 _216 _L_ 22 _L___224_



EL PASO, TEXAS

GEOGRAPHICAL ZONE = J LATITUDE (DEG) = 31.8 GROUND AO = 63.89 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 10.0 LONGITUDE (DEG) = 106.4 TEMPERATURE BO = 19.96 F WINTER 20 F 70 F
COOLING(TOTAL/SENS.) = 1.00 ELEVATION (VT) = 3947. CONSTANTS: PO = 0.479 HAD SUMMER 98 P 78 F

--------------_ES_____~GR_______BUILDING DESIGN MONTHLY THERMAL LOADS
! R-40 INSULATION I UNGLAZEDI DOHESTICI__ MEIUM INSULATION HIGH INSULATION _____

MONTH [ BIN BEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 [ HOUSE 3 i HOUSE 4
ICOEPFICIEBTS(32FII HEAT _I E___EAT _ 1200 FT2 - 2400 PT2 I1 1200 PT2__ I 2400 PT2 _

(H I TB(M) I SD( ) I PA(M) I QHW(M) I QH(M) I QC(M) I QH(M) I QC(M) I QH(M) I QC(M) 1 QH (M) I QC() I
--I .- I MBTU/PT2 I BTU/FT21 MBTU M BT___J_ MlHT

U
I MBTU IHBTU _L__MBTO _..__TU__/ MBTU___I__MBTU __

JAN 0.792 I 0.419 [ 78.37 1 1400 1 5110 I O I 12060 0 I 2350 1 0 I 6350 1 0
FEB I 0.702 I 0.352 I 86.84 I 1250 1 3890 I 0 I 9400 0 I 1590 1 500 I 4630 I 0

I_.R 1I 0.868 1 0.411 I 125.97 I 1290 . 2870 _ 1020_1 7500 __ _ ___970 ___1 420. _3350 1__ 21401
APR 1.008 0.465 I 152.40 I 1120 1060 I 2290 I 3440 3450 1 0 I 2940 1 1230 ( 4290
I AY 1 1.259 j 0.583 I 176.77 I 990 0 I 3910 I 0 5970 I 0 1 4540 I 0 I 6470

I _JUN 1.405 j 0.663 1_184.94 1 840 1_ 0 0i__ 5840 I 0 _8830_ __ 0 __ 5990_ L ___0_ I 8720_
JUL 1.577 I 0.765 I 180.45 I 800 0 I 6450 I 0 9580 I 0 I 6310 I 0 I 8950

I AUG I 1.594 I 0.797 I 171.81 I 820 0 I 6270 I 0 9240 I 0 1 6040 1 0 I 8470
I SEP_ _ 1.454 1 0.750 )_156.53 ) 880 _ 0 __4740 1 0 1 7130 _01 _4840J_ 0___ I 68301

OCT I 1.322 I 0.702 I 132.11 [ 1060 0 I 2720 [ 1730 14180 I 0 1 3030 I 0 1 4450
INOV 1.075 I 0.583 I 96.18 I 1170 2610 I 670 I 6820 0 [ 1180 1 850 ! 3820 I 1280

IBJC . 0.914 1 0.497 I 78.96 i 1340 i 4580 O I 10920 1 0 I 2210 1 __ LJ 6050_L 0 I
I ANNUAL THERMAL LOADS BBT1U _- 1 12960 I 20120 I 33910 I 51870 1 

4
8380 I 830013646 25430 ___51600_

DESIGN HOURLY THERMAL LOADS (BTU/HR) I 27367 __21572 1L52997 1 36698 _ _ 17481 L 18989 1 33443 _1 31521_1

CO

-_______________._____ _ __ _CALCoULTED ACES DESIGNS ___
I ACES I I___ _HO SE __ HOUSESE 2 __ HOUSE, 3 HOSE_ 4

SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE
I KE CHILL MAKERL ICMIEBNI A!KE LS CHLL.ER I AK _ ER' ICHILLER MAKER _ICHILLERLI
I IVOLUE OF ICE BIN, FT3 V 2764 1 1628 1 6681 1 3934 I 1221 1 720 1 2984 I 1808
I IABEA OF PANEL, PT2 &'l 01 0 0o 0 1 01 0o 0 1 0

IPUIL ILENGTH OP ICE BIN COIL, PT L I 0 I 428 01 851 I 0 1 261 1 0 I 517
UIOSAGE OF ELECTRICITY, KWH/YR U 8022 7819 1 12250 11892 1 7713 1 7721 1 11405 I 11430

_____ EFFICIENCY (ANNUAL COP[ _E 1 2.45 1__2.51 1 2.71 __279 I 2. 19 ____ 2.19 1 __ 231 i_ 2.31_1
I IVOLUME OP ICE BIN, PT3 V 1 1683 1 965 1 3963 1 2279 1 785 1 447 1 1851 I 1083
I [IREA OF PANEL, PFT2 A 131 141 291 29 01 01 19 1 18
IPABTI&LILENGTH OF ICE BIN COIL, FT L I 0 1 402 0 1 798 I 0 1 247 1 0 I 486

IUSAGE OF ELECTRICITY, KWR/YR U D 8759 1 8780 14371 1 14048 1 8130 1 8037 1 12171 I 12199
I____ EFPFICIENCY (ANNUAL COPI e ___ 2.21 __2.24 1 _2.31 1 __2.36_ _ 2. 081_ 2.10_L 2.17 I__ 2.16_
I IVOLUME OF ICE BIN, FT3 V I 603 1 301 1 1246 1 623 I 348 I 174 1 718 1 359

IARE OF PANEL, PT2 AI 32 1 34 69 I 72 I 18 I 20 1 39 1 42
IHINIMUMILENGTH OF ICE BIN COIL, FT L I 0 1 347 1 0 I 679 1 0 I 219 1 0 I 423

I|USAGE OF ELECTRICITY, KWH/YR U 1 9123 1 9259 1 15392 I 15389 1 8288 1 8283 1 12505 1 12748
l __ __ IEPPICIENCY (ANNUAL COP] E_ ____2.151_ 2.12 1 2.15 I __2.16 _ __ 2.04 __2.04 2.11 _21.L-__ 2.07_1



FORTH WORTH, TEXAS

GEOGRAPHICAL ZONE = J LATITUDE (DEG) = 32.8 GROUND AO = 65.58 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 13.0 LONGITUDE (DEG) = 97.4 TEMPERATURE BO = 20.99 F WINTER 17 F 70 F
COOLING(TOTAL/SENS.) = 1.14 ELEVATION (FT) = 650. CONSTANTS: PO = 0.589 HAD SUMMER 101 F 78 F

BUILDING DESIGN MONTHLY THERMAL LOADS
I E-40 INSULATION I UNGLAZEDI DOESTIC __ INSULATION __________ _SOATIO______

MONTH I BIN HEAT LEAK I PANEL | WATER I HOUSE 1 | HOUSE 2 HOUSE 3 | HOUSE 4
COEFFICIENTS (32F HEAT ___ HEAT _____1200 F2____2 400 FT21200 FT22 400FT2

(n I TB(M) I SD(M) I PAN(M) I QHV(M) QH() QC(M) I QH(M) I QC(M) I QH(N) I QC (M) I QH(M) I QC(M)
I __ ____ I M BTU I L/FLT2 __ BTBTU M___BTU Ai__T___IBT BTU MBT U BTU . I RTU T__i__ J BBT _BTU . nBT_

JAN 1 0.852 I 0.454 1 67.86 1 1380 1 5380 | 0 1 12880 | 0 1 2510 1 0 | 6820 1 0
FEB I 0.734 0.373 1 76.33 I 1250 1 3910 | O I 9700 | 0 1 1580 1 410 | 4690 { 0

I MAR 0. 886 1 0. 424_ .114.2 3__ 1300 290 700 7710 0_ 1040 I _1080_1 3500 -_ 1550I
APR I 1.019 1 0.472 152.41 | 1120 1 870 1 1680 I 3000 1 2310 1 0 I 2420 1 1030 1 3220
MAY 1 1.278 1 0.590 1 177.14 1 990 0 | 3730 1 0O 5260 1 0 [ 4840 1 0 ! 6430

1 JUN _ 1.441 0.677 j 196.59 1__ 820 ____ __ 0____66501 0_____0 1 __9680_ ___ _0 ___694 01__ _0___ 10060_2
1 JUL 1.641 1 0.791 1 208.75 1 770 0 1 8810 I 0 I 13360 I 0 1 8260 I 0 I 12420

AUG I 1.684 1 0.837 1 201.78 I 770 0 1 8740 | O I 13320 1 0 { 7950 1 0 | 11830
SEP I_ 1.559 1 0.798 _183.96 ___820_0 _____0____ 0 ___90_30 60 _____ 60 8530_10
OCT I 1.436 0.758 154.69 I 990 I 0 | 3100 I 0 | 4420 0 | 3390 | 0 | 4550
1NOV i1.178 1 0.636 108.27 I 1120 1 1750 | 820 I 4910 1 1160 1 800 I 1060 1 2810 I 1460
DEC 1.000 oo 0.545 1 80.66 1 1300 3840 i__ 0 I 9650 1 0 1 __1790_1 ____0 _5250__ 0_I

I A NUAL THERMAL LOADS (MBT …__I___ 12630 I 18690 I 40470_1 47850 1_ 58540 ___I 7720_ __42381_L__242001___60050_1
I DESIGN HOURLY THERMAL LOADS _BTUL R) 2807201__226114_ 54300 1 _44982 i___18484_I _22453___35357L___38266_

I
---t_- - _-______- CA____ALCULATED ACES DESIGNS- _______ ______________ _________-_

I ACES _ HOUSE__SE O2 I __HOOSE_3_____HOUSE 4
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

I -.___ KE___ R__]__. _______ CAKER_1_CHILLER I MAKKER IILL _MAKER __CHILLER _ MAKER_ I CHILLERI_
I IVOLUME OF ICE BIN, FT3 v 9 2566 I 1526 i 6059 i 3594 I 1161 I 700 1 2931 I 1731
I IAREA OF PANEL, FT2 A I 0 0 I 0 I 0 I 0 I 0 0I I 0
IFULL ILENGTH OF ICE BIN COIL, FT L I 0 | 434 1 0 1 860 I 0 I 274 0 I 540
I IUSAGE OF ELECTRICITY, KWH/YR U 9187 I 8938 1 14082 1 13565 1 8882 I 8700 1 13101 I 12703
I .____jIFFICIENCY (ANNOAL COPL___ ____1 2.29_1___2.35_1__2.48_1 ___2. 57___2.07 2Z____2.11_ 2._216 .1 2.23_1

IVOLUME OF ICE BIN, FT3 V 9 1597 I 919 1 3690 1 2127 I 761 I 440 I 1845 1 1055
I (AREA OF PANEL, PT2 A I 14 I 14 31 1 31 I 0 I 0 i 19 I 19
IPARTIALILENGTH OF ICE BIN COIL, FT L I 0 409 1 0 1 808 I 0 I 258 1 0 I 509
| (USAGE OF ELECTRICITY, KWH/YR U 10019 I 9784 16055 1 15690 I 9215 I 9219 1 13932 I 13961

__I EFFICIENCY (ANNUAL COP E _1 _2 2.10 ___2.15 1 __2.17 ___.22_ 1.99____ .99 _ 204_i__ 203_1
I IVOLUME OF ICE BIN, FT3 V I 6 27 313 1321 1 660 1 361 1 180 1 759 I 379
I IAREA OF PANEL, FPT2 A 34 9 36 1 73 77 I 18 I 19 I 41 I 43
IMINIMUMILENGTH OF ICE BIN COIL, FT L 0 I 357 1 0 1 699 I 0 I 231 0 1 448

IOSAGE OF ELECTRICITY, KWH/YR U 10353 1 10356 1 16889 1 16897 1 9357 I 9359 1 14382 I 14388
I__ _. FFI CI Y(NUL CDJA__ __ E __ ° 2 _i ____2.03_ _2.06_ ___21.06 __1 .96 1.__97 _ 1.97__1



HOUSTON, TEXAS

GEOGRAPHICAL ZONE = 3 LATITUDE (DEG) : = 29.6 GROUND AO = 68.51 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 11.0 LONGITUDE (DEG) = 95.2 TEPEBRATURE BO = 15.68 F WINTER 27 F 70 F
COOLING(TOTAL/SENS.) = 1.27 ELEVATION (FT) = 40. CONSTANTS: PO = 0.570 RAD SUMMER 94 F 78 F

-___ __ ___-________0___BUILDING DESIGN MONTHLY THERMAL LOBDS __
R-40 INSULATION I UNGLAZED! DOBESTICI. __ EHEDIU INSULATION _ HIGH INSOLAT ION _____ _

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 H HOUSE 3 I HOUSE 4
ICOEFFICIENTS(32FI I HEAT I HEAT 1 1200 FT2 1 2400 FT2_ _ 1200 FT2___ 1 __2400 FT2 _I

() I TB(H) I SD(MB)I PAN(M) I QHM(M) I QH(HI q1 QC (N1 I QH(RI I QC(n I QR H() I QC(M)
-_ I.-L. SHBTU/FT2 1 .. BTU/FT21 BBTU I NBTO I .. MBTU RBTIBTU _ MBT __I_[_I __U __HBTU__ I MBTU 1I

I JAN 1.059 I 0.550 I 84.65 I 1250 I 2810 I 0 I 7440 1 0 1180 I 670 I 3810 1 830
FEB I 0.933 I 0.470 I 87.89 1130 I 2010 590 1 5580 - 0 I 720 j 960 I 2610 I 1190
MI. AR 1 1.091 1 0.530 1 123.93 1190 j 1280 i 1300 1I 4090 _1 1720 _ 0_ _ 1910_ 167Q0 1 2480_1

I APR I 1.178 I 0.560 I 145.88 I 1040 I 0 I 2540 I 1240 1 3610 I 0 I 3670 I 0 1 4790
AY 1 1.386 1 0.657 1 166.91 1 950 1 0 1 4910 1 01 6300 ! 0 1 5750 1 0 1 7900

I JOT I 1.493 1 0.714 1 166.16_1 8201 __ 0_L 6990 i 0 1 10110 I ____ _ 7160_1 ____ 0i 10480_1
I JUL I 1.654 I 0.805 1 157.01 I 790 ! 0 8420 I 0 T 12680 I 0 I 8030 O .0 12050

AUG I 1.683 I 0.838 I 160.09 I 790 I 0 I 8550 I 0 1 12900 I 0 I 7990 I 0 I 11970
I sEP_ _ 1.573 1 0.801 1 153.61 I 830 1 0_ 6730 I 0 1 9590 1 0__ _ 1__ 65501_- 0 __ 9390_1
I OCT I 1.493 I 0.776 I 139.00 I 960 I 0 I 4030 ! 0 I 5700 I 0 1 4400 1 0 I 5980

OT 1 1.286 I 0.678 I 108.99 I 1050 I 840 I 1740 I 2730 1 2350 I 0 1 2130 I 1520 I 2860
I IDEC I 1.168 1 0.617 1 92.12 1 1190 1 1930 1 640 I 5470 01 I j 800 1 920_ 1 2890 I 1210_
I ANNUAL THERMAL LOADS (BTO I 1 11990 1 88701 46440 1 265501 649601 __2700 i _50140j 12500 1 71130_1

DESIGN HOURLY THERMAL LOADS (BTU/HE) I 21203 1__ 25058 1 40911 1 438411.. 14240 1 22013 L 27172".i 38540_~

__I ________________________________________ _CALCULATED ACES DESIGNS________
IACES I I __ _HOUSE I_ !_HSE HOUSE 3 H__ 1 HOUSE 4
SIZE I SYSTEM DESIGN PARAMETERS I ICE I RINBE I ICE BRINE I ICE I BRINE I ICE I BRINE

I- . J AKER _ I CHILL AKER MAKER CLER ER CHILER MAKER CHILLER I
I VOLUE OF ICE BIN, FT3 V I 988 I 581 I 3030 1 1781 I I I I
IAREA OF PANEL, FT2 A 0 0I 0! 0! I I I

IPULL ILENGTH OF ICE BIN COIL, FT L I 0 I 302 0 616
IUSAGE OF ELECTRICITY, KWH/YR U I 9707 I 9526 I 14058 14065 I I

I. ... IE FFICIENCY AN.NUAL COP E- E 2.03 {_ 2.07 I 2.16 1 _2.16 __ _______ _
IVOLUIE OF ICE BIN, FT3 V I 682 I 385 I 1918 1 1092
IABEA OF PANEL, FT2 A I 0 0 I 17 1 17 I I

IPABTIALILENGTH OF ICE BIN COIL, FT L I 0 287 I 0 1 581 I I I I
IOUSAGE OF ELECTRICITT, KWH/YR U I 9928 I 9937 I 14999 I 15020

I___ BFFICIENCY (ANNUAL COP) E I ._ 98... 1 202 1 02_._ 1 _____ . ____ ___ I
IVOLUME OF ICE BIN, FT3 V I 376 I 188 I 805 1 402 I 225 I 112 I 469 I 234

I IARRA OF PANEL, FT2 A 1 12 I 13 I 37 1 39 1 0 I 0 I 0 I 0 I
IIMTNIHUMILENGTH OF ICE BIN COIL, FT L I 0 262 I 0 512 I 0 I 173 0 I 334

IUSAGE OF ELECTRICITY, KWH/YR U I 10081 I 10077 I 15465 15470 I 10026 I 10026 I 14908 I 14922
I j_ INFPICIEHCY (ANNUAL COP) E I 1.96 I__ 1.96 I 1.96 I 1.96 __1.89_1 _189 1.88 1.88



SAN ANTONIO, TEXAS

GEOGRAPHICAL ZONE = J LATITUDE (DEG) = 29.3 GROUND 10 = 70.03 F AIR TEKP: OUTDOOR INDOOR
JANUARY WIND (NPH) = 9.0 LONGITUDE (DEG) = 98.4 TENPERATURE BO = 15.72 F WINTER 25 F 70 F
COOLING(TOTAL/SENS.) = 1.17 ELEVATION (FT) = 598. CONSTANTS: PO = 0.555 RAD SUMMER 97 F 78 F

-10U_, _ _________D~sG~oTRL B_____BUILDING DESIGN MONTHLY THERMAL LOADS__
I -40 INSULATION I UNGLAZEDI DONESTICI_ EDIUN INSULATION _ ._____ HIGH ISU_I LATION____ . I

MONTH I BIN BEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 I HOUSE 3 1 HOUSE 4
ICOEFFICIENTS (32F)1 BEAT___ BEAT _____ 20___12 FT2___ 400FT2 I --- 1200 PT2 1 2400 FT2 _

(N) I TB(N) I SD(M) I PAN(M) I QHW(N) I QH(M) I QC(M) I QH(M) I QC(N) I QH() I QC(M) I QH() I QC() I
I BTU/FT2 _I _MBTU/TFT212_BRIT. _I BBT _ _. _TUBT _ I M B TUI__BT . I B TU _ MBTU. I BTU I MBTU

JAN - 1.113 ! 0.577 I 89.82 I 1230 I 2040 1 680 I 5700 0 1 800 ! 1020 ( 2860 I 1320
FEB 1 0.984 ! 0.495 I 95.07 I 1100 I 1550 1 870 1 4510 1 1150 1 550 I 1250 1 2070 I 1700
MAR_1 1.149 I 0.559 I 120.66 1__ 1160_1 1000 1 1590 1 3310 1 -2230_1 0 ___2180 _L _1360_Q I 2880_1
APE 1 1.236 1 0.589 I 138.77 1 1010 I 0 2420 | 1110 1 3370 | 0 I 3280 1 0 I 4180
MAY 1 1.448 1 0.687 1 159.26 1 920 1 0 4930 1 0 6770 1 0 I 5570 1 0 1 7560

I JUo 1_ 1.552 1 0.744 1 172.63 1_ -790 1 ____ 7__ 560_ .___ 0 1 ___11220 0 ___410_ _0 10920 _
JUL 11.713 1 0.836 1 188.38 1 760 0 1 9270 1 0 14300 ( 0 8470 1 0 12840

! AUG I 1.740 I 0.867 1 169.12 I 770 0 I 9140 I 0 1 14180 | 0 I 8170 1 0 1 12270
ISEP___ 1.625 I 0.828 I_151.041_J 800 _..... ___703 __ 0 1 0 _10001 0_. ___65560I ____O_ __ 9380_1
1 OC 1 1.545 1 0.803 1 132.47 1 940 1 0 4060 01 5670 0 1 4270 1 0 1 5720
I NOV I 1.335 I 0.703 I 101.56 I 1030 1 730 1 1540 1 2550 1 2100 | 0 I 1820 I 1470 I 2420
IDEC 1.219 1 0.643 89.511 11701 1680j 680 L 4900 0 __ 680 [ 91i90 ! 2620 i 1260

I ANNUAAL THEEMAL LOADS (MBTU) __ 11680_j__ 7000 ,1- 9770 1 _220801 7_1390_ ___2030_ J_50940 _1 10380 I 722450_I
I DESIGN QOURLY THERMAL LOADS {BTU/ERn)_ ... 21577 I 25660 1 41592 1 44907 __14859 . 21899 1 28350~ j 37589_1

I _______ ______ __ I________ CALCULATED ACES DESIGNS I______________________ _____C__
ACES I I _...._HOUSE _ I HOSE 2 …. __O____UHSE _3____ _ __ HOUSE _4
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

I_ _ ______ I- MAKER I CHILL ER MAKER I E R ICHILLER J _M AKER I CHILLER AE __I_CHILLER _
IVOLUME OF ICE BIN, FT3 V 1 553 328 2090 1 1219 1 I
IAREA OF PANEL, FT2 A 0 01 0 01

IFPULL ILENGTH OF ICE BIN COIL, FT L I 0 285 01 597
I IUSAGE OF ELECTRICITY, KWH/YR U 0 10078 1 10005 14988 1 14731

__I . EFFICIENCY (ANNUAL COP __ _ E 1.929 1 2__ .00 L 2.06 1 2.09 __ ___ _ I
IVOLUME OF ICE BIN, FT3 V 428 1 239 1 1366 770 I
IAREA OF PANEL, FT2 A I 0 01 121 13

IPARTIALILENGTH OF ICE BIN COIL, FT L 0I 274 i 0 564
IUSAGE OF ELECTRICITY, KWH/YR 0U 10409 10332 1 15691 1 15692 I

I__ __EFFICIENCY (ANNUAL COPL___ _ E 1 1.93__1.94 1 1.96 1 .96 ____________ _
IVOLUME OF ICE BIN, FI3 V I 303 151 1 641 320 I 188 I 94 | 378 1 189
IAREA OP PANEL, FT2 A I 0 0 1 28 31 0 0I 0 I0 0I 0

aMINIMUMILENGTH OF ICE BIN COIL, FT L 0 I 258 I 0 505 0 175 | 0 I 338
IUSAGE OF ELECTRICITY, KWH/YR U 10407 1 10407 1 15999 15992 1 9967 I 10035 | 14624 I 14684

I --_IE ICIENCY (ANNUAL COP)____. E_ _ 1.93 1__ 1.93 1.93 ___190 L__ 189___ 1.89_19 1.89



SALT LAKE CITY, UTAH

GEOGRAPHICAL ZONE = L LATITUDE (DEG) = 40.8 GROUND AO = 50.66 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 7.0 LONGITUDE (DEG) = 112.0 TEMPERATURE BO = 23.52 F WINTER 3 F 70 F
COOLING(TOTAL/SENS.) = 1.00 ELEVATION (FT) = 4220. CONSTANTS: PO = 0.609 RAD SUMMER 93 F 78 F

1____________ INSULATION _______________BUILDING DESIGN MONTHLY_THERHAL LOADS __ I _______ I
R-40 INSULATION I UNGLAZED! DOMESTICI EDIUM INSULATION_ __HIGH INSULATION_______

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 H ROUSE 3 I HOUSE 4
ICOEFFICIENTS(32F1 HEAT I HEAT 1 1200 FT2 1 2400 FPT 1200 2T24 FT2

(IC) I TB(H) I SD(M) I PAN(H) I OQH(B) I QH(H) I QC() I QOH(M) I QC(M) I QH(M) ' QC(M) I QH(M) I QC(M1)
_I....JI MBTU/FT2 _I BTU/FT21 MBTO I MBTU I MBTU [ .BTU I MBTUO MBTU __M__ BT I _ __ __BTU __I

JAN 1 0.253 I 0.159 I 16.05 g 1570 12250 I 0 I 26680 0 5750 0 13800 I 0
FEB I 0.185 I 0.100 g 27.87 I 1450 I 9610 I 0 I 21350 0 4030 0 10040 | 0

I__AR I 0.282 1 0.120 427.60 I 1580 1 8580 I__ 0 I 19580 1 ___ 301__3360_1__ __O 8650J____ _I
APE I 0.450 I 0.183 I 72.23 1440 ! 5120 0 1 12340 0 1 1740 I 360 1 5080 | 0
MAY I 0.717 I 0.304 1 105.79 I 1360 I 2780 I 910 I 7390 0 1 670 I 1460 1 2670 | 2140

1JUN __ 0.924 1 0.412 1 123.70 1 __1190 8601 2220 3030 _-3260_ I 3020 _2 0_.__ 4290_1
I JUL I 1.129 I 0.530 I 153.45 j 1120 I 0 I 3900 I 0 5880 1 0 I 4830 1 0 I 6760
I AUG I 1.182 I 0.584 I 156.48 I 1080 1 0 I 3630 1 0 . 5470 1 0 I 4420 1 0 6160
IS1 L I 1.069 1 0.555 I 117.40 1 1070 1 770 ! 1920 I 2760 1 2830 ____ I__ 2430_ ___10 70__ 3440

OCT I 0.913 0.500 1 86.31 1 1200 2690 I 0 I 7210 0 I 950 I 750 3390 | 1060
NOV I 0.647 I 0.376 I 38.63 I 1290 6910 I 0 I 16090 0 3090 . 0 8180 0

I DEC I 0.424 I 0.2631 20.47 I 1460 i 10370 _L 0 I 23020 i 0 1 4790 __0 119201 01..
I ANNUAL THERMAL LOADS (MBTaU 1 15810 I_ 59940o-_ 12580 1 139450 17440 _ 243380_L 172701_ 64800_1 23850_

_DESIGN HOURLY THERMAL LOADS _BTU/HB) I 141556 1__ 14675 1 807841 __ 23458 _ 25585 L 16366_J 49132_ __ 26905_

CD

l_______________________________________ _CALCULATED ACES DESIGNS _______
ICES I HOISe_^_ j _____ HOoSE 2__ _ ____ HOUS 3S 3 1 ___HOUSE 4_

I SIZE 1 SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE I
I__ . t_ AKER__L_CHILLER_I MAKER CHLLER___AKER I CHILLER _ MAKERO__( CHILLER I

II OLUE OF ICE BIN, PT3 V 2921 1489. 4034 2067 I 4252 2248 6024 ! 3078
I IAREA OF PANEL, FT2 . I 172 184 I 475 494 0 0 76 90
IPUIL ILENGTH OF ICE BIN COIL, PT L I 0 612 I 0 1141 I 0 1419 0 I 773
I UISAGE OF ELECTRICITY, KWH/YR U 9052 9079 { 18216 18252 I 5072 I 5310 10108 I 10150

____ IE PPEFFICIENCY (ANNUAL COP) __ E 2.86 1 2.85 1 2.78 1__2.77L __3.32 _ _3.12 __ 3.03_1_ 3.021
IVOLUME OF ICE BIN, PT3 V V 2100 j 1064 I 3325 1687 I 2465 ! 1294 3723 I 1894

I I|REA OF PANEL, FT2 A I 220 232 I 537 576 4I 7 I 51 163 I 175
IPARTIALILENGTH OF ICE BIN COIL, PT L I 0 587 I 0 1113 I 0 I 392 0 I '30

IUSAGE OF ELECTRICITY, KWH/YR U 0 9400 9412 18527 18505 I 6053 I 6074 10968 I 11003
_____I EFFICIENCY (ANNUAL COP)I -_ E___i_ 2.751 75.5 2.73 3Zl--223 __ 2.78_L____2.7 7_1 2719____ 2.78_1

IVOLUME OF ICE BIN, FT3 v I 1279 1 639 I 2615 1307 ! 678 I 339 1423 I 711
I I|REA OF PANEL, FT2 A I 301 319 I 623 659 I 158 [ 168 339 I 359
IMINIOUMILENGTB OP ICE BIN COIL, PT L I 0 551 0 1078 0 I 332 0 I 646

I IUSAGE OF ELECTRICITY, KWH/YR U 9761 9752 18889 18873 I 6763 I 6776 12107 I 12097
__I [EFFICIENCY (ANNUAL COP) . El 2.65 .__2.65 I 2.68 1. 2.68 1 2. 49 I__22. 48_ _2.53 i 2.53 1



BURLINGTON, VERMONT

GEOGRAPHICAL ZONE = A LATITUDE (DEG) = 44.5 GROUND AO = 44.17 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 10.0 LONGITUDE (DEG) = 73.1 TEMPERATURE BO = 25.97 F WINTER -12 F 70 F
COOLING(TOTAL/SENS.) = 1.08 ELEVATION (PT) = 332. CONSTANTS: PO = 0.644 RAD SUMMER 88 F 78 F

____ ___ ________ _ ___ ______________ODBUILDING DESIGN MONTHLY THERMAL LOADS _____ _____
I R-40 INSULATION I UNGLAZEDI DOMESTIC I MEDIUM INSULATION HIGH INSULATION

MONTH I BIN HEAT LEAK PANEL I WATER I HOUSE 1 I HOUSE 2 HOUSE 3 1 HOUSE 4
I COEFFICIENTS(3 2 I 0EAT J___F__T HEAT ._____1200 T 200 T21200FT2 200 _FT2

(m I TB(M) I SD(M) I PAN() I QHW() I QH(M) I QC(M) I QH(M) I QC () I QH () I QC (M) I QH(M) I QC(M) I
___ _ MBTU/FT2 _ I_MBTUFT-2I_ aBTU__I__MBTU___l __BTU__J - MBTU____MBTU ___ MTU jM___BTU MU _ MBTOT

JAN I -0.026 0.025 1 5.01 I 1510 I 16500 1 0 30690 1 0 | 9790 1 0 I 19680 I 0
FEB 1 -0.079 1 -0.029 1 7.56 I 1420 I 14070 | 0 I 26160 1 0 7980 0 16200 1 0

I_A~_L_ -0.013 -0.027 1 22. 25 1___ .610 ..___ 1980_1 0 __ __..0i___229 _ ____…0-_ 6 6070_ 0 __ 12850__ 0
IAPR I 0.177 0.044 56.85 I 1550 I 6490 1 0 I 12580 0 | 2820 0 | 6400 I 0
MAY I 0.459 0.169 86.60 I 1560 I 3270 1 680 I 6730 0 | 1080 1070 3 3010 I 1500
JUN__1 0.701 0. 295L 109. 19. ___1450 ._ ... 1160_ 1 __ _1 _80_i 288_ . ..2600. _0 _ -.-.. O .24. .270_ _ 970_i 3300I
JUL 1 0.924 1 0.423 1 117.26 1 1420 1 0 1 2750 1 1380 1 3960 1 0 1 3590 1 0 | 4720;
AUG I 0.993 1 0.486 1 112.06 I 1350 I 550 I 2400 I 1680 3420 | 0 1 3070 | 0 | 4040
SEP L_ 0.887 1_064 1 __87.67 -__1270 - 1590_. 5 _ 100 ____38 0 38 1___1480__. 570 ...._150___1870 __ 1960_
OCT 1 0.711 ! 0.403 I 64.81 I 1320 I 3860 0 I 8280 1 0 | 1680 ~0 | 4450 I 0
NOV | 0.429 1 0.272 { 31.27 I 1310 I 7670 0 | 15240 1 0 3820 0 | 8770 1 0
DEC__I 0.170 1 0.142 1 8.03 1 1430 J 14260_ 0 i 26850 1 __ 0 _8390_1 ____0__ 171801__ 0_

I _AUOAL THERMAL LOADS__ (MBT _ ..... 17200i___--81400__ 8690 1__- 
5

8260 1.--14_60-_ j 42200 11700_1 91380 I 15520
I _DESIGN HOURLY THERMAL LOADS _BTU/R _L___I___4977I2_1__3047_1_ 86169 2 033334 __337661 __. 1567 60316 23455_1

ICALCULATED ACES DESIGNS-…- …
ACES | I1 __ _a2fl L____ _ __HOEUSE 32________ HOUSE3 ____ ____HOUSE _4__
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

J__ _ !. __ __________ I M____________ ___ __MIAKER __jCHILLER I MAKER I CHILLER I MAKKER I _CHILLER_
IVOLUME OF ICE BIN, FT3 V 1 2466 I 1275 3148 I 1635
IAREA OF PANEL, FT2 A I 467 1* 488 * 1169 I* 1212

IFULL (LENGTH OF ICE BIN COIL, PT L I 0 500 0 I 858
ISAGE OF ELECTRICITY, KWH/YR U I I 6979 I 6994 12613 I 12614

_ .__ EFFICIENCY (ANRNUAL COPL________E _____ _______... .............____________..___ 2.981___8__28 _ 2.88___ 288_
IVOLUME OF ICE BIN, FT3 V I \ 1756 I 899 2555 | 1308
IAREA OF PANEL, FT2 1 603 I* 633 * 1295 [* 1338

IPARTIALI LENGTH OF ICE BIN COIL, FT L I 0 479 0 835
USAGE OF ELECTRICITY, KWH/YR U | I 7346 t 7343 12914 3 12911

I EFFICIENLCY /AIUAL COPL __ _ _E _ ____-__ _ 2.84 1 .... 2---8 _2_ 2.82 2.82
FVOLUME OF ICE BIN, FT3 V 1667 | 833 1 2981 1 1490 1046 I 523 1 1961 I 980
IAREA OF PANEL, PT2 A * 1242 |* 1352 1* 2217 1* 2424 |» 772 I* 847 * 1453 ;* 1595

IMINIMUMILENGTH OF ICE BIN COIL, FT L 0 | 667 1 0 1159 I 0 I 448 0 I 805
IUSAGE OF ELECTRICITY, KWH/YR U 11230 11303 1 20099 20085 | 7665 I 7659 13180 | 13169

I __ EFFICIENCY (INNUAL_COP _________80 .... _. _ 2 L28 . 2.73 _2.73 .. 2.72 __2_ L 2._72_]__ -2 .76 ._ 6_i

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.

IHCO02I STOP 0



NORFOLK, VIRGINIA

GEOGRAPHICAL ZONE = C LATITUDE (DEG) = 36.9 GROUND AO = 58.64 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 11.0 LONGITUDE (DEG) = 76.2 TEHPERATUBE BO = 20.05 F WINTER 20 F 70 P
COOLING(TOTAL/SENS.) = 1.24 ELEVATION (PT) = 22. CONSTANTS: PO = 0.637 BAD SUMNER 91 F 78 F

--______ B-40 ___________BUgILDING DESIGN EONITELY THERBAL LOADS _ _______ I
-40 INSULATION I UNGLAZEDI DONESTICI__ ___ _ EDIU IBSOLaTIONB _ _HIGH ISULATION I

INONTH I BIN BEAT LEAK PANEL I WATER I HOUSE 1 I HOUSE 2 [ HOUSE 3 1 HOUSE 4
I OEPPICIBNTS 132P 1 HEAT 1 HEAT 1 __1200_PT2- _ _ 2400 FT2 I 1200 PT2 __ -_ _2400_FT2 _1

I () TB(B) I SDO () PAN(H) I QHW () I QH(M) I QC(M) I QH(M) I QC () I QOH() I QC(H) I QH(M) I QC(M)
_____ BTU/FT2 I MBTU/FT21 TBTU i IBTLU _._BTU. I NBTUO I TO IHB T __BTUI. BTU __I aBT I O_____BT___

JAN 0.620 ! 0.339 [ 45.28 1 1490 ! 7510 [ 0 1 17400 I 0 I 3300 0 [ 8680 I 0
FEB 1 0.518 I 0.267 I 54.11 I 1350 1 6140 I 0 I 14420 1 0 I 2550 1 0 ! 6800 1 0

I MA_ M 0.633 1 0.300 1 75. _1 1420 1_.__ 10 _ __ 0 L__2630_ __ 0 _I 19601 _____J 5620_L_ __ .. 0_
IAPR 0.760 I 0.345 109.01 I 1250 I 2500 I 680 I 6750 I 0 I 680 1 1100 I 2620 1 1540
AY I 0.998 ! 0.453 I 128.91 1 1140 I 720 I 1890 I 2810 I 2660 1 0 1 2860 1 0 0 3690

I _JU 1 1.164 j 0.539 1138.83 1 960 I___ 0_ _ 3670 0 _4930 5 1__O_1__01 6650_
I JUL I 1.356 I 0.648 I 143.96 -.910 I 0 ! 5220 1 0 1 6970 0 6360 1 0 8870
I AUG I 1.408 I 0.696 I 155.36 1 900 I 0 I 5640 1 0 I 7780 I 0 6310 1 0 8830
I SP 1 1.304 1 0.668 I 131.141 _ 940_ 0_ I 3 520 1 9 1 _4660_1 ___ __.__ 427_ I 0.__._ _ - 5660_1

OCT I 1.188 0.630 ! 108.64 I 1110 I 770 I 1080 1 2840 I 1370 0 1560 I 1230 | 1980 I
NOV 0.949 I 0.519 I 83.96 I 1220 1 2610 I 0 I 7030 1 0 1030 1 440 1 3500 0

_iBC _- 0.770 1 .0.429 .. 53.34 1 1400 1 6090 I . 0 1 14500 1 0 \ 2720 I __ 0 1 7420_1 0_I
I AIUAL THERMAL LOADS (aBTUL - 1 14090 f _31520 __ 21700 78380_i__ 28680 L 12240 1 27830_ _ 35870_1_ 37220_1
I DESIGA HOURLY THBRMAL LOADS IBTU/BHR L 29078 __120.454 56419 1 33132 1 17848 1 20032 !1 34176 I 34372

CD
I "I
I, _ ·-__ ___ _____-________ AAQl~ R .AES.__ DESIGNSC ____ GS______ __I

I ACES I I_ _ OUSE_l .I . HOUSE 2_ USE 3_ I HOOUSE 4 -_ _
I SIZE I SYSTEM DESIGN PARAIETEDS .I ICE I BRINE I ICE I' BRINE I ICE I BRINE I ICE I BRINE

I_____L _ ........ I MAKER ICHILLER I BAKE I CHILE I ILLERIKE _L CHILLER B
IVOLUME OF ICE BIN, PT3 V 1 4672 I 2740 I 8817 1 4223 1 2208 1 1296 1 5010 2997

ARBEA OF PANEL, PT2 A I 0 I 0 I 19 I 38 1 0 I 0 I 0 I 0
IFULL ILENGTH OP ICE BIN COIL, FT L I 0 I 480 I 0 1 907 1 0 I 285 0 559
1 IUSAGE OF ELECTRICITY, KVH/YR U 0 6359 1 6053 I 11820 1 12099 1 6361 I 6369 1 9218 1 9255
I__ IlPFICIBrNCY (ANNUAL COP)t . .B I 3.10 _ 3.26 1 3.00 I 2.93 2.91 2. __2..49 J_ 2.Z7L __ 2.76_1
I IVOLUME OF ICE BIN, FT3 V 1 2753 I 1578 ! 5283 ! 2548 1 1326 1 759 1 2976 1 1734
1 JIAREA OF PANEL, FT2 A 29 I 29 I 74 1 88 1 16 1 16 1 35 1 34
IPBrTIALILENGTH OF ICE BIN COIL, FT L I 0 1 450 I 0 I 854 1 0 268 I 0 1 524

IUSAGE OF ELECTRICITY, EVEH/YR U 7538 1 7354 I 13040 I 13375 1 7099 I 6931 I 10621 1 10650
__ IEPFFICIXENCY (ANUAL COP .. .. E 1_ 2.62 1 2.68 I 2.72 I 2.65 1 2.24 [ 2.29_1 2.40_ 2.40_1
{ IVOLUBE OF ICE BIN, FT3 V I 834 ! 417 I 1749 1 874 1 144 1 222 I 942 1 471
I |ARiBE OF PANEL, PT2 A 73 1 77 I 156 1 163 1 39 I 41 I 83 1 87
IBTININMILENGTH OF ICE BIN COIL, PT I 0 I 382 0 748 I 0 I 230 I 0 I 447

IUSAGE OF ELECTRICITY, KEVH/YR U 8321 I 8315 I 14607 1 14598 1 7438 I 7434 I 11578 1 11699
__ IINEFFICIENCY (ANNUAL COP) _ E 1 .37__1_ 2.37 2._..___2 43 ___ 2.132 _ -13Lj 2.21_i. 2.18_|



RICHMOND, VIRGINIA

GEOGRAPHICAL ZONE = C LATITUDE (DEG) = 37.4 GROUND 0O = 58.01 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 8.0 LONGITUDE (DEG) = 77.4 TEMPERATURE BO = 19.22 F WINTER 14 F 70 F
COOLING(TOTAL/SENS.) = 1.18 ELEVATION (FT) = 122. CONSTANTS: PO = 0.561 HAD SUMMER 92 F 78 F

I ___ ___ _____________-__ _ _________ BUILDING DESIGN MONTHLY THERMAL LOADS
I R-40 INSULATION I UNGLAZED! DOMESTIC MEDIUM INSULATION .__ _ HIGH INSULATION______ _

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 1 HOUSE 2 ! HOUSE 3 I HOUSE 4
ICOEFFICIENTS (3 2F BET _ T_ HEAT___1 -- 1200T2 ---_ 2400 FT2___ __ 1200 FT2 I ___2400_FT2

( I TB(M) I SD(M) I PAN(M) I QHB(M) I QH() I QC(M) I QH(M) I QC (M) I QH() I QC (M I QH () I QC(M) I
I I MHBTU/FT2 -] .MBTU/FT21 MBTU_ I BTU-_I.__MB

U .I TU_ ._MBTU __B _ABTU. I BTU_ I M_ BT L.U M J__BBTU _
JAN I 0.599 I 0.325 4I 3.67 I 1490 ! 6940 I 0 1 16240 I 0 I 2860 I0 7740 01
1 FEB 0.514 1 0.261 ! 46.93 I 1340 ! 5970 I 0 I 14070 I 0 I 2400 0 I 6520 01

I MAR _ 0.641 I 0.302 1 66.81 _ 1410 lo5130 -L 0 12420 . __ 0 1 950 ____0_ i 5560 ___ _ _l
APR I 0.772 I 0.351 ! 97.38 I 1240 I 2490 I 900 I 6720 I 0 ! 660 1 1390 I 2570 1 2000
MAY I 1.005 I 0.458 I 113.61 I 1130 I 840 I 2090 I 3140 I 2960 I 0 1 2970 I 830 1 3980

_JUN _ 1.158 0.539 120.16_ __ 970 1.. ..0_ __3670 1___ 01 ___5370 _1_ __0 __4820 __..._ 6570_1
JUL I 1.331 1 0.640 1 133.02 I 930 I 0 I 4870 I 0 I 6970 1 0 1 6080 I 0 1 8410
I UG 1.365 I 0.679 I 127.05 1 930 I 0 I 4610 1 0 I 6050 ! 0 1 5440 I 0 1 7310

I_SEPL 1.250 1 0.644 1 110,38 1_ ___0J9___3040 1 _,_9201 _-4220l__ 0 _ -37250 -0 __ 4980_1
OCT 1 1.129 I 0.601 1 88.54 I 1150 1 1230 I 1120 1 3960 | 1450 I 360 1510 1 1780 1 2020
NOV I 0.897 1 0.492 1 60.95 I 1250 I 3640 I 0 I 9240 I 0 ! 1550 1 370 ! 4660 1 0

I DEC 0.731 1 0.406 I 40.75 I 1
4

20 I 6460 J 0 1 15230 I 0 1 2830 _i 760 ! 01_
I _ NUOAL THERMAL LOADS (MBTU)] 14240_1 ..32700 __I20300 1 __81940 _220 L__. 12610/ I_263

3 0
L 373001 35270

1 DESIGN HOURLY THERMAL LOADS_..BTU/HR) ____L_32348._i 18371 62751_1 _ 6950 ._ 20271 __18668 [ 38840 1- 31012_1

CD
00

I____ _____ _.__ -- _____~go~a~D .S DSCALCUkLATD ACES DESIGNS___0
I CES I I _ HOUSE I_ __ _J_ HOUSE 2____ 1___HOUSE 3 ______ HOUSE_4 -- I
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

_ L_____ ____ MLN IAKER_L _CHILLER I MAKER I CHILLER I _MAKER CHILLER I MAKER __CHILLERI
IVOLUME OP ICE BIN, FT3 V i 4738 1 2773 7633 1 3746 1 2248 1 1316 1 5055 I 2947
IAREA OF PANEL, FT2 A I 0 01 421 62 01 01 01 01

IFULL ILENGTH OP ICE BIN COIL, FT L I 0 I 528 0 982 0 320 01 625
IUSAGE OF ELECTRICITY, KWH/YR U I 6133 5850 1 12481 1 12497 1 6037 1 6049 1 8903 1 8593

-- _/ EPFFICIENCY (ANNUAL COP) ____ E _ ___._321_ 37_37 2.89 _2.891 ___2.58 1__2.58_ 2.86_1___ 2.96_1
I IVOLUME OF ICE BIN, FT3 V I 2760 1 1582 4638 I 2284 , 1326 1 759 1 2955 1 1687

IAREA OF PANEL, FT2 A ! 35 1 34 1 100 111 I 19 19 I 41 1 40
IPARTIALILENGTH OF ICN BIN COIL, FT L I 0 I 494 1 0 I 926 01 1 300 1 0 1 585

USAGE OF ELECTRICITY, KWH/YR U I 7367 1 7245 13406 1 13686 1 6770 1 6786 1 10290 1 10323
I____EFFICIENCY (ANNUAL COP)_ _ __E 2.67 1 2.72 1 2.691 2.6 6 2. 2. 30j__2301 2.417 2.46-I

IVOLUME OF ICE BIN, FT3 7 ! 782 9 391 1 1642 821 I 404 1 202 1 855 I 427
AREA OF PANEL, FT2 A 85 I 88 I 181 { 188 1 44 1 46 1 94 1 98

IMINIMUMILENGTH OF ICE BIN COIL, FT L 0 I 416 i 0 { 815 1 0 1 254 , 0 , 493
USAGE OF ELECTRICITY, KWH/YR U I 8265 1 8232 1 14786. 14775 1 7208 1 7204 , 11340 1 11334

I___ 1._.FICIENCY (ANNUAL COP.L___ E_.____.238__ 2.39 I _I.44 I_2.44 _ 2.16 I L2.16 22.24_ 2.24L 1



ROANOKE, VIRGINIA

GEOGRAPHICAL ZONE = C LATITUDE (DEG) = 37.3 GROUND AO = 56.50 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 10.0 LONGITUDE (DEG) = 80.0 TEMPERATURE BO = 20. 19 F WINTER 12 F 70 F
COOLING(TOTAL/SENS.) = 1.10 ELEVATION (FT) = 1193. CONSTANTS: PO = 0.561 RAD SUMMER 91 F 78 F

-, ___________________________________ _ BUOILDING DESIGN MONTHLY THERMAL LOADS_ __
I R-40 INSULATION I UNGLAZEDI DOMESTICI ________MEDI H INSULAXITIO N_ _______ H__IGH INSULATIqON

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 1 HOUSE 3 1 HOUSE 4
ICOEFFICIENTS (32F) L HEAT T 1200 FT2_ . 2400 FT2___I 1200 FT2_, I __2400_ FT2

(H) I TB(M) I SD(M) I PAN(a) H f QW() I Q((M) I QC(M) I QH(H) I QC(M) I QH() IQC (H) I QH(M) I QC(M)
--_ I MBTU/FT2 - I B_LJZFj2J TU BTU _ BTU _ _ _ B ____BT2U _BT___I MBTU BTO I ____HBTS __II BT

I JAB 0.525 1 0.289 1 37.01 1 1540 8480 1 0 ¶ 19340 I 0 3720 1 0 1 9630 I 0
FEB 1 0.445 1 0.227 I 44.80 I 1380 1 6850 0 I 15870 1 0 2810 I 0 I 7450 1 0

I _AR _ 0.569 1 0.265 1 65.28 1 1450 _ 6060_ __ _ 0 I 14390 I __ __ _I 23501 . ____ 0 _ 6470 i__ .
I APB I 0.709 1 0.318 1 99.67 1 1270 1 2770 1 800 ! 7350 I 0 I 760 I 1300 1 2810 I 1870 1
I MAY 0.951 I 0.428 I 111.90 I 1150 I 1050 1 1780 1 3620 I 2500 1 0 I 2570 1 1010 I 3560
I._JUN i_ 1.115 1 0.516 j 117.70 JL_ 980 __.0_ 1___3180 1 1__ 1050 1 4570_ 0_ _ _4230L _ _._L__ 5590_1
I JUL I 1.294 I 0.619 I 120.22 1 940 . 0 1 4220 I 0 I 6050 I 0 I 5430 1 0 I 7230 I
I AUG I 1.329 I 0.661 I 117.21 I 950 I 0 I 4150 I 0 I 5550 0 I 5020 1 0 I 6560 I
I SEP L 1.212 1 0.625 1 100.96_1 990 _L ____ i__ 2650 I.___ IL __1 ... 3 _ 690 ___ O_ ___33.0_1___ _ 0 4350I
I OCT 1 1.081 I 0.579 I 85.01 I 1170 I 1520 1 880 I 4620 1 1160 { 460 I 1210 1 2120 1660
1 NOV T 0.841 I 0.466 I 59.04 ! 1280 I 4210 I 0 I 10480 I 0 I 1790 I 0 5270 1 0 I
I DEC I 0.663 1 0.374 1 39.68 1 1460 1 7250 I 0 I 16870 I 0 I 3220 I 0 I 8560_ _ 0_1
I ANNUAL THEIMAL LOADS (MBT I___j 14560 L__38190_1 1__7660 94760 1__23520 1 15110 L__23090 _ 43320-1 30820_1
1 DESIGBW HOURLY THERMAL LOADS (BTUO/R) _1.__ 34127___16130 L 66239 __23497 1 21242-1. 17022-J 40721 1 27297_1

-______ __ ___£CALCULATED ACES DESIGNS ._______________ _____
ACES O I | OUSE __ L __ E 2__ _ … HOUSE 3_____ __HOUSE4 -I_
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

I I_ I_ __ L__[AKER _L_CHILLERB MAKER I CHILLER__ .BAKE_ _I_CHILLER _ MAKER__ CHILLER I
I IOLUE OF ICE BIN, FT3 V I 4879 1 2338 I 5948 1 2963 1 2709 I 1578 1 5867 1 3400 {.
I IARE OF PANEL, FT2 A I 0 1 24 I 108 1 121 0 I 0 1 0 I 0

IFULL ILENGTH OF ICE BIN COIL, FT L I 0 1 542 1 0 1 1002 1 0 I 341 0 662
I IUSAGE OF ELECTRICITY, KWH/YR U I 6799 1 6861 ! 13695 1 13749 5764 I 5568 1 8342 1 8116
I LEFFICIENCY RNNUAL COP) E _i__ 3.03____3.01 1__2.841 _284__ 2.83 1 __2.68 _ 2.78 3.12 _ I 3.2

? IVOLUHE OF ICE BIN, FPT3 V 2903 1401 1 3940 I 1964 1598 1 910 1 3450 1 1958
JIAREL OF PANEL, FT2 A I 490 57 { 154 1 168 23 I 23 1 49 49

IPARTIALILENGTH OF ICE BIN COIL, FT L 0 511 { 0 953 1 0 I 319 1 0 1 621
{ IUSAGE OF ELECTRICITY, KWH/YR U 9 7391 71 514 1 14351 14563 1 6315 1 6327 1 10070 1 9840
I__ [EFFICIENCY (ANNUABBL COP ____ E_J 2.79 1 _2.75 1 2.71 __2.67_ -___ 2.45 j___-2. 4 1__2.58 - 2.64_1
I IVOLUME OF ICE BIB. FI3 V { 927 0 463 1 1933 966 487 I 243 1 1034 1 517
I IAREA OF PANEL, FT2 A I 105 I 109 I 221 231 1 54 I 58 I 117 1 125
1{BIBIIUBILEBGTH OF ICE BIN COIL, FT L I 0 I 445 1 0 1 872 1 0 I 271 0 1 527

I SAGE OF ELECTRICITY, KWH/YR U 8303 8298 I 15007 1 15345 1 6894 I 6888 1 11136 1 11127
____ IFFICIENCY (ANNOAL COPL ____ I __E _.48__ 1____2.49 259 /1 .259 ._ 2._L _ 2.24 _ _22, -2.33_ I 2.34_



MOSES LAKE, WASHINGTON

GEOGRAPHICAL ZONE = K LATITUDE (DEG) = 47.2 GROUND AO = 50.99 F AIR TENP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 5.0 LONGITUDE (DEG) = 119.3 TEMPERATURE BO = 22.53 F WINTER 1 F 70 F
COOLING (TOTAL/SENS.) = 1.00 ELEVATION (FT) = 1185. CONSTANTS: PO = 0.497 RAD SUMMER 94 F 78 F

INSULATIN__ ________ UI____§BUILDING_DESIGN MONTHLY THERMAL LOADS_
R-40 INSULATION I UNGLAZEDI DOESTIC MEDIUM IN SLATION_____ HIGH INSULATION _____

I MONTH BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 [ HOUSE 3 1 HOUSE 4
I COEFFICIENTS(32F1__HEAT ___I HEAT J_ _ 1200 FT2 I _2400 PT2______ 1200 FT2_______ 2400 F T2_

( T) I TB(M) I SD(M) I PAN () I QHW() QH() I QC() I QH (n) I QC() I ) I H() QC( () QH(M~ I QC(MI
I -_ MHBTO/FT2 I. !BT2LFT21_ BTOL_f_OBI I _MBTU L nBTUI BT I I BTUBT_ I_ I IBT U I S BTU I

JAN I 0.264 I 0.158 I 12.93 1 1590 1 12380 I 0 I 26930 I 0 1 5830 I 0 13950 I 0
FEB 1 0.219 I 0.112 I 30.25 1 1450 1 8880 | 0 1 19940 I 0 I 3560 1 0 | 9020 I 0

_I AR_ _ 0.342 1 0.1 46_j_ 53.4 9_ 15501___7240 0__ 1 16940 1 ____. 0 _ ___ 21 i … _ _ ......01_7280___ _0_
APR I 0.518 I 0.216 1 81.20 I 1400 1 4340 1 0 10430 | 0 [ 1360 1 530 | 4350 0
I AY 0.781 I 0.338 I 100.47 1 1310 1 2370 I 1260 I 6470 | 1720 | 500 1 1900 I 2280 I 2800

_ JUN 0.967 1 0.438_ 1__16.83_ _ 1140 1 _720 -i_257 0 1 _
2 2

50 _ __38 101______0_1__ - 3380 1_ 0_ __ 4900_1
1 JUL I 1.145 I 0.545 142.33 1 1090 I 0 I 4150 i 0 | 6370 I 0 1 4860 I 0 1 7090

AOUG I 1.168 1 0.583 I 136.92 1 1070 0 | 4220 I 0 | 6680 | 0 I 4780 | 0 1 7150
SEP L_ 1.034 1 0.542 j 103.83 1_ 1090 940 ___2010 3310 . 22980 I ___0 ____ 125101250_. 3700
OCT 1 0.868 0.479 1 63.291 1230 3300 1 0 1 8530 1 0 1 1220 1 360 1 4090 1 0
NOV 0.609 1 0.356 ] 26.79 1 1320 1 7560 I 0 1 17450 O | 3320 1 0 I 8810 0

I__DEC 0.405 i 0.249 1 13.181 1500 10810_IL 0 I 23860 J 0 5040 __1 1220 0___ _
I ANNOAL THERMAL LOADS (HBTU) ___ 15 5'8 I A 25&20_ __1210 I 136610L 2_215660 . __23600_l ___183O_- 63470_ . 25640_1
I_DESIGN HOURLY THERMAL LOADS (BTUl _1__42637_1__ 17976_1_828771 __29721249 2 64491_. 1928 [ .50800_1__ 32374

CO

-____ -C___-_ALCULATED ACES DESIGNS___________________________
ACES I I I ______ ____SE ISOUSE __3 HOUSE
SIZE I SYSTEM DESIGN PARAMETERS I ICE BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

I -__1_ OF_____L_ .... F IIAE-C__ MAK ER _C _ AKE ICHILLBE I I ERIL _I__LI AKERCHILLERR
IVOLUME OF ICE BIN, FT3 V ~ 3373 1 1717 ~ 4812 1 2470 1 4159 1 2401 1 7120 1 3614
IAREA OF PANEL, FT2 A I 178 187 I 576 609 { 0 0I 0 45 1 64

IFUIL ILENGTH OF ICE BIN COIL, FT L I 0 1 637 I 0 1193 I 0 1 434 0 1 811
IOSAGE OF ELECTRICITY, KWH/YR 0U 8960 1 9008 I 17987 17995 1 5171 1 5032 1 10136 1 10176

___ __EFFICIENCY (A NUAL COP L ___ E _ __ 2.89 1 2.88 I 2.83 1 2.83 L I 3.27 __ 3.36_ 3_.0 3.02_
IVOLUME OF ICE BIN, FT3 V I 2333 1 1182 1 3726 1895 1 2423 1 1372 1 4280 1 2166
IAREA OF PANEL, FT2 A 1 277 1 300 I 721 771 I 52 1 49 162 1 178

IPARTIALILENGTH OF ICE BIN COIL, FT L I 0 608 [ 0 1155 1 0 1 40' 7 0 1 764
I USAGE OF ELECTRICITY, KWH/YR U ] 9326 1 9318 1 18461 1 18448 1 6241 1 6101 1 11332 1 11387

I____ IFFICIENCY IANNUAL COP1 E ____ 8 1 2.78 2.78 2.76 1 ____.261___2.IL 2.__ 7_1 2.71- -_2.70 _
1VOLUME OF ICE BIN, FT3 V 7 1293 1 646 1 2640 1 1320 I 687 1 343 3 1439 1 719
IAREA OF PANEL, FT2 A I 435 460 1 897 1 946 1 230 1 243 490 518

IMINIMUMILENGTH OF ICE BIN COIL, PT L I 0 564 1 I 1104 I 0 1 343 1 0 666
IUSAGE OF ELECTRICITY, KWH/YR U 0 9842 1 9835 [ 18924 , 18910 { 6993 1 6988 1 12377 1 12368

_ _ EFFIIEI ENC Y (ANNUAL COPL) E ___ 2
.

6 3
2. 

6 4
1 2.69 ____2. 69 I 242 ___4 2 2.,2 _ 2.48___ 2.48_1



SEATTLE, WASHINGTON

GEOGRAPHICAL ZONE = N LATITUDE (DEG) = 47.4 GROUND AO = 50.59 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (HPH) = 8.0 LONGITUDE (DEG) = 122.3 TEMPERATURE BO = 12.04 F WINTER 22 F 70 F
COOLING(TOTAL/SENS.) = 1.00 ELEVATION (FT) = 47. CONSTANTS: PO = 0.626 RAD SUMMER 82 F 78 F

___I _____________________ ___ _ ____ __ BUILDING DESIGN MONTHLY THERMAL LOADS_
R-40 INSULATION I UNGLAZEDI DOMESTICI__ _ MEDIUM I NSULATION __ ____ __HIGH INiSOLATION _____

I ONTH BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 HI OUSE 3 1 HOUSE 4
ICOEPPICIENTS (32F) I HEAT I HEAT J 1200 VT2 1 2400 PT2 _I _ 1200 FT2 _ ___I _ 200 FT2

(N) I TB(M) I SD() I PAN.(M) I QRN(m) QH(M) I QC() I QH(M) . QC() I QH(H) · I QC (H) I QH() I QC(H) I
_____! MBTU/FT2 I HBTU/FT 2 NBTU _L__BTU ._. MBTU I BTU BTIU I_ _ HBTU I __BBTU _ HBTOU l_.i. BBTu__

JANB 0.468 0.251 23.81 I 1520 ! 8580 I 0 j 19600 | 0 I 3470 1 0 I 9440 I 0
FEB I 0.399 I 0.204 I 34.93 I 1370 I 6520 I 0 I 15370 0 I 2230 I 0 1 6520 1 0

I _ AR I 0.478 1 0.229j _52.64 1 1480 _ _6430 ____ 0 I 15380 _ ____0_ _2410 __ 0 6600 1_I__ 0
APR ! 0.552 1 0.255 I 65.02 1 1350 I 4550 I 0 I 11090 | 0 I 1550 I 0 4 4800 I 0

I AYT 0.699 I 0.322 1 80.60 1300 1 3460 1 0 I 8710 0 I 960 I 710 1 3580 I 1040
I JUN O 0.795 1 0.372 1 89.871 1180 _ 2030 _ __ 910 5780 1160 _ 330. 1420 _ 2000_1_ 2040_1

JI UL I 0.912 I 0.438 I 102.01 1 1170 I 1200 1 1840 I 4050 I 2640 I 0 I 2500 1140 I 3670
I AUG I 0.942 I 0.467 I 98.43 1 1170 I 1100 1 1530 1 3880 1 2080 I 0 I 2170 1 1100 | 3120
I SEP 1 0.875 0.447 1 80.96 ! 1170_1 1800_ I _ 610 I -5350_ __ 0 - __ 340 .__ 1050_ __2000 .__ 1450-Q
I OCT 0.807 0.426 I 59.09 1 1290 I 3240 I 0 I 8710 1 0 1 970 I 0 1 3660 I O0
I NOV I 0.661 I 0.357 I 33.88 1 1340 1 5830 I 0 I 14140 1 0 1 2120 I 0 1 6440 I 0
I DB . 0.557 I 0.305 1 25.29 ; 1470 1 7810 I 0 1 18100 1 0 . 3130 1 0 8780_ O0
I N__ NUAL- THERMAL LOADS (MBTUI I 15810 I 52550 ___4890 1 130160 j _5880_1 17510 1 7850Q 56060 _ 11320-1
1 DESIGN HOURLY THERMAL LOADS _BTU/HR) 1_30003 L__6752 L 58340 I 8180 J__17488 L_. 11778 33517 I 18243

------------------------------------ ______ CALCULATED ACES DESIGNS____ _______
ACES I _ HOUSE 1 __ I_ HOSE 2___ 1__ HOUSE 3 _ HO _USE_ 4_ _
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINBE

____._ „___- _____________________ _I C AKER I CHILLE R I BKER I C HILL ER IA MAKER _CHILLERR_
IVOLUME OF ICE BIN, FT3 V I I I 1455 751 I 1453 I ,762
IAREA OF PANEL PFT2 A I I I 36 1 391 157 1 157

IFULL ILENGTH OF ICE BIN COIL, FT L I I 0 1 263 1 0 1 466
I IUSAGE OF ELECTRICITY, KWH/YR U I I 4153 I 1170 I 8721 I 8773
__ _ IEFFICIENCY (ANNUAL COP: __ __ I ___ _ 2.90 - 2.891 22.79-12 2.781

[IVOLUOE OF ICE BIN, FT3 V I 959 1 491 1 1234 1 635
l REAA OF PANEL, FT2 A I 53 I 55 173 I 175

IPAHTIALILEHGTH OF ICE BIN COIL, FT L I I I 0 I 250 1 0 I 456
I IUSAGE OF ELECTRICITY, KWH/YR U I I I I 4349 I 363 8777 I 8821
1____ FFICIENCY (IANNUL COCP E _____ I __ 2.77 1__2.76 2.78_ 2.76_1

IVOLUME OF ICE BIN, PF3 9 1 935 1 467 I 1956 1 978 I 462 1 231 I 1015 I 507
I IAEA OF PANEL, FT2 A I 174 g 176 I 366 1 391 I 85 I 86 191 I 194

IMIMqBUBILENGTH OF ICE BIN COIL, FT L I 0 398 I 0 1 782 I 0 I 227 1 0 I 443
I IUSAGE OF ELECTRICITY, KWH/YR U I 8086 1 8124 I 17375 17359 I 4600 I 4617 1 8831 I 8951

I- -- INFFICIENCY (ANNOAL COP) _._L 2.___2-65_ 1__ 2.561 _2. 56 J 2.62 1__ 61_ _2.76 L 2.72_1



SPOKANE, WASHINGTON

GEOGRAPHICAL ZONE = K LATITUDE (DEG) = 47.6 GROUND AO = 46.79 F AIR TEHP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 8.0 LONGITUDE (DEG) = 117.5 TEMPERATURE BO = 20.86 F WINTER -6 F 70 F
COOLIING(TOTAL/SENS.) = 1.00 ELEVATION (FT) = 2366. CONSTANTS: PO = 0.557 R&D SUMMER 88 F 78 F

1 _ -_ _ -- _B___o~tPI____________ ___BUILDING DESIGN MONTHLY THERMAL LOADS___ ___
RB-40 INSULATION I UNGLAZED I DOMESTICj _____M DI UM INSOULATION IGH INSULATION__ __

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 I HOUSE 3 1 HO USE 4
IOEFFICIENTS(32F) HEL__BET __ I HEAT 1 1200 FT2 1 2400 FT2 _ 1200 FT2_ __I 2400 FT2 __I

(N) ITB(MB) SO(M) I PAN(M) I QH(M) QHB() I C() I Q( Q(M) QC() I QH() I QC (M) QH(M) I QC() I
_I___jI MBTU/T2 ___ MBTU/FT21 MBTU_ MBTU IIBTB T __ IBTU _ I MBTU ___MBTU .... ILMBTO LL__BTU__

JAN 1 0.149 I 0.102 I 12.60 1560 13570 | 0 29270 0 I 6530 ] 0 ~ 15340 I 0
FEB I 0.106 I 0.058 I 25.75 I 1450 10460 I 0 23010 0 | 4390 | 0 | 10870 | 0

AI R . _ 0. 197 1 0.0781__ 44.08 11600 1 93401___ 0 1 21170 0 ____ -_3000 -_____ _-_9260 i____ O I
I APR 0.356 0.139 I 68.35 I 1490 5780 I 0 13670 0 2120 I 0 5880 0
MAY 0.593 0.248 86.08 1450 3750 I 0 9310 0 1050 I 1030 3650 | 1530

I JUN . 0.775 0.344 __ 100.83 _ 1310 __ 1010 _ __ 1430 1 5310 1 _2000 _ __ .... 20909 __1650_I__- 3080_1
JUL. 0.946 I 0.445 I 129.64 1260 670 I 3020 2560 4630 0 3880 0 I 5660
AUG I 0.981 I 0.487 I 123.75 1220 740 I 2570 2780 3890 0 I 3310 0 4820

__I sEP 1 0.873 _ 0.456 _I_97.561 1190_ __ 1780_i__ 11 40 1 5190 -559_1590_3 1 .... ___1590_ _ 2050_1___ 2320_
I OCT I 0.723 I 0.402 I 58.11 1 1290 ~ 4520 I 0 11270 0 | 1720 I 0 5210 | 0

NOV I 0.488 I 0.291 I 23.30 1 1330 1 9100 I 0 20470 0 I 4130 0 10550 0
I DEC__ 3.291 1 0.190 1 9.97 1 1480 1 12060 _ 0 I 26320 _i ._ __... 5820 I__ _0__ 13970j1_ 0_ _
_I NNUAL THERMAL LOADS MBT) ___I 16630 73580_1__8160 1 170330 1 12110_ L_ 9890 1 . 11900 J_ 78430Qi__ 17410_1

I DESIGN HOURLY THERMAL LOADS__(BTU/HR)_ ...L_ 47646 __ 11390 1 _92652 __17018 __ 29799_1._ 15210.I_ 572866L_ 24702 .

______… _______ ___CCALCULATED ACES DESIGNS ______________ _______Dl
ACES ___OUSE 1 __HOSE 2___ _ o 3 HOUSE_ 3___ __H 4_ __
SIZE I SYSTEM DESIGN PARAMETERS ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

-_----3. _ _L_' MAKEL__i_ LLR I -AI CLLER MAKE__ CHILLER AKER ICHILL R MAERICILLER E
IVOLUME OF ICE BIN, FT3 V I 2667 1 1380 1 3666 I 1909
IAREA OF PANEL, FT2 A 77 86 309 306

IFOLL ILENGTH OF ICE BIN COIL, FT L I 0 I 452 0 I 836
loSAGE OF ELECTRICITY, KWH/YR U I 5701 [ 5722 11357 I 11428

___.[ EFFICIENCY (ANNUAL COPL E. _L_ ___ ___ ____3.00 L2___299 J _2.90 __ 2.88
IVOLUME OF ICE BIN, FT3 V I 1708 1 877 2615 1 1346
JAREA OF PANEL, FT2 I I I I I 148 1 153 460 [ 479

IPARTIALILENGTH OF ICE BIN COIL, FT L I 0 I 428 0 1 801
(USAGE OF ELECTRICITY, KWH/YR U I 6083 6089 11850 I 11842

_____IEFFICIENCY_ (ANNAL COP) ___1_____ ___ _2.81_.___ 2.81 _2.78 I 2.78_
IVOLUME OF ICE BIB, FT3 V 1 1401 I 700 1 2855 1427 1 750 ! 375 1565 1 782
IAREA OF PANEL, FT2 A 569 I 600 1 1170 1* 1231 1 306 I 322 645 1 680

IMIIMUMILENGTH OF ICE BIN COIL, FT L 0 I 628 1 0 1 1229 0 I 385 I 0 748
oUSAGE OF ELECTRICITY, KVH/YR U 10401 I 10316 1 21432 1 21426 6497 I 6493 | 12354 I 12349

_ ._ IEFFICIENCT (ANNUAL COP) __ E__ 2.7
7
1_ 2.79 1 2.721 __2.721 2-_63 1___2.64 __2.67__ 267_

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.



CHARLESTON, WEST VIRGINIA

GEOGRAPHICAL ZONE = B LATITUDE (DEG) = 38.4 GROUND AO = 55.57 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 8.0 LONGITUDE (DEG) = 81.6 TEMPERATURE BO = 20.32 F WINTER 7 F 70 F
COOLING(TOTAL/SENS.) = 1.11 ELEVATION (FT) = 939. CONSTANTS: PO = 0.568 RRD SUMMER 90 F 78 F

I _ _ -- BUILDING DESIGN MONTHLY THERMAL LOADS -_ _ _ ___ _____ __
I I R-40 INSULATION I UNGLAZEDI DOESTIC_ _ M_ HEDIUM INSULATION __ _____ HIGH INSULATION______

SOTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 I HOUSE 3 1 HOUSE 4
COEFFICIENTS 32F)J HEAT HE1T __ 1200 _T2 I _ _ 2400 FT2 ____ _1200 FT2__ _ __ 2400 FT2 __

] () TB(M) I SD(M) I PAN () I QHBW() I QH(M) I QC(M) QH(M) I QC() I QH(M) I QC(M) I QH(M) I. QC(M)
- ___I BTU/FT2 MBTU/FT21___ BTUI _ BTU __ __MBTU L_ HBTU MBTU I _L_BTU __I NBT MBT B___l__MHTU __l

JAN ! 0.488 I 0.271 ! 28.00 I 1550 ! 9230 ! 0 I 20810 I 0 I 4150 1 0 1 10510 I 0
FEB I 0.411 I 0.210 I 34.73 ! 1400 I 7300 I 0 1 16790 I 0 I 2980 I 0 1 7830 0

I AR 1 0.530 1 0.246 1 56.11 1 1470___ 6400 _____ 0 I _ 1120 __ L _ 2420 __ I _6670 1 0__
I APR I 0.672 I 0.299 I 87.01 I 1290 I 2930 I 680 I 7680 0 I 830 I 1200 I .2900 I 1660 I
I RMY ' 0.914 I 0.409 1 101.99 1 1170 I 1270 1 1660 I 4110 I 2290 I 0 . 2500 I 1230 i 3430 I
I JUN l 1.080 1 0.498 I 106.49 .__100_0 _____ 0_ ...___3000 1 _1350 1 4300.__ 0.. 1._ 4090 1_ 0 5440_1
I JUL I 1.260 1 0.602 1 108.59 1 960 1 0 1 4040 1 0 1 5820 1 0 1 5280 1 0 I 7030
I AUG I 1.297 1 0.644 ! 95.78 1 960 1 0 1 3970 1 0 I 5380 0 1 4900 I 0 I 6430 I
I SEP 1 1.182 I 0.610 1 93.949 __1010 __ 0 _ 2600 1 _1380_l___3730 _ _ _ 0_ _3340_ ____ ___ 4410 I
I OCT I 1.050 1 0.564 I 72.28 I 1180 I 1740 I 870 ! 5080 1 1120 I 570 I 1250 I 2320 I 1700 I

0 NOV I 0.810 1 0.451 1 51.46 I 1300 I 4470 I 0 11000 I 0 I 1880 1 0 5440 0
I DEC . 0.629 I 0.357 l 33.97 1480 I 7500 l 0 1 17340 1 0 1 3290 l 0 l 8710 1 0_
I ANNUAL THERMAL LOADS (MBT - I 14770 I 40840 _ 16820 J 100660 I _22640 1 16120 1 22560 1 45610 1 30100 I

IDESIGN HOURLY THBRMAL LOADS (BTU/HRI _ _1 37066 1_ 15601_ 71944 I 226221 23381 I 16960 1 44846_ 1 27123_I

I I
I__ -. _-_ LCaLcvLATEDlCES DESIGNS _____ _____ _____ ___ _D_________ IGNS
I ACES I _ _ HOUSE -_ _ I HOUSE 2 1 HOUSE 3 __ HOUSE4 lO
I SIZE I SYSTEM DESIGN PARAMETERS ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE I
- I -_ _ I- MAKER_ ICHILL-ER I AKRE I CHILLER I AKER __CHILLER I AKER__ I CHILLERI

I IVOLUME OF ICE BIN, FT3 V I 4420 I 2160 1 5477 I 2778 I 2857 1 1658 I 6163 I 3645
I IAREA OF PANEL, FT2 A 1 30 I 44 1 158 I 171 I 0 I 0 I O I 0
IFULL ILENGTH OP ICE BIN COIL, FT L I 0 I 578 1 0 I 1069 I 0 373 I 0 I 727

IUSAGE OF ELECTRICITY, KWH/YR U 0 7137 I 7178 1 14334 I 14291 I 5640 1 5451 I 8344 I 8125
____ .IEICIEBCY (ANNUAL COP) E l 2.97 1_ 2.96 _ _2.82 I _2.83 _ 2.78 _ _2. 87 _ _ 3 _L__ 3.261

IVOLUME OF ICE BIN, PT3 V T 2709 1 1330 1 3774 ] 1907 I 1693 1 961 1 3640 I 2102
IAREA OF PANEL, FT2 A I 72 l 81 l 219 1 233 I 29 1 29 I 62 1 59

IPARTIALLENGTH OP ICE BIN COIL, FT L 0 l 546 1 0 ] 1021 I 0 350 I 0 1 682
IUSAGE OF ELECTRICITY, KWH/YR U l 7774 1 7672 i 14930 I 14952 I 6394 l 6254 I 10042 I 9851

I. _ _IEFFICIENCY (ANNUAL COPI __ E 2__ .73 1 2.77 1 2.711 2.71 1 2.45 L 2.50 _ 2_.64 L 2.691
IVOLUME OF ICE BIN, FT3 V I 999 1 499 l 2071 1 1035 1 529 1 264 I 1117 l 558
IREA OF PANEL, FT2 I 1 138 I 145 1 292 I 304 ! 71 1 75 I 153 I 160

IMINIBUMILENGTH OF ICE BIN COIL, FT L I 0 1 483 I 0 1 946 1 0 298 1 0 1 579
IUSAGE OF ELECTRICITY, KWH/YR U l 8431 I 8425 1 15729 I 15720 I 6860 1 6856 I 11140 I 11133

I lBIEFFICIENCY (aNNUAL COPL E 1_ __-52 _1____252 _ __2-57 1 2.57 _ 2.28 _ 2 __ _ 2 .38_ __ 2.38_1



ELKINS, WEST VIRGINIA

GEOGRAPHICAL ZONE = B LATITUDE (DEG) = 38.9 GROUND AO = 49.91 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 7.0 LONGITUDE (DEG) = 79.8 TEMPERATURE BO = 19.59 F WINTER 1 F 70 F
COOLING(TOTAL/SENS.) = 1.09 ELEVATION (FT) = 1948. CONSTANTS: PO = 0.554 RAD SUMMER 84 F 78 F

-40INSULATION -_ _ BUILDINGDESIGN_MONTHLYTHERMALLOADS -
-40 INSULATION I UNGLAZEDI DOMESTICI M___-~"EDIUM INSULATION _ ____j ___ ___HIGH_ INSLATION__ ___ __I

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 I HOUSE 3 I HOUSE 4
ICOEFFICIENTS (32F). HEAT___L _ HEAT _ 1___ 1200 FT2 _-2400 FT2. __1200 FT2 1 2400 FT2

(M) I TB(M) I SD(M) PAN(M) I QHW() I QH(M) I QC (M) QH ( ) QC(M) I QH () I QC (M) I QH(M) I QC (M)
-I L--- ___._ MBTg/FT2 I__ BT /T IBTL U_A DBT t_] T U BTU L Il BTU I _BT ___i TO MBBT I BTI

JAN I 0.290 1 0.170 1 20.71 | 1590 | 11340 0 1 24940 1 0 I 5200 I 0 I 12640 I 0
FEB I 0.235 1 0.122 1 28.11 I 1450 1 9250 0 20630 0 I 3930 0i 9820 | 0

_ AR__ I 0.335 1 0.148 j_ 43.52__ 1560 1 8420 1 0 1 19200 1 1 __3330 01 86L40. 0
APR 0.480 0.204 67.23 ! 1410 4750 0 1 11530 0 | 1530 I 770 - 4590 I 1080
I MAY I 0.708 I 0.308 1 82.17 I 1330 | 2660 970 1 7160 0 I 620 i 1650 2480 i 2360

UI N_._ 0._873 _ 0.396 L__ 86,47 L 1170- 11 0 1 2020 _ _3780 1 2810 ___ I 2920_ _ 990 3990_
I JUL I 1.038 0.493 95.58 I 1130 | 0 I 2750 1 1980 I 3950 I 0 ( 3840 10 f 5120
I AUG I 1.071 1 0.532 1 92.67 I 1110 I 0 I 2460 1 2010 1 3480 I 0 I 34400 1 0 1 4520
I SEP__ 0.964 _0.501__ 80.11 (_ 11201 1280 1 1580 1 4070 _-2130 1 0 i 2200_ _ 1530_I__ 3000_
1 OCT 0.828 0.452 61.34 | 1260 | 3700 I 0 9320 0 I 1420 I 660 1 4440 I 910
I NOV 1 0.602 1 0.346 41.11 I 1340 | 6490 0 15160 0 I 2800 I 0 7470 I 0

__DEC 1 0.423 1 0.253 I 24.45 J 1510 1 10080 ____ 0 22450 0 L 4640 I 0 11510
I__ANNUAL THERMAL LOADS (MBTa ____JT . .159801 59070 _1 80 1 142230 813 23I70 __23470 Ii 15480 6~4_11 __ I 209820

DESIGN HOURLY THERMAL LOADS_ (BTU/HRI ._4 2385_ ._ 89_3 82373 . 1.1819 !_ 26395 i___ .. [55__ 50692_J I 20205_

I --

__ CALCULATED ACES DESIGNS __
ACES HI … …HOSE HOUSE HO 3_____HOSE USE 4_S
SIZE I SYSTEM DESIGN PARAMETERS ICE | BRINE I ICE | BRINE I ICE I BRINE I ICE I BRINE

.... ______________ I MBAKER _ CHILL I AER IAILLER _MAKER _ CHILLER_ MAKER ICHILLER
IVOLUME OF ICE BIN, FT3 V I 3665 [ 1866 1 4436 2269
1AREA OP PANEL, FT2 A I 0 | 15 109 119

IPFUL ILENGTH OF ICE BIN COIL, FT L i 0 [ 421 0 767
UIOSAGE OF ELECTRICITY, KWH/YR 5174 | 5172 9975 10009

I---__IEFPICIENC_ (AflNUALc OPL E ..... 3____ ____1 3.__ 11 2.97 2.96_1
I IVOLUME OF ICE BIN, FT3 V 2147 1090 2876 I 1464
I IAREA OF PANEL, FT2 A 50 55 169 179
IPARTIALILENGTH OF ICE BIN COIL, FT L 01 395 0 727

IUSAGE OF ELECTRICITY, KWH/YR U I I 5612 I 5754 10579 10581
I-__-E IFFICIENCY_(ANNUAL COPL __ E -- -- -___2.__80 2.801__ 2.80_

IVOLUME OF ICE BIN, FT3 V 1197 598 I 2456 1 1228 I 629 I 314 I 1317 I 658 1
I IAREA OF PANEL, FT2 A 234 248 I 486 1 513 1 123 3 130 262 277

MINIMUMILENGTH OF ICE BIN COIL, FT L 0 556 0 1088 { 0 | 338 0 658
USAGE OF ELECTRICITY, KWH/YR U 9178 9167 I 18574 1 18553 { 6390 | 6383 10825 11385

I__I I[EFFICIEENCYYANUAL CCPL E -- 2.71 2____271 1 __2. 69 ___2.69 _ 2.^52_J___2.52___ 2.74_I 2.60_1



GREEN BAY, WISCONSIN

GEOGRAPHICAL ZONE = F LATITUDE (DEG) = 44.5 GROUND AO = 44.24 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 11.0 LONGITUDE (DEG) = 88.1 TEMPERATURE BO = 26.11 F WINTER -13 F 70 F
COOLING(TOTAL/SENS.) = 1.10 ELEVATION (FT) = 682. CONSTANTS: PO = 0.634 BAD SUMMER 85 F 78 F

BUILDING_DESIGN MONTHLY THERMAL LOADS_______ __
R-40 INSULATION UNGLAZEDI DOMESTICI MEDIUM INSULATION _ HIGH INSULATION I

MONTH BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 HOUSE 3 ~ HOUSE 4 -
ICOEFPPICIENTS 32F1 I BEAT I HEAT I 12____. 00 T2 I0 FT2 1200 00T2 1200 FT2 _ 2400 FT2__

(M) I TB(B) I SD(M) PANB() I QHP(M) I Q() IQC(M) I QH(() I QC(M) I QH(M) I QC (M) I QH () I QC(M) I
----- MTUBTU/FT2 I MBTU/PT21 MBTU M iBTOU _ _ HBTOU { BTU I MBT U T BTUUI .B¶TU I MBT 1 MBTU I

JAN ! -0.028 I 0.023 { 4.62 ! 1510 17510 1 0 { 36930 1 0 I 9350 1 0 1 20780 I 0 I
FEB 1 -0.079 I -0.030 I 10.73 I 1420 1 14510 I 0 I 30870 1 0 I 7120 1 0 I 16240 0 I

I 1. -0.010 I -0.026 1 25.42I _ 1610_ 13280 __ 0 28850 0 1 5850 O J 13970 __.0_
'APR I 0.183 I 0.046 I 62.34 I 1550 I 7530 I 0 17400 j 0 \ 2720 - 0 I 7180 - 0 I
I MAY I 0.467 I 0.173 I 92.06 I 1560 4360 I 0 I 10740 1 0 I 1230 900 1 4040 1 1290

IJUNI 0.710 1 0.299 1 116.99 1 1450 1620 1___1580 O 4930 _ 2040 0 2580 1 1300 _ 3580
I JUL 0.932 1 0.427 I 128.28 { 1410 550 I 2440 2450 I 3500 0 3680 I 0 4 4850
I AUG I 0.998 I 0.490 I 119.88 1350 0 I 2590 2150 3680 0 3670 i 0 i 4840
I._S E I 0.889 1 .0.4651 _ 99.35 { 1270 1 __ 140 2L __ 930 50401 1130 1 470 A1480 l 2080 1 1970
! OCT I 0.710 I 0.403 1 67.42 I 1310 4350 I 0 - 10840 --- 0 --- 1650i 0 5050 I 0
1 NOV I 0.426 I 0.271 I 26.61 I 1310 1 9640 1 0 21540 I 0 4600 0 I 11440 0
I DEC I 0.166 I 0.140 I 10.07"1 1430 I 14550 I 0 1 31160 1 0_ 1 7560 i O 173201 011
IANNUlL.,THERMAL LOADS. MBTU I 17180 89640 2 7540 202900 L 10350_ 40550 12310 ~ 99400 _ 16530 1
I DESIGN HOURLY THERMAL LOADS (BTU/HR) ___53242 __9686 L103601 i 12929 I33370 1 1805I _ 664215"1 22298 I

___ALCUL.H TED ACES DESIGNS ____ ___ I
ACES H I H OUSE 1 I H OUSE 2 1 HOUSE 3____ HO___SE _ SE4 -
SIZE | SYSTEM DESIGN PAAMBETERS ICE I BRIBE I ICE I BRINE I ICE I BRINE I ICE I BRINE

!- ----- I___ --_________________________ I MAKER L CHILLER BAKER _ CHILLER I MAKER I CHILLER MAKE I CHILLER I
IVOLUMB OF ICE BIN, FF3 V I 2745 1 1421 ! 3440 1787

I IAREA OF PANEL, FT2 A I I 285 297 940 961
IUPLL ILENGTH OF ICE BIN COIL, FT L 0 501 0 i 917

IUSAGE OF ELECTRICITY, KWH/R I I I 6841 6867 13534 13567
I IBFP'T. I C!IEBNCY (ANNUAL COP)_ E ..J_______L 3.00 _2.29_ 2.88 1 2.87
I IVOLUME OF ICE BIN, PT3 I I 1875 - 962 I 2752 l 1409

IBEA OF PANEL, FT2 I 420 434 1070 I 1160
IPARTIALILENGTH OF ICE BIN COIL, FT L I I I0 478 0 890
I IOSAGE OF ELECTRICITY, KWH/YR U I I I I 7261 7271 I 13908 | 13895
I..- LEFFPPICIENCY (ANNUAL C0Pl E L I ______ 2.83 1 2. 82 . 2.80 _ 2.81

IVOLUME OF ICE BIN, FT3 V I 1761 I 880 i 3558 I 1779 g 1006 - 503 I 2064~- 1032
I ARBEA OF PANEL, FT2 A 1* 1291 1* 1419 1* 2618 1* 2877 I* 733 1* 806 1* 1514 1* 1664
IMINUIEUILENGTH OF ICE BIN COIL, FT L I 0 I 712 0 I 1393 1 0 1 441 1 0 1 856
I 1USAGE OF ELECTRICITY, KWH/YR U I 12209 I 12200 25034 ! 25016 1 7600 1 7715 I 14202 1 14190
I _- IYFICIRNCY (ABUaL COP) 1-g 2 1 274_-.-__2.75 I 2.701.___2.70 __ .. 270 ___21.66_.75 2.75_

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.



MADISON, WISCONSIN

GEOGRAPHICAL ZONE P= LATITUDE (DEG) = 43.1 GROUND A0 = 46.76 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 11.0 LONGITUDE (DEG) = 89.3 TEMPERATURE BO = 26.69 F WINTER -11 F 70 F
COOLIG (TOTAL/SENS.) = 1.10 ELEVATION (FT) = 858. CONSTANTS: PO = 0.614 HAD SUMMER 88 P 78 F

-_ R-40___ INSULATION___ ___I UNGLAZED! BUILDING DESIGN MONTHLY THERMAL LOADS _______
R-40 HISOLATION UNBGLAZED| DOESTICI ____-_ . .MEDIU INSULATION.._.____I____ __ HIGH INSULATION_____ _

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 I HOUSE 3 I HOUSE 4
ICOEFFICIENTS (32F) I _BET__I HEAT 1__BT 12 _T2 ___ 2400 PT2 I 1200PT2 J_ 2400_FT2_

() I TB(M) I SD(M) I PAN (M) I QW(M) I QH(M) I QC(M) I QH(M) I QC(M) I QH(M) I QC (M) I QH(M) I QC(M)
I___ I MBTU/FT2_ I_ BTUc/FT221 BTU _I__iNBTU ___BIT___i__BT__U _ ___. _M _ __I___ I B_____ MBTU BTU__
1 JAN I 0.050 1 0.062 1 6.69 { 1510 1 16680 1 0 1 35300 I 0 I 8860 I 0 I 19830 1 0

FB I -0.005 1 0.006 { 13.88 I 1420 I 13510 I 0 | 28930 I 0 1 6540 1 0 I 15100 I 0
I AR 1 0.080 1 0.017 1 30.70 1600 1 ___12160_1.____ .. _2660 ...... 0______ L___5300_1 . ___O__ I 1279_0___ 0_i
1 APR { 0.278 I 0.092 1 69.80 I 1530 I 6580 I 0 I 15420 1 0 I 2310 I 0 I 6300 I 0
I MAY { 0.572 I 0.224 I 104.22 1 1510 1 3300 I 670 I 8550 | 0 I 820 I 1360 I 2980 I 1920
I _JUN I 0.816 1 0.351 1 125.72_1-_1 3701 990_1 ___1990 ___ 3450-1 __2700 0 _ _ 3100_ _ _0 | 4150
I JUL 1 1.042 I 0.482 I 127.90 I 1320 1 0 1 3040 1 1440 1 4460 I 0 I 4380 I 0 1 5720
{ AUG 1 1.104 I 0.543 I 132.18 1 1250 0 3050 1 1330 | 4370 | 0 I 4160 I 0 1 5560
__SEP_1. 0984 1 0. 514 1 102.71 11901_ 11 90 . 1390 1 3810 ___ 1840 ___ 0 _ 1960 J_ 1510L _ 2660

OCT 0.800 1 0.449 I 74.26 I 1250 1 3630 I 0 I 9290 I 0 I 1390 I 510 I 4390 I 0
I NOV I 0.506 1 0.313 I 33.22 I 1280 I 8490 1 0 I 19260 I 0 I 3970 1 0 I 10110 0 0
l .DEC 1 0.244 1 0.180 1 10.77 I 1410 1 137701 1 29640 1 0 I 7150 J_,0 I_16530_1 0_1
I_ANNUAL THERMAL LOADS (MBTa) _ 16640 __80300 1 ___101 40_ 183080_J._ 133 70_. __363 40. __15470 89540_1__ 20010_
I DES GN HOURLY THERMAL LORDS (LBT/R) 1__H51277__L 11704 _1 99739 1 _16813 1_32261_ _15 668 _ 62059 I 24588_

CO

-_______CALCULATED ACES DESIGNS_______
IACES I I___1HOUSE 2--HOUSE I3 L__ _HOU SE 2 OUSE__HOUSE_ 4
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

_ _ __________ ____ _ _ ____ _R1 I flhi__M _ K E _MSCHILLEER I AKER I L I CHILLER MAKER _ CHILLEERR I
IVOLUME OF ICE BIN, FT3 V I I I I i 3691 1 1892 1 4869 1 2506
|IREA OF PANEL, FT2 A I I I I 110 1 121 I 497 531

IFULL ILENGTH OF ICE BIN COIL, FT L I I I 0 1 504 1 0 I 927
I(USAGE OF ELECTRICITY, KWH/YR U0 I { 6502 1 6531 1 12541 1 12580

I__ _ _ FFICIENCY (fANNUAL COPL_____ E _______ _______ I 3__ 08- _ 3.07_ 1___295_1__ 2.94 _
I IVOLUME OF ICE BIN, FT3 V I 2326 1 1186 { 3422 1747

I AREA OF PANEL, FT2 A I 240 I 261 1 688 1 721
IPABTIALILENGTH OF ICE BIN COIL, FT L I I 0 476 { 0 887

OUSAGE OF ELECTRICITY, KWH/YR U I 1 7048 7053 1 13103 1 13328
I__ EFFICIENCY (ANNUAL COP) __ E - I 1._ __L___285i8__284_i _2,.82_1__ 2.77_1

IVOLUME OF ICE BIN, FPT3 V 1 1684 842 { 3408 1 1704 0 960 1 480 1 1976 988
AREA OF PANEL, FT2 A 1* 893 1* 985 1* 1817 1* 2002 1 507 1 559 1 1051 1 1159

IMINIMUMaLENGTH OF ICE BIN COIL, FT L I 0 685 1 0 1340 1 0 426 I 0 826
I (OSAGE OF ELECTRICITY, KWH/YR U V 11317 1 11304 { 22911 { 22888 7763 1 7755 1 13897 1 13881
{__ IEFFICIENCY (ANNUAL COP)_____ E__.__277_ .__22.78_2.73 ____2.73 __2.58_1 __2.59 _ 2.66___ 2.66_

*OUNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SOPPLEMINTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.



CASPER, WYOHING

GEOGRAPHICAL ZONE = K LATITUDE (DEG) = 42.9 GROUND AO = 46.47 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 18.0 LONGITUDE (DEG) = 106.5 TEMPERATURE BO = 23.67 F WINTER -11 F 70 F

.COOLING(TOTAL/SENS.) = 1.00 ELEVATION (FT) = 5338. CONSTANTS: PO = 0.633 RBAD SUMMER 90 P 78 F

-_._____ -_____ 8-40 _________ INSULATIONBUILDING DESIGN MONTHLY THERHAL LOADS __
R-40 INBSLATION OI UGLAZEDI DOMESTICI ______IMEDIUB ISSU LATION J_ - __ _ HIGH INSULATION

MONTH BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 1 HOUSE 3 I HOUSE 4
ICOEFFICIENTS(32F)l I EAT II HEAT _I 1200_!T2 I 2400 PT2 __ 1200 FT2 200 FT_24_00FT2 ___

(M) TB () I SD(M) IPANB() I QH (B) I QH(M) I QC(M) I QH(H) QC(H) I QH(M) I QC (M) I QH(M I QC(M)
-- MRBTU/FT2 1 MLrTU/FT21 BeT I M BTU ___.MBTU I MR U I ABToU I _ BTO _L_ _I__J IBT o___HT__HBTU __I

JAN I 0.100 ! 0.084 I 29.88 I 1530 I 13850 I. 0 I 29900 I 0 I 6890 I 0 1 15950 I 0
PFEB 0.042 1 0.030 1 29.59 1 1430 1 12080 I 0 I 26200 1 0 I 5770 I 0 1 13400 I 0

I BAR_ 1 0.117 1 0.039 j 47.73 1 1600 _11370 J- 0 I 1 0 _25040 _ 0 1 _5230_1 __ 0 12320 1__ 0
I APE 0.288 0.103 69.25 1520 1 7460 1 0 16990 0 3060 1 0 1 7800 1 0

I MAY 0.549 I 0.220 I 100.65 I 1500 I 4290 1 0 i 10480 1 0 I 1370 I 1200 1 4270 ! 1790
IJU.. I 0.765 1 0.332 1 136.33_1 1360 1__ 1650_1___21 10 J1 4920_ 1 _31_10 __ 0 _ 2860_ 1 14390 L__ 4280-1

JUL 1 0.971 1 0.450 157.84 1 . 1310 1 0 1 3280 I 20801 5040 1 0 | 4130 0 1 6030
I AUG I 1.030 I 0.507 I 153.80 I 1250 1 0 I 3080 I 1850 1 4720 I 0 I 3830 1 0 I 5540
1 SELP 1 0.927 1 0.482 1 116. 46 1.__I1 I___1860 __86 1660 1 _5250 1 -- 245_0J_ 630 J- 2120__ 2360 __ 3150_

1 OCT 1 0.769 1 0.428 90.43 I 1270 I 4540 , 0 I 10970 0 I 1990 I 760 1 5630 I1 0
NOV 1 0.507 I 0.307 I 43.72 I 1300 I 9230 1 0 I 20650 1 0 1 4690 I 0 11310 I 0

I DEC I 0.276 1 0.190 I 27.16 I 1440 I 12550 1 0 I 27320 0 _ 6320 j 0I 14920 _ 01
I _ANNUAL THERMAL LOADS (MBTMU __ 16700 1 78880-- 10130 181650_ _153201 35950 1 14900_ _89450 .__ 20790_1
IDERSIGN_HOURLY TRERMAL LOADS _BTU/HRB) I 50812 __ 11852 j 98809 j 17932 1 32161 J 15179 j 61859_I L 24637 I

___ ___ ________________ _______- - CALCULA TE D ACES DESIGNS_________ __ __-
IACES I I BOUSn_l I OUSE 2I --- HOOUSE 3____ HOUSE_4
SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE

-__ I__- IE MAKERjCHILLER I MAKER I CILLER___MAKE _ CHILLER I MAKER _ CHILLER B
IVOLUME OP ICE BI, FT3 VI I I I 3297 1702 1 4659 I 2418
lAREA OF PANEL, PT2 I I 50 I 54 1 162 I 163

IFPLL ILENGTH OP ICE BIN COIL, PT L I I 0 496 1 0 920
IUSAGE OF ELECTRICITY, KWH/YE U I 6471 6504 1 12808 I 12912

I __EPFFICIENCY (ANNUAL COP) E I____ _____L -- 3.046 __ .0 _2.90 2.88_
I IVOLUME OF ICE BIB, PFT3 V I 2038 I 1046 1 3139 I 1613

IABREA OF PANEL, PT2 A I 83 1 84 1 214 I 216
IPARTIALILENGTH OP ICE BIN COIL, PT L 0 I 468 1 0 I 876
I IUSAGE OF ELECTRICITY, KWH/YR U I 7019 I 7049 1 13569 I 13604
I_ IEPFICIENCY (ANNUAL COP) -- _ E__IEJ_ ___ 1 --- 1 -2.8821 2.81____2.74 j__ 2.731
{ IVOLUME OF ICE BIN, PT3 V I 1424 1 712 1 2910 1 1455 1 779 I 389 1 1619 1 809
I IAREA OP PANEL, FT2 A I 245 1 250 I 503 I 513 1 133 I 135 1 279 I 282
IBINIMUMILEBGTH OF ICE BIB COIL, PT L I 0 1 666 I 0 1 1303 1 0 I 413 0 I 803
! IUSAGE OF ELECTRICITY, KWH/YR U I 11421 1 11417 I 23143 1 23129 1 7669 I 7699 1 14137 I 14424
I__-_IFFICIEECY (ANNUAL COP)I E_ 

2
.
7
1_1__ 2.71 3 __2-71_]__2_2 71_ L __2. 58____2.57_ 2.631 __ 2.58 _



CHEYENNE, WYOMING

CECGRAPHICAI ZONE = K LATITUDE (DEG) = 41.1 GROUND A0 = 45.e7 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (MPH) = 14.0 LONGITUDE (DEG) = 104.8 TEMPERATURE BO = 21.14 F WINTER -9 F 70 F
CCCLING(TOIAI/SENS.) = 1.00 ELEVATION (FT) = 6126. CONSTANTS: PO = 0.664 RAD SUMMER 86 F 78 F

_ - ___________ -__________ _ BUILDING DESIGN MONTHLY THERMAL LOADS_________________
I F-40 INSULATION I UNGLAZEDI DOMESTIC _____ MEDIUM INSULATION H_____IGH INSIUATION

MONTH I BIN HEAT LEAK I EANEL I WATER I HOUSE 1 | HODSE 2 HOUSE 3 ~ HOUSE 4
lC_ ICIENTSJ32Fli__EEAT-___ HEAT __l ___1200_FT2__ _ ___ 2400 FT2_ _ _ ___ 1200 FT2 ___ ____2400 FT2___ I

(M) TB(M) ISD(M) I N(M) I QHW(M) I QH(M) QC(M I QH((M) QC(M) H(M) I QC(M) I QH(M) | CC(M)
I__ ____l____lBTU/FT2 .____ _ TU/FT21 M BTU_l _BTU _____MBTU__ _ MBTU ___ MBTU__ I _MBTU__ _ BTU__ _MBTU METUI

JAN I 0.131 I 0.097 29.06 1 1540 1 13630 1 0 1 29430 1 0 1 6780 1 0 1 15640 I 0
FEB I 0.069 ! 0.044 1 35.38 1 1440 1 11340 1 0 | 24740 1 0 1 5350 1 0 1 12540 I 0

__MAR 1___ 013_1__0 05_ 1__ 4. 72_ _1600_ __11390_1 1 25080_1 _______ L _ 520_l_____ _ _ 12440 ___.__0 _
IAPR I 0.280 1 0.104 67.52 I 1520 1 7700 1 0 1 17490 1 0 1 3200 i 0 I 8100 I 0
MAY I 0.512 1 0.207 95.41 1 1500 4580 0 1 11110 I 0 1 1460 I 970 1 4560 1 1430

IJU__ JN__ 0706_ 0__307 1 122.79 1 _ 130 ..____2020_1..____.690_l _ 5730 1_ 2410 _l______ l ___ 0 2400____ 1820_ ___3580_
JUL I 0.895 1 0.415 1 136.44 1 1330 1 870 1 2530 1 3280 1 3770 1 0 1 3350 I 0 1 4900
AUG I 0.956 ( 0.469 1 135.17 1 1270 1 790 2520 1 3030 1 3770 1 0 1 3240 1 0 1 4750
E__SP__ _ .8__06_l__0 450 J__110_.O36_J 1210 . ____2230_ ____1420 ___6100 1____2020 ____ 700 J __1900_ I _2670 ___2830_

OCT I 0.734 I 0.405 1 81.01 1 1290 1 4640 1 0 I 11190 I 0 | 1930 1 730 I 5570 1 0
NOV I 0.500 1 0.297 1 46.13 1 1320 1 8540 1 0 1 19240 1 0 1 4200 1 0 1 10280 1 0

I__DEC __0.293 1 0.193 1 34.5 _50 1450 _11250 I _01 
2 4
7901 _ 0 1 5420 1 __ _1_ 12970 1 _ 0_

__ NNUAL_ 3HEMAL _OADS _ U_ _ J 168 40_L 7__8980 ____ 8.16_Q _181210_1 __11970 1___31 0_ _ _ 12590 __ I 86590 __17490_
IDESIGN _ODRLY__ERMAl_ LAD £__ BTUHR ____ 49412___ 9390 J 96080 1 1_3162 ___31182 1 1.3

7
69 L 599611 __21955_

CO

l _ __---- _ ____ __- -_ -___-__ _ _- - _ _C_____CALCULAD CES DESIGNS _____
ACES I I_____HOUSE 1 I _j HOUSE 2_ I__ HOOSE3 _____I_ _ HOUSE 4 . 1I

ISIZE I SYSTEM DESIGN PARAMETERS ICE I BRINE j ICE I BRINE I ICE I BRINE I ICE I BRINE
---_-_ _ _ ______ __ _AER_ l_CHILLEB_I _MAKE__ I _ CHILLER MAKER ILLERR I MAKER 1 CHILLER

I VCLIME OF ICE BIN, F13 V I 2572 1334 1 3526 1841
IAREA OF PANEL, FT2 A I I58 6 60 1 165 1 166

IFUIL ILENGTH OF ICE BIN COIL, FT L I 0 469 0 1 866
I iUSAGE OF ELECTRICITY, KWH/YR U I I 6254 6285 1 12444 1 12496
I.....___IEI NC…IY___ANNUACCP] _ _____ _ 2______ _______ 2_____2.99 1 2.97 1 2.85_1 2.84_1

IVCLvME OF ICE BIN, F13 V I 1671 1 859 1 2559 1 1318
I AREA OF PANEL, FT2 A I I I 80 1 81 188 1 190

IEARTIALILENGTB OF ICE BIN COIL, FT L I 0 444 I 0 1 831
USAGE OF ELECTRICITY, KWH/YR U I 6688 6696 1 12872 1 13073

-____lEfICIENCY__ANNUAI_CP ___ __.... _____ __ ____________ ____ 9 ___2.79_1__ 2.75_ __ 271_1
I IVCLUME OF ICE BIN, P13 V 1404 702 1 2867 1433 1 770 385 1 1591 1 795
I IAREA OF PANEL, FT2 A 200 1 205 413 419 1 108 110 1 224 1 228
IMINIMUMILENGIH OF ICE BIN COIL, FT L 0 648 0 1269 0 402 1 0 780

I USAGE OF ELECTRICITY, KWH/YR U 11258 1 11250 23141 1 23252 1 7085 7113 1 13317 1 13551
.I___ _._IE ICIENCY _ANNUAC CP ...____ ___ ____ ____1 _ 27 1 __ 2 .66_____. 65 1__ _24_1 _ 2._ 63 ___2.66___ 2.61_

IBC002I STOP 0



LANDER, WYOMING

GEOGRAPHICAL ZONE = K LATITUDE (DEG) = 42.8 GROUND AO = 44.34 P AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (HPH) = 6.0 LONGITUDE (DEG) = 108.7 TEMPERATURE O8 = 23.74 F WINTER -16 F 70 F
COOLING(TOTAL/SENS.) = 1.00 ELEVATION (PT) = 5563. CONSTANTS: PO = 0.622 BAD SUHHER 88 F 78 F

I _______:____________________ _______ _BUILDING DESIGN NONTHLY THERMAL LOADS____ _____
1 R-40 INSULATION I UNGLAZEDI DOMESTIC1 .__ HMEDIUM INSULATION I HIGH INSULATION ... ____..

MOTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 1 HOUSE 2 I HOUSE 3 1 HOUSE 4
ICOEFFICIENTS(32FP1 HEAT I BEAT _I · 1200 FT2 I 21100 FT2 I 1200 FT2 __ _2400_FT2 _I

(M) I TB(N) I SD(N) I PANI() QI BN() QR(H) I QC () I QH(N) I QC(H) I QH(M) I QC(H) I QNH() I QC(M) I
I-_ _ .. I HBT/FT2 I MBTU/FT21 H· BTU I _BT_ I ____MBTU I BTU I___BTU I L__MBTU _BTO__L BTU___I MBTU -

JAN 0.017 0.042 1 19.66 1 1510 1 14440 I 01 30950 I 0 I 6860 1 0 I 15810 I 0
FEB I -0.031 -0.007 31.84 I 1420 I 11480 I 0 I 24990 ! 0 I 5090 1 0 I 11860 I 0 I

I B.__ 0.040 1 -0.000 I 144.02. j 1600 I 11160_ I 0 _ 24640, _ 0 I 4850 _o ___ 0 1130_/I ..__ 1
IAP I 0.215 . 0-066 1 62.15 1 1540 I 7310 I 0 ! 16720 I 0. 2830 1 0 g 7280 I 0
MAY 0.476 . 0.183 1 82.93 I 1550 I 4460 ! 0 1 10880 0 1280 1 930 I 1180 1 1380

I JU 1 0.694 1 0.297 1 104.15 1 1430 __2130.J.__156_ __ 6020 1 2210 _ 0 1 220 I 184L0 I 3350
JUL. 0.895 1 0.413 128.25 I 1400 I 610 I 2750 1 2620 I 4180 I 0 1 3680 I 0 1 5280
AUG 0.953 0.468 128.33 1 1340 I 570 I 2790 1 2450 I 4280 I 0 1 3600 I 0 1 5230
SEP 0.849 1 0.444 1 96.23 I__ 1270_ 1 _ 1950__ 1400 550 ___20__.40_140 5,0 4___1880.__22220_o_ 2800;
I OCT I 0.685 0.387 70.05 I 1320 I 4550 I 0 1 11020 I 0 I. 1810 520 I 5240 I 0

o N 1 0.425 0.2661 37.62 ! 1320 1 9020 1 01 20170 1 0 1 42801 0 1 10350 1 0
I DEC I-0.1911 0.147. 23.94, 11440 I .12770 I 0 1 27680 I 0 I j 6070 I 0_ _ 1426,0 0__
I aNNUIL THERMAL LOADS (MBTU) j 17140 ___80450 I _ 8500 183680 1 12710_ 33610 1 12830 _ 8470 __ 18040_1
I DESIGW HOOURLY THERMAL LOADS (BTU/HRI 1 54558 _1__11422.1_ 106128 I 1648.2_L 34697 _ _15199_ 1 66779~ L 214640

~~1------------------------__LCAuLTED ACEs DESIGNS _____ __ ______ _

SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE I BRINE I ICE I BRINE I ICE I BRINE I
__ O C F I 3AKER_-- _C. HIL

L E
R I MAKER CHILLER I MAKER I CHILLER I MAKER I CHILLERD[

I.VOLUME O ICE BID, TV3 V I I 2689 1 1399 I 3721 1 1951
IABEA OF PANEL, FT2 A I I 67 1 70 I 194 1 198

IPFULL ILENGTH OF ICE BIN COIL, FT L I I I 518 I 0 1 959
IUSAGE OF ELECTRICIT, KWH/R U I I I 6202 1 6232 I 12177 1 12241

I-- IFc HnCIENCYc n (ANNUAL _COP. I I I__ 3.00 1 99__.__ 2.88 _L 2.86_1
IVOLUBE OF ICE BIN, PT3 V ! ! ! 1732 1 893 1 2663 I 1376
IAREA OF PANEL, PT2 A I 96 1 99 241 1 247 7

IPARBTALILENGTH OF ICE BIN COIL, PT L II 0 1 490 I 0 I 918
II SAGE OF ELECTRICITY, KWH/YR U I I I 6659 1 6682 I 12620 1 12640

____ tI EPFICIENCY (ANNUAL COP) ____E_ II I I 2.80 I.__2799_ 2.Z78 _ 2.77_
IVOLUNE OP ICE BIR, PT3 V I 1477 1 738 3006 I 1503 I 776 1 388 I 1604 I 802
IBARE OF PANEL, FT2 A 1 298 1 309 1 610 I 633 1 157 1 163 I 328 I 340

INININUMILENGTH OF ICE BIN COIL, FT L I 0 1 711 1 0 I 1392 I 0 1 441 I 0 I 858
IOSAGE OF ELECTRICITTY, KWH/YR UO 11320 1 11336 1 23179 1 23211 1 6862 1 7069 1 13085 I 13100

1_ __ IEBFICIENCY (ANNUAL COP) E ! 2.751__. 2.74 1 2.70 1 _ 2.711 2. 64 __ 268 _i_ 2.68_1



SHERIDAN, WYOMING

GEOGRAPHICAL ZONE = K LATITUDE (DEG) = 44.8 GROUND AO = 46.02 F AIR TEMP: OUTDOOR INDOOR
JANUARY WIND (HPH) = 8.0 LONGITUDE (DEG) = 107.0 TEMPERATURE BO = 24.10 F WINTER -14 F 70 F
COOLING(TOTAL/SENS.) = 1.00 ELEVATION (PT) = 3964. CONSTANTS: PO = 0.609 RAD SUMMER 92 F 78 F

__ _ BL G DEIGN IOLTTLY TIERUL LODBUIL_ ING DESIGN _O _THLY THERMAL LOADS ___
R-40 INSULATION I UNGLAZED DOMESTIC)_ _____M DIUH INSULATION __ ___ _ HIG INSULATION _ __

MONTH I BIN HEAT LEAK I PANEL I WATER I HOUSE 1 I HOUSE 2 I HOUSE 3 | HOUSE 4
I COETFICIENTS(32F) I HEAT I HEAT I _____1200._ _ _ ___ - 2400 FT2 _ _ __ 1200 FT2 ___ _2400_FT2 _

(M I TB(M) SD(M) I PAN(M) QH (M) QH(M) I QC() QH(M) I QC(M) I QH() I QC(M) IQH() I QC () I
I____ I -. MBTU/FT TT21 _BTU I M_ _ __BTU __TBTU _I BTU _____ MBTU I MBTU__ _ MBTU___l.__BTU __

JAN I 0.069 1 0.068 1 23.13 1 1530 1 14180 1 0 1 30460 1 0 1 6870 1 0 1 15840 1 0
FEB 0.019 1 0.017 1 28.50 1 1430 1 11750 1 0 1 25500 1 0 1 5360 1 0 1 12500 I 0

I AR _ 0.099 1 0.029 1 45.02 1 1600 __10700___ 0 1 _237001 __ 0 620 1 _ ___ 11060_ __L 0
APR 0.278 1 0.096 1 65.78 I 1530 1 7110 0 1 16310 1 0 1 2770 1 0 7170 0 O
MAY 0.545 1 0.216 1 91.53 1 1510 1 4010 1 0 1 9900 1 0 1 1140 1 1270 1 3830 1 1910

IJU_ 0.763 1 0.331 J 114.74 1 _1370 _1690 1__ 1900 1 __5040 _2770 __ 0 L__ _2640_ 1 1490___ 3930_
JUL I 0.967 1 0.449 1 133.46 1 1330 1 0 1 3290 1 2170 1 5060 1 0 1 4150 I 0 1 6050

1 AUG 1.022 1 0.504 I 130.11 1 1270 1 0 1 3110 1 2060 1 4760 1 0 1 3860 1 0 1 5590
I SEP__ 0.912 1 0.477 1 99.42 I 1210_ _ I980 __ 1630_ _5510 __ 2.410 1 620 1_ 2070_ 1 2410 3100

OCT I 0.746 1 0.418 1 55.64 1 1280 1 4770 I 0 1 11630 i 0 1 1930 1 560 1 5630 1 0
NOV I 0.479 1 0.294 1 27.19 1 1300 1 9410 1 0 21000 I 0 1 4560 1 0 1 11150 1 0

I DEC I 0.244 1 0.174 1 4.92 1440 1 13540 1_ 0 1 29170 1 0 1 7000 1 _ 1 16220 1_ 0_
I ANUAL THERMAL LOADS (IBTUL __ L16800 I_7910 1 ____9930 1 182450 ___15000 1 34870 1_14550_ 87300_1__ 20580_

DESIGN HOURLY THERMAL LOADS _BTU/H) __ 52846 1_ 12484 I_ 102774 1 _19139 1 33631 ___15684 1 647_08 25600

ro
o

__ __ ____________ __L___ a_ C _ES_ DEIGB___ ______ ___ ______ CU T __________ ESI
I ACES I _ _ _9USE_1_ _ HOOSE 2 __OUSE 3 H_____ __ USE 4

SIZE I SYSTEM DESIGN PARAMETERS I ICE I BRINE I ICE BRINE I ICE I BRINE I ICE I BRINE
r_ ____ _______________ I _ MAKER 1 CHILLER I MAKER I CHILLE _R _MAKER _CHILLEI MAKER__ CHILLER

I IVOLUME OF ICE BIN, FT3 V I I 3192 I 1649 1 4523 1 2350
IAREA OF PANEL, FT2 A I I 70 1 76 1 249 1 252

IFULL ILENGTH OF ICE BIN COIL, FT L I I 0 I 514 1 0 1 954
I IUSAGE OF ELECTRICITY, KWH/YR U I I 6379 I 6409 1 12493 1 12590
I-___.EFFICIENCY (ANNUAL COP . ____ E_ L _ __ 04-__ 3.03 _ 2.92 ____ 2.90_

IVOLUME OF ICE BIN, FT3 V I 1 1985 I 1019 1 3066 1 1577
IAREA OF PANEL, FT2 A I I 130 1 133 1 365 I 380

IPARTIALILENGTH OF ICE BIN COIL, FT L I 0 1 485 1 0 1 909
IUSAGE OF ELECTRICITY, KWH/YR I I 1 6857 I 6864 1 13180 1 13172

1 _ EFFICIENCY (ANNUAL COP)__ E_ _ -____ I ______--2.283_i____2__l _2,_ 2.77_1
I IVOLUME OF ICE BIN, FT3 V T 1455 1 727 1 2962 1 1481 1 778 I 389 1 1608 1 804

IAREA OF PANEL, FT2 A 1* 861 1* 1021 1* 1781 1* 2104 1 527 1* 613 1 1131 1* 1308
IMINIMUMILENGTH OF ICE BIN COIL, FT L 0 1 691 1 0 1 1351 1 0 1 430 1 0 835

I IUSAGE OF ELECTRICITY, KWH/YR U I 11205 1 11187 1 22724 22690 1 7199 I 7189 1 13583 1 13789
I__ I EFFICIENCY IAfNNUAL COP____ __ E I __ 2-7____2 J 1 _2.76J 1____2.72__ 270 1 __ _2.7_1 269 _1___ 265_

*UNGLAZED PANEL EXCEEDS A PRACTICAL SIZE, AN ALTERNATIVE SUPPLEMENTARY HEAT SOURCE SHOULD BE USED IN THIS DESIGN.

IHC002I STOP 0



Appendix C

ACES,DESIGN WORK FORMS



ORNL-DWG 79-21240

RAPID ACES DESIGN

Work Form 1

DATE: JOB:

Geographical Zone: Proposed ACES House: (X): ft 2 Interpolation Constants:
Reference City: Reference House No. ( ) ft 2 C( ) =
Insulation Level: Reference House No. ( ): ft2 C( ) =

ACES COST AND PROPOSED ACES HOUSE REFERENCE HOUSE ( ) REFERENCE HOUSE ( )

DESIGN PARAMETERS FULL PARTIAL MINIMUM FUFULL PARTIAL MINIMUM FULL PARTIAL MINIMUM FULL PARTIAL M MUM
... .. .. . . ...... ... .. .. .. . C )

T, total installed cost, $ . ..

0, operating costs present value, $ ......

P, present value life-cycle cost, S; .:..: ::.- :::: ::::::::::::.:.:- :

V, wetted volume of ice bin, ft 3

A, area of solar panel, ft2

L, length of ice bin coil, ft .

U, usage of electricity, kWhr/yr

E, efficiency (annual COP)



ORNL-DWG 79-16638R

DESIGN DAY HEAT LOAD

Work Form 2
DATE: JOB:

Indoor Air Temperature: TSW = _°F House Volume: VOL = FT
3

Outdoor Air Temperature: TDD = _F Air Change Rate': ACH = AC/HR
Ground Temperature: TG = -F Wind Speed: V = MPH

EXTERIOR NORTH SOUTH EAST WEST HEAT
EXPOSURE BUILDING (or horizontal) (or horizontal) (or horizontal) (or horizontal) LOSS

SURFACES A U AT A U AT A U AT A U AT (Btu/hr)

WALLS

A G DOORS =
B R
0

A GLASS AREAS ___
V D
E E _ _

CEILING _

FLOOR

8
G FLOOR

E R
L A
O D WALLS ____
W E

CHECK OF TOTAL - CONDUCTION
VERTICAL AREAS HEAT RATEION

INFILTRATION HEAT LOSS RATE: [0.018 X VOL X ACH X (TSW - TDD)] =

TOTAL DESIGN DAY HEAT LOSS RATE: (CONDUCTION + INFILTRATION) =

ro.15 + 0.013V + .005AT1
'ACH = N L 0.695 . where AT = TSW - TDD. V = average wind speed (mph), and N a 1.



C-9

ORNL-DWG 79-16639R

ACES DESIGN MONTHLY LOADS

Work Form 3

DATE: JOB:

A B C D E F G

CALCULATED LOADS SELECTED ACES DESIGN LOADS

SPACE WATER SPACE SPACE WATER TOTAL SPACE
MONTH HEAT HEAT COOL HEAT HEAT HEAT COOL

qH qHW qC qH qHW qHT qC
MBtu MBtu MBtu MBtu MBtu MBtu MBtu

Jan

Feb

Mar

Apr'

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

TOTAL



ORNL-DWG 79-21241

ACES MODAL OPERATING PARAMETERS

Work Form 4
DATE: JOB:

ICE PHASE SUPPLEMENTAL PHASE
ANNUAL CYCLE ENERGY

SYSTEM HEATING COOLING HEATING COOLING BI.N REJECT

POWER EQUIPMENT:

Heat pump compressor, EC kW X X
Indoor fan coil, EF kW __ X X
Cold brine pump, ECB kW
Hot brine pump, EHB kW X X X
Hot water pump, EHWkW X X X X
Outdoor fan coil, EOF kW X X X X
Total Electrical Draw, ET kW

COMPONENT RATINGS:

Evaporator-side compressor COP X X
Indoor fan coil, H Btu/hr X X X
Desuperheater, HDH Btu/hr X X X X
Condenser, HCD Btu/hr X X x

MODAL OPERATING PARAMETERS: COPI(H) COPi(C) COPS(H) COP(BD) COP(BR)

System performance, COPp(M)*
Bin transfer coefficients, ap(M)* 1.00

al(H) a,(C) as(H) as(C)

(*P denotes phase of the annual cycle, M denotes operating mode.)
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ORNL-DWG 79-16645

SOLAR PANEL SIZE

Work Form 5

DATE: JOB:

Part 1

A B C D E F G
ICE BIN HEAT FLOWS FROM

NET BIN SOLAR FULL MELT
House Ground Solar BIN HEAT PANEL PANEL

MONTH Loads Leakage Panel LOAD DEPOSIT RATING AREA

qHSE qL qCOL qNET qDEP' PAN AFM
MBtu MBtu MBtu MBtu MBtu MBtu/ft 2 ft 2

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

al(C) = a__ o(H) = __ , TCAP = MBtu, AT= _ ft2 , ASD =_ ft2

Part 2

IT. MONTHS INCLUDED IN a= 3 = = APAN
NR. THE SUMMATION (3 - TCAP) -Z qDEP PAN a/e

2

3

4

5
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ORNL-DWG 79-16646

ACES POWER CONSUMPTION

Work Form 6
DATE: JOB:

Part 1

A B C D E F G

MONTH HEATING COOLING BIN BIN HEAT SUPPLEMENTAL PHASE
LOAD LOAD LOAD LEVEL HEATING COOLING LEAKAGE
qHT qc qNET qTOT qHT (SP) qC(SP) qL(SP)
MBtu MBtu MBtu MBtu MBtu MBtu MBtu

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sept

Oct

Nov

Dec

TOTAL TCAP=

OL(SP) OHT(SP) ( ( )
K O= a cs(C) + -sH( )+. >-s ==-

) + Oc(SP) -(H) O(SP) ( )

COP (C) = r 1 + +CSC \COP() COPR)) \( ) ( )1

Part 2

SUPPLEMENTAL
SYSTEM ICE PHASE PHASE

ANNUAL
PERFORMANCE HEATING COOLING HEATING COOLING CYCLE

Delivered loads, MBtu

Power consumption, MBtu

COP
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ORNL-DWG 79-1665bA

ACES LIFE CYCLE COST
Work Form 7

DATE: __ JOB:

UNIT TOTAL ESTIMATE ITEM
ITEM MATERIAL MATERIAL INSTALL INSTALLED

COMPONENT ITEM QUANTITY COST COST COST COST

Mechanical Package Heat Pump tons

SUBTOTAL

Ice Storage Bin Wall construction ft2 $/ft2

Floor construction ft2 $/ft2

H = ft Top construction ft2 $/ft2

W = ft Footing construction ft $/ft

L = ft Wall insulation, in. bd-ft $/bd-ft

VTOT = ft 3 Floor insulation, in. bd-ft $/bd-ft

VWET = t3 Top insulation, in. bd-ft $/bd-ft

Water-proof liner ft2 $/ft2

Other, excavation

SUBTOTAL

Ice Bin Heat Tubing ft $/ft
Exchanger Other

SUBTOTAL

Solar Collector Panel surface ft2 $/ft2

Other-

SUBTOTAL

Other Components Hot water tank gal.

Control system

Auxiliary pumps hp

Back-up heating system kW

Duct system

SUBTOTAL

Total Installed Cost

Operating Costs Present Values Fuel

Maintenance

Present Value Life Cycle Cost
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