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1. INTRODUCTION

The steagdy increase in fuel cost, coupled with its decreas-
ing availability, has made energy conservation measures
mandatory and has opened up new avenues for annual energy
storages systems.

These systems enable the energy generated in one season to
be stored for use in another, thus making possible the
carry-over of energy from the point of its maximum genera-
tion to the point of its maximum use.

This concept is known as the Annual Cycle Energy System
(ACES), and has already been initiated in the U.S.A.

The systems already in use in the U.S.A. are so far small
systems, but the energy savings which they accomplish
amount to 50 - 70%. There is good reason to believe that
large scale systems can achieve even greater savings.

The main advantage of a seasonal storage system is the
considerable cut in electrical peak demand which results
in several beneficial savings, like smaller size for
cooling equipment in summer time, smaller electrical
equipment and installation and smaller billing demand
charge.

The most favorable storage system of refrigeration energy
is the ice making heat pump system, whereby a heat pump
supplies the heating and domestic hot water requirements
in winter time while using as a heat source water in a
large bin, which could be part of the structure, and
converting the water into ice to be used in the summer
for cooling purposes. This is an example of cooling
storage.

Solar energy storage can serve as an example of heating
storage. Solar energy collectable when it is most avail-
able, that is in summer time, is stored and then used
when it is least available, that is in winter time.
Storage tanks are much cheaper than solar collectors
which makes it very feasible to use large storage systems
and smaller solar collectors.

Another energy storage system holding great promises for
the future but still in the early stages of development
is combined electric power and heat generation currently
being developed both in Europe and in the U.S.
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High temperature water (HTW) at a temperature of 350° F
(1750c) is injected into confined underground aquifers,
which are layers of sand, gravel and porous rock saturated
with ground water, stored and later withdrawn with pumps,
distributed and used for district heating in winter taime.
This high temperature water is generated in a series of
heat exchangers which are fed by steam bled from a

usually back-pressure turbine system at several pressure
stages. The turbine system could be either a condensing
or an entirely extraction system whereby none of the steam
is condensing.

Such a system enable the differences in peak electrical and
heating demands to be smoothed out and heat generated
during summer months to be stored and used in winter months.

Other means of energy storage such as steam or hot water
storage in man-made lakes insulated or thermally stratified
have been considered.

This report will evaluate four different kinds of ACES to
be supplied to the Market Square Complex of the
Pennsylvania Avenue Development project in Washington, D.C.




PADC-ACES
Page 2-1

2. PURPOSE AND SCOPE

The purpose of this prefeasibility study is to examine the
application of the ACES concept to the proposed Pennsylvania
Avenue Redevelopment Project which is conceived as a major
inner city integrated project with innovative energy conser-
vation and load management techniques.

Within the scope of this study the three already existing
in different stages of design and completion, seasonal
storage systems will be evaluated with a view of applying
some of their concepts and methods to the PADC.

As a further step the systems, as applied to the PADC project,
- subsystems and their components will be identified and the
candidate equipment selected and evaluated, with conceptual
plans prepared for cooling and heating storage. The ACES
will be compared with a Conventional system relative to which
its costs and benefits will be evaluated.

Also, an estimation of electrical peak demand reduction will
be made and other opportunities and constraints of the ACES
versus a Conventional System discussed.

The utilization 0of below grade structures and their integra-
tion within the storage system will be investigated.

The inter-relationship of large scale systems and seasonal
storage and their mutual bearing on one another will simi-
larly be discussed.

Finally, an evaluation will be made whether the application
of the ACES to the PADC project should be further pursued or
not and if it should, a recommendation will be made to
Prepare a fully comprehensive feasibility study with an
.estimation of cost and time required to perform the task.

In the feasibility study the parameters developed in the
prefeasibility study will be fully utilized along with the
identified technologies and methodology in order to

continue to develop the new concept which holds great poten-
tial for energy conservation.
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3. SUMMARY AND RECOMMENDATIONS

This report deals with Annual Cycle Energy Storage (ACES) concept
as applied on a community scale to Market Square Complex on
Pennsylvania Avenue, Washington, D.C.

Total area 2,200,000 square feet

Building Load estimation

Peak Loads Annual Energy
Consumption
Heating & DHW 19.35 x 108 BTUH 4.032 x 1010 BTU per yr
Cooling 3000 Ton 3,000,000 Ton-Hours

In this study we examined four alternatives of seasonal energy
storage. Each alternative was examined on the energy saving
aspect and its operational and economic feasibility.

Out of all the alternatives considered the most efficient
system from the point of view of energy and economic feasibil-
ity was found to be system No. 3 dealing with heat pump
generated ice for seasonal storage and it was thus selected
and recommended for further study.

The system utilizes the heat pump for heating the buildings in
winter and for meeting the DHW requirements. The heat pump
obtains its heat by extracting the heat of fusion of water
and thereby converting it to ice.

The method suggested is to use the ice maker evaporator with
water sprayed over the evaporator coil and being converted to
ice. The ice would be used to cool the buildings during the
summer by circulating chilled water through the ice bin. The
defficiency in cooling during the summer would be supplemented
by generating chilled water during off peak periods and
storing it for peak period use.

This system is expected to supply about 70% of the summer
cooling requirements and provide a 100% cut in electric peak
demand.

The heat pump system using the slab as storage of the heat
rejected for reusing in winter time was found inefficient from
the energy point of view. Only about 4% of the heat required
during winter could be stored in the slab.



PADC-ACES
Page 3-2

The solar energy annual storage was found efficient energywise
but prohibitive from the economical point of view.

The winter cold air potential to make ice for storage was
found efficient from the energy point of view but prohibitive
from the economical point of view and because of unpredicta-
bility of system performance.

It is, therefore, recommended that the heat pump system with
ice storage be taken up for a further feasibility study.
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4., SELECTION OF A BUILDING COMPLEX

The Market Square Complex situated at Pennsylvania Avenue
and being part of the Pennsylvania Avenue Development project
currently being developed by the Pennsylvania Avenue Redevelop-
ment Corporation was selected as the object of application of
the energy conservation and storage principles analyzed in this
study.

This selection is being made in view of the functional
diversity of the complex which has approximately 1,300,000
square feet area above grade and about 900,000 square feet
below grade. The areas above grade comprise 56% of residential
area, 13% of retail department stores and offices and about
30% of national archives and community storage. The 900,000
square feet below grade are devoted entirely to national archives.

The energy used in the residential areas is likely to be
at its lowest during the day and at its highest during the
evenings while in the stores and offices the reverse would occur--
the latter being occupied mostly during the day.

The whole complex thus with its mixed uses and sizable
cooling, heating and domestic hot water loads affords an
opportunity to demonstrate the favorable interaction between
areas having non-concurrent energy peaks.

The Market Square Complex situated between 7th and 9th
Streets forms the focal point of the entire proposed Pennsylvania
Avenue Development project which is conceived as a major city
integrated project containing multi-use facilities whose major
design elements incorporate modern and advance energy conservation
techniques and load management concepts.

Pennsylvania Avenue is the link between the White House and
the Capitol and as such it is the "Main Street of the USA,"
enjoying high public visibility. It contains existing buildings
whose facades must remain intact, its new buildings must match
the overall architecture of the area and its many other types
of buildings include offices, hotels, commercial buildings and
residences. It thus represents a cross section of most types
of buildings typical of-the US cities and therefore lends itself
well as an ideal demonstration center to many different and new
energy conservation and management techniques.
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If successfully developed into an energy effective area,
Pennsylvania Avenue would serve as a bright example to all
branches of the government to follow suit and apply the
example on a national scale. Also, the high visibility of
the Pennsylvania Avenue project would serve as a constant
reminder and spur to non-government agencies to sponsor and
engage in similar projects. This would greatly further and
enhance the commercialization and utilization of innovative
systems and prototype equipment tested under field conditions
in the Pennsylvania Avenue Redevelopment project, a "real-life"
project as differentiated from simulated buildings or demon-
stration projects alone.

The climate in Washington, D.C. is moderate which makes
it suitable for the application of a seasonal storage of
energy system which with slight modification could be applied
to other areas in the USA.

Finally, the last but not the least reason for selecting
the Market Square Complex as the object of application of this
study is the fact that there has already been prepared by
Dubin-Bloome Assoc. an "Energy Conservation and Alternative
Energy Source Conceptual Plan" for the Pennsylvania Avenue
Development Corporation (PADC) which was devoted primarily
to energy management programs, to the examination of
architectural concepts and various control systems, distribution
systems and end use of mechanical and electrical systems to
reduce annual energy consumption and peak power demand.

The above study also singled out the Market Square Complex
as an object for further attention.

It is therefore the intention of this pre-feasibility study
to demonstrate how advanced concepts in energy conservation
and energy management could be applied in the nation's capital
to make it a showcase to the whole country and the world at
large.
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5. EVALUATION OF THREE EXISTING STORAGE SYSTEMS IN THE U.S.A.

Following is a review of completed or partly completed ACES for
the purpose of extrapolating those portions which might be
compatible with the seasonal storage systems for the Market
Square Complex, PADC.

A. ACES Demonstration House in Oak Ridge National
Laboratory, Tennessece

B. The ACES Nursing Home for Veterans Administra-
tion, Wilmington, Delaware

C. Gettys ACES, Racine, Wisconsin

A. The ACES Demonstration House in Oak Ridge is a 2,000 sqg.ft.
single family house.

The ACES is a water to air heat pump system with ice formation
and thermal storage. The design calculations indicate that
ACES can satisfy the space heating, space cooling and domestic
hot water requirements for the whole year.

The system combines a heat pump mechanical package with hot gas
heat exchanger, brine chiller, brine coil immersed in a water
tank, heating/cooling fan coil units, domestic hot water
storage tank and outdoor radiant convector coil and is thus
capable of balancing the energy requirements for space heating
cooling and domestic hot water over the whole year.

The analysis of the system brings out the following character-
istics:

a. The system shows about 42% savings in energy consumption
compared with a conventional system.

b. Equipping a new typical house with ACES incurs an extra
cost of $1,950 over the conventional air conditioning
system with an electric hot water heater; retrofitting
an old house, the extra cost would be between $3,000
to $4,000 depending on the size of the house, its
construction and the previous heating system.

c. Additional energy savings are limited in this system
since the ice bin coil, carrying chilled brine, is
inefficient as the ice forming on the coils. having
a low heat conductance, impedes the heat transfer
between the brine in the coils and the water and thus
slows down any further ice formation reducing thereby
substantially the COP of the system.
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d. The use of brine causes further reduction in the -
efficiency of the system because of the number of heat
exchangers involved in such a system, lower suction
temperatures employed and the usual corrosion problems
that come up whenever brine is used.

The system being of small size and utilizing currently
available on the market heat pumps, has a relatively
low COP. However, with the new, specially designed
for this application, high efficiency compressors that
are beginning to appear on the market, a higher COP
could be reached.

Since in large scale systems there are already com-
pressors that can operate with high efficiency at

low suctioh temperatures the ACES promises more savings
when applied to large systems rather than to small ones.

f. The system being equipped with an outdoor radiant
convector coil is suitable for climates with long,
severe winters where the ice generated during the
winter months exceeds the summer cooling requirements
and has to be controlled with solar energy.

The ACES in the Veterans Administration Nursing Home operates
as an air source heat pump down to 39.2°F and thereafter as
a water source heat pump.

An outdoor unit serves as an evaporator for the heating cycle
and as an evaporative condenser for the cooling cycle.

When the ambient temperature is above 30.2°F air is passed
over the outdoor evaporator while a double bundle condenser
delivers heat to the building. Below 39.2°F the brine

chiller is energized and brine circulated through the water

in the ice bin removes the latent heat of fusion given up by
the water (144 BTU/1lb) causing ice formation.

The whole system besides the above mentioned outdoor unit, a
double bundle condenser and brine chiller contains also a
water chiller in parallel with the brine chiller and a
radiant convector panel which in winter can collect solar
energy to melt the excess ice if any, and on cool summer
nights, when some cooling is required can dissipate heat
along with the evaporative condenser.

The whole system is located in a 40 ft. x 50 ft. building
called the "Energy Bank." A micro processor within the

Energy Bank will periodically accumulate data from a multitude
of sensing locations and execute COP calculations.
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This is to determine if some other mode of operation could
be employed which would result in the use of less energy.

There are seven basic modes of operation in the Energy Bank.
Four are used to produce heating and the remaining three
are used to produce cooling.

Although the system has numerous "modes" of operation there
are three overriding objectives that ACES seeks to attain:
energy conservation, load management and the use of renewable
resources.

The expected annual overall COP is 4.5 to 5.0, the energy
savings are about 60% compared to a conventional system
and the pay back period is estimated as 11 years, taking
into account the cost of money and allowing for fuel es-
calation costs.

Evaluating the system we can specify the following points:

a. The system would promise a higher COP than the ACES
Demonstration House since it is being applied on a
larger scale and for large scale applications, the
equipment is more readily available on the market.

b. The system is applicable to the Nursing lome because
of the compatibility of the load which has a large
cooling, heating and domestic hot water demand.

c. The many subsystems, like the evaporator-condenser, the
radiant convector panel, the parallel water chiller
(for conventional cooling in the summer) together with
micro-processor-controller enable the system to attain a
larger flexibility and consequently a larger COP.

d. The system is particularly well suited in climates
having severe winters when the ice accumulated during the
winter months exceeds the summer cooling requirements
and has to be partially melted by using solar energy.

e. The use of the ice bin coils to freeze water should be
limited and replaced by "ice-maker" equipment that
promises higher efficiencies and better performance of
the systems.
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The Gettys ACES in Racine, Wisconsin has a
cooling capacity of 160 tons and operates in
the following mode:

During the winter nights ice is being generated

by the ice-making evaporators while the heat rejected
in the condenser is utilized to heat the building.

The condenser can be either water cooled or air

cooled for winter and summer operation respectively.
Heating on winter days is done by circulating hot
water from the hot water storage tank through the
building distribution system, the storage tank being
charged during the winter nights by an electric boiler.

Heat generated in the condenser of the heat pump
could also be stored in the hot water storage tank.

In order to control the quantity of ice generated
by the heat pump winter operation and melt the excess
of it solar energy is utilized.

This is accomplished by energizing a solar pump which
will circulate water from the ice bin through the solar
collectors.

On cloudy days when solar energy is not available,
controlling of ice generation is done by utilizing the
electric boiler and boiler pump to pump heated water
through a water-to-water heat exchanger, through the
other side of which water from the ice bin is being
circulated by temporarily utilizing the evaporator
pumps.

There is no chiller in the system and cooling on summer
and winter days is accomplished by circulating ice water
from the ice bin through the air conditioning equipment,
utilizing the chilled water pump, which is shut off
during the nights in order to conserve energy.

Ice is also being generated during summer nights and
summer weekends utilizing air to cool the condensers.

The system is controlled automatically with a
micro-processor,
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The following are the main characteristics of the system:

a. The system operates mainly with nightly and weekly
of f-peak production and storage of ice both in winter
and summer time and also nightly and weekly off-peak
production and storage of hot water and therefore
could be classified as a diurnal rather than seasonal
storage system.

b. Cooling and heating peak electrical loads are reduced
through storage and this results in reducing demand
for the electric utility.

c. Ice generation in summer time is necessarily
accomplished with low saturation suction temperatures
at the expense of a lower COP. Chilled water production
in summer time would result in a higher COP.

d. Ice production is accomplished efficiently by the use
of ice-maker evaporators.
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6. METHODOLOGY

1. Select a building complex on the basis of:
a. Functional diversity
b. Large size
c. Has heating, cooling and DHW loads
d. Real building
e. Funding by PADC
f. High visibility
g. Sensitivity to climate

h. Previous work done on loads and energy
conservation

2. Select Conventional System
a. O0il fired boilers for heating and DHW and
b. Electric chillers for cooling

3. Evaluate existing ACES type systems in the U.S.A.

a. ACES Demonstration House, Oak Ridge National
Laboratory, University of Tennessee

b. ACES Nursery Home for Veterans Administration,
Wilmington, Delaware

c. Gettys ACES, Racine, Wisconsin

4. Evaluate the properties of various storage media that
are already being researched in the field.

a. Specific Heat
b. Heat of fusion

c. Density
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d. Temperature range.
e. Toxicity
f. Corrosion
g. Availability
h. Cost
Select Candidate Seasonal Storage System
a. Heating storage
1. Slab storage; heat pump periorming cooling
in summer and storing rejected heat in the
building slab for winter use.
2. Solar energy hot water storage
b. Cooling storage
1. Ice storage

2. Ice storage using cold air

All the candidate systems were already researche
and designed on a small scale.

Recalculate the load - heating, cooling and DHW

a. Peak (Demand)

b. Seasonal (Consumption)
Calculate peak electrical demand for Conventional System.
Analyze the electric and fuel cost rates.
Assume escalation rate for energy (refer Appendix).
Evaluate heat pump with slab.

Evaluate solar collectors and collector performance for
Washington, D.C. (using weather data).

Evaluate the heat-pump with the ice maker and ice storage.
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Evaluate the ability of outside air in winter time to
make ice.

Estimate the initial cost of components for each
system.

Evaluate maintenance and operatior. expenses for each
system (preventive, progressive and breakdown main-

tenance) .

Comparative analysis of all candidate systems on a
present worth basis.

Comparative evaluation of all candidate systems
(opportunities and constraints.)

Method of calculation (do now show the calculation).
Sources of information.

Summarize results in report.
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7. KEY ASSUMPTIONS IN THIS STUDY

Following are all the key assumptions used in this study:

A. Climatic Condition

1. Location Washington (WBCO) Lat 389 - 51'N.
2. Winter Design temperature 15°F.

3. Summer Design temperature 93°F DB, 78°F WB.
4. Winter Degree days 4,224 below 65°F.

5. Summer equivalent full load air conditioning
hours - 1,000.

6. Winter months November through May.

7. Winter mean total hours of sunshine 1,297 hours.
8. Summer months June through October.

9. Summer mean total hours of sunshine 1,283 hours.
10. Direct sunshine annual possible 58%.

11. The average city water temperature 550F.

B. 1Inside Design Conditions

1. Winter - 68°F DB no humidity control, set back
temperature 65°F DB

2. Summer - 78°F DB, 65°9F WB, no night control.

3. Domestic hot water temperature 110°F.

C. Building Description

1. Total area 2,203,192 sqg.ft.

1.1 776 Dwelling Units 950 sg.ft. each 734,970 sqg.ft.

1.2 Retail and Offices 120,973 sqg.ft.
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1.3 Community Storage 39,772 sq.ft.

1.4 Archive above grade 336,915 sg.ft.

1.5 Archive below grade 920,562 sqg.ft.

2. Building walls heat transfer coefficient 0.06 BTU/hr-sq.ft.
Op (R=16.6).

3. Building roof heat transfer coefficient 0.05 BTU/hr-sq.ft.
Or (R=20).

4. Windows area 15% of walls area.

5. Windows heat transfer coefficient 0.56 BTU/hr-sqg.ft.
OF (Double Glass).

6. Windows shading coefficient 0.56

7. Infiltration through windows 0.5 CFM/LF of window.

8. Infiltration through doors 0.6 CFM/LF of door.

9. Domestic hot water demand.

a. Residential based on 60 gal/day/dwelling unit.
b. Commercial areas based on 100 sg. ft./person
2/gal/person/day.

Cost Assumption

1. The chilled water pumps and the hot water distribution
pumps not considered since their use applies to all
the schemes.

2. The operation annual cost based on annual energy cost
only,because maintenance and labor applies to all the
schemes. (See Section 18)

3. Energy Cost

Electric energy cost based on: Response of Potomac
Electric Power Company to orders nos. 5739 and 5869
for Time of Day Peak Load Pricing Rates case no. 630
dated May 20, 1977.
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Energy Charge Summer Winter
On peak period
12:00 noon to 8 PM. 2.57¢ per KWH 2.36¢ per KWH
Intermediate period
8 AM to 12:00 noon
and
8 PM to 12:00 Midnight 2.36¢ per KWH 2.26¢ per KWH
Off peak period
12 Midnight to 8 AM 1.855¢ per KWH 1.855¢ per KWH
Average cost of :
Energy Charge 2.261¢ per KWH 2.158¢ per KWH
Demand Charge Sunmmer Winter
On peak period billing
demand $5.25 per KW $3.15 per KW
Intermediate period
billing demand 3.15 per KW 2.40 per KW
Off Peak Period
billing demand 2.4 per KW 2.4 per KW

Saturdays, Sunday and Holidays off peak period all hours.
The billing demands shall be the maximum 30 minute
demands recorded during each rating period of the
billing month.

Fuel oil No. 2 cost - $0.5 per gallon

The present worth of energy cost escalated over a

period of 20 years at a rate of 12% and cost of
money at 8%,

Solar Collector Annual Storage

1. Annual average collector efficiency 32%.
2. Collector tilt 54°.

3. Azimuth South

4, Collector rate flow 0.025 gpm/sqg. ft.

5. Solar system pressure head loss - 50 ft.
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Collector average inlet temperature 140°F.
Storage loss assume 10%.
Annual operation hours - 2,580 (mean sunshine

annual hours).

Slab Storage Assumption

1.

Specific weight of concrete 150 1lbs./cu.ft.
Specific heat of concrete 0.2 BTU/1lb.-CF.

The ground floor and the walls below grade with total
area of 500,000 sgq. ft. assumed as a slab storage.

Walls slab and floor assumed 1 ft. thickness.

Slab temperature difference assumed as 60CF.
The heat pump system COP assumed as 3.

Storage Assumption

Ice

Ice heat of fusion 144 BTU/lb.

Ice storage density 50 1lb./cu. ft.

Ice storage insulation walls and bottom (R=18.2)
equivalent to 2" polyurethane; top (R=36.4)

equivalent to 4" polyurethane.

StorageSystem Using the Ability of Winter Air to

Generate Ice

1.

Number of degree hours below and including 25°F - 6,727
Number of hours of occurrence is 728
Brine used 20% menthol, 80% water

Brine density 60.4 1lb/cu.ft. specific gravity 0.968

Specific heat 0.97 BTU/lb -COF

Freezing point 4.5°F.
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8. EVALUATION OF STORAGE MEDIA PROPERTIES

Following is an evaluation of the properties of various storage
media that are already being researched in the field. Table
8.1 below shows their main properties pertaining to thermal
storage.

Table 8.1
. Salt
' Paraffin Slab Sodium
Properties Water Cl4-Cl6_ wWater Concrete Sulfate
Specific Heat (BTU/1lb/°F) 1 0.936 1 0.2 0.78
Heat of fusion (BTU/1lb) 144 71.1 - - 108
Density (lb/cu.ft.) 55.4 48 62.4 83
Temperature Range CF) 32 35.40° 100°-2000 100C-4000 890
Heat Storage 8000 3412 6240 3000 9612
Density (BTU/cu.ft.)
Toxicity No No No No No
Cost ($)/1b 0 0.05 0 - 0.37
Corrosion No No No No Yes
Availability Plentiful Scarce Plentiful Avail- Scarce
. . able Air
Application Cooling Cooling Heating Heating Heating

From the data given in the table it follows that water is the

most suitable medium for cooling storage because of its high heat
storage density (8000 BTU/cu.ft.) and a temperature range suitable
for cooling applications. It is also the most suitable storage
medium for heating applications.

Its availability is limitless, its cost is low, it has an appre-
ciable specific heat, does not require special vessels, it is safe
to handle, non toxic, easy to handle in a distribution network and
the technology of its use is readily available and well familiar
to engineers.

The next storage medium, paraffin, has a very high cost and is not
yet available in commercial quantities. Being derived from crude
0il, its cost of production is likely to increase as the price of
o0il goes up.
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Its fusion temperature falls within the range of air condi-
tioning cooling epplications but its energy density 1s about 2.4
times less than that of water. It contains about 10% by volume
of air entrained in it which effectively reduces heat transfer.

Paraffin requires containers made of special material and
the use of plastic containers would have to be carefully inves-
tigated for the possibility of environmental stress cracking.

Because of rarity of utilization there is not as yet any
proven technology and established engineering knowledge of its
handling and utilization.

Although suitable for storage, paraffin is not suitable as
an energy transfer medium, thus requiring special heat exchangers
for energy transfer.

The slab concrete is suitable as a sensible heat storage
medium with a heat storage density of about 3000 BTU/cu ft. which
is about half of the heat storage density of water in the same
temperature range. It requires, however special technology for
heat exchange and energy transfer.

Although the building slab does not require any additional
cost (beyond that of the building structure) the installation of
water coils in the concrete reguires a cost which may be prohibi-
tive.

Sodium sulfate (Glaubert salt) has a high heat of fusion at
the temperature of 89°F which is suitable for direct air heating
applications.

This salt is useful where minimum space or weight is a consi-
deration and where a fairly constant storage temperature is
desired. However, the expense is prohibitive, the storage containers
are more expensive than conventional ones, and the availability
of long lasting eutectics is limited. It is still not available
in commercial gquantities and the technology of handling is not yet
fully developed. Special containers are necessary as the salt is
capable to penetrate materials which results in water evaporating
from the solution raising the concentration and reducing thereby
the efficiency of the solution. The recommended materials for
containers are high density polyethylene or polypropylene.

Concluding, it should be stressed again that at the present
time water is the most suitable and efficient storage medium,
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9. SELECTION OF CANDIDATE SEASONAL STORAGE SYSTEMS

a. Heating storage
1. Slab storage

The heat rejected by the refrigeraticn cycle during the
summer time could be stored in the building slab mass, by means
of condenser water coils embedded in the concrete slab. During
the winter this stored heat could be used as a heat source for
a heat pump to heat the building.

The water coil circuit embedded in the slab will be connected
to both the condenser and chilled water circuits.

In summer time the rejected by the refrigeration cycle heat
will charge the slab and will also be used to preheat the domestic
hot water.

After the slab is charged and reaches a certain predetermined
temperature, further heat dissipation will take place through
an evaporative condenser. In winter time this evaporative
condenser will serve as an evaporator and will absorb heat from
outside air serving as a heat source for the heat pump which
will heat the building. This will occur when the outside
temperature is above 40°F. Below this temperature the chilled
water circuit will connect to the coils embedded in the slab
and the heat stored in the slab in the summer will serve as a
heat source for the heat pump heating the building.

2. Solar Energy Hot Water Storage

Solar energy collected in the summer will be used to preheat
domestic hot water and the excess of it will be stored in a daily
storage tank. When the temperature in the tank reaches a certain
predetermined value hot water will be transferrred to a large
annual storage tank usually located below grade. In winter time
the solar energy will be first extracted from the daily storage
tank and when the temperature in the tank drops below a certain
value, the annual storage tank will be used. The fundamental
advantage of such a system is that solar energy 1is collected
when it is most-available, namely in the summer and then stored
in a storage tank for later use when direct solar energy is least
available, that is in the winter time.
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b. Cooling storage
1. Ice storage

This concept uses an electrically driven heat pump for
heating the buildings in winter and for meeting the DHW require-
ments. The heat pump uses as its heat source water contained
in a large underground bin which could be part of the building
structure.

At the beginning of the cycle the water is assumed to be
at 56°F. 1In the course of the heat pump operation the water
would cool down to 32°F and then its heat of fusion of 144BTU/lb
would be extracted turning it gradually into ice.

There are two methods of ice generation. In one, coils
carrying chilled brine are immersed in the ice bin and ice 1is
formed in the immediate vicinity of the brine-carrying coils.
The other method, suggested here, uses an "ice maker" which
is a direct expansion evaporator over which water is sprayed
and is being converted into ice.

Over the duration of the winter enough ice is accumulated
and stored in the bin to provide "free" cooling in summer time,
the "cooling" energy being a "by-product" cf the heat pump
operation in winter time. During the summer ice water is
circulated through the coils of the air conditioning equipment
extracting heat from the air passing over the coils. As heat
is being dumped into the ice bin the ice begins to melt
progressively until all of it is converted to water which then
begins to heat up until it reaches 56°F when no more cooling is
available. Some ice may also be produced during the summer
when domestic hot water is generated, although it is more
efficient to produce chilled water instead of ice. If there
is a deficiency in "cooling" energy in the summer, it would
be supplemented by generating chilled water during off peak
periods and storing it for peak period use. The annual cycle
is then completed.

The system comprises therefore cooling towers and chillers,
in parallel with the ice making evaporators, for off peak
summer operation when the chilled water generated could be
stored in the ice storage bin for on peak operation. Chilled
water could also be supplied directly from the chillers to
the buildings distribution system.
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The condensers could operate in summer time in conjuction
with the cooling towers but one condenser is provided with
a double bundle for simultaneous operation with the cooling
tower and domestic hot water heater. Provision is made to
separate the ice from the ice maker and drop it into the
storage bin.

When the ice reaches a predetermined thickness hot
refrigerant gas is passed through the coils and melts the
ice around it which detaches.from the coils and falls into
the bin.

With the ice maker the generation of ice is more
efficient than with chilled brine carrying coils where the
ice layers formed around the coils reduce the heat transfer
between the chilled brine and the water and impede further
ice formation.

But the disadvantage of the ice maker operation is that
the ice is not solid as with the chilled brine method but
contains air spaces in it so that instead of a solid block
of ice we get a mixture of ice,air and water which in fact
decreases the density of ice thus requiring a greater
volume of the bin.

2. Ice Storage using Cold Air

In some cases the ice generated during the winter as a
"by product" of heating and DHW is not sufficient to cover
all the summer cooling requirements. The deficiency in
cooling requirements could be made up by freezing water or
any other phase change material (with freezing temperature
suitable for air conditioning operation), by circulating
cold brine through it. The brine itself being cooled by
outside winter cold air.

A brine circuit includes a circulating pump and two
coils: one located outside across which cold air is blown
while the other is located in water. Whenever the air is
25°F or below it cools the brine which in turn cools the
water thus generating ice.
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10. COOLING AND HEATING PEAK LOADS AND ANNUAL ENERGY REQUIREMENTS

The weather data used were those of the Andrews Air Force Base,
Washington, D.C.

The number of heating degree days is 4224 per year and for
cooling 700-1200 full load hours were assumed.

The summer outside design temperatures are 93°F DB and 78CF
WB while the inside conditions are 78°F DB and 65°F WB.

For winter the outside conditions are 150F and inside 68°F.

The average city water temperature is 55°0F.

A. Heating and Domestic Hot Water Peak Loads

Heating DHW* Total
Million BTUH Million BTUH Million BTUH
1. Residential 7.65 2.10 9.75
(776 dwelling units)
2. Commercial Areas 4.30 0.50 4,80
above grade
3. Archives below 4.80 Included in 4.80
grade the above
Total 16.75 2.60 19.35

The heating equipment will thus be sized according to the
total heating demand.

*Based on 53,000 gallons per day:

Residential 60 gal/day per dwelling unit = 47,000
Offices = 3,400
Archives = 2,600

Total = 53,000
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The Annual Energy Requirements for Heating
ReS1Gential...eeeeennnn. e, 1.460 x 1010 BTU per year
Commercial areas above grade.......... 0.825 x 1019 BrU per year
Archives below grade...ceieeeeennneons 0.920 x lOlo BTU per year
TOTAL . v+ v veeeeeeenennnn 3.205 x 1010 BTU per year
Annual Energy Requirements for DHW
Residential...iieiveeenrenaans tesrsceses 60 X lO9 BTU per year
Commercial..ieeeeeeoeeoansennas ceve...0.67 x 10° BTU per year
TOTAL . v vttt veaneesnnns 8.27 x 107 BTU per year

Cooling Peak Loads

Residential (776 Dwelling Units)...... 800 tons
Commercial Areas above grade........ 1,000 tons
Archives below grade€..v.ceeecesecsas 1,200 tons

TOTAL:eoeeeeessoeesneaald, 000 tons

Annual Energy Reqguirements for Cooling

Based on 1,000 equivalent full load hours, the
reqguirement is:

6

3,000 x 1,000 = 3 x 10 Ton - Hours

annual energy
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11. SELECTION OF A CONVENTIONAL SYSTEM

11.1. Equipment Selection

Heating: Two 12,000 MBH No.2 o0il fired boilers to cover heating
peak load of 16.75 x 106 BTUH. One 3,000 MBH No.?2
0il fired boiler to cover domestic hot water requirement
of 2.6 x 10® BTUH.

Cooling: Four 750 ton electrically driven screw COmpressors
and chillers to cover cooling load of 3000 ton. Four
750 ton cooling towers.

11.2. Energy Analysis

Annual Energy Requirements:
Heating and DHW 4.032 x 1010 BTU/year
Cooling 3,000,000 Ton - HR/year
Annual Energy Consumgtion

4,032 x 10 0 = 411,400 gallons of No.2 oil/year
140,000 x%x 0.7

Electrical energy input to the chillers is

3,000,000 Ton - Hrs x 1KW/Ton - Hr = 3,000,000 KWH (the cost

of operation of chilled water pumps is not considered since their
use applies to all the schemes).

11.3. Cost Analysis

At $0.45/gallons, 411,400 gallons of No.2 oil yields
cost $185,130.
Using Potomec Electric Company (Pepco) electrical rates.

energy charge
3,000,000 KWH x $ 0.02261/KWH = § 67.830
demand charge

3000 KW x $ 5.25/KW x 5 Mo
Total

$ 78.750
146.580

The total annual energy cost is thus
$185,130 + $146,580 = $331,710
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The System First Cost:
Four 750 ton screw compressors = $ 480,000
Four cooling towers = $ 120,000
Two 12,000 MBH boilers = $ 120,000 ]
One 3,000 MBH boiler = $ 30,000
Total= $ 750,000

The distribution systems are the same for all schemes and
therefore will not be considered in the discussion of the
systems.,
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12. EVALUATION OF HEAT PUMP WITH SLAB

12.1 Energy Analysis

The ground floor and the below grade walls of the Archives
structure, with a total volume of 500,000 cubic feet, will
sexrve as the slab storage.

Using the specific heat of concrete of 0.2 BTU/lb -°F, the
specific weight of 150 1lb/cu. ft. and assuming further a
temperature difference of the slab storage as 6OOF, the heat
capacity of the slab storage will be:

500,000 x 150 x 0.2 x 60 = 900 x 10% BTU

Using a heat pump with a COP = 3 with the slab as the heat
source the heat obtainable is:

900 x 10% x 3 = 1,350 x 106 BTU
2
This is only a small percentage of the winter heating and
domestic hot water requirements. Thus:

1,350 x 106 BTU x 100 = 4.2%
3.205 x 1010BTU

Whenever outside air cannot be used as a heat source with a

high COP the slab will assist the heat pump as a heat source.
The annual energy input with COP=3 for winter heating and DHW
is:

3.205 x 1010BTU + 0.345 x 1010BTU = 3,447,600 KWH
3413 BTU/KWH x 3

For summer cooling the energy input is:

3 x 106 Ton - HR x 12,000 BUT/Ton-HR = 3,013,700 KWH
3414 BTU/KWH X 3.5

The COP with the slab operation will be lower than with the
evaporative condensers operation, therefore an average COP of
3.5 was assumed.

Annual electrical energy consumption is thus

3,447,600 + 3,013,700 = 6,461,300 KWH
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12.2. Cost Analysis

12.2.1. Energy Cost

Annual energy cost using Potomac Electric Company (Pepco) electric
rates:

Summer
Energy charge 3,013,700 XWH x $0.02261/KWH = $ 68,140

Demand charge 3000 KW x $5.25/KW x 5 Mo = $ 78,750
Total = $146,890

Winter

Energy charge 3,447,600 KWH x $0.02158/KWH= $ 74,400

Demand charge 3x875x0.746%$3.15/KWx7 Mo = $ 43,180
(3 compressors 875HP each) $117,58
Total annual energy cost $ 146,890
$ 117,580
$ 264,470

Annual energy cost savings relative to a conventional system
= $331,710 - $264,470 = $67,240

12.2.2. System First Cost:
4 Screw Compressors = S 600,000

Piping assembled in the
concrete = $ 2,669,000

Evaporative condensers $ 100,000

Control system = $ 31,000
$ 3,400,000

12.2.3. Comparison With Conventional System

Incremental investment cost relative to conventional system
= $3,400,000 - $750,000 = $2,650,000
simple "payback" = 2,650,000

67,240 = 39.4 years

The Present Worth of savings using 8% cost of money and an escala-
tion rate of 12% over a period of 25 years = $2,791,000 (see
economic analysis) which slightly exceeds the incremental cost

of $2,650,000.

Thus the discounted "payback" is less than 25 years.
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12.3 General Evaluation

Obviously, the slab storage is inadequate for heating purposes.
Furthermore the initial cost of installing a pipe network
within the slab cannot be justified by the savings in energy.

From the temperature point of view the temperature of the
condenser water cannot be higher than 130°F (which implies a
low COP) and cven then the available temperature for heating
will be low because of the heat exchangers involved in the
functioning of the system each with its own efficiency and
approach especially with heat transfer between pipes and slab.

In our case, as said above, the heat stored in the slab is not
sufficient for heating reguirements and this scheme must there-
fore be discarded. It should be borne in mind, however, that
slab storage could, in certain cases, prove efficient; namely,
where waste heat at high temperatures is available concurrently
with large slab volumes.

In the design of such slab storage system, care must be taken
to provide for temperature stresses brought about by high
temperature fluctuations. These stresses could have an adverse
influence on the building structure stability.
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HP SLAB STORAGE SYSTEM MODE OF OPERATION

MODE DESCRIPTION v-1 v-2 }Jv-3 v-4 jv-5 jEXV-1{EXV-2i¥WV-1]WV~2{P~1{P~2{P~-3}jP-4]f-1

1) Cooling required Open |cl. {cl. openjcl. jopen |cl. Openjopenion |on lon [offloff
Slab storage below 120°F A B
DHW below 1200F

2) Cooling required Open jcl. {cl. openjcl. Jopen {cl. OpeniCl. jon |offlon joffjloff
Slab storage above 120°F A
DHW below 1200F

3) Cooling required cl. jopen| cl, |cl. |cl. }jopen {cl. Cperjcl. jon |offjoffion {on
Slab storage above 120°F A
DHW above 1200F

4) Heating and DHW required {jopen|jcl. open cl, Jopenjcl. open |cl. jopenjofflon jon {off|on
No cooling required A
Outside air above 40 F

5) Heating DHW and openicl. cl. | openjcl. j{open |cl. Openjopen{on jon Jon (off|off
cooling required A A
simultaneously

6) Heating DHW required openjcl. cl. j openjcl. }jopen |cl. Openjopen|{on jon Jon joffloff
No cooling reguired B A
Outside air below 40°F

7) DHW required openjcl. openj cl. |openjcl. open jcl. jcl. loffjoffjon {offjon
No heating or cooling
required
Qutside air above 409F

8) DHW required open|cl. | cl. |openjcl, |oOpen |cl. openjcl. {on jofflon [off|off
No heating or cooling B

required
Outside air below 400F

G-g1 °begq
SIOVY-04aYd
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13- EVALUATION OF SOLAR COLLECTORS AND COLLECTOR PERFORMANCE

WASHINGTON, D.C. (Using Weather Data)

Solar Collector System

Total space heating and DHW required per year

Solar Collector System

Collector tilt 54°
Collector area
Average collector efficiency 39%

Average collector temperature 140°F

Storage volume 20.2 x 10% Gal = 2.

Energy Analysis

.1. Solar Energy

Solar energy collectable per square foot per year
Total solar collectable

Solar energy used directly in winter and summer
Solar energy stored from summer for use in winter
Storage loss (10% of energy stored)

Defficiency in energy in winter time

-2. Electrical Energy Input

Solar collector pump power required 110 HP

The annual energy consumption f£or solar collector
2580 hours (sunzhine hours)

110HP x 0.746 KW/HPx2580 hours = 211715 KWH/yeaf

4.1 x 1010 BTU/year

260,000 sq ft

6

74 x 10 cubic feet

162,419 BTU

4.2 x 1010 BrU/year
2.54 x 1010 BTU/year
1.6836 x 1010 BTU/ye:
1.683 x 10° BTU/year

1.66 x 1010 BTU/year

pump working
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Summer energy consumption
Cooling - 3,000,000 KWH
Solar Collector pump - 105,206 KWH
Winter energy consumption
Solar collector pump 106,354 Kwi
Annual energy consumption heating & cooling $3,212,000 KWH
13.3 Cost Analysis
13.3.1. Energy Cost
Annual Energy Cost = $156,000
13.3.2. Eqguipment First Cost
Solar Collector System (at $30/sq.ft.) = $7,800,000
Storage tank (at $0.50/cu.ft.) = $1,400.000
Chillers and pumps $ 480,000
Cooling towers $ 120,000

$9,800,000
13.3.3. Comparison With Conventional System

Incremental Cost = $9,800,000 - $750,000
$9,050,000

Annual savings in energy = $331,710 - $156,000
= $175,710

Simple “"payback" $9,050,000
$ 175,710 = 59 years

Discounted "payback" with 12% fuel escalation rate and 8% cost
of money = 29 years.
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SOLAR ENERGY

ANNUAL STORAGE

MODE OF OPERATION

MODE
DESCRIPTION

v=2

v-4 |v~5 |v-6

v-7 {v-8 |v-9

v-10

v-1l1l

p-1

p-2

p-3

p-4

1) Summer
DHW required
No heating
required

open

open

cl.jcl. [cl.

cl. Jcl. |cl.

cl.

cl.

on

on

off

on

2) Summer
No heating

or DHW
required

cl.

cl.

opery cl.{cl.

openjcl. |cl.

cl.

cl.

on

on

on

3) Winter
DHW and
heating
required
Solar energy
available

open

open

mod.
open

cl, jmod.{cl.

open

cl. jcl. jcl.

cl.

cl.

on

on

on

off

4) Winter
DHW and
heating
required
No solar
available

cl.

cl.

cl.

cl. |cl. |open

cl. jcl. |cl.

cl.

cl.

off

off

on

off

5) Winter
DHW and
heating
required
No solar
available
Storage tank
temperature
below -90°

cl.

cl.

cl.

cl, |el. |cl1.

cl. |open

open

open

off

off

on

on

cl. =
mod.=

closed
modulate

7~€T sbeg
SHOV~-0avd
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General Evaluation
The absolute savings in energy per year are:
4.1 x 1010 = 410,000 gallons of No.2 oil

140,000 x 0.71
which at $0.45/gallon amounts to $205,000.

The system affords big energy savings although the initial cost
lay-out is high.

The collector area is based on annual collected energy and is
substantially smaller than if it were based on winter months
collectable energy.

This is due to the use of a storage system which is much cheaper
to install than solar collectors. The storage tank cost is only
$0.5/cu.ft. as compared to the cost of solar collecters which is
about $30.0/sq ft.

Also, the larger the storage system the less the cost per cu/ft
and the smaller the losses.

The table below emphasizes the fact of reduced colletor area when

it is based on annual collected solar energy instead of
beiny based on collected solar energy in winter months.

2 i

Ratio of collector area [Nov. Dec. Jan. Feb. Marqﬁ
based on winter demand
with 100% participation 1.57 2.70 2.70 2.25 1.5

to collector area based
on annual collected solar
energy.
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EVALUATION OF HEAT PUMP WITH ICE MAKE AND ICE STORAGE

14.1 Energy Analysis

14.1.1 Winter Energy Regquirements

The annual f8ergy requirements for heating were STSn
to be 3.205 x 10 BTU per year and for DHW 0.827 x 10
BTU per year.

Assuming five heating months and seven cooling
months, the DHW could be split up into winter and
summer requirements by using the same ratio:'of heating
and cooling months.

Thus: DHW winter = 5

10 10
1 x 0.827x10° = 0.345x10 BTU Pey year

Do

DHW summer = 5 1.0 10
17 ¥ 0.827x107 = 0.482x10 BTU Per year

The heating and winter DHW requirements are therefore:

3.205 x 10°° + 0.345 x 107% = 3.55 x 10'° BTU Per year

14.1.2 Summer Energy Requirements

Summer Cooling Load = 3,000 Ton

Summer Energy Requirements with 1000 Equivalent Full
Load hours assumed

3.0 x 106 Ton-Hours

0.482 x 10lO BTU

il

Refrigeration

DHW

Il

14.1.3 "Cooling" Energy Available From Heat Punp

Using a heat pumg with 20° F. compressor suction tem-
perature and 130 F. compressor discharge temperature
a COP of 3.2 is obtained. This means that for every
BTU energy imput we take from the heat source 2.2

BTU and deliver on heating 3.2 BTU,

Thus the "cooling" energy available from heat pump
operation satisfying the winter heating and DHW require-
ment is

10 6

3.55x10 2.2x1/12000 = 2.03x10 Ton-Hours

3.2

which is
2.03x10% x 100 = 67.7% of summer cooling requirements.
3.0 x10°
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14.1.4 Refrigeration Energy Generated in the Summer from
DHW

There is a deficiency in "cooling" energy of (3.0 - 2.03)
x 10% = 0.97 x 109 Ton Hours.

During the summer we can generate DHW using the heat
pump and thereby generate ice. The DHW requiremnent for

summer was seen to be 0.482 x 1010 BTy. Therefore, the
quantity of "cooling" energy that can be produced is:
0.482 x 1010 x 2.2 = 0.331 x 1020 BTU
3.2
or 0.331 x 1010 = 2.76 x 10° Ton-Hours
12,000

However, if in generating DHW in the summer we produce
chilled water instead of ice we can opcrate the com-
pressor at 35°F saturation suction temperature (instead
of 20°F as for ice) and 130°F saturation discharge tem-
perature and thereby obtain a better COP, say 3.84.

In such case the annual chilled water energy obtained
from DHW generation would equal to

o

.482
54~ % 2.84 x 1010

N

|
I

w

0.3565 x 1010 Bpg

or 0.3565 x 1010
12000

2.97 x 1¢~ “en-hours

It

Thus the total energy available for coolinu is
6
(2.23 + 0.297) x 10 Ton-Hours per year
= 2.327 x 106 Ton-Hours per year

14.1.5 Sizing the Storage Ice Bin

It is assumed that the entire refrigeration energy
generated by the heat pump in the winter produces ice.
Sensible heat of the ice water is nejlected. Thus the
ice generated is

2.03 x 10® Ton-Hours x 12000 BTU/Ton-Hour
144 BTY/1b.
= 1.68 x 108 1bs. of ice

with an assumed density of ice of 50 1lb./cu. ft. the
volume of the ice bin is
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® .

1.68 x 10° = 3.4 x 10° cubic feet
50

This yields 3.4 x 106 — 1.68 cubic feet of ice storage per Ton-
2.03x 106

Hour. Comparing with chilled water storage with a 15° tem=
perature difference

62.4 x 15 = 0.078 Ton-Hour per cub. ft.
12,000
or 1 = 12.8 Cub. ft. per Ton-Hour
0.078
Thus for the same refrigeration energy cavacity the ice
needs 12.8 = 7.6 less storage volume than chilled water
1.68 with a 15°F tem perature difference.

14.1.6 Ice Bin Storage Loss
Since the surface to volume ratio is more favorable for
large tanks than for small ones, both the cost and losses
per unit volume are smaller for large scale storage systems.

In any study of heat leakage, one has to consider the top,
sides and bottom of the bin as separate problems since
each obeys a different set of rules.

Assuming a height of the ice bin as 20 feet, the dimen-
sions of the bin are:

‘3.4 x 1061 %
20 / = 412 feet square.

This yields a ‘top and base area of 170,000 square ft. each

and an area of 33,000 square feet for the side walls. The

bin will be insulated with 4 in. polyurethane on the top

(R-36.4) and with 2 in. polyurethane (R-18.2) on the sides

and bottom.

It was found that the annual heat leakage into the bin is
equivalent to 212,100 Ton-Hours which represents 9% of the
cooling energy stored.

14.1.7 Net Available "Cooling" Energy
2,327,000 - 212,100 = 2,114,900 Ton-Hours
Deficiency in refrigeration energy
3,000,000 - 2,114,900 = 885,100 Ton-Hours

14.1.8 Annual Energy Consumption 3.55 x 1010

Winter electrical energy imput is = 3,250,000 KWH
3.2 x 3413
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Summer DHW generation

0.482 x 1010
3.84 x 3413

= 367,800 KWH

Summer electrical energy input to make up the defficiency
in "cooling" energy of 885,100 Ton-Hours using 1 KWH/Ton-
Hour = 885,100 KWH.

Subtotal for summer 1,252,900 KWH

4,502,900 KWH

Total for year

14.2 Cost Analysis
14.2.1. Energy Cost
Winter
Using the Potomac Electric Company (Pepco)rates for winter of

$0.02158/kwh energy charge and $3.15/kw demand charge the
annual cost comes to:

energy 3.25 x 10% x $0.02158 =$ 70,135
demand 3 x 875 x 0.746 x $3.15 x 7 (months) = $ 43,118
Total = $113,253

Summer
energy 1,252,900 x $0.02261 $ 28,327
demand 3 x 650 x 0.746 x $5.25 x 1.5 -Mo = $ 11,812
Total = § 40,139

Thus, the total annual energy cost to satisfy the heating, DHW
and cooling requirements amounts to:

$ 113,253 + $ 40,139 = § 153,392
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Three screw compressors including condensers, chillers, oil

seperators and fluid accumulators: $ 300,000

6 ice makers with a total capacity of

1125 ton $ 500,000

Cooling towers and condenser pumps $ 100,000

Ice storage bin structure $1,700,000
Total $2,600,000

14.2.3 Comparison with Conventional System.
The incremental investment cost relative to a
$2,600,000 - $750,000 = $ 1,850,

Annual energy cost savings
compared with a conventional system $331,710

The simple "Payback" 11 years
Present value "payback" (Discounted

"payback" with an 8% interest rate

and 12% energy escalation rate) 9 years

14.3 General Fvaluation

The system has a very favorable "payback" both
discounted.

The heat pump produces 2,114,900 Ton-Hours of

conventional system

000

- $153,392 = §178,318

simple and

"cooling" energy.
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This energy could be considered "free" energy since it is a
"by~product" of the generated heating and DHW requirements.

The savings in acquiring this energy could be calculated by

a assuming it to be produced by a conventional refrigeration
system with 1.0 KW/ton electrical input (compressor, condenser
water pumps, and cooling tower fans, chilled water pumps
excluded) .

Using the Potomac Electric Company (PEPCO) service rates of
$0.02261/KWH energy charge and $5.25/KW demand charge the
annual savings amount to:

fnergy charge 2,114,900 kwh X $0.02261/kwh = § 47,818
Demand charge 3,000 tons x kw/ton x $5.25/kw x

4% months = $§$ 70,875

Total $118,693

In addition there is a cut in Demand of 3,000 KW. These
are absolute savings to be distinguished from savings relative
to a conventional system.

The COP of this system is also very favorable. Both the heating
capacity and the cooling capacity are being utilized in the
annual cycle system and the annual COP is calculated as follows:

heat of rejection + heat of absorption

(heating) (cooling saved)
Annual COP =
electric input in BTU
which is approximately equal to 5. However, pumping power

and heat leakage into the ice bin (approximately 3% of bin
capacity per month) reduce the COP so that with the present
technology the COP is 4.25 and with the new high efficiency
compressors the COP is agailn approximately 5,
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Thus the heating and the domestic hot water requirements
are 3.205 x 10° BTU + 0.827 x 1010 BTU

= 4.032 x 1010 BrU per year
Cooling produced is 3.0 x 10® Ton-Hours per year

= 3.0 x 10% x 12000 = 3.6 x 1010 BTU per year

Total heating and cooling = (4.032 + 3.6) x 1010 = 7,632 x 1010 BTU/year

Annual KWH input is 4,502,900 KWH per year
= 4,502,900 x 3413 = 1.537 x 1010 BTU per year

Annual overall COP = 7,632 x lO10 = 4.97
1,537 x 1010
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14.4 EXPLANATION OF ACES LOGIC CONTROL

1. The system will operate as a heat pump and ice maker
when the room thermostat calls for heating and/or the
hot water heater thermostat calis for heating.

.4 ., 2. The system will operate as a heat pump and chilled

.4

water generator when the hot water hcater thermostat calls
for heat, the room thermostat indicates no heat required
and the ice bin thermostat indicates a temperature of
above 50°F.

4 ., 3. The ice water pump is on when the room thermostat

calls for cooling and the ice water thermostat indi-
cates that the ice water thermostat indicates that the
ice water temperature is below 50°F.

,4. The system will produce chilled water when the room
thermostat calls for cooling and the ice bin thermostat
shows a temperature of above 50°F or when the room
thermostat does not call for cooling but the ice bin
thermostat indicates a temperature above 50°0F.
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14.5 EQUIPMENT SELECTION

Refrigeration Units

Three screw compressors selected to meet the winter heat load.

Saturated suction temperature (SST) 200F

Saturated discharge temperature (SDT) 130°F

Cooling capacity per unit : 375 Ton

Heat rejection per unit 6.75 x 106 BTUH
Power input per unit 875 BHP

Cooling Towers

Three cooling towers selected for eventual summer operation

Entering condenser water 950F

Leaving condenser water 85CF

Cooling capacity per unit 610 Ton
Condenser flow rater per unit 1830 GPM

Summer design temperature 93 DB, 78CF WB

Ice Makers

a) 6 ice makers selected, 2 for each compressor. Each ice
maker has the capability to generate about 200 tons of
ice during 24 hours.

b) The amount by weight of the make up water required per
day will be equal to the amount by weight of ice generated,
that is for 1125 tons of ice per day the daily make up
water requirement is about 270,000 Gal.

c¢) The three ice maker water pumps supply the make up water
for ice generation. The flow rate required is 65 GPM
per pump. However to assure this rate of ice generation
we multiply this rate by two since only part of the water
will be converted to ice.
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Condensers

The condensers were selected for summer time operation since
during the summer more heat is being rejected, about 9 x 106
BTUH per condenser compared with 6.7 x 106 BTUH rejected
during winter operation.

The Ice Bin

The ice bin shall have a volume of 3.4 x 10® cub. ft. in order
to accommodate and store the ice that was being generated
during the winter.

Chillers
The chillers were selected for the eventual summer operation

with 610 ton cooling capacity each and 10°F temperature
difference.

Domestic Hot Water Storage

The domegtic hot water storage tank was selected to have a
capacity of 150,000 gallons in order to meet the daily re-
guirements of the Complex with a 20CPtemperature difference.
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COMPRESSOR PERFORMANCE - SUMMER IMIODE
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14.6 SENSITIVITY OF TIE ICE GENERATION SYSTEM 10 CLIMATE

The quantity of ice that a heat pump czn generate on heating

a building varies with the climate. As one moves north where
the winters are long and severe more ice could be generated
during the winter than is necessary to meet the cooling re-
quirements of the relatively short summers. In such cases
only enough ice is generated to satisfy the cocoling capacity
required by the summer while for the remainder of heating
requirements other heat sources for the heat pumps . are

used.

The foremost of these is solar energy which could be used
as a indirect or direct heat source for the heat pump. In
the first case more ice is gcnerated than reguired and sub-
sequently melted with solar heat while in the second case
solar heated water in a storace tank is circulated directly
through the chiller thus serving as a heat source for the
heat punmp.

There are also other heat sources that could supplement the
ice generated during long winter months likeinternal cooling
load of the building, outside air above 40°9F utilizing an
outdoor evaporator - evaporative condenser, or even well
water.

On the other hand, when one moves south where the winters
are mild and short with longer, hot summers prevailing, the
opposite occurs, namely the ice generated during the heating
season by space heating and domestic hot water generation

is insufficient to cover the summer cooling reguirements.

Also the generation of domestic hot water in summer time in

off peak periods is insufficient to make up for the deificiency
in cooling reguirements. In such cases chilled water is
generated in off peak periods with heat rejection to

cooling towers. In summertime, whenever possible, chilled
water should be generated rather than ice, this preference
stemming from the fact that chilled water generation permits
the compressor to operate at higher saturation suction
temperatures which results in a higher COP.

However, here too, there are several ways to supplement the
defficiency in cooling requirements. Besides generating
chilled water in off peak periods for diurnal storage or even
for direct use, cocld winter air could be used to generate
additional ice for summer use, or evaporative cooling could be
used to supplement cooling in summer time.
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In certain geographical latitudes, however the ice generated
in winter time covers exactly or nearly exactly the cooling
regquirements in summertime. We refer to such a location as

a "balance point."

North of the balance point the size 0of the ice bin is governed
by the summer cooling requirements and solar panels usually
control the ice generation. South of the balance point the
size of the ice bin is determined by the ability of heat pump
winter operation to produce ice. Compressors usually supple-
ment the deficiency in cooling requirements in suvmmer time,
while in winter time solar collecters regulate the ice genera-
tion. These points are brought out by the attached chart
(page 14-20). (From Annual Cycle Energy System--by H. C.
Fisher, Consultant Energy Division ORNL, Oak Ridge, Tenn.) .
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15. EVALUATIOR OF THI, ABILITY OF OUTSIDI AIR IN WINTIER

TO PRODUC) SUPPLLMENTARY ICH

15-1 Encrgy Analysis

The system will utilize the ability of cold air at winter time
to generate ice and make up the deficiency in "cooling" encergy
required, which encrgy could not be generaicd by the heat pump
system.

The defficiency in cooling was found to ke 885,100 Ton-Hours.
The number of degrec-~hours below and including 259F and a
base of 320F. is 6727 and the nunber of hours of occurance is
728.

Writing the energy relation

885,100 x 12,000 = C.F.M. x 1.08 x 6727

CFM = 885,100 x 12,000 = 1,462,000 say 1,500,000 CFM
1.08 x 6727

This happens during 728 hours--hence energy input is:

KWH = 1500,000 % 0.25" WG x 0.746 x 728 = 73 KW x 728 = 53,370 KWI
6360 x 0.6

The brine used would be 20% methanoi and 80% water having a

density of 60.4 lb/cubic foot (specific gravity 60.4 = 0.968);
62.4

specific heat 0.97 BTU/1b-°F. and freezing point of 4.50F. With

a &T = 10°F the energy relationship would be:

885,100 x 12,000 = gpm x 10 x 8.33 x 0.968 x 60 x 0.97 x 728
yielding gpm = 3110
with an assumed head of 100 feet, the pumping €rergy would be:

3110 x 8.33 x 0.968 x 100x0.746 x 728 _
33,000 x 0.75 x 0.85 i

KWH

89 KW x 728 = 65,000 KWH
Total energy input = fan energy + pump energy = 53,370 KWH + 65,000 KWH

. = 118,370KWH
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Winter heat pump energy input (see 14.1.8) = 3,250,000 KWH

Add 118,370 KWH

Subtotal for winter 3,368,370 KWH

Summer heat pump energy input (DHW) 367,800 KWH
Total annual energy consumption 3,736,170 KWH

I

15,2 Cost Analysis
15.2.1 Energy Cost
Winter
Heat Pump (see 14.2.1) = $ 113,253
Summer

Fans and Pumps

energy 118,370 KWH x $0.02158 = $2,554

demand (73+89) KW x $3.17x7 Mo = $3,572
Subtotal= $6,126

Heat Pump

energy 367,800 KWH x $0.02261= $ 8,315

demand 650x0.746 KW x $2.4/KWH 1.5mo_ 1,746
Subtotal= $10,061

Total for year = $129,380

15.2.2 Equipment First Cost

Heat Pump (see 14.2,2)= S 2,600,000

Additional ice bin storage = 750,000
42 Axial fans = 126,000
1 pump = 3,000
outside air coil ($0.18 per cfm) 270,000

!

Total $ 3,752,000
15.2.3 Comparison With Conventional System

Energy savings related to conventional system
= $331,710 - $129,380 = $202,330
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Incremental investment cost = § 3,752,000 - $750,000
= $ 3,002,000
Simple "payback" = 15 years
Discounted "payback" = 12 years

15-3 General Evaluation
The system cuts the electrical demand by 3000 KW.

The limitless availability of low temperature air makes the
system suitable for climates where the ice generated in
winter time  is not sufficient to cover the summer cooling
requirements but there are sufficient degree hours below 250F
to generate the defficiency in ice.
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16. COMPARATIVE ANALYSIS OF FOUR

CANDIDATE SYSTEMS
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COMPARITIVE ANALYSIS OF FOUR CANDIDATE SYSTEMS
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ost $750,000 $3,400,C00 $9,800,000 $2,600,000 $3,752,000 o
ncremental oo
nvestment vs ‘8 8
omventional 0 $2,650,000 $9,050,000 $1,850,000 $3,002,000 =
bsolute Present g,%
'alue of The Syste $ - 10,684,269 $ - 11,034,207 $§ - 14,321,807 $ - 7.011,518 $x-_ 7,361,254

'resent Value of The
ystem Relative to!

$ 0

- 349,938

$ - 3,637,538

$ 3,672, 751

$_ 3,323,015

'he Conventional

ystem.




SYSTEM NO.

1

PAYBACK PLRIOD

SIMPLE PAYBACK

40

52

11

15
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DISCOUNTED
25

29

9

12

],)

SV TIA

P

ACK



PADC-ACES
Page 17-1

17. EVALUATION OF OPPORTUNITILES

AND CONSTRAINTS OF CANDIDATE

SYSTEMS



Evaluaticn of the ¢

>ortunities

for 4 Candidate Seasonal Energy Storage Systems.

OPPORTUNITIES

Reduction in peak
electrical demand

Reduction in
electrical energy
consumption

¥When both heating
and cooling are
required the
economics are
greatly enchanced

The availability of
equipment

High energy density
per unit volume of
storage

Flexibility of the
system

Suitability of the
system to operate in
various conditions.

Large storage volume
causes lower relative
heat losses

Basic

Conventional

System
Boilers &
Chillers

NOT AP

AP

NOT AP

AP

AP

NOT AP

The larger the s*orage

volume the lower the
cost per unit volume

NOT AP

Heat Pump
System with
Slab

Storage

68%

AP

little

AP

limited

limited

NOT AP

NOT AP

Solar
Energy
Annual
Storage

84%

NOT AP

AP

well
AP

limited

limited

well
AP

well
AP

Heat Pump
Generates

Ice Storage
ACES

1008

77.5%

AP
AP

well
AP

well
AP

well
AP

well
AD

well

D
i

Outside Air
Potential for
Ice Makingin
Addition to
System 3

100%

AP

AP

well
AP

AP

)

o
}_J
l,._l

well
AP

£-LTobeg
SHOV-OdYd



10.

11.

12.

13.

14.

15.

Evaluation of the
for 4 Candidate Seasonal Energy Storage Systems.

OPPORTUNITIES Basic

Conventional
System
Boilers &
Chiil lers

Multiple compressor
application at part load AP

Large storage volume
allows reduction in
size of egquipment NOT AP

Alir Polution Yes

Additional space
required No

The limitless avail-
ability of low
temperature air NOT AP

Smallest collector areas

cculd be installed than

would be necessary to

mect energy demands

during periods of low

isolation and high

demand NOT AP

[leat Pump
System with
Slab
Storage

AP

NOT AP

No

No

NOT AP

NOT AP

portunities

Solar
Energy
Annual
Storage

AP

NOT AP

No

Yes

NOT AP

AP

(Continued) -2-

Heat Pump
Generates

Ice Storage
ACES

AP

well
AP

NOT AP

NOT AP

Outside Air
Potential for
Ice Making in
Addition to
System 3

AP
wall
AP

No

Yes

well
AP

NOT AP

E—LT Of)l?d
SHOVY-2AYd



EVACUATION OF THE C

STRAINTS

for 4 Candidate Seasonal Energy Storage Systems

CONSTRAINTS

1. No larger system
as yet in operation

2. Equipment not

specifically resigned’
for this- concept.

3. Lower COP at low
Saturated temperature
for ice making

4. Heating and Cooling
loads profiles are
not alweys

compatible

5. Large Storage
Area required

6. High first cost

7. Future conventional

electricity and fuel
cost not predictable
hence the economic
viability is diffic-
ult to qualify

Basic 1
Conventional Heat Pump

System System with
Boilers & Slab
Chillers torage

NOtAp AP
Not AP AP
Not AP Not AP
Not AP Not AP
Not AP Not AP
Not AP AP
Not AP AP

2 3
Solar Heat Pump
Energy for 1Ice
Annual Generation
Storage with ACES
Storzage
AP AP
Not AP AP
Not AP AP
Not AP AP
AP AP
AP AP
AP AP

4

Outside Air
Potential for
Ice Making in
Adcdition to

System

AP

AP

AP

3

- LT obeg
SAOV-2avd



10.

11.

12.

13.

14.

EVACUATION OF THE

ONSTRAINTS

Continued

for 4 Candidate Seasonal Energy Storage Systems

CONSTRAINTS

B
C

Architec*s and Engineers
are not amiliar with
principles and technical
personnel for analysis
and design are in short
supply.

Existing buildings and
systems are difficult and
costly to retrofit for
seasonal storage; space
may be difficult to find.

Many building trades and
disciplines are involved.

Seasonal Storage not
mutually compatible with
some other energy system
(T.E.)

Difficult to estimate
cost before complete
design is done; difficult
to obtain a real economic
analysis.
Long term pay-back.
Performance unpredictabil-
ity of the system.

Basic
Conventional
System

oilers &
hillers

NOT AP

NOT

AP

NOT AP

NOT AP

NOT AP

NOT AP

1
Heat Pump
System with
Slab
Storage

well

AP

AP

AP

AP

AP

25 years

AP

2

Solar
Energy
Annual
Storage

AP

AP

AP

AP

AP

28

AP

years

3
Heat Pump
for Ice
Generation

with ACES

Storage

well
AP

AP

AP

AP

NOT AP

4
Outside Air
Potential for
Ice Making in
Addition to
System 3

well
AP

AP

AP

AP

AP

12 years

=g
e
- LT 9beq
I0V-0davd



EVACUATION OF TiE ¢ ISTRAINTS Continued -3

for 4 Candidate Seasonal vnergy Storage Systems

15.

16.

17.

18.

19.

20.

21.

22.

23.

Large space required for 2
outside air coils (or
collectors)

Back up system required.

Low capacity Heat Storage in
air conditioning tempera-
ture operation range.

High heat loss brought about
by the high storage surface.

Lower COP during summer
influenced by high condensing
temperatures.

May influence the building
structure with high tempera-
ture fluctuations.

The adjustment of the system
to a given location is
scnsitive to prevailing
climatic

Difficulty in analysis the
heat transfer problems in
the slab.

Can satisfy only the
heating requirements.

NOT

NOT

NOT

NOT

NOT

NOT

NOT

NOT

NOT

AP

AP

AP

AP

AP

AP

AP

AP

AP

NOT AP

NOT AP

AP

AP

AP

AP

NOT AP

AP

NOT AP

AP
AP
NOT AP
NOT AP
NOT AP
NOT AP
AP
NOT AP
AP

NOT AP
NOT AP
NOT AP
NOT AP
NOT AP
NOT AP
AP

NOT AP
NOT AP

CONSTRAINTS Basic 1 2 3 4
Conventional Heat Pump Solar Heat Pump Outside Air
System System with Energy for Ice Potential for
Boilers & Slab . Annual Generation Ice Making in
hillers Storage Storage with ACES Additicn to
Storage System 3

AP
NOT AP
NOT AP
NOT AP
NOT AP
NOT AP
gk
o
Q €
° ¢
S
1 B
a U
NOT AP
NOT AP
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18 - MAINTENANCE AND LABOR EVALUATION I'OR EACH SYSTEM

Due attention was given to the maintenance and labor required
by each of the four candidate systems and for each system a
corresponding estimate was made.

A. Conventional System

1. The system contains boilers and chillers and there-
fore is required by code to employ two stationary
engineers for operating the equipment. For a 24-
hour operation the number of men should be tripled.

2. The refrigeration compressors are operating during
summer months only, which is about one half of the
operating hours required for the heat pump system
and therefore relatively little maintenance is
required.

3. However this will be offset by the increased main-
tenance and labor cost required by the boilers of
the conventional system.

B. Heat Pump with Slab Building Storage

1. Due to the fact that the heat pump system comprises
both heating and cooling, only one stationary engi-
neer is required to maintain the systemn. However
three shifts will be required both suwumer and winter.

2. It can be expected that the compressors of the heat
pump system would operate more hours, winter and
summer and therefore more hours would be required
for preventive, progressive and breakdown mainte-
nance.

3. Due to the fact that in the slab storage system
there are some subsystems performing the same duty
(slab storage condenser and evaporative condenser,
chiller and outdoor evaporator, simultaneous cool-
ing and heating whereby the double bundle condenser
supplies the heating required), each of the sub-
systems would work less and thus require less main-
tenance.

4. However it is difficult to determine the actual
maintenance cost of the system due to the fact that
the compressor would work at a variable discharge
temperature for long periods of time and it could be

expected that more preventive maintenance would be
required.
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Solar Energy System

1.

(921
.

The solax system is expected to require minimum pre-
ventive and progressive maintenance due to the fact
that few moving parts are involved in such a system.

The collector array will reguire a minimum mainte-
nance depending on location, maindly cleaning and
from time to time replacing the hiroker down collectors.

The solar collector does not reguire any permanent
attendance. The same stationary engineers operating
the refrigeration plant could look after the solar
collectors.

The cooling system would operate only during summer
months and therefore reguire less maintenance.

The storage tank would require some preventive
maintenance mainly cleaning about onc¢e in five years.

Heat Pump with Ice Maker and Annual Storage

1.

Due to the fact that only one type of system is
involved, one stationary engincer would be recquired.
However the system requires three shift operation.

In winter time the compressors would operate between
extreme conditions and it is expected therefore

that preventive and breakdown maintenance might be
necessary.

In summer time, on the other hand, there is little
need to operate the compressors due to the fact
that the winter operation of the heat pump produced
enough ice to cover most of the summer cooling
requirenents. To supplement the deficiency in
cooling the compressors would operate at off-peak
periods to charge the chilled water storage tanks
and mainly at niaght, when the temper atures are
cool and thus lower condensing temperatures would
result in good compressor performance and little
maintenance required.

The control system of the ice generation heat pump
is rather sophisticated and could prevent mainte-
nance and breakdown problems.

The system is new and operating engineers may not
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be familiar with its operation which fact might cause
some additional maintenance problems.

6. It is difficult to determine the maintenance expenses
of such a system since there is no such system in
opecration as yet.

E. Supplementary Ice Generated by Outside Cold Air.

1. The heat pump system would opcrate mainly in winter
time and the compressors would thercefore have less
operating hours although they would work between
extreme temperatures.

2. There is only one type of system and thercfore it
would require only one stationary engineer. Threce
shift operation would be required.

3. The supplementary ice generating system with an outdoor
brine coil, ice bin coil, pumps and heat exchangers
would require additional maintenance, especially due
to corrosion problems caused by the brine system.

4. It is difficult to determine the maintenance cost
required by such a system since it has never been
tried.

Summarizing, it can be said that each system has its advantages
and disadvantages with regard to maintenance, so that the
maintenance and labor cost are roughly the same and would

not affect the balance between the systems as obtained by
considering the energy and first cost alone. For example,

the solar system has a relatively low maintenance cost but

this cannot offset its large first cost.

Similarly the ice generating heat pump remains the favored
system with a predictable high maintenance in winter time,
which is offset by the predictable low maintenance in sumner
time, '

The supplementary ice generation system using cold outside

alr and the slab storage system appear to have a high maintenance
cost and this confirms only the previously deduced conclusion

of the nonfeasibility of these systems. It is felt therefore
that the conclusions drawn before are not affected by the
maintenance considerations and therefcre no maintenance and

labor cost were considered at this stage. However, in the
proposed feasibility study, if performed, a detailed maintenance
and labor costs analysis will have to be made.
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19. HMETHOD OF CALCULATION

The peak cooling load was calculated by hand for the
residential areas taking into account the transmission, solar
and internal loads. For other areas the cooling loads were
calculated on the basis of sSquare foot per ton concidering
the use of each arca.

Similarly, the heating loads werc calculated by hand for the
residential areas, while for other areas the method of BTU
per hour per square foot was applied.

Annual energy requirements were calculated by using the
Degree-Day method for heating and the assumed Equivalent Full
Load Hourg for cooling. The energy consumptions of the eguip-
ment were calculated by utilizing the performance date supplied
by the manufacturers of the equipment.

The solar system design was based on weather data for
Washington, D.C. supplied by HUD and on the solar collector
performance supplied by the manufacturers.
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20, CALCULATIONS
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SOLAR SYSTiEM CALCULATIONS
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R for = ,30

LATITUDE JAN fEB APR MAY Jun Jut AUG SEP ocT NOV OEC
' . - (Tatitude-1ilt) = 15.0 ‘
25 1.09 1.00 1.00 .98 .98 .98 .99 1.02 1.05 1.08  1.09
g 1.15 1.10 1.01 .98 .97 .97 .99 1.03 1.08 1.13  1.16
35 1.23% 1.15 1.01 .97 .96 <56 1.00 1.05 1.12 1.20 1.25
&9 1.34 1.22 1.02 .97 .95 .96 1.00 1.07 1.18 1.30  1.28
L5 $1.51 1.31 1.03 .97 .94 +95 1.00 1.10 1.25 1.45  1.58
) 1.77 1.64 1.05 .97 .93 .95 1.01 1.13 1.35 1.67  1.91
55 2.24 1.65 1.07 .96 .93 <94 1.02 118 1.50 2.04 2.53

- (Latitude-Tilt) = .0
25 1.17 1.11 .97 .93 .91 .92 .95 1.01 1.08 1.16 1.19
3 1.24 1.15 =97 92 .90 .91 .95 1.02 1.11 1.21 1.27
35 1.33 1.20 .97 .91 .89 .90 .95 1.03 1.16 1.29 1.38
4G ~ 146 1.27 «98 .90 .87 .89 .94 1.05 1.21 1441 1.53
&5 1.¢5  1.37 .99 .90 <86 .88 .96 1.08 1.29 1.57 1.76
50 1.56 1.52 1.00 .89 +85 .87 .05 1.11 1.40, 1.82 2.4
> 5S 2.51 1.75 1.01 .89 +84 .86 .95 1.16 1.56  2.25 2.88

(o] —_—

» - - (Latitode-Tilt = -15.0
25 1.21 1.1 .91 .84 .82 .83, .88 .96 1.07 1.18 1.24
30 1.28B__ %15 .90 .83 .80 .81 .87 .97  1.10 1.24 1.32
35 1.37 1.20 .50 .82 .79 .0 .86 .97  1.14 1.32 1.43
<43 1.51 1.27 .90 .81 .77 .79 .86 .99 1.19 1.44 1.60
%5 1.71  1.37 1.10 .90 .80 .76 .77 .85 1.01 1.27 1.61 1.84
<3 Z.04 T 1.52 .91 .79 74 .76 .85  1.06  1.38" 1.88 2.26
sS 2.63 1.76 .92 .78 .73 W75 .85 1.08  1.54 2.33 3.05

- - - Vertical Surface

25 .94 .78 48 4?2 .40 .41 o4S .56 .73 .90 .99
39 1.04 .85 .52 YA b2 W43 Yy .60 .79 .99 1.10
15 1.17 .94 .55 a7 L4 .65 .51 <65 .t6 1.10 1.24
4G 1.33 1.04 .59 .50 AT .48 .55 .70 .95 1425 1.44
45 1.57  1.18 «bh .53 X .51 .59 76 1.06 1.45  1.72
54 1.63 1.36 .68 .56 .52 .54 .63 .82 1.20 1.75 2.7
55 2.5% 1.62 <Th 00 .55 .57 .87 .91 1.40 3.00

2.2k

Table A-6 Ratio»of Monthly Average - Daily Radiation on a Tilted Surface to that on a Horizontal Surface
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1-v

R for K = .50
LAYITUDE JAN FEB MAR APR FAY JUNMN JuL AUG SEP oCTY NOY DEC
- (Latitude-Tilt) = 15.0
25 1.14  1.09 1.0%5 1.01 .98 .97 .97 1.00 1.03  1.08  1.12  1.15
39 1.23  1.76 1.08  1.02 .97 .96 .96 1.00  1.06  1.13  1.21  1.26
33 1.37 7 1.24  1.13  1.03 .97 .95 96  1.01 1.09  1.20 1.33  3.61
4G 1.55  1.36 1.19  1.05 .57 WS4 L96 1.02 1.13 0 1.30 0 1.4 1.62
4% 1.82  1.51_ _1.26 _ 1.08 .98 .94 .96  1.03 1.18  1.42 1.72  1.93
5% 2.264 1.73  1.36  1.12 .99 .94 .96  1.06  1.25 1.59 2.08 2445
5% 2.99  2.06  1.50  1.76  1.00 .94 96 1.08 1.36 1.83  2.67  3.44
(Latitude~Tilt) = .0
25 1.29 1.1%  1.08 .98 .91 .8¢& .0 295 1.06  1.15 1.26 1.32
30, 1.40  1.26 1,11 .99 .91 .87 .89 295 1.06  1.21 1.36  1.45
35 1.56 1.35  1.16  1.00 .90 .80 .88 .96  1.09 1.28 ° 1.50 1.63
e 1.77 1.48  1.22  1.02 -90 .8 .88 «97  1.13  1.38  1.68  1.87
&S 2.0%8  1.65 __1.30 __1.04 90 .85 .87 298 1.128 _ 1.52  1.95  2.25
50 2.57  1.89 1.40  1.08 "91 .85 .87  1.00 1.25 1.70 2.36  2.£6
55 3.h4  2.26  1.54 1.12 .92 .85 «88  1.02  1.34 1.97  3.04  4.02
! . (Latitude-Tilt) = —15.0
25 1.38  1.22  1.05 .91 .51 .77 .79 .86 299 1.16 1.33  1.43
30 1.50__1.29 _1.09 .91 .50 .76 .78 £36  1.01  1.22  1.44  1.57
.35 1.66  1.39  1.33 .72 Y] .75 W77 .86  1.04  1.30 1.58 1.75
%0 1.9 1.52 1.19 .94 .79 .74 .76 .87 1,08 1,40 1.78 2.0C2
&5 12.22  1.69  1.26 .96 W79 .73 .76 JB8  1.12  1.53 2406 2.43
50 2.75 7 Ti.96 T 1.36 .98 .79 .73 .76 L89  1.19  1.72  2.4Y  3.09
55 3.63 2.32  1.50  1.02 .80 .72 .75 .91 1.27  1.99  3.22 4.34
Vertical Surface
25 1.°3 .89 .63 42 .32 .29 .30 .37 .53 .80  1.06  1.21
I3 3.2%9 __1.00 .71 % .35 232 .33 .41 .60 .89 7.20  1.38
35 1.45 1.13 .79 .53 .40 35 .37 47 .67  1.07  1.38 1.60
%) 1.76 1.29 .89 .59 L4k .39 eal .52 275 1.t4h 1.61 1.9
_AS. 2411 1.5G_ 1.00 .66 48 Wbk .46 .55 CAA 1.1 1.92  2.34
50 2.67  1.78 1.14 .73 Y 46 .51 Wbk .95  1.54  2.39 3,04
55 3.06  2.19  1.32 .81 .60 .53 .56 .71 1.08  1.86  3.15  4.34
é”, Sg

Tahle A-6 (continued

) Ratic of Menthly Average - Daily

Radiation on a Tilted

Surface to that

on a Herizontal Surface
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R for Kt ~ 40
LATITUDE JAN FEB MAR APR nAY JUR JuL AUG SEP ocT NOV DEC
(Latitude-Tilt) = 15.0
25 1.11 1.08 1.04 1.01 .98 .97 .98 1.00 1.03 1.07 1.130 1.13
30 1.20 1.13 1.07 1.01 .58 +96 .97 1.00 1.05 1.1 1.18 1.22
35S 1.31 1.20 1.11 1.03 .97 .95 .96 1.00 1.G7 1.17 1.28 1.34
A0 1.46 1.36 1.15 1.04 97 54 .96 1.01 1.10 1.25 1.41 1.52
&S 1.69 1.3  1.21  1.06 .97 .94 «95 1.02 1.15 1.35 1.61 1.79
50 2-04 1.61 7.30 1.09 .< .94 .95 1.04 1.20 1.49 1.90 2.22
55 2.63 1.39  1.41 1.12 .98 .93 .95 1.06  1.27  1.70 2.41 3.06
(Latitude-Tilt) = .0
25 1.24 1.15  1.06 <98 .92 .96 .91 .95 1.03 1.12 1.22 1.27
23 1.34 1.21 1.09 .98 .91 .58 .50 .95 1.94 1.17  1.30 1.38
35 1.46 1.29 7.13 .99 .51 .87 .89 .95 1.07 1.23 T4 1.5
45 1.64 1.39 1.17 1.00 «90 .86 .88 96 1.10 1.31 1.57 1.73
45 1.90  1.53  1.23 1.02 .90 .86 .88 W96  1.1h  1.42 1.79  2.04
o) 2.32 174 1.32 1.04 .50 .85 .87 .93 1.19 1.58 2-13 2.56
55 3.09 2.06 1.43 1.07 «90 .34 .67 .99 1.27 1.80 2.7% 3.54
' Tt T ==15.

25 T 1.21 1.17  1.03 .91 .82 .79 B e P P Y SR PET
10 1.41 1.23 1.06 .91 .81 .77 .79 .86 .99  1.17  1.36 1.46
35 1.54 1.31 1.09 .91 .50 .76 .78 .86 1.01 1423 1.47 1.62
4C 1.73 1.1 1.13 .92 .89 .75 .77 .86 1.04 1.31 1.64 1.84
3 2.01 1.56 1.39 .93 .79 - Th .76 .87 1.038 P62 1.87 2.1
50 2.45 1.77 1.27 .95 .79 .73 .76 .08 1.12 1.58 2.23 2.76
$S 3.24 2.08 .30 .98 79 .72 .75 .89 1.19 1,81 2.85% 3.00

Vertical Surface
25 1.05 .84 w63 b4 .36 36 .35 40 .54 .77 .99 1.12
39 1.18 .94 .49 49 $32 «36 . 44 .60 .85 1.11 7.26
T3s 1.35 1.05 .76 .54 .43 .39 «h1 X Y .95 31.26  1.4S
%] 1.57 1.18 .84 .59 W47 ) Lk .53 .73 1.06 1.46 1.71
45 1.58 1.36 .94 .65 .31 b b .48 .58 .81 1.21 1.73 2.08
53 2.36 1.60 1.06 .73 .55 .50C .52 .63 .90 1.3 2.12 2.68
5S 3.18  1.95 1.21 .78 «60 5h .56 569 1.00  1.46 2.76 3.78

Table A-6 (continued) Ratic of Monthly Average - Daily Radiaticn

on a Tilted Surface to that on a Horizontal Surface
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R for K_ = .60
LATITUDE JAN fEB MAR APR MAY JUN JutL AUG SEP ocY NOVY DEC
- (Latitude-Tilt) = 15.0
25 1.15 1.11 1.06 1.01 «98 «96 .97 1.00 1.04 1.09 1.14 1.17
20 1.27 1.8 1.1 1.02 .97 «95 .96 1.00 1.07 1.15 1.24 1.29
35 .41 1.28 1.15 1.04 .97 .94 <96 1.01 1.10 1.23 1.37 1.46
40 1.62 1.40 1.21 1.07 .98 e 94 «95 1.02 1.15 1.34 1.56 1.70
45 1.92 1.58 1.30 1.10 .98 .94 «96 1.04 1.21 1.48 1.82 2.05
SO 2-40 1.83 1.41 1.74 .99 « P4 .96 1.07 1.29 1.67 2.22 2.64
55 J.24 2.20 1.57 1.19 1.01 « 94 .97 1.10 1.39 1.%5 2.89 3.75
- (Latitude-Tilt) = .0
25 1.33 1.21 1.09 98 «91 «87 «89 .95 1.05 T.17 1.30 1.37
20 1.46 1.30 1.13 «99 -90 -80 .88 «95 1.08 1.264 1.41 1.51
35 1.63 1.40 1419 1.01 «90 .85 .87 .96 1.11 1.33 1.57 1.71
40 1.88 1.55 1.26 1.03 «90 .85 <87 .97 1.16 144 1.78 1.99
5 2423 1.74 i35 1.06 «91 «85 «37 «?9 1422 1.59 2.08 2.41
SU 2.78 2.02 1.47 1.10 .92 «85 .88 1.0 1.30 1.81 2e54 31.10
55 3.76 2.43 1.63 1.15 «93 «85 .88 1.05 1.40 2.11 3.31 Lo41
(Latitude-Tilt) = -15.0
5 1.43 1.26 1.07 <91 «80 75 « 77 -86 1.00 1.19 1.39 1.49
0 1.57 1.34 1.11 .92 .79 o 74 .76 .86 1.03 1.26 1.51 1.65
35 1.76 145 1.16 .73 .79 .73 o 76 .86 1.06 1635 1.67 1.86
40 c.02 1.60 1.23 . %5 «79 o173 .75 .87 1.11 1447 1.90 2.17
n5 2.40 1.20 1.32 .98 «79 .72 «75 .89 1.16 1.62 2.22 2.62
59 2.99 2.09 144 1.01 .80 «72 «75 «91 124 1.84. 2.70 3.37
55 4.04% .52 1.59 1.05 .81 o772 «76 «%3 1.34 2.15 3.52 4£.78
Vertical Surface
25 1.20 «92 .63 -39 .28 .25 .26 <34 «53 .82 112 1.28
10 1.37 1.0¢ .72 X «32 «28 «30 «39 .60 .93 1.26 1.48
s 1.59 1.19 <81 e52 .37 «32 «34 45 «68 1.06 148 1.73
LY 1.£8 137 .92 .59 .42 «37 -39 «51 77 1.21 1.73 2.07
S 2.30_ _1.631 ___1.05 - 066 48 b2 oAbl <58 <87 1.40 2.09 2.56
<0 2.93 1.93 1.21 .75 54 b .50 «65 .99 1.65: 2.61 J.34
55 4.01 2.39 1.41 .84 <060 .52 .55 .72 1.13 2.00 Jeho 4,80

Table A-6 (continued) Ratio of Monthly Average - Daily Radiation on a Tilted Surface to that on a Horizontal Surface
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4930.2
91 |
Stote Ssation :::;: Joly | Avg. | Sept.| Oct. | Nov. | Dac. Jon. Feb. Mor, | Ape. | Moy | June y;‘;z;
teve. ¥V o
Als. | Birmingham A 22 0| © 61 931363 | sss | so2 | 462} 63| 108 9 0| 2451
Huntsville AW 0 O 121127 426 | 663 | 694 | s57 | 43| 33} 19 0| 30%0
AL 29 0 0 o) 2 23} 37| 415y o0 21! 4 0 0| 15¢0
LA ] 26 0 0 Of 68 (330} s27{ s43| «17§ 36| 90| © o[ 229
Alasks. | Anchorage ... LA U220 aas 1291 | 5161 930 tiare £ 1522 | 1631 ) 1316 | 1293, 879 | 592 | 1S {10854
Fairbanks . LA l =50 . 171 | 332 | 642 1120 'isyn 1 2254 | 2389 | 1501 | 1739 [1068 1 8851 222 .14279
Juneau.... CA D -4 |30t (338 485 728 L s 12374 1070 | 1073 4 210 | Q1 | 38) » €075
Nome .... LA | -28 | 481 | 490 | 693 {1094 iuss 1520 | 1679 | 1666 § 1770 11314 | 930 | $73 14171
Ariz. Flagstaff .. LA 5 46 | 68 | 201 | S8 | 867 | 1073 | 1169 | 91 911 | 651 | 437 | 180 | NS2
Phoznix. VS 0 0 of 22| 238 4rs | 44 328 70 7S 0 0] 176"
Tucson . LA | 32 0 0 Of 28|23t ] 406 | 470 3es] 242} 38 6 0| 1500
Winslow LA | 13 0 0 61245 | 711 1 took | 1054 ] 70 601 | 291 96 0 4782
Yuma ... LA | 40 0 o+ © o] ics | 264 307 1% | 18 0 o| 914
Ark. Fort Smith .. A28 [ o 120127 |aso| 208 ] 1] so6! asel 144 22 0 3292
Litile Rock LA 23 0 0 9| 127 L 40S | 716 | 756 S77{ 4} 126 9 o1 3219
Texsrkana.... LA | 28 9 0 | 78 | 345 | s61 | 626 468 350 105 0 o} 2533
Calif. | Bakersfield .. W of of of 371282 s02| s46| 64| 267,0 105 19| o0 2122
LA 0 0| 48| 260 | 576 | 797 | 8741 20! sss ) 206 | 143 [ 361 4278
LA c28 | 37 (108 | 347 | 94 | 781 | 896 | 795! ®O6 | 97| 412 | 195 5396
LA | 38 0 0 61 « 177 ] 30| 3864 2974 239 | 138} 81 8 i 1646
LC ] 35 1270 [ 257 {258 | 329 [ 414 | 499 | S46] 470§ 505 | 438 ml 285 | 4643
Fresno. ... LA 31 0 0 01 84 | 354 577 1 €08 | 426 335 ] 1621 62 6 I 2611
Long Beach LA | 38 0 0 9 47 L7 3ie | 3970 31y 26 20 93 24 150
Los Angeles Al ay ) oas ) 28] a2! g tueo 290 | 32| 02! 2ss ! o219 188t &r ! 2061
Los Angeles .C | u 0 0 6| 31 {132 | 229 30} 230: 202, 123, 68! 18 I 1349
Mt. Shasta .C 25 | 34 {123 | 406 | 696 | 902 | 983 | 784\ 738 S25 | 347 159 | 592
| |
Oakland ... A3 $3 | SO ¢ 45| 127 1 309 | 48! | S27 ) 400 33 255 180} oc | 2870
Red Bluff . LA 0 0 O] 3 {381 sss | s 4281 341§ 168 47 01} 2518
Sacramento.. LA 32 0 0 (4} 56 '3 s16 ) s33 | 414 332 1581 M2 0! 2502
Sacramento .C 0 0 0 €2 312 333 | ser i w2: 30! 473 76 0 2419
Sandberg .. . C 0 0 30202 450 | 691 | 78 661 I 620 | 426 | 264 | $7 ‘ 4209
San Dicgo LA 44 9 ol 2t a3 jaas | 236 | 298] 235 214 135 90} 42 1458
San Francisco.. R Y 811 78 | 60 143 { 306 | 462 i sc8 | 95| 363 279 | 2141 126 3015
San Francisco.. LClog2 [ 192 [ 174 102 18 | 2] 3ss D oasd | 3 319 299 2390 160! 3w
Ssnta Maria ... Al 3 | 99| 93| 967 146 | 270 | 391 ) 459 | 370 | 363, 282 33 ’ 165 | 2967
| '
Colo. | Alemosa DA I3 es | 99 12791 639 Tioes | 1420 | 1476 1 1162 1020 | 656 | 440 | 153 ! 8229
Colorado Springs LA 4 ol 25 132145 225 11032 128§ 938, 893! S22 391 84l 6323
Denver . LA 3 6 9 11171428 £19 1035 G 11320 938 ¢ E37: 558 1S (L 623]
Denver . . C 0 0] 90| 366 | 714 905 [ 1004 ! gSU ) E0O ;i 492 . 254, 4R i 5524
Grand Junction . LA 11 0 0 30 33§ 780 ¢ MM 12090 SQ7 0 IS 38T G 136, 21 St
Pucblo... LA Ly 0 0| s¢| 326750 98 | 1085 | 8N ; 772 428, 174 i 15 E 5462
| e
Conn. | Bridgepon .. LA 8 0 0| 6607 61s ] 9c6 1 019! 366, 8531 <10 2081 27 <447
Hartford ... LA 5 O 12 11171364 ! T14 0 4101 190y 10420 9080 519 0 2051 13 ' ez3s
New Haven ... LA 9 0] 12| 87§33 | 648 i 0051097 § 991 871§ Y| usi 4% 5897
1 . '
Del. Wilninglon .o.ccooverrceviveenerne A 151 0 0| S 270 l S88 [ 9:7 | 9%0 i 87¢ . 135 i 387 ‘ 12 ‘ 6 ! 4930
! ' |
D.C. Washinglon ..eevvveemreereee A 19 o ; 0| 33|27 519 , 834 | 71y 62 w' m‘ 74 1 0y €224
! ) ! i
Fla. Apatachicola ..C i 0 ! [ 16 ’ ! ; l i ! 0
Daytona Beach. LA LT {01 0 0 ! 3 | i 5! | aJ.
Fort Myers . AL 420 o; ol o | ; | b6
Jechsonville . LA 20 00 0y 0 12 l ! l ‘ 0
Key West ... 581 o! o 0 [ I : 0
Lakciand . 39 oy 0, O 0 ! 0
Mianu .. 47 0 0 0! 0] } 0
N — Lo : . I
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ICE STORAGE SYSTEM
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SYSTEM CONCEPTUAL DESIGN AND DESIGN PARAMETERS

Equipment Selection

Positive displacement direct drive screw compressor selected
because of efficient operation over a wide range of suction
and discharge temperatures, small size and simple capacity

control.

The compressor has to be selected to be able to satisfy the

winter heat requirements for space heating and DHW at peak
time which amount to 19.5 x 106 BTUH at a temperature of
about 120°F. Three units are selected, model W900 x 2514Q

with refrigerant k2-22.

Performance
Winter Summer
Safuration
Suction Temperature (SST) 200F 35°F
Saturation
Discharge Temperature (SDT) 130°F 105°F
Heat rejection 6.75 x 106 BTUH Heat rejected 9.2 x 106 BTUH
Refrigeration capacity = 375 ton Refrigeration cépacity = 610 to
BHP 875 BHP 650

The peak summer cooling demand is 3000 ton and the three com-
pressors can generate simul&ancously only 1830 ton. However, this
difference between the peak and &r available capacity will be

covered by a chilled water storage system whereby the chillers

" will operate at night. This chilled water system will, enter

into operation afterthe ice generated during the winter will be

A}

exhausted.
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Part of the ice bin will serve for chilled water storage.

The compressor units can be switched from summer to winter
operation and vice versa by autcmatic suction and discharge
temperature control. The condenser has to be selected accord-
ing to the summer requirements of 9,000,000 BTUH heat rejection
at a discharge temperature of 105°F. Thus with condenser

water «OT of 10°F the  flow will be 1800 gom.

In winter time, assuming a 98T of 2OOF, the flow will only

be 675 gpm.

There will be two ice makers for each compressor unit operat-
ing alternately in accordance with full winter compressor
capacities (375 ton each at 20°F SST). The chillers will be
selected according to summer operation conditions (35°F SST,
105°F SDT, 610 ton). The accummulator on the low pressure side
of the refrigeration cycle will have the capacity of 1783 lbs.

of R-22 at 90°F.

In this configuration the compressor is not influenced by brief
changes in load.

2 Comparative analysis of DHW Generation in Summertime with

Ice Making vs. Chilled Water Generation.

2.1 Ice generation (ice - heat source for heat pump).
ssT -20°F, SDT - 1309F, 6.75 x 10° BTUH heat rejection
per unit, "by-product" 375 tcn refrigeration available for ice

generation, power input 875 BHP (cop = 6,750,000

= 3.03)
875 x 2545
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A

Refrigeration, effect + heat rejected
power input

Overall cop =

- 375 x 12,000 + 6,750,000 _
875 x 2545 = 5.052

2.2 Chilled Water Generation (chilled water-heat fource).

SST - 35CF SDT - 130°F, 860 x 106 heat rejection per unit,
Wicy 3 . : . - ~ _ 8,600,000
by-product" 520 ton, power input 88CBHP (cop = 580 w 2545 = 3.84)
everall cop = 520 x 12,000 + 8,600,000 3
P 880 x 2545 = 6.625

Thus the overall cop with chilled water is

6.625 - 5.052
5.052

X 100 = 31.1% higher

3. Night summer operation

3.1 DHW daily load 53,000 gallon;. Heating the water from 55°F
to 120°F the daily load is:
53,000 x 8.33 x (120 - 55) = 28.70 x 10® BTU per day
Using one compressor SST - 35°F, SDT - 130°F we get 8.60 x 106BTUNI
heat rejection and 520 ton refrigeration. Number of hours of

) 28.70 x 106
compressor operation = 8.60 % 106 = 3.3 hours

Storage required for DHW with an assumed AT = 20°F

28.7 x 10° _
= 20 x 8.33 = 172,000 gallons

Energy inpu* 880 x 0.746 x 3.3 = 656 kw x 3.3 hours = 2166 kwh
per day chilled water ("by-product") produced

= 520-x 3.3 = 1716 ton - hours
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3.2  Diurnal Chilled Water Storage.

It was seen above that the ice produced during winter operation

is not sufficient to cover the cooling requirement in the sumnmer
causing a deficiency of "cooling" encrgy which amounts to 885,100
ton-hours. This inefficiency will have to be covered by the three
machines, selected for winter heating, operating, however,

between SST - 35°F and SDT - 105°F and using cooling towers for
hear rejection. We could use the machines to produce ice
with SST = 20°F and SDT - 105°F which results in 450 ton
refrigeration, power input 650 BHP, EW/ton = 1.078 and cop = 3.2C.
However, producing chilled water we operéte at SST of 35°F add
SDT - 105°F which results in 610 tons of refrigeration, BHPD =

650, KW/ton = 0.795 and cop = 4.42. Chilled water generation

is thus by far more efficient which was also demonstrated in the

case of DHW generation.

Three machines are capable of producing 3 x 610 = 1830 tons.
The required peak is 3000 tons. Thus storage of chilled water
can solve the problem cutting, in addition, the billing demand

charge.

Assuming 5 hours of full load operation on a summer peak day
the energy to be stored is 3000 ton + 5 hours = 15000 ton-hours
using a AT - 10°F the volumé of the chilled water storage tank

comes to 15000 x 12000
T 8.33 x 10 = 2,160,000 gallons.

As the volume of the ice bin is 3,400,000 = 25,400,000 gallons

we have ample space for the chilled water storage accommodation.
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It was found above that the chilled water produced in gen-

erating DHW was equivalent to 1716 ton-hours. Thus the addi-
tional chilled water energy required is 15,000 - 1716 = 13,284
ton-nours. This amount of cooling energy can be produced with
one 610 ton machine operating during 13,2
61
22 hours. This means that three machines can produce the

g4
g = 21.8 hours say
required daily amount of chilled water and DHW, while opecrating
at night only. Thus

2 machines operating 8 hours = 16 hours

1 machine operating 6 hcurs = 6 hours
This 22 hour operation using cooling towers would produce
13.284 ton-hours of refrigeration. One machine generating
DHW and chilled water would produce 1716 ton-hours of refrig-

eration. Thus satisfying the chilled water and DHW requirements.

7.4. Cop of Chilled Water and DHW Generation. The energy input

in DHW generation in summer time was seen to be 2166 kwh per
day (3.1). As a "by-product"” 1716 ton-hours of chilled water

energy were produced.

The energy input to produce the 13,284 ton-hours of chilled
water energy was 13,784 ton-hours x 0.795 kw/ton = 10,561 kwh
per day. Thus the summer night

15000 x 12000 (ch.water) + 28,700,000 (DEWY _
cop = (2166 + 10,561) x 3413 = 4.81

7.5. Annual Overall Cop

On an annual basis the cop can be calculated by considering the

sum of all the useful heat transfers and dividing ‘it by the .

total energy invested in all the svstems.
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. Thus Annual Overall cop
+ CHWS-1 + CHWS-2

(HRWT + ICWT) ~ ICSL + (DHWS)
2 Annual Energy Input

Where the terms in the formula are defined as follows:

HRWT -~ heat rejected in winter time which was used for space

heating and DHW generation

ICWT - heat extracted from water in producing ice during winter

time

ICSL -~ ice storage loss
DHWS - domestic hot water generated in the summer

CHWS~1 - chilled water generated in summer time while produc-—

ing DHW
CHWS-2 = chilled water produced in summer using codling towers

Substituting the corresponding values
cop = {355 x 1010 + 2.44 x 1019 -0.2545 x 1010 + 0.482 x 10'0 +

2.84

+ 0.482 x 1070 * 3784 + 0.804 x 1010
(3.55 - 2.44) x 1018 = 0.482 x 1010 + .804 x 107" x 0.795 x 3412
3.84 12,000
7.382 _ ]
1.4173 5.21
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Ice Storage Bin Loscos

The storage bin volume is 3.4 x 100 cub. ft. fhe area of
the basc and top is 170,000 squarc feet cach and the total
arca of the sides is 33,000 sguare feet. The bin will be
insulated with 4--inch polyurcethane on the top (R=36.4)

and with 2-inch polyurethane (R=18.2) on the sides and
bottom.

The heat losses were calculated by month thus:

Losses in BTU x 108

Juna 1,248 0.290 1.138 2,680
July 1,290 0.383 1.280 2,950
August 1,150 0.324 1.366 2.840
September 0.880 0.432 1.320 2,635
October 0.645 0.432 1.265 2.342
November 0.416 0.342 0.832 1.590
December 0.291 0.275 1.100 1.667
January 0.291 0.196 0.010 1.500
February 0.388 0.133 0.845 1.366
March 0,417 0.132 0.923 1.472
April 0.890 0.157 0.930 1.980
May 1.151 0.230 1.050 2.43
Total = 25.450 x 108

Thus, the total annual losses amount to:

25,450 x 105 = 212,100 ton hours
12,000
which is: 12,100 x 100 = 9.1% of total "cooling" energy

2.33x 106 generated.
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ECONOMIC ANALYSIS PROGRAMS
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ECONOMIC ANALYSIS PROGRAMS

ABSOLUTE PRESENT VALUE ANALYSIS

This program generates a discounted cash flow of a
given system, based on: system life, capital cost of

of the system, operation cost in year o, fuel cost
escalation rate, discount rate, and system salvage value
at the end of its life. A year by year discounted cash
flow is produced for the entire life of the svstem.

At the end of the system life, the discounted salvage
value is added to the prescnt value of the system and
the life cycle cost is printed. The following formula
is used for the analysis

) . & -

P.\/,. = - C - ( z O"Q—E-iii:)i v ":;)l{_'bé

S <= (pfoU)L (L%QO
Where:

PVS = Present value of the system.

C = Capital cost of the system.

N = System life.

o = Operation energy cost in year o.

iF = Fuel cost escalation rate.

iD = Discount rate/cost of capital

SV = Salvage value of the system after N years.

THE FOLLOWING ASSUMPTIONS WERE MADE:

1. Operation energy costs in year I are escalated
and discounted.

2. Fuel cost escalation rate remains constant
through the paybhack period.

RELATIVE PRESENT VALUE ANALYSIS

This program generates a discounted casn flow analysis

for an energy conserving system relative to a conventional ‘
system, based on: system life, incremental capital cost of
the system, operation savings in year o, fuel cost escalation
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rate, discount rate, salvage valuce of the system. A year
by year discounted cash flow is produced for the entire
life of the systen. At the end of the system life, the
discounted salavage value is added to the present value of
the system and the life cycle savings of the system is
printed.

The following formula is used:

i~ G >
— v (ST el te) \ . SV
P\/‘_ — Cw F i, S5 g SRS
- e Tzl U~ (/D>'*‘ / (,l'f‘ l,/\»D
Where:
PVS = Present value of the incremental cost and

savings of the system.

Ct = Incremental capital cost of the system.

N = System life.

S = Qperation Energy savings in year o.

iF = Fuel cost escalation rate.

iD = Discount rate/cost of capital

SV = Salvage value of the system after N years.

This program allows energy conserving systenmns to be directly
compared to alternate or conventional systems. By examining
the payment stream, the discounted payback period may be
determined, provided that the payback is within the system
life.
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ABSOLUTE PRESENT VALUE ANALYSIS
SYMBOL DEFINITIONS:
PROJECT LIFE - Life of the system used for economic

analysis.

Capital Cost - Absolute capital cost of the system.
Operation Cost = Operation energy cost in year o.
Fuel Escalation Fuel escalation rate per year.

Discount Rate Discount rate/cost of capital per yvear.

Salvage value of the system at the end
of the project life.

Salvage Value

Year - The previous year.

Cost - Discounted and escalated energy
Costs for that year.

PVTL - Accumulated total of the present value
of energy costs and capital costs.

Salvage Value (PV) Present value of the salvage value of
the system.

Present Value - Present value of the total system
including - capital cost, energy costs,
and salvage value.
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CONVENTIONAL SYSTEM: BOILERS & CHILLERS.

1,
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HEAT PUMP SYSTEM WITH SLAB STORAGE.

2.
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SOLAR ENERGY ANNUAL STORAGE SYSTEM,
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ICE STORAGE (ACES)

. -HEAT PUMP SYSTEM

-3
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ICE STORAGE (ACES) WITH

HEAT PUMP SYSTEM:
OUTSIDE AIR SOURCE,

>.
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Relative Present Value Analysis
Symbol Definitions:
Project Life - Life of the system used for economic
analysis.
Capital Cost - Incremental capital cost of the system

relative to a conventional system.
Operation Savings Operation Savings in year o.
Fuel Escalation - Fuel escalation rate per year.
Discount rate - Discount rate/cost of capital per year.
Salvage value - Salvage value of the system at the

end of the project life.
Year - The previous year.

SVNG - Discounted and escalated energy cost
savings for that year.

PVTL - Accumulated total of the present value
of energy cost savings.

Salvage value - Present value of the salvage value of
the system.

Present value - Present value of the system, including:
incremental capital cost, energy cost
savings, and salvage value.
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2 CONVENTIONAL VS HEAT PUMP SYSTEM WITH

wn
o
—t

SLAB STORAGE.




PADC-ACES

Page 20-38

CONVENTIONAL VS SOLAR ENERGY ANNUAL
STORAGE SYSTEM,

1 vs 3,
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1 VS 5. CONVENTIONAL VS HEAT PUMP SYSTEM:
ICE STORAGE (ACES) WITH OUTSIDE
AIR SOURCE,
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DISCUSSION OF ECONOMIC ANALYSIS:

CONVENTIONAL SYSTEM: BOILERS AND CHILLERS VS.
HEAT PUMP SYSTEM: ICE STORAGE (ACES).

The absolute present value analysis of each of the two
systems reveals that the life cvcle cost of the conven-
tional system is $10,684,269 and the heat pump system 1is
$7,011,518. Therefore the life cycle cost of the heat pump
system is $3,672,751 less than a conventional system over
the twenty yvear life of the system. This aralysis includes
a salavage value of $850,000 for the hear pump system to
account for the 40 year life of the ice storage tank, while
the salvage valuc of the conventional system is 0, because
the equipment has a twenty year life. The salvage value

is added in at the end of 20th year and discounted back

to year O.

The relative present value analysis of the conventional vs.
the heat pump system describes the discounted cash flow of
savings vs. incremental capital cost. This indicates that
the accumulated discounted savings equals the increomental
capital cost of the system in just under 9 years. Over

20 years, the present value of the savings vs. the incre-
mental costs equals $3,672,751, including the discounted
salvage value of $182,366. The clearly indicated that the
heat pump system has a life cycle cost that is $3,672,751.
Less than a convental system and it pays for the incremental
first cost in just under 9 years.
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ECONOMIC ANALYSIS PROGRAM

Discounted Payback

This program aecnerates a discounted cash flow analycsis of an
energy conservation measure, based on Jollowing data: Capital
cost of the measure, operation savings in year 0, fuvel cost
escalation rate, and the discount rate. What is produces is

a year by year cash flow for the entire pavback period. The
following formula is used for the analysis:

Where:
S = Operation Energy Savings In Year O.
= Fuel Cost Escalation Rate
= Discount Rate
N = Years To Payback
C = Incremental Capital Cost Vs.
Conventional
The analysis assumes the following:
(1) Savings in year 1 are escalated and discounted.
(2) All savings go to amortizing the capital cost.

(3) Fuel cost escalation rate remains constant through
payback period.

(4) Operation energy savings are relative convental
system.

The program allows energy conservation measures of different
magnitudes to be compared.
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ol Definitions:

1)

2)

3)

4)

YEAR

!

Previous year

SVNG - Escalated snd discounted encrgy operation
savings.

!

PVTL Accumulated present value ol savings.

PV PACKBACK - Present value payback.
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Pa
HEAT PUMP SYSTEM W%TH SLAB8 STORAGE

(ACES)
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SOLAR ENERGY ANNUAL STORAGE
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OUTSIDE AIR POTENIAL FOR ICE GENERATION
IN ADDITION TO SYSTEM (3)




COMPATATIVE ANALYSIS

T FOUR CANDIDATE SYSTEMS

Basic . 1. { 2. 3 .f -
Conventional Heat Pump Solar Heat Dump NDutside Air Poten-
System System with Epergy Generate *ial for Ice
Boilers § Siab Annual Ice Storage Making in Addition
Chillers torage Storage ACES ’to Svstem, 3.

S

Annual Heating
Encrgy DIW

r

4.032 x 10:%s1U

4.032 x 1010pTU

4.032 x 1010pTU

4.032 x 101081U

4.032 x 101%TU

Re nilrement

Cooling 3.0x 10° TON H s ox 10° TON H 3.0x10% Tov B |z gx 10@ton b 3.0 x 10° o 1

Fnergy o 10 6

Stored 0 7.5x 10°BT 1.684 x 10" "BTU 2,114,000  TON H | 3 o x 10" TON H

Frergy

Saved 0 7.5 x108BTU 4.052 x 10 %81y 2.5378 % 10'CB1U 3.6 x 10051

; . -

Energy W 17 x 19? KWH-T 3.447 x 100K 106,800 KW 3,450,000 KwH 3,36§370 Kili

IConsump-

‘tion S 5 x 100 KW 3.013 x 100xw 3,105,200 Kl 1,252,870 K 367,770 KiWH T
Total 20 x 100 KwH 6.462 x 1061\1‘&{ 3,212,000 KWH 4,502,870 XWH 3,736,140 XKWH

Demand

Reduction 0 0 +82 KWH-6 months _-3,000 KiH-4.5 mo. -3,000 KWH-6 mo.

Operation Annual !

nergy Cost $ 331,710 $ 204,470 $ 156,000 § 153,392 {$ 129,380

Cperation Annual

saving Vs $ 2 (s 175 7 $ 178.3 $ .

Cﬁm"ﬂm"-j OnZlL 0 Q 67,2 r]. J“,) 17.),/ 10 J l/u ,~.18 & 202 ,3.)0

System Capital

Cost $750,000 3,400,000 $9,800.00_O £2,600,000 $5,752,000 o g

Incremental % §

Investiment vs

Conventional_ 0 $2,650,000 $9,050,000 $1,850,000 $3,002,000 o %

Discounted $>§

gris_ent Worth,PH 0 25 years 29 years 9 years 12 years =

Simple

Payback 0 40 year 52 years 11 years 15 years
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SCHEDULE OF MONTHLY CHARGES -

SUMMER MONTES THS
A. Customer Charge $210.00 ver month $210.00 per wonth
B. Energy Charge
On Yeak Period 1.120¢ per kwhr 0.910¢ per whr
Intermediate Period 0.910¢ per kwhr 0.820¢ per kwhr
Cff Peak Periced 0.405¢ per kwhr 0.405¢ per lwhr
C. Demand Charge
On Peak Period Lll‘lug Demand $5.25 per kw $3.15 pur ku
Intermediate Period Billing \owand $3.15 per kv $2.%0 per kw
0ff Pezak Period Billing Deman $2.40 per kw 52,40 per kw

D. Minimum Charge - The Customer Charge

SEASON DESTGNATICN -

SUMMER MONTHS, for purpcses of apglicaticn of
the billing wmonths of June through Qctober, and WIN
billing months of January through May, plusz November

this vate schedule, are
TER MONTYUS are the
and December.

PFATING PERIODS -~

Weekdays - (Excluding Holidays)

On Peax Period 12:00 noon to §:00 p.m.
Intermediate Period 8:00 a.m. to 12VOO noon

and 8:C00 p.n. to 12:00 midn ight
Off Peak Period 12:00 midnight to 8:00 a.n.

Saturdays, Sundayvs and Holidays
Off Peak Period All KHours
Holidays
New Year's Day, Washington's Birthday,
Labor Day, Columbus Day, Veterans Day,
Christmas Day.

Memorial Day, Independence Day,

Thanksgiving Day,
DEMANDS -

BILLING

30 minute demands recorded
month.

The billing derxands shall be the maxinum
during each rating pericd of the billing

Date of Issue: Date Effective:

Issued by Frank S. Walters, Vice President
1900 Pernnsylvania Avenue, N. W.
Washineton. D. C. 20068



POTOMAC ELECTRIC POWER COMPANY

PADC-ACES
Page 20-51

SCHEDULE OF MONTHLY CHARGES - (Including 1.45¢ of Fuel Adjustment)

Customer Charge

‘Energy Charge

On Peak Period
Intermediate Period
Off Peak Period

Demand Charge
Cn Peak Period Billing Demand

Interzediate Period Billing Demand
Cff Peak Period Billing Demand

Minimum Charge - The Customer Charge

SUMER MOUTHS

2.570G¢

2.360¢
1.855¢

$5.
$3.1

’71

$210.00 per

peY
per
per

month

kwhr
kwhr
kwhr

kwr
kw
kw

WINTER MO}

-

6

THS

$210.00 per

NN

.360¢
.260¢
.855¢

$3.

§2
$2

15
W40
.40

per
per
per

per
per
per

month

kwhr
kvhr

kwnr

kw

w
ke



Mean Frequency of Occurrence

AND

pid

ot |

&

WS AFR WALHINGTON

eC

of Dry Bulb Temperature (°F) With Mcon Coincident Wet Bulb Temperature (*F) For Each Dry Bulb Tempercture Runge

COCLING SEASCN
MAY JUNE JULY AUGUST SEPTEMBER OCTORER
Ohan/ Mean Obam/ Mcan Qben/ Meun Oben/ Mean Oban/ Mean Oben/ Mean
Hour Gp Yo Hour Gp Con- Hour Gp Co- Hour Gp Co- Iour Gp Co- Hour Gp Lo
Tempera~ inei- e Tricte sncie incis tneie incee
ture Totaly dent Total| dent Total! drnt Total] dent Totall dsnt Total| dewt
R“"‘U" (2] 10 18 {Oben Wet oz i0 18 | Qbun et 02 10 18 { Oban Wet [ 4 10 18 | Oban Wet 02 10 18 | Oban Wet 0g 10 18 jObdbem | et
(°F) to | to to Mulb to | to to Bulb to | to to lulb te | to to Itlo to { to to Dulb to | to lo Bulb
00 | 17 | o1 (°F) cg | 47} 02 () 09 | 17 | o1 (*F) 09 | 17 | ot ("F) 09 | 17 | o1 (°F) 99 | 17 | 014 (*F)
100/104 0 0 80 0 o T
96/89 3 o a 18 3 0 3% 10 176 0 o 18
80/94 5 0 ] T1 0 19 1 20 15 0o 20 1 30 15 23 1 26 6 8 8 4 [] %
E5/R9 0 18 1 10 70 2 43 17 52 KEs 3 60 10 ki 73 1 |.¥3 1 60 13 0 28 1 27 13 e 2 73
80/84 1 32 8 41 67 8 &5 21 84 70 14 73 848 123 71 8 68 2¢ 160 1 3 40 9 52 n 10 [ 10 £8
78/79 5 38 18 61 (2 21 48 2 11t 67 43 47 68 158 70 338 50 62 154 69 13 43 29 85 68 n 3 2 23 65
70/74 19 4 33 23 2 54 36 61 151 64 96 23 83 202 68 92 31 86 208 68 40 51 47 138 66 LY 3 ] 54 62
65/359 87 48 50 135 60 65 20 64 139 &2 61 6 42 100 64 68 10 45 123 63 58 38 63 149 2 12 €4 26 81 69
€6/64 53 8 2 141 b6 50 12 33 85 &8 26 1 8 3% B9 33 2 19 64 59 42 20 48 108 87 36 49 44 1290 B8
b5/60 E6 18 <3 117 3 28 4 17 A9 64 b 0 [ 54 11 5 16 56 44 1y 32 87 3 49 41 &3 143 52
59/54 4 9 1 B 48 12 4 16 B0 z 0 2 50 26 3 17 46 49 51 30 62 133 48
46/49 26 2 13 40 44 0 0 48 ° o o 41 (1 4 15 45 |« B 35 88 43
40/44 ® 1 8 i3 39 3 2 [ 1 40 a1 2 21 64 39
55/39 ~1 ° ¢ 1 13 1 0 1 1) 15 0 [] 21 38
30/84 [ 0 2 1] 1 ¢ 30

¢S-07 obegq

SHAOVY-Davg



HEZATING 3TALOM

APEMITAL, vTUST AL, .
NOVEMBER DFCEMNIER JANUARY FEBRUARY MANCH AURIL, AL RONTHS)
Qbm/ Mean Oban/ Mean Uben/ Mean Qlian/ Mean Obn/ Mran Oben/ Ih,\{m—\} Chan/ X Sean
Houe Gp 0= lour Gp Coe Hour Gp Co- Hour Gp Co- Hour Gp Cr Hour Gp o Hour Gp Co-
Tempera- frele inrde |’ ineis 1nrie inci- {nri- ine-
[t Total | deut Total| dent Total| dent 1 Total | dent Totall dent I Total | dent 1 Total| dent
Range e} 10| 18|Oben | Wee [Or | 50 | 18| Oban| Wee {02} 10 | 18 |Obon] Wet |02} 10 | 18 |Oban| Wet joe ! 10| 18 |Obsn| Wer jo02} 10t 108 [ Oban Wet | re 18] O30 | Wet
(°F) to | to | to s Pulh [ to} to | to Bl to | to | to Dulh 1 to ] to | to nuib | to | to | to Bl o] to ] to Tulb | to te Pu'h
o8 {17 |01 ("F)yj.9)01r ot ("F) toa| 17 ]| 0t Iy {c2 } 17 | o1 (*») toagar|or (“Fy o2} 27| o: l('F) 0 2! (*F)
100/104 (] 0 78
85/93 ki 0 ki 16
90/94 2 9 2 Tt 0 RR 3 ot T4
R5. %) 8 0 8 [ 214 26 246 72
80,84 0 0 68 1 1 61 0 13 3 18 €47 23 201 101 45 68
18/7¢ 3 3 65 0 0 62 5 o 1] 59 2 1 f 23 61 1117 270 220 52 65
70,74 [ | 1 8 60 ] 0 61 0 [ Y] [\ 0 58 0o 9 1 10 57 « 19 35 A2 0311 261 353 208 63
65/C9 4 18 ] 27 59 0 4 1 5 58 0 1 1 2 60 8 1 4 L] 2 10 3 15 13 13 29 2 62 67 |31 210 200 848 Lb]
60,64 9 33 117 59 85 2 9 3 14 65 1 3 1 5 55 0 8 ] 9 54 5 18 2 20 52 3 33 26 %1 54 2§ 220 Tre TRl 56
55,69 20 4% 4 A7 61 4 I3 17 24 51 2 1 3 12 50 3 13 4 20 61 7 21 15 43 48 28 34 3B 27 L0 LA 205 240 0L 52
- Ve
60,54 30 44 41 115 40 11 21 13 45 47 I ¥ ) 5 22 45 6 18 9 a3 46 12 20 21 62 44 36 43 43,0 122 0 1200 299 222 670 T
4540 39 39 42 12 2 {13 290 2 GO 42 [ .5 24 18 42 4l |12 22 1T 52 41 {21 A7 306 104 41 (4S8 2% 44 120 42 pRi4 200 2050 649 43
10744 51 30 45, 126 8B |26 43 A% 102 38 |24 61 A1 106 37 |20 41 34 o 38 |47 47 65 149 37T 47 15 3T 9> 3F (20T 29 AnE M 39
Lh3 2 18 2 87 33 |44 48 46, 128 82 J43 B KO Va4 83 [37 45 45 127 23 |63 37 b2 152 A3 27 0 27 A0TTAOTTR4 fui3 ae1 200 120 34
M 34 n 8 17 84 30 53 41 48 142 29 b9 48 58 166 29 58 40 85 10 20 62 16 37 105 39 1" 1 2 14 201268 152 2313 €10 20
25,29 9 1 (] 10 24 4 26 33 02 N 32 24 AT 105 24 45 19 31 95 24 K] 8 12 43 24 1 0 1 26 151 78 124 253 24
20/24 4 0 3 7 2 5112 27 70 19 |32 14 19 6B 12 J21 10 14 45 19 J0 2 6 18 20 R I wes 19
16719 1 [} 1 15 19 3 11 33 16 20 9 16 45 5 11 4 8 23 16 8 0 1 T 10 ¥y 18 0T 1t 15
10/14 0 - -0 12) 1 0 2 . 10 1t 2 T 21 1 g 2 3 13 18 |0 0 13 413 4710
8/9 1< 1. 1 7|6 o 2 7 6|3 0 0 3 6 £t zon 6
0/4 ) bys 1 0o 2 | o 0o 2 1 0 1 ]
‘ i b 2
© P
17y . 4 7
) J75 - o5y
- Vo

173
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Energy Estimoting Methods

E = (KW) (F)/$ Q)
where
E = encrgy required for auxiliaries, kilowatt hours,
KW == connected load of fans or pumps.
F = [uei estimaie for annual heating season.
S = size of heating undt in fuel units input.

The above procedure 1s anly valid for intermittent fun and/or
pump operaticn of fossil fueled swstems. For continuous fn
operation, the energy vse 15 simply the connected load times the
hours of operation. For electric resistance systems, the auxiliary
energy 1s ncluded in the modified degree day caleulation

Estimating Electrical Energy

These procedures are only applicable to resistance type heat-
ing devices such as baseheard, electric furmaces, and electric
botlers. Eq 2 has been used for heat pumps with the additien of
a “seasonal performance factor™, but the estimate of this factor,
lacking comparable building data, is a hazardous procedure, The
bin method cafculition presented later is recommended for heat
pumps. For other clectric neat systems, Eq 1 applics.

Example 3. Estimate the energy requirements to heat a residence in
Washington, D.C. The desicn heat loss 1s 65,000 Riuh based on 10 F

outdoor and 70 F indoor.
Sclution: From Eq It

)(079) (1.0)

E = 25420 kwh
Energy Conservation Effects

No simple, valid procedures have been developed for evaluat-
ing the effects of suggested residential energy conservation prac-
tices. Those suggestions that reduce heat loss per degree differ-
ence, such as storm windows or increased insulation, may be
approximated using the modified depree day procedure. Several
studies indicate that reduction of therniostat set point may
reduce fuel consumption by approximately 3% per degree. Re-
ducing apphance and lighting usage will lower energy require-
ments but increase heating needs in winter. Evaluation of other
suggestions is not yet on a base sufficiently valid to draw quan-
titative conclusions.

EQUIVALENT FULL-LOAD HOURS

This procedure simply consists of using an estimate, based on
local experience, of the ratio of annual cooling energy require-
ments to rated energy input of the cooling equipment.

Toble 5.

PADC~-ACLES
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Tablc 4 . Approximate Power Inputs
Comp essor Auvxiliories
Kw/Design Kw/Design
System Ton Ton
Window Units 1.46 0.32
Through-Wall Units 1.64 0.30
Dweiling Unit, Central Arr-Cooled 1.49 0.14
Central, Group, or Bidg. Cooling Flants
(» to 25 tons) Arr-Cooled 1.20 0.20
(25 10 100 1ons) Air-Conled 1.18 0.21
(25 to 1(") tans) Water-Conled ! 0.94 0.17
(Over 100 tuns) Water-Cooled i 0.79 ! 0.20
e e e e

The operating cost of cooling equipraent during a particular
summer depends of variables such as the amounts of sunshine
and rain, the number of Lhnormally hot or cool days, the efb-
cicncy of the equipment, 2ud the local power rate It is also
fluerced by ninman factors, such as operation of equipment
only during the hottest weather, opening windows at night, and
difference in preferred widoor temperatures. Nevertheless, it is
important that Jending 2gencics and prospecuve buyers of equip-
ment be given a reasonably securate eshimate of the operating
cost during norinal summer weather and under usual operating
concCitions. Adjustments can then be made for any special condi-
tions anticipated. The approximate electrical power inputs for
the various motonzed components in mechanical cycle air condi-
tioners are shown in Table 4.

Energy cost per hour can be estimated by mulliplvim' the
estimmated power per ton, the cooling capacity in tons and the
cost per kilowatt-hour. Thus, the csnmaud cost per hour for a
central 3-ton 2ir conditioner with zn air-cooled condenser will
be 1.63 kw X 3 rons > the electric rate. It is essential to use the
correct step of the utility residential rate structure to get a good
estimate. The basis of the method used requires the nce of a table
of the estimated annual hours of operation for properly sized
equipment in typical cities. See Table 5.~

The values in Table 5 are estimated ranges based on 2 survey
of electric uttlity companies and are based on an indoor tempera-
ture of 75 F. In general, residential units will be toward the lower
end of the range, and light commercial toward the higher.

It must be impressed on the buyer that the energy consump-
tion arrived at by this method is purely an estimate, as it takes
into consideration no abnormally hot weather or the buyer's
preference for lower indoor temperatures.

Water usage is another important factor with water-cooled
equipment. Various manufacturers have published water usage
data for their equipment at varying suinmer water temperatures.
Representative water consumption values are given in Table 6.

. Estimated Equivalent Rated Full-Load Hours of Operotion for Properly Sized Equipment Durmg Normal

Cooling Season

Albuquerque, NM £00-2200
Atlantc City, MJ 500-800
Birmingham, AL 1200-2200
Boston, MA 400-1200
Burlington, VT 200-600
Charlotte, NC 700-1100
Chicago, IL 500-1000
Cleveland, OH 400-800
Cincinnati, OH 1000-1500
Columbia, SC 1200-1400
Corpus Christi, TX 2000-2500
Dallas, TX 1200-1600
Denver, CO 400-800
Des Moines, 1A 6001000
Detroit, M1 700-100C
Duluth, MN 300-500
El Paso, TX 1000-1400
Honolulu, HI 1500-3500

T
i

1]

t
i
|
|

T
i
|
d
|
|
|
|
|
!
|
|

Indianapolis, IN 600-1600
Little Rock, AR 1400-2400
Minneapolis, MN 400-800
New Orlcans, LA 1400-2800
New York, NY 500-1000
Newark, NJ 400-900
Oklahoma City, UK ; 1100-2000
Pitisburgh, PA 900-1200
Rapid City, SD 8C0-1000
St. Joseph, MO 1000-1600
St. Petersburg, FL 1500-2700
San Diego, CA 800-1700
Savannah, GA 1200-1400
Scattle, WA 400-1200
Syracuse, NY 200-1000
Trenton, NJ 800-1000
Tulsa, OK 1500-2200
Washington, DC 700-1200




e

Melting Point Hoat of Tusion ¢ Moot Lanzcity
Materfals °F °C Btu/1bd ki/%q E Btu/ft3 k‘j/m"‘
3) Salt Hydrates
Na2$04 T W/2RH,CY C 1/2RaCY T 10H,0 .55 12.8 78 181 7200 268,265
KZHPO4 : 6”20 52-56 11.1-713.3 47 169 49C0 182,570
Ca(NO3)2 * 4’120 17 47.2 66 154 7650 285,332
N52S203 * 5”20 113-120 | 45.0-48.9 a0 209 9200 342,784
Na2504 * 'IOHZO (Glauber Salt) S0 32.2 108 25) 9900 368,365
MgC'IZ * 6}{2) 239 115 n 165 6340 258,578
P ), Waxes
C14-C16 Paraffin 35-45 1.7-7.2 65.4 152 3185 118,670
C15-C16 Paraffin 40-50 | 4.4-10.0 65.7 | 153 3200 119,229
1 ~ Decanol 40-45 §.4-7.2 838.6 206 4590 171,019
C14 Paraffin 35’-40 1.7-4.4 710 165 3420 127,426
Cl6 Paraffin 58-65 14.4-18.3 36.2 2C0 4130 156,116
P116 Paraffin 116 46.7 90 209 4320 163,155
c) Plastics
High Density Polyethylene 230-255 }110-122.9 108 25 7200 268,266

TABLE 3-2, PHASE

CHANGE THERMAL ENERGY STORAGE MATERIALS
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21 . SOURCES OF INIORMATION

PENNSYLVANIA AVENUE LNERGY CONSERVATION AND ALTERNATIVE
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U.S.A. Climatic Atlas

ASHRAE Guides

Manufacturers Data

Dunham - Bush Screw Compressors
Carrier Multistage Centifugal
Compressors
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