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PREFACE

More than one-quarter of the energy consumed in the United States
is used to heat and cool buildings and to heat service water. Approximately
83% of the energy for these services is supplied from natural gas and oil.
Recognition of the need to conserve these and other natural resources has
been spurred, in large part, by the oil embargo of 1973 and subsequent escala-
tion in fuel prices, by energy shortages, by increasing electricity "brown-
outs" in urban centers, and by the crippling effects of labor strikes and
stoppages in the energy supply industries. In recent years, development and
acceptance of energy conserving systems which avoid dependence on scarce or
interruptible fuels has increased markedly both in the United States and
abroad.

Integrated community energy systems (ICES) are a comprehensive approach
to increasing the efficiency of the varied ways in which energy is provided to
and utilized by a community. ICES also offer opportunities to reduce depen-
dence on scarce resources, protect envirommental quality, reduce costs of
energy and energy-consuming services, and, perhaps most importantly, meet
energy needs without adversely affecting lifestyles.

The ICES approach to meeting these goals is embodied in three levels
of integration. First, by incorporating innovative technology to maximize
the resource-utilization efficiency, energy requirements can be reduced.
Included in this method are cogeneration (or more precisely coproduction) and
cascading uses of energy to minimize the thermodynamic mismatch of source-
energy qualities and actual energy needs. Also included is fuel substitution
in centralized community-scale systems which would be impractical in inde-
pendent, individual-building and separate-service energy systems. Second, by
integrating the energy and energy-consuming systems with the functional design
and layout of the community, load-management advantages can be achieved
and distribution losses can be minimized. At the same time, resource needs
can be reduced through appropriate land utilization and planned growth. And
third, the community systems development is integrated with the financial and
regulatory mechanisms common to communities to permit widespread implementa-
tion.

A specific ICES may consist of either a partial or complete integration
of these approaches, as appropriate to strike the desired balance among a
community's economic, social, envirommental, and energy-conservation goals.
An ICES can be applied to a total community as well as to portions of a
community and the services provided need not be the same for all areas served.
While ICES include a broad spectrum of technologies to meet energy service
requirements, the ICES concept does not arbitrarily define either the energy
services to be provided or the type, size, or function of the area to be
served. As a result, an ICES is tailored for each application. The determina-
tion of the kind and number of energy services provided and the size of the
service area for each such service is based on an optimum combination of
energy efficiencies, indigenous resource and labor supplies, economics,
and envirommental conditions.

Heat—pump-centeréd integrated community energy systems (HP-ICES)
are energy systems for communities which provide heating, cooling and/or
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other thermal energy services through the use of heat pumps. Since heat
pumps primarily transfer energy from existing and otherwise probably unused
sources, rather than convert it from electrical or chemical to thermal form,
HP-ICES offer significant potential for energy savings. By powering these
heat pumps with nonscarce fuels, the use of which would be impractical in most
conventional systems, less-abundant fuels including natural gas and oil can be
conserved. Secondary benefits of HP-ICES include reduction of adverse en-
virommental effects as compared to conventional systems, reliable production
of services in contrast to the increasingly frequent utility curtailments and
interruptions, and delivery of services to consumers at costs lower than
those for conventional systems (including acquisition, operation, and main-
tenance costs).

The report which follows is a result of the System Development Phase of
the HP-ICES Project. The objective of this multiphase project is development
and demonstration of HP-ICES concepts leading to one or more operational
systems by the end of 1984. The seven phases include System Development,
Demonstration Design, Design Completion, HP-ICES Construction, Operation and
Data Acquisition, HP-ICES Evaluation, and Upgraded Continuation. '

This Project is sponsored by the Community Systems Technology Branch,
Community Systems Division, Office of Buildings and Community Systems,
Assistant Secretary for Conservation and Solar Energy, U.S. Department of
Energy (DOE). It is a part of the Community Systems Program and is managed by
the Energy and Environmental Systems Division of Argonne National Laboratory.

The report which follows presents the findings in the development

and analysis of one concept under investigation. This report was prepared by
the Georgia Institute of Technology.
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ABSTRACT

Heat Pump Centered-Integrated Community Energy Systems (HP—ICES) show the
promise of utilizing low-grade thermal energy for low—quality energy require-
ments such as space heating-and cooling. The Heat Pump - Wastewatér Heat
Recovery (HP-WHR) scheme is one approach to an HP-ICES that proposes to reclaim
low-grade thermal energy from a community's wastewater effluent. This report
develops the concept of an HP-WHR system, evaluates the potential performance
and econOmiés of sugh a system, and examines the potential for application. A
thermodynamic performance analysis of a hypothetical system projects an overall
system Coefficient of Performance (C.0.P.) of from 2.181 to 2.264 for waste-
water temperatures varying from 50°F to 80°F. Primary energy source savings‘
from the nationwide implementation of this system is projeéted to be 6.0 QUADS-
fuel oil, or 8.5 QUADS - natural gas, or 29.7 QUADS - coal for the period 1980 -
2000, depending upon the type and mix of conventional space conditioning systems
which could be displaced with the HP-WHR system. Site-specific HP-WHR system
designs are ﬁreSented for two application communities in Georgia. Performance
analyses for these systems project Annpal cycle system C.0.P.'s of 2.049 and
2.519. Economic analysis on the basis of a life cycle cost comparison shows
one site-specific system design to be cost competitive in the immediate marketA
with conventional residential and light commercial HVAC systems. The second
site-specific system design is sHown th;ough a similar economic analysis to be
more cuslly than conventional systems due mainly to the current low energy
costs for natural gas. It is anticipated that, as energy costs escalate,

this HP-WHR system will also approach the threshold of economic viability.
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‘1.0

1.1

SYSTEM CONCEPT

INTRODUCTION

The Heat Pump Centered-Integrated Community Energy System‘(HP—ICES) concept
presented in this report is essentially a cqscaded heat récover¥ scheme which
extrécts low-grade thermal energy from a community's wastewafef effluent by
means of electricaliy driven heat puﬁps. The extracted thermal energy is

distributed into the community via a moderate temperature water piping system.

At each point of end-use the thermal energy is extracted from the transport

medig by uhifafy heat pumps and utilized for space heating burposes.A The
system can also operate in a cooling mode by utilizing the community waste-
water flow as a sink for heat rejected during space cooling. From an energy
utilization standpoint, the concept represents a method of ufilizing portions
Aof the lowest quality energy available in the community energy degradation
cycle.

Figure No. 1-1 is a simplified schematic of the basic system elements.
These elements consist of: a primary heat source, a central station heat
pump, a therma; distribution system, and.individual end-user heat puﬁps.
Detailed discussions of each element will be presented in the following sections.

The technical feasibility of waétewater heat recoveryféppears well within
the realm of believability. Institutional acceptance barriers, economic
viability and the efficiency.of resource utilization by such a scheme are
éomewhat in doubt and will be addressed by various sections of this report
and by detailed.appliéation analyses in the Final Report.

The remainder of this séction will describe each of the system elements,

component configurations, system operating modes, applications and potential

‘benefits from adoption of the scheme. In-depth analyses of system characteristics
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1.2

are presented in subsequent sections.

SYSTEM ENERGY FLOW

~Conventiona1.space coﬁditioning systems utilize high-grade energy sources,
such as natural gas or oil, in direct<comb;stion in building heating equipment
or electricity gene;éted at efficiencies of less than 40 percent. As depicted
in Figure 1-2, botﬁ processes lose substantial amounts of,energy in the con-
version process from primary fuel source to end-use. |

One way to improve the utilization efficiency of high grade energy sources
is to use wasté heat from high quality energy processes to satisfy lower quality
requirements. The effect is to degrade energy quality in a cascading érrange—
ment so ‘that the highest quality energy is ﬁot used to satisfy low quality
needs. |

In the case of our community energy system discussed previously, it may
be possible to utilize waste energy streams from a community's industries,
elec;ric generating plants and other high—grade energy users to éatisfy portions
of ﬁhe community low-grade energy needs such as space heating. Waste heat
utilization schemes such as this Qould lessen the requirements for new highf

grade energy sources and- improve the energy utilization efficiency of the

resources currently consumed by high quality energy users.

One virtually untapped low~grade energy source is wastewater effluent
streams generated by industry, power generation, residences and the commercial
sector. Admittedly,.the desirability of this energy source is low due to its
low-energy quality and contamlualed state, however, thc amount of energy

contained is significant when one considers the quantities involved. If we

are to fully integrate energy use by the community, we must consider every

available encrgy source.
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The energy flow scheme presented by Figure 1-3 is a representation of how
low-grade heat from a community's wasfewater stream could be utilized for
bﬁilding space heating. Heat could be extracted from industrial and residential

. ganiCary sewer effluent and from cooling water streams discarded from powér
plants and industrial users by means of heat pumps. The heat pumps wduld be‘
used to elevate the temperature of the heat sufficiently for u;e in épace
heating.- The Heat Pump Wastewater Heat Recovery Scheme . (HP-WHR) applied to a
community Would require elements which would:

® TInsure adeduate energy. supply to the Community
® Distribute the thermal energy to the Community

® Allow the end-users in the Community to utilize
the thermal energy.

Additionally, the distribution system and end-user heat pumps could dissipate
heat extracted from buildings during the cooling season. This process is

depicﬁed by Figure 1-4.

1.3 SYSTEM DESCRIPTION

A complete description of the HP-WHR scheme fequires a discussion of each
of the system's major compopents, their charactefistics, and how they interact.
Referring again to Figure 1-1, theée-compuﬁeuLs are;

® Primary Heat Source
® (Central Station Heat Pump
L Thermal Distribution System

® Individual End-User Heat Pumps

1.3.1 PRIMARY HEAT SOURCE
The primaty'waste heat source the HP-WHR scheme seeks to utilize is the

community wastewater effluent. ' This source can include sanitary sewer discharges,
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storm sewer diécharges and cooling'water discharges. However, only sanitary
sewer discharges will be addressed in this report;

We are all awafe of the numerous warm water discharges into the sanifary
sewer from our own‘residences. Bathing, cooking, washing and many other home
activities use hot or warm water which is eventually discharged to the sanitary
sewer system. Similarly, but on a much larger scale, industrial and commercial
activities create large volumes of warm water which is discharged to the sanitary
sewer system. Common industrial sources are cooling water, spent process>water,
wash water gnd blowdown from heating and cooling systems. |

| Many disadvantages associated with using sewage effluent are apparent due
to the dirty nature of waste&ater. The incentives which must be kept in mind
when approaching the problem are that the collection system for the energy
qonpained in the stfeam is already installed and new capital is not required
to build the collecfion system. Secondly, the potential for energy recovery
will be greatest where it is ﬁeeded most, i.e. in heavily populated, dense
metropolitan areas.

Ihe most.important characteristics of the sewage effluent will be its
quantity, thermal quality and physical properties.l These characteristics will
of cdursé, be site specific and vary someﬁhat on a daily, weekly and seasonal
baéis. It is possible to make several general comments about the.naturé of
each characteristic.A THe quantity of wastewater from 'a community is'generally
'expresséd by sanitary engineers in terms of gallons per day. On an hourly
basis the:flow can vary substantially over weekend and holiday periods in

areas where there are a large number of industrial discharges.
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One other significant factor that can influence the quantity of wastewater
is ground and surface Qater infiltration. Infiltration of ground and surface
Water.into the sewer systeﬁ will vary seasonally and with the'age‘and design
of the sewer system. In older systems where storm and sanitary sewers are
comﬁined, an extreme variation in flow of several hundred percent can occur
during heavy rains. Additionally, tﬁe influx of surfaée water dgring the
winter months will tend té lower sewage temberatures. This could be significant,
especially where meltiﬁg snow infiltrates into the sanitary sewer system.

Thermal quality of the wastewater will vary according to.site specific
conditions. IndustrialAwaste streams tend to be at higher temperatures than
residential discharges. For that reason, communities with high'industrial
concentrét?ons may éffer mqrg.potential‘for energy recovery than strictly
residential communities. It is even concéivable that some wastewater effluents.A
may be utilized without the need for an initial tempgfaﬁhre boost by the cep;rél

station heat pump.
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In4predominantly résidential communities there will be some concern over
the'ghefmalvcontent of the wastewater streams being tapped. Typically, waste-
water treatment systems are designed to operate satisfactorily at the lowest
wastewater temperatures that might be expected in the particular region in
which the treatment facility is to be located. Ihdeed,'a thorough search of
literature on wastewater treatment revealed that actual plant influent tem-
peratures are not generaliy considered or required in the design of treatment
systems. Consequently, it is rare for existing tfeatment plants to record
thg temperatufe of the plant wastewater influent. The only regulations now
existing deal with the thermal pollution of the body of water receiving a
‘wastewater treatment plant's discharge and thus are meant to restrict the
maximﬁm temperaﬁure of discharge. Obviously, the operation of an HP-WHR
system in conjunction with a wastewater treatment system could significantly
affect the operating conditions and thus the treatment efficiency of the waste-
water facility. The potential effects are discussed in more detail in
Chapter 5.0 - ENVIRONMENTAL IMPACT. In general though, the change in operating
teméeratures must be given cénsideration during the design phase of new
wastewater treatment plants to properly size biological treatmenf units or,
when exisitng plants are considered for retrofit of an HP-WHR system, to
predict lost treatment efficiencies. However, it is anticipated that, as
long as the discharge quality and temperature of the effluent from wastewater
facilities serving in conjunction witﬁ HP-WHR systems meet existing require-
ments, no further regulations regarding effluent temperature levels will be
necessary.

The lack of temperature data will hinder initial HP-WHR system designsf

However, if the concept appears feasible, temperature measurements are relatively

11



simple to‘obtain with‘recording thermometers. The necessary medsurements will
be discussed further in Chapter 8.0 - COMPONENT TESTING.

A lower temperature limit approaching ground tempetature seems appropriate
for most sewer collection systems. Since gtound temperature is relatively
constant throughout the year and is considerably above-ambient air temperatures
in thevwinter months, it would appear that evenbin the worst case the waste-
water stream would be preferable as a heat source to the lower temperatorel-
ambient air.

Physical properties of wastewater streams deserve special attention on a
site specific basis. Like the other properties of effluents, industrial dis-
charges will introduce a variety of contaminants into the -sanitary sewer system.
In some cases the. corrosive or fouling neture'of industrial discharges may
render the wastewater stream unusable.

As a rule, the sanitary sewer effluent entering a sewage treatment plant
will have ‘the viscosity and density which is approkimately the same as pure
water. The major impurities in the effluent are,suspended particles which may
be removed by settling or filtration, colloidal particles smaller than 1uM,
dissolved impurities such as volatiles and minerals and, of course, a con-
siderable microbiological population. A typical analysis of impurities in
sanitary sewer effluent will be as follows:

300 mg/liter Suspended Solids
500 mg/liter Dissolved SolidsA
The remainder of'the~effluent is essentially water.

The impurities normally found in municipal sewage are routinely handled
by conventional treetment practices. The'highly polluted nature of the
effluent has caueed designerS'to avoid using it whenever possible.due to

expected fouling problems.
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1.3.2

In the actual design of an HP-WHR scheme, considerable attention will be
réquired to provide adequate fouling allowances for heat transfer surfaces
and provisions for cleaning and inspecting components subjected to contact

with effluent streams.

CENTRAL STATION HEAT PUMP

The Cenpral Station heat pump equipment element of the system will serve
to extract energy from the primary heat source and elevate its temperature
sufficiently for distribution and use throughout the community. Although only
one unit is shown throﬁghouﬁ the schematics in this report, it may be advan-
tageous to.achieve the desired temperature elevation or improve part load
performance characteristics.

Central station heat pumps have been used extensively over the past
thirty years in business and industry. The most notable example of this is
"water chilling" machines used by the air conditioning industry in large scale
bﬁilding air conditioning. The central station heat pump used in the HP-WHR
scheme will be similar to the machine used for building air éonditioning éystems,
except.selection procedures will be modified for the required service conditions.

The central stétion heat pump operates on a closed reffigerant cycle don—
sisting of working fluid compression, condensation, and evaporation. Typically,

the working fluid will be one of the freon refrigerants selected for charac-

_teristics suitable for the temperature rise required and the machinery's

compressor characteristics.

" The evaporator and condenser heat transfer components are commonly shell
and turbe heat exchangers comprised of steel shell and non-ferrous tubes.
bepending on temperature rises and flow quantities, the water in the tubes may

make multiple passcc. Tube material and thickness is of special importance in

13



the HP-WHR scheme due to the abusive nature of wastewater effluent. Some
experience may be required before an optimum heat exchanger design can be
settled on for this application.

The compressor of the central station heat pump can be of the reciprdcat—
ing, screw or centrifggal type driven by an electric motor. In practice, it
is anticipated that the reciprocating éompressor will have little applicability
due to its limited capacity and somewhat lower operating C.0.P. than centrifugal
or screw type compressors; For the purposes of this study, a cénﬁrifugal
compressor is used as the éentral heat pump since it is widely used by the air
conditioning industry for central station air conditioning applications in the
temperature raﬂges suggested.

A screw compressor will have similar performance characteristics to the
centrifugal type. However, commercially available units have somewhat lower
capacity than their centrifugal counterparts. In some cases a screw compressor
ﬁay bevédvantageous due to its ability to operate at higﬁer temperature and
pressure differentials.

The compressor qf the central station héat pump is thus assumed to be a
centrifugal type driven by an electric motor. Capacity control will be accom-
plisﬁed by inlet vanes to the centrifugal impeller. It is also anticipated that
the machine will be a hermetic design, thus allowing the refrigerant to absorb
the heat given off by the electric motor.

Figure 1-6 is a performance curve for a typical central station water
chilling ;Achine used in heat r;covery applicafion. The data is presented in
terms of Heat Réjection Factor (HRF), which is a ratio of the heat rejected at
the condenser to heat absorbed by the evaporator. For refrigerant-gas-cooled

hermetic compressors the Coefficient of Performance is defined approximately
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1.3.3

by the follbwing formula:

COP = [HRF x .991/[HRF - 1]

)

- Note that the on-site COP -of the central machine is quite high, ranging from

5 to 7 for the machine shown in Figure 1-6, .In actual practice machine COP
could be maximized within economic constraints by judicious selection of
central station heat pump components. The overall coefficient of performance
of the central station will be reduced somewhat by power requirements for

auxiliary equipment such as pumps, controls, etc.
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Similar performance data for cooling COP's are available from equipment
manufacturers or may be derived from the ICES Technology Evaluation Number

ANL/CES8/78-2 entitled,."Central Cooling-Compressive Chiller"; J.E. Christian,

1975.

THERMAL DISTRIBUTION SYSTEM

Two types of thermal distribution systems were considered for use with

the HP-WHR system. One system would utilize portions of the wastewater which



1.3.4

has been ciarified to transport thermal energy from tﬁe central station to the
end-users. 'Once_the energy was éxtracted from the tréngport media it would be
discarded to the sanitary sewer system and returned to the waste treatment
plant.

The other distribution system'wouid be a closed loop ciréulating system
utilizing'supply and return piping from the éentral heat source. The closed
loop circulating system is commonly used in heating and air conditioning systems
or thermal energy tfanspbrt; |

Both thermal distribution systems would incorporate some form of storage
component to proyide for optimum storage of heat extracted from the primary
heat source and for adequate peaking capacity during maximum energy demand
periods.

The numerous problems associated with the proposed utilization of clarified
wastewater for a thermal transport media lead us to adopt a more conventional
circulating water system as a basis for analysis. The clarified wastewater
scheme is presented in Chapter 7.0 - IDENTIFIED VARIATIONS for consideration

in specialized cases,

CLOSED LOOP SYSTEM

A closed loop thermal distribution system would incorporate supply and
return piping mains throughout the community. This would allow the transport
media to be returned to the central station to be regenerated.

Closéﬁ 1odp circulating water systems are commonly used in heating and air
conditioning éyéteMS and indust}igl pfocess applications. The advantage of
the closed loop system is primarily its freedom from external contamination.

Its disadvantages are higher installed cost and greater pumping friction loss

due to the increased distance of pressure-flow piping.
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‘/" It is anticipated that the energy requirements for thermal transport
media circulation could be minimized by proper design of the puﬁping system to
incorporate variable pumping or parallellpump staging. Likewise, two pipe
circulating Systéms will enjoy some installation economies since trenching and
associated construction costs for one or two pipes are eséentially the same.

One final paragraph concerning either system is appropriate on the subject
of piping materials. Recent advances in piping materials have made plastic-
type piping almost an industry siandard for municipal water distribution piping
systems, The low termperature application discussed here will be constructed

.with plastic or fibefglass piping, taking advantage of the latest cost reduction

techniques.

1.3.5 THERMAL STORAGE

Regardless of tﬁe type distribution system selected, it will generally
be desirable to include a device for storing the thermal energy extracted from
the wastewater stream and apportioning it to the community as required. Con-
sideration of the storage volume will be of prime importance when actual design
is undertaken.

In most cases it is anticipated that the quantity of transport media will
dictate some form of underground, covered vessel. To be cost-effective this
may take the form of a plastic-lined earthen reservoir with a floatiﬁg or air-
supported canopy.

Iﬁ the case of a clarified wastewater system, it may be advantageous to -
split the storage requirements between underground and elevated vessels. This
would allow optimum pump sizing since peak flows could be supplied from the

elevated tank, as in potable water systems.
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1.3.6

1.3.7

SYSTEM INSULATION

Insulation for'piping and thermal storage systems Will have to be evaluated
on a case?byfcase basis. Thg systems presented in»tbislreport assume that
distribution systém thermal losses will be kept to a small percentage of the
heat content of the transport media.

Calculations presented in the analysis section of this report for the

thermal losses from buried plastic pipe at low temperature differentials are

expected to indicate that underground pipe insulation may not be cost effec-
tive. For that reason, the analyses presented in this report assume no thermal

insulation on the underground piping system.

END-USER HEAT PUMPS

The end-user heat pump system utilized in the HP-WHR scheme would be the .‘.
type commercially available in the 1/2 to 25 ton cooling range. No substantially
different application techniques from common pracpices currently employed are
anticipated for the end-user systems.

An excellent technologyleyaluation of unitary water-to-air heat pumps is
available in a report by the same name prepared by J. E. Cﬁristian of the Qak =
Ridge National Laboratory ANL/CES/TE 77-9 (Reference 7). Figure 2.1 of that_ 
report is included here as Figure 1-7 and serves té describe the operation of
the unitary water—£o—air heat pumps which will be utilized by this scheme.

Performance characteristics vary substantially with manufacturer and size
of the specific equipment. Typical manufacturer's COP's at standard rating
conditions range from 2;5 to 3.4 on the heating cycle and from 2.44 to 2.66
on the cooling cycle. PartAload and seasonal performance factors will also
vary ;subs tantially.

The use of a relatively constant température water source offers substantiﬁ1

energy performance improvement and the promise of more reliable system

18



COMPONENT DESCRIPTION

The water-to-air heat pump actually is a reverse-cycle, self-
‘contained refrigeration system as sho&n in Fig. 2.1. 1In the cooling cycle,
heat is absorbed through the air coil from the conditioned space and trans-
ferred through the refrigeration process, to water circulating through a
water-to-réfrigerant heat exchanger. 1In the heating cycle, heat is absorbed
from water circulating through the water coil and transferred to the air
coil by the refrigeration process where it is then supplied to the space
beiné heated.
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1.4

1.4.1

operation. Improved'heating performance is éspeciall& at;réctive when compared
to air-source Heat~pumps due to the absence of the aftending defrost cycle and
supplemental electric strip heat output. |

Heat pump technology hag advénced'copsiderably over the last few years.
Further impfovements in new heat‘pﬁmp design can be expected in the areas of
compressor capacity control and prime mover types. Widespread interest in.
water-to-air heat pumps for residential use should produce even further improvef

ments and -decreased unit costs associated with increased quantity production.

SYSTEM OPERATION

The Heat Pump Wastewater Heat Recovery Scheme presented in this report
is intendgd to operate in a heating and cooling ﬁode. Actual operating pro-
cedures will vary with the size and complexity of the system so for simplicity's
sake the description presented here will coﬁsider only a minimal number of

functional components.

HEATING MODE

A schematic of the HP-WHR system operating in. the heating mode is presented
in Figure 1-8. A clarified wastewater thermal transport media is utilized.

In.the heating mode, wastewater effluent enters the treatment plant and
goes through a primary clarification process, then passes through the evaporator
of thevcentral station heat pump.. A retention pond is shown immediately after
the primary clarification process to level out diurnal peaks in the sewage
flow. After passing through the central heat pump, the wastewater effluent
continues through the sewage treatment process.

The thermal transport mediavis circulated between the central heat pump
condenser, where it picks up heat, and the storage vessel. A mixing valve is

provided in the storage vessel to indicate that full advantage of thermal

20
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stratification will be taken.

The thermal transport media is drawn from the storage vessel in response
to system loads. Primary distribution lines would have some recirculation or
pressure relief to insure a constant supply temperature during low load periodé.

Each end-user heat pump would be cycled in response to a space mounted
thermostat. Used transport media would be returned to the distribution system
according to individual heat pump requirements. When the unit is inactive, no

transport media would be consumed.

1.4.2 COOLING MODE

A schematic of the HP-WHR system operating in the cooling mode is presented
in Figure 1-9. A recirculating thermal transport media is utilized.

In the cooling mode, wastewater effluent enters the :condenser side of the
central heat pump and then passes on to normal sewage treatment practice. Warm
thermal transport media is extracted from the storage vessel, cooled and then
recirculated to the storage vessel. The thermal transport media is then drawn
from the storage vessel in response to system loads.

Each end-user heat pump would bé cycled in response to individual build-
ing loads. Heat would be rejected by the pump to the transport media acting
as the heat sink. Spent transport media would be returned to the distribution

system according to individual heat pump requirements.

1.4.3 PART LOAD OPERATION

The HP-WHR schematics presented in this section offer considerable
flexibility for full and part load operation. Leveling wastewater flow over
an 18 - 24 hour period will allow the central station heat pumps to

operate under relatively constant high load factors. This will also
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1.4.4

>

allow the most cost-effective sizing of the central station equipment

since peak community thermal demands will be met from the transport media
storage vessel.

SIMULTANEOUS HEATING AND COOLING

During mild weather conditions it is probable that simultaneous
heating and cooling will take place throughout the system at different
end-users. This will be especially true where there are commercial buildings
mixed with residential construction.

In general, this operation will tend to benefit the heating performance
of the system since less heat will need to be extracted from the waste-
water stream. In effect,the heat pumps and distribution system will be
transferring unwanted heat from the air conditioning process to heating
needs throughout the community.

OPERATION AS A THERMAL UTILITY

The wastewater HP-ICES was originally conceived without regard to

how the system would be owned and operated. In general, however, it appears

that the system could be most advantageously operated as a thermal utility.
Operation as a thermal utility would require that the central heat
pump, distribution pumps, and distribution system be owned and operated
by the utility. Energy supplied to the end-users would be metered at the
point the end-user connects to the distribution system. Each end-user
would own and operate his own water-source heat pump system in order to
use the thermal energy supplied by the utility company.
It is conceivable that any number of utility arrangements ranging
from landlord owned and operated systems in a building complex to metro-
politan systems owned and operated by municipal governments would be

possible. A private utility company scheme could also be initiated.
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An especially attractive arrangement would be a municipally owned and
operated thermal utility serving the community's rgsidential and commercial
customers. Under this scheme the central heat pump and distribution system
could be operated similar to or as a division of the water and sewer depart-
ments., Administrative matters pertaining to finance and revenue collection
could be hgndled in a manner similar to water and sewer services,

The municipally operated ugility scﬁeme would enjoy a number of
advantages including: overall responsibility and control of water, sewer
and thermal energy distribution systems, the ability to finance the system
through municipal bonds, administrative, operating and maintenance personnel
familiar with utility operations and water distribution through piping
systems. Municipal governments will also be better able to accept the
risks associated with long term ownership and operation of the HP-ICES
concept.

SYSTEM APPLICATIONS

The wastewater HP-ICES concept may be applied to both new construction
areas and retrofit situations. In evaluating an application of the concept,
consideration must be given to both new and retrofit conditionmns.

In general, it is anticipated that each end-user will own and operate
his own water-source heat pump system. In operating his system the end-
user would buxchase thermal energy from the thermal utility either on a
Btu basis or water fiow rate basis. There are, of course, special cases
such as a building complex of rental units where ownership may be retained
by the landlord and thermal energy may not be metered.

It is apparent that new construction will offer the most potential
for economic inclusion of the wastewater HP-ICES concept. The advantages

seen in new construction projects include lower initial cost for end-use

25



systems, a minimum amount of prejudice associated with changing existing
systems, and overall distriﬁution system installation economies associated
with initial infrastructure construction (such as common trenches for thermal,
water, and sewef,utility systems).

Thé more difficult case is the re;rofit‘situation where the thermal
utility must be installed in existing areas requiring relatively expensive
unitary installation costs and the retrbfit of conventional end-use systems.
In any event, the retrofit case will be the ﬁore expensive per unit and will

make the HP-ICES more difficult to economically justify.
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2.0

2.1

2.2

2.2.1

POTENTIAL APPLICATIONS

INTRODUCTION

The goal of the developing Integrated Communify Energy System (ICES)
technology is to optimize the available resources in meeting the energy
needs of various communities through ne;‘and innovative methods. While
the primary products of a Heat-Pump-Centered Integrated Community Energy System
(HP-ICES) are low-level thermél énergy services for space heating and/or
cooling needs, the ultimate determination of the kind, number, and amount
of energy services provided should be based on the optimum combination of
energy efficiencies, economics, and environmental considerations. In the
sections of this chapter, factors affecting the potential for application
of this particular HP-ICES, inéluding availability of resources, climate,
economic considerations, institutional/community factors, system reliabil—
ity, and unique application conditions, will be discussed.‘ From these
considerations, a projection of the potential for application (through the
year 2000) will be developed.

FACTORS AFFECTING APPLICATION

The aim of an ICES is to optimize energy usage in a community, taking
into account the many factors that may affect that energy usage. The

focus of this section of Chapter 2 will be to catalogue and.discués the

.more importarnt factors that will determine the applicability of this HP-

" ICES scheme to various communities.

AVAILABILITY OF RESOURCES

A viable but.pfesentlv untapped source of low-grade thermal energy
is the heat discharged during domestic energy usage and rejected
heat from industrial processes.. Very low-grade thermal energy, degraded

from higher quality sources through domestic chores such as cooking,
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. washing, and bathing, is regularly discharged from the individual house-
hold because of its low thermodynamic availability. Likewise, waste

heat from industrial processes and heavy machinery cooling systems is’

1" "

discharged because of its low thermodynymic availabilify. A common ''sump
for this low-~grade thermal energy is the sanitary sewer éqllection'system
in the community. Depeﬁding on the size and make—up of the community, and
the degree df development of the attending sénitary sewer systemn, billions
of Btu's per day may be available from this thermal source. The assump-
.tion that the energy availability of this source hinges upon'is that the tem-
peratﬁre of the community‘wastewater effluent will be highér than dr equal
to ground temperature. Several site-specific variables may afféct the
effluent temperature by a few plus or minus degrees, but preliminary in~ -
vestigation seems to validate this assumption. A quick estimate of the
energy available from this source can be developed from flow and tempera-
ture data for each site of application. The principal advantage of utilizing
this source is that it would be almost universally available; a community
large enough to consider an integrated energy system would in all probability.
have an interceptor sewer system and/or trea;méntlfécility cépable of
supplying enough thermal energy to make this scheme technically feasible.
A second major advantage is that the thermal source would require no addi-
tional intefface with the éentral station heat pump equipment(i.e. the
effluent could be piped directly to thé céhtral heat pumps).

0f course, several other thermal.energy sources, such as'solar,
combustion of solid or gaseodus wastes, or composite energy sources could
_be considered for easy adaption into an HP-ICES scheme. However, since
a community with a thermal energy coﬁsumption density sufficient to justify

an HP-ICES would likely have a well-developed wastéewater collection system,
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2.2.2

Qastewatér heat récovery will Ee evaluated as the primary thérmal energy
source fof this particular‘ICES scheme. Other variations in energy source
are discussed in Chapter 7 - IDENTIFIED VARIATIONS.
CLIMATE

It was mentioned in the preceding section that the base assumption for
application of this scheme was that the minimum temperature of the wastewater
effluent would be approXimafely equal to ground temperéture. It is obvious

from this assumption that climate will have a significant influence upon

the operating conditions of the system by affecting the conditions of the

thermal energy source, as well as affecting the capacity‘df the main heat
pump components, and the-heating/cooling loads at each end-user location.
The conditions at the thermal source aré site-specific (with climatological
influences) and should be documented according to the recommended measure-
ments discussed in Chapter 8 of this report. The addition of auxiliary
thermal energy sources may also significantly affect the initial conditions.
Climatologicai areas of the U.S., and the resultant typical heatiﬁg loads
and system capacities, have been well documented and will be discussed'in
this section. |

For Fhe purposes 6f analyzing heating and cooling loads, the United

States can be divided into climatological sections according to the number

" of degree-days in a heating or cooling season. (A degree-day is based on

the difference between actual average outside dry bulb temperature and a
65°F comfort index. As an example, one day with an average temperature

of 50°F equals 15 degree-days heating: [(65° - )" x No. days].

Toutside

Figure 2-1 shows the heating degree-day regions in the continental U.S.
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SOURCE: * Energy Use and Conservation In The Residential Sector: A Regional

27
Analysis, Rand Corporation

(Heating Degree-Day Map of The United States)
" FIGRE 2-1
In a study entitled "Heat Pump Technology" by Gordian Associates10

a comprehensive computer simulation of the heating and cooling load of a
typical residence and commercial building was developed. As input, the
program required various parameters such as building conétrnction details
and materials, orientation, geographic location, and local weather condi-
tions. (Bu}lding details for the simulation model are contained in Appendix
"A .) With the validated computer @odel, the éubject buildings could be
artificially moved to any climaéic ;egion in the country to obtain typicall
heating and cooling loads. Programs were run for 9 cities in the continental

U.S. (Weather data for the test cities is shown in Table A-1 of Appendix A.) -

The results show loads in the commercial building ranging from 166,510 Btuh
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heating in Concord, N.H. to 206,119 Btuh cooling in Héuston, Tx. and in the
residential building ranging from 52,088 Btuh heating in Concord to 38,351
Btuh cooling in Tﬁlsa, Okla. :The tabulated results éf the simulation can be
found in Tables A-2 and A-3 in Appendix A. 1In gengral, the simulation showed
thét the heating and éooling load and the system heating or cooling capacity
is dependent on outdoor temperature. This generalization from the compﬁter
~simulation aérees with the performance-data available from the equipment
manufacturéfs - i.e., sensible and totél (sensible + latent) cooling caﬁa—
cities.are functions of indoor wet bulb and indoor and outdoor dry bulb
temperatures. While the practice of artificially ‘relocating the simulated
buildings to different climatic regions may not give an entirely accurate
indication of the community heating load to be placed on a proposed HP-
ICES because of regional discrepancies in building construction and community
composition and layout, it is effective to illustrate strictly thé cLimatic
effecf on Heating and cooling loads. |

It must be explained at this point that the type heat pumps proposed
for use iﬁ the'HP-WHR scheme, water-source heat pumps, offer an advéntage
oveé the air-to-air heat puﬁps modeled in the computef program, especially
in the colder regions; In the heating mode, with ambignt»temperatures
lower fhan 47°F and relative humidities higher than 60%, staﬁdard éir—to—
aif heat pumps show the tendency td frost on the outside (evaporator) coil.
To remove the frost, the '"defrost cyéle" is automatically engaged and
heat is taken from the conditioned space aﬁd circulated to the outdoor
coil to melﬁ ;he ice build-up. Essentially thé unit is cooling the con-
ditioned space during the duration of the defrost cycle, and the inside

air must be tempered with auxiliary electric strip heat. The overall
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result is a lowered.Coefficient of Performance (C.0.P.) for the air-to-air
heat pump unit. Since, for a water-source heat puﬁp, the heat exchange
takes place with a water supply that is kept at temperatures well above
thé freezing poipt, no defrost cycle is needed. Therefore, the water

- source unit offers a higher C.0.P.

Because of the above-mentioned problem with icing on the outdoor coil
and the required defrost cycle, (air-to-air) heat pumps have had higher
‘acceptance in the regions of the U.S. with a small-to-moderate heating
requirement and a'propértionately lérger cooling requirement (potably the
South). Howevér, with the thermal energy supplied in a circulaping water
medium and transferred (in the heating modes) into the conditioned épace
via a water source heat pump, and with a stable thermal enefgy supply (such
as wastewater effluent), it is expected that system performance (in terms
of overall C.0.P.) would be acceptable in any of thé climatic regions of
the U.S.

Climatic differences will obviously affect system sizing. From data
" developed in the subsequent chapters detailing performance and economics,
it appears that anHP-WHR system sized at 1000 tons (12,000,000 ﬁtuh ex—
tractionirate) and requiring a 3.0 MGD wastewater flow as the thermal source
would serve approximately 470 typical homes in a New England clime (6820
Degree-days heatihg and approximate peak load of 41 MBtu/home) compared
to 980‘typical homes in a Southern clime (2350 Degree-days heating and
approximate péak load of 21 MBtu/home). To generalize the climatic
. effect on system sizing,-systems located in colder climes will serve pro-
portionately less end~users than systems in the warmer climes for a given
size of central station installation. As a corollary, éervice to a given

.number of end-users will require a larger central station heat pump and
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proportionatelf more wastewater flow, in the colder climes.

Cliﬁatic influences may also affect the applicability of the HP-ICES
conéept in an indirectvmanner. Building design and construction and commu-
nity composition and layout vary noticeably from climatic region to region.
'Eor example, iﬁ the colder northeast regions, housing patterns. tend to be
more dense, the structures more well inéulated, and typically there is a
higher degree of industrial development for a given size community. These
characteristics make the application of an HP-ICES desirable in these
areas for the following_feasons; the denser housing patterns make instal-
lation of é thermal énergy distribution system more cost effective; better
insulation decreases somewhat the heat loss from structures; and waste
heat rejected from industrial processes into the_community's wastewater
collection system increases the amount of thermal energy available for ex-
tfaction.with an HP;WHR system. However, indirect effects such as these
are difficuit, if not impossible, to quantify through calculations'in
order to determine their effect on the feasibility of the HP-ICES con-
cept. They will figure significantly, though, into the technical and eéo-
nomic Qiability of a system as determined in the site-specific perfo?mance
and economic analyses.‘

Unfortunately, it is beyond the scope of this study to deveiop detailed
éuidelines for determining the applicability of an ﬁP-—ICES on the'basis
of climatic factors. Instead, theAmethodologyAfdr evaluating the cliﬁatic
influences on tﬁe-feasibility of such system on a site-specific basis will
be deVelqped in the fart II analysis of the demonstration communities.
However, to summarize the previous discussions: '1.) Climate will directly

affect the thermal demand related to space heating and cooling that will
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be placed on an HP-ICES. 2.) System design and sizing (including
determiﬁing the number of end-users to be served by the éysfem) will
directly depend on the thermal demand on the éystem and thus will be
.affected, in turn, by climatef 3.) Indirect climatic effects seen in
building copstruction and community composition will influence the feasi-
bility of an HP-ICES, albeit through the procedures for performance and
economic analysés. 4.) System performaﬁce (in terms of overall energy
effectivéness) is expectéd to be acceptable in any of the climatic regions

_of'the U.S.

2.2.3 ECONOM'Ib CONSIDERATIONS

A critical factor in judging the acceﬁtability of an HP-ICES to the -
community is cost—effecti?eﬁess. "It should be stressed that, although
the saving of fuel may be én acknowledged goal for the country, in a free
market the individual consumer is expected only to pay for.efficiency to
the extent that the added investment could potentially be recovered through
the savings in fuel consumption."10 Thus, consumer acceptance can be ex-
pected to hinge upon a favorable comparison of savings in energy costs vs.
additional cost of the individual heat pump unit plus the thermal utility

expense. . The factors entering into this comparison can be expressed in

+ an equation. for annualized cost:

Annualized Cost (Installed Cost) x (Capital Recovery Factor)
+ (Annual Energy Use) x (Unit Price.éf Energy)
+ Annual Maintenance
An HP - ICES can be céteédrizéd as a'capital intensive venture by
virtue of the large first-cost associated with constructing the Cengral

Station and distribution system. Such an installation effectively central-

~izes a major portion of the energy-related expenses and offers the economies
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of scale available in the form of municipal or institutional energy rates.
Being a capital intensive venture, though, the economic viability of such

a system will be significantly affected by the availability and cost of
capital. Inflationary trends will increase the installed cost of an ICES
(note the importance  of installed cost in the equation for ahnualizéd cost),
thus adversely affecting the availability of capital for such a system.

The current cost of capital would also figure prominently by way of in-
fluencing:the capital recovery factor. As costs and interest rates rise,
either independently or jointly, the result will be a higher system
annualized cost which must be apportioned to the end-users by means of the
thermal utility charge.

quividual end-user space conditioning systems, on the other hgnd,

can be categorized as energy intensive systems. The affects of inflation
on system installed costs and on availability and cost of capital are rarely
noticed because of the proportionately small expense of the system as com-
pared to the overall éost of a residence, especially when the system costs
are amortized through a typical new home mortgage. Escalating energy costs
-(which translate into higher operating costs for space conditioning) are
immediately noticed by the consumer, however, because this poftion of the’
annualized system cost is paid "out-of-pocket.'" Because consteré have
beéome so energy conscious of late, the rising trend of energy costs may
lbe regarded as a major accelerating economic factor favoring an HP—ICES.

In fact, purchascrs‘of‘space cnndifioning equipment have indicated in re-
cent surveye (Arkansas Power & Light Co., 1974,1 Professional Builder,
‘197626) that lower operating and maintenance‘cost expectations were reason-
éble justification for purchasing a heat pump, and that an additional in-

vestment of up to $600 for energy comservation would be acceptable if the
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2.2.4

10
payout were within six years.

It must be explained at this point that there is a trade-off to be

" optimized according to the end-users' best interest. If the consumer is

to be expected to finance ﬁhe incremental cost of a heat pump over con-
ventional residential space conditioning alternatives, the Central Station
and distribution system of an HP - ICES must be financed at the most advan-
tageous costs and rates so that, when the annualized cost of the system is
apportioned to the end-users through the thermal utility charge, the cost
of the thermal utility plus the nominal charge for energy (electricity)
required to run his system will compare favorably with the energy chafge
that could be expected for running a more conventional residential space
conditioning system so that the expected'paybéck period on the end-users'
.equipment yould fall within an acceptable range.

It is expected that installation costs for an HP-ICES will remain
well within the reasonable range. The major effect of high costs and
interest rates would be to make the system less cost—compétitive with other
individual end-user system alternatives and thus slow the rate at which
new, customers would be attracted to tie-in to the system.

INSTITUTIONAL/COMMUNITY CONSIDERATIONS

Acceptance of an 'HP-ICES in the community will depend heavily upon
the acceptance from the individual consumer. Heat pump equipment marketed

in the 1950's and early 1960's had serious broblems with performance and

" reliability, in addition to substantial problems with installation and

servicing. The net result of these compounding problems was a general re-
jection of heat pump equipment by the public. However, recent strides

in improving performance and the current focus on energy conservation

~seem to be changing the attitude of the consumer. Recent surveys have

shown that consumers would be willing to invest the additional first cost
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of a heat puntp (up to approximately $600) for the improved pe;formance and
lower operating and maintenénceAcosts. A brief look at consumer demographics’
sufports this contention; the 1976 average new home cost of $48,600 indicates
that the housing market has shifted to a position where the heat pump could
be considered an alternative for the avefagé new rééidential building. Non-
residential consumers seem receptive to th; heat pump market if an economic
analysis of system owning and operating costs projects a payback period of
from two (2) to five (5) years.

One potential stumbling block to community acceptance may be require-
ments set forth in state and local building codes. There are no specific
prévisions in the model building codes recognized by HUD and HEW (codes:
BOCA, ICBO, National Board of Fire Underwriters, Southern Building Code
Cohgress International) that cover heat pumps, althouéh various related
sections that'céver mechanical refrigeration, electric strip heat, and
geperal electrical rquirements will apply. Generally, ﬁhough, there are
no prbvisiﬁns in the model building codes that are seen as overly restrictive.

A provision in the California Energy Code stating that electric fesié—
tance heatiﬁg cannot exceed 10 percent of the building spéce heating requife—
ment (for non-residential buildipgs) may prove trdublesome. The electric
strip heat of an air-to-air heat pump would fall under this restriction.
However, it should be noted‘that, since the thermal energy in this HP-ICES
is suppligd in a circulating water medium whose temperature will not fail
below the (water source) heat pump halance point, the use ofvauxiliary
electric etrip heat is nont anticipated.

Separate performance codes for heat pumps based on the ASHRAE 90-75
performance étghdard (American Society of Heating, Refrigeration, and

Air-Conditioning Engineers, Inc.) are now being developed by the model
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2.2.5

code organizations. However, since the codes are being developed from

standards already generally accepted in the industry, these new provisions,
whose requirements are presented below, are not seen .as inhibiting factors.

MINIMUM C.O.P. REQUIREMENT

OUTDOOR TEMP. °F BY 1/1/77 , BY 1/1/80

47 Dry Bulb, 43 Wet Bulb 2.2
17. Dry Bulb, 15 Wet Bulb 1.2

2.5

1.5
A last major question in the community acceptance of an HP-ICES

is whether the community, as an entity, will aécept the idea qf an addi-'

tional muhicipal utility, to be billed in.the same manner as electricity,

water usage or natural gas. The growing acceptance of the public to heat

pumps, plus the growing concern for energy conservation seem to indicate

a receptiveness on the part of the community. However, the ultimate accept-

ance will depend upon the understanding of the benefits of an HP-ICES:

its improved performance in the task of space conditioning (as compared

to'thelmore conventipnal end-user systems) and the resulting co;t-effec—

tiveness of such a system. Some form of community education may be nec-

essary to facilitate community acceptance on this basis.

RELIABILITY

Overall system reliability Qill depend upon two factors: reliability
of the energy supply and its associated éonversion/delivery equipment, and
the reliability of the Central Station héat pump equipment. Tn the resi-
dential sécto;, a reliability bonus is offered with this system in that
the end-user will utilize a water source heat pump.

An additional consideration in specifying an energy source for a

particular site of application is the degree of reliability that could be

. expected from each available source and its associated equipment.” One
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ﬁrinéipal reason, aside from availability, that solar energy or waste heat
recove?y boilers are not utilized as primary energy sources is the inter-
ruptable nature of the energy supply. A solar supply has the obvious dis-
advantage of overcast skies. A waste heat recovery boiler has a two-fold
disadvantage in its dependence on a suﬁply of prepared fuels such as trash
or wood séraps (difficulties af the processing station or in £ransportation
would effectively shut down the boiler station), in addition to the need

for periodic maintenance (as per insurance regulations and various pressur-
ized boiler codes) and the potential for forced outages. Wastewate; effluent,
'én the other'hand, is a continuous process flow that should provide a

fairly constént energy supply. Flow quantities through the sewage treat-
ment plant are cyclic, on daily and weekly patterns,'but most treatment
plants have a recirculation provision for the minimum required flow throﬁgh
the plant that may be utilized as a second tie-in point on the energy source.
‘Some allowance can be made for down time on the enérgy supply subsystem |
in sizing the thermal storage capacity in the system. However, engineer-
ing judgement dictates that the least.complicated energy supply subsystem

be specified to improve system reliability and to avoid compounding pfoblems
in other segments of the system.

A second major consideration in optimizing system reliability is the

expected reliability of the equipment to be utilizéd at the Central Station.
'All major brands of heavy HVAC equipment reflect state-of-the-art design

and component selection for performance and reliability, and as such, could
Be expected to run for extgnded.periods with little or no maintenance. .
‘ However, ih.loéking ahead to the inevitable maintenance outage, there are
provisions in the design of the Central Station that will minimize thel

consequences of an equipment outage and thus enhance the system reliability.
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All majornmanufacturers offer guidelines for seleéting and installing multi-
ple units. Generally, this type application involves spiitting-the ioad
of the station between two pumps (or more), each sized at approximately
60% (proportionately less if more units are utilized) of the estimated load.
Depending on site-specific conditions and requirements such as temperature
suppl& and required temperature of the distribution medium, the units may
be connected in a parallel or serieé piping configura;ion. Such a design
would lessen the ioad on both units under all but peak conditions and thus
e#tend the life of the equipment. Necessary crossover and bypass piping
at'ﬁhe.station would also enable each unit to serve as a back-ﬁp to the
other in the event of a forced or maintenance outage.

System reliability will be judged in the end-user segment not only
by the reliability of the thermal service provided by the Central Station
but also by the reliability of the equipment required to utilize it. Thié
HP - ICES offers the advantages of utilizing water source heat pumps at the
end-user. Water température is expected to range from 50° to 90°F, where-
as air temperature may range from -10° to 95°F. The water-to-air systems
eliminate the need to operate at low heat sbufce'temperature conditions,
while the air-to-air units operating at low ambient temperatures reqﬁire ‘
a high compfessor discharge gas temperature because of the high pressure
‘ratio across thch the refrigerant must be pumped. The effect is to place
a stress on the air-to-air system cqmpressof and reduce its reliability.
Thﬁs, it is believed that the reliability of a water-to-air heat pump unit
would be éféater'than that of an air-to-air unit of similar compressor
design.”’

2.2.6 UNIQUE APPLICATION CONDITIONS

. It is not expected that this HP -ICES scheme will be overly depen-
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“dent on any unique application conditions. With the wastewater effluent
from a community providing the thermal energy input to the system, there
will not be a dependence on an energy source that may be particular to a
specific region or community configuration. Virtually any community with
a thermal load demand and population density high enough.to make an HP-ICES
cost effective will have a sewage treatment facility thatAcould be utilized
_in this scheme. In areas where additional resources are évailable? the

wastewater therinal source may be augmented with one or several alternative

enefgy sources discussed in Chapter 7 - IDENTIFIED VARIATIONS. Industrial
installations within the community that discharge waste heat.(such as a
power plant) may dictate that the Central Sﬁation be located near that
particular facility, or that‘a modular Central Station/distribution system
(one with several thermal energy supplies located in differeﬁt areas of
the community) be adépted to this scheme. Generally, the universal avail-
ability of wastewater as the primary energy source will allow a broad scope
of pdtentiallapplications and the availability of additional resources will
enhanqe the effectiveness of such a system.
2.2.7 SUMMARY
The following generalizations are offered in summary of the‘foregoing
discussions of criteria that will determine the applicability of an LCES.
A community is broadly defined as "a complex of facilities (and open spaces)
that are employed in human activities and that are connected by networks
for moving people, messages, godds, and services iﬁ the residential, com-
- mercial, industrial, agricultural, recreational, or institutional sectors
or combination'pf sectors'" (from Request for Proposal 78—4327_)?5 Thus
any number of cémmunity configurgtions may be considered a candidate for

some form of ICES. The common denominator requirement is that the candidate
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community show a thermal load demand and a population (user) density high'
epdugh to make a central facility for heat reclaim and its associated
distribution system cost-effective. Waste heat in the community's QaSte-
water effluent is expected to be the most universally available thermal
engrgy source. However, the primary energy supply may be augmepted with '
one- or several other energy supplonptions, dependinngn their availabilify.
Climate will affect signifiqantly the heating/cooling loéd demande& from
an ICES, and thus system sizing, although it will not significantly affect
the gene;al applicability of such a.system. Economic conditions are favorable
for the implementation of an HP - ICES if the system proves éost-competitive
with the options now available in residential and commercial HVAC. State
and local building coaes should not prove to be overly restrictive to such
an HP-ICES. ' However,.some form of community education may be necessary
to facilitate acceptance of an ICES. And finally, reliability will be a
major considera#ion in the specification and design of the Cehtral Station
and its associated equipment. With this general categorization in mind,
it is obvious that a broad range of communities will qualify for consid-
eration for an HP-ICES based on the HP—WHR scheme.
PROJECTIONS

In order to assess the desirability of promoting the HP-ICES concept,
it is necessary to quantify the applicability of any particular scﬁeme by
developing eséimates of the possible points of application and of the
energy savings that would result frém implementation of such é scheme in
these communities. Projections for evaluating the applicability of the
HP-WHR scheme will be developed by examining the potential for thermal
energy supply (from wastewater efflﬁenﬁ) and the coincident communit}

space conditioning load that could be handled by an HP-WHR system.
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2.3.1

THERMAL ENERGY SUPPLY

From Fhe discussion in previous sections, i£ can be seen that the
potentiai for application of this HP-WHR scheme in an Integrated Community
Energy System (ICES) will be based on the availability of community waste-
water effluent as the primary thermal enefgy source. Tﬁe availability
ot this supply Qill, in turn, be hased upon the population that is serviced
by wastewatef_collectioh,system;.‘ The total flow of wastewater available
as a thermal energy supply is defined by the following equation:

Available Flow = [(Popuiétion at year T)

x(7% Sewered Population)
x(Per capita water consump- 4
tion)] + Industrial Discharge (2-1)
With the &ariables explained below.
- Population - ultimate population of service area at the target

‘date, year T, This projection will be made on a nationwide basis

and thus will utilize national projections for total population.

Percent Sewered Population - the portion of the total popuiatidn
thaf is served by wastewater collection systeﬁs and atten&iﬁg
sewage treatment facilities which Eould be considered for retrofit
of an HP-WHR system. A maximum percentage figure of 70% (.70)

of the total U.S. population connected to sewage ;ystems ié téken

from the Statistical Summary of the 1968 Municipal Waste Facility

Inventory.AL The ultimate figure used in the estimate will be
somewhat lower, as explained in later discussion.

Per Capita Water Consumption - total water use (and discharge) is

estimated using the typical figure for average consumption of
100 gallons per capita per day (gpcd).3 Variations  in flow range
from 50% to 170% of the average on a daily cycle. Thus, the actual

instantaneous flow available for heat transfer may vary above or
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below the avefage ( in gpm - prorated froﬁ the average daily flow
figurej. However, it is expected‘that, over a 24-hour cycle; and
accduntiﬁg for»the averaging effect of the thermal sﬁoiage_cgpacigy
incorporated into the system, the average figure of 100 gped will
be available as the thermal energy supply.

Industrial Discharge - water discharged (in gallons per day average)

from industrial processes into the wastewater collection éystem.
Thié figure will vary with each site of application and thus will
be used only when déveloping a site—specifié estimate of available
wastewater flow.
With the total flow of wastewater available as the thermal energy
source defined, the total amount of heat available from thé thermal supply

can be calculated from the following equation:

Q = WC (AT) (2-2)
Where
Q = total heat, Btu
W = flow of wastewater, lbs.
C = specific heat of water (assumed to be 1.0 Btu/lbs.-°F)"

AT = change in temperature in supply medium, °F (essentially
this is the heat transferred out of the wastewater flow).

A AT of 10°F, widely used in HVAC system design, will be
assumed as the temperature drop across the central station

‘equipment heat exchanger.
The two'equations can be combined to definé the total thefmal energy
available, Q (in Btu's), from wastewater effluent as a function of total
populétidn. Thus:

Qg = {[(Population at year T) x (% Sewered .Population)
x(Per Capita Water Consumption)] + Industrial Discharge (

lbs. Btu ° Btu
x{8.33 =~} {1.0 37==5} {aT ( F)} day
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2.3.2

Which reduces to:

Q = (Population at year T) x (% Sewered Population)
Btu
x (100) x (8.33) x (1.0) x (10) day
. 9 Btu
= 8330 (Population) (% Sewered Population) day
Q = 3.040 x 108 (Population) (% Sewered Popglation) A§§§;(2—3)

Note that Industrial Discharge is deleted from equation
2-3 and will be used only in site-specific analyses.

THERMAL ENERGY DEMAND
| | With the quantities of thermal energy available ffom wastewater de-
fined, some consideration must be given to the balance between energy gupply
and demand in order to determine the number and size of communities which
may be considered for a HP-WHR system application.

From data developed in the subsequent performance and economic analyses
(aﬁd discussed briefly in section 2.2.2 - CLIMATE), a central station
installation of 1000 ton capacity would require 3. © MGD wastewéter flow to
supply the heating requirements of 470 homes in a New England clime with
approximately 6820 degree-days per heating season. (Note: System per-
formance in a New England clime is used as the basis for this evaluation
because performance during the heating season is seen as the limiting
criterion in optimizing tﬁe balance between thermal enérgy supply}and
demand on the system. Thus, defining flow quantities on the basis of
satisfactory performance in a cold climate will throw the ultimate éstimate
of the number of communities to be considered for such a system to the
conserva;ive side.) Prorating the flow requirements tb each residence

gives a minimum flow per home of 6383 gallons per home per day (ﬁgig:ag; .

From a technical standpoint it would be possible to size, design, and
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install an HP-WHR system for perhaps as few as 5 homes, although the
chances for economic viability of such a small system would be very slim.
Therefore, to facilitate system design and construc;ion and to accelerate
the economic recovery of the system capital costs, the smallest system to
consider would cover an approximate 100 home service area. The waste-.
water flow required for this service area would then be 638,300 gallons
per day. This figure, divided by the 100 gallop per capita per day average
water consumption figufe, gives the population of the theoretic minimum
size community that could be considered as a candidate for an HP-WHR
sysfem: 6383 persons. With allowances for minor variations in heating
loads, service areas, and industrial discharges, and to.facilitate the
derivation of community and population estimates from availéble statistics,
communities with populations of 5000 persons or more will -be considered
candidates for an HP-WHR system. It should bg noted here that an ICES
(and in this case an HP-WHR system) can be applied to a total community
or just to portioné of it. The HP-WHR concept depends upon the idea of
reélaiming waste heat from the total flow of community wastewater and
distributing it into certain viable service.areas, not necessarily the
full community. Thus, an HP-WHR heating system serving a small area
integrated with a wastewater collection system serving a larger area does
not contradict the ICES concept. However, defining a miminum population
limit for community size is necessary when considering the balance between
thermal energy supply and demand on the minimum acceptable-size system.
With the considerations of thermal energy supply outlined in the preceeding
section and the abdve mentioned guidelines on community size, estimates
of the number of potential sites of application and the potential energy

'savings can be developed.
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2.3.3

ESTIMATES

.Estimates for points of application and for energy conservation to be
made on a nationwide basis will necessarily be baséd on a set of assumptibns..
The following digcussions detail the assuﬁptions pertinent to the estimates
to be developed in this section:

* A commﬁnity of 5000 persons or more would discharge enough waste-
water (and thus enough thermal energy) to service the minimum
acceptable system sizerf 100 homes. As community pépulation
increases above 5000, a proportionate increase in thermal energy

- becomes available throﬁgh the community wastewater, and the po-

tential'for expanding system sérvice area increases correspoﬁd¥
ingly. Thus the additional thermal energy made available by in-
< creased populations will be utilized at some point in the HP-WHR
" system.
The statistical breakdown of community sizes and attending
sewage treatment facilities ffom the 1968 Municipal Waste Faéilities
Inventoryl"l (reproduced in Appendix A as TABLES A-4 and A-5) re-
veals that 59.537% of the total U.S. population resides'in com-
munities of 5000 or more and are connected to a municipal waste-
water collectiqn system with attending treatment plant;"Defiving‘
an estimate for the most optimistic market penetration,.bérring
any acceptancé barriers except technological, dictates that the
full potential for wastewater heét reclaim Be realized. There-
: fore, the full 59.53% (.5953) of the total population, who reside
in communities of sufficient size to be considered as candidates
for a% HP-WHR system, will be used as the ﬁercent sewered pop-

ulation figure in developing the estimate.
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®* From the statistical breakdown in TAﬁLE A-4, the number of po-
tential sites of applicafion (i.e. communities with populations
of over 5000) is 3795. Extremely large communities (over 100,000)
are included in this number becaﬁse it is expected that, in thesé
communities, wastewater collection and treatment will be segre-
gated among several treatment facilities, thus providing the
opportunity to install either segreéated systems or modular
central étation facilities. The number of acceptable sites is
not expected to change during the projection period due to the
fact that new or planned communities would necessarily have to
undergo several years of growthlbefdre arriving at a stage of
development when an HP;WHR system wouid become a viable o?tion.

These communities should not be dropped from consideration, how-
ever, for such a system since neﬁ community developments would
provide an ideal site of application for an ICES, designed from
scratch and optimized for the particular community configuration.
They simply cannot be included'in this projection because of
insufficient data. |
The population increase within each potential site of application -

~will be assumed to be directly proportional to the national per-
centage increase in population during the projection period.
Existing facilities or facilities now under construction will
bé assumed to supply sufficient sewage treatment capacity to

'ﬂandle the proportionaté population increase during the pro-
jection pefiod. |

. It should.be noted that the number of satisfactory sites and

the estimate of percent sewered population is conservative due
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to the fact that they are based on somewhat outdated (1968) data.
Bearing in mind the above assumptions and utilizing the thermal energy
supply approximation shown as equation 2-3, the energy reclaimed from com-
munity wastéwater, on a nationwide basis by community energy systems based
on the HP-WHR concept, would be calculateavghusly:
'1980 U. S. Population - 221,848,000 (est.)

% Sewered Population - 59.53%

6 Btu
QWASTE 3.040 x 10~ (221,848,000) (.5953) year

401.48 x 102 Bt
year

]

Derived through this approximative method, TABLE 2-1 summarizes the
amount of thermal energy potentially available for space éonditioning needs,
from a starting date of 1980 to the year 2000 (inclusive), ex;racted from
community wastewater through HP-WHR systems installed at the 3795 potential
sites of applicétion.

The utilization of this amount of low-grade thermal energy will require
an energy expenditure by the system which will be in indirect proportion
to the overall system C.0.P. and in direct proportion to the delivered load.
This expendituré»is also, by aefinitiOn of system C.0.P., viewed as‘aﬁ
" energy additién to the total thermal load wﬁich is to be delivered to the

end-users and is defined by the equation below:

Q _ QWASTE
power C.0.P.

SYSTEM

The total load delivered is then the sum of the enérgy reclaimed,

and the energy expended in the system, Q thus:

QWASTE, power’

49



TABLE 2-1 ‘
HEAT EXTRACTED FROM WASTEWATER

YEAR - POPULATION (EST.) BTU ;Y§012
1980 - 221,884,000 st
1981 223,661,000 | 405
1982 225,474,000 408
1983 227,287,000 | 411
1984 229,100,000 ‘ 415
1985 230,913,000 418
1986 232,547,200 421
1987 234,181,400 424
1988 " | 235,815,600 427
1989 ‘ 237,449,800 430
1990 239,084,000 433.
1991 240,385,400 : 435
1992 : 241,686,800 437
1993 242,988,200 440
1994 244,289,600 442
1995 245,591,000 444
1996 | 246,610,000 446
1997 247,629,000 | 448
1998 248,648,000 450
1999 249,667,000 452
2000 250,686,000 454
TOTAL : 9041 x 10%2 BTU

POPULATION ESTIMATES: '"Population of the United State"**
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Qrorar, = Qaste T Ypower
- Quaste
WASTE * C.0.P. o
* Qusrg At Eo % N .
' *Y T "SYSTEM '

SuBstituting the estimate of Q from TABLE 2-1 and the overall

WASTE
HP-WHR system C.0.P. of 2.245 (from Chapter 3.0 - EXPECTED PERFORMANCE) -

yields:

12 1
9041 x 10 1+ 2.245)

QroraL

]

13,068 x 10%2 Btu

‘Thus, the utilization of the previously estimated quantity of reclaimed

12

thermal energy is tantamount to the delivery of 13,068 x 107" Btu at an on-site

12

A . 12
energy expgndlture of QWASTE/C'O'P'SYSTEM’ or 4027 x 107~ Btu.(l.18 x 1077 KwWH).
This on-site energy'expenditure by the HP-WHR system can be translated

to primary fuel resource consumption under the following conditions:

ELECTRIC GENERATION EFFICIENCY - Average coal-fired power plént heat

rate of 10,300 Btu/kwh is assumed. Transmission and distribution losses
total 9%. High heating value (HHV) of 12,000 Btu/lbm for coal is

assumed.

Primary fuel resource consumption in the form of coal is thus 13,248 x lO12

B#ﬁ or 552 million (552 x 106) tons for the delivery of thé estimated 13.1
QUAD thermal load. |

The above HP-WHR éystem energy consumption can be compared to that required
for the delivery of a comparable thermal load via the conventional spacé :

cdnditioning system options. The following assumptions are in effect for the



various options:

ELECTRIC STRIP HEATING UNITS - Heating C.0.P. is 1.0, and the above

mentioned assumptions for electric generation efficiency are also in

effect.

FUEL-OIL FIRED FURNACE - Combustion and.thermal transfer efficiency
is taken as 65%; HHV for fuel oil is assumed at 140,000 Btu/gal; no
transmission or distribution losses.

NATURAL GAS-FIRED FURNACE - Combustion and thermal transfer efficiéncy

is taken as 65%; HHV for natural gas is assuméd constant at 1000 Btu/CFT;
- 8% transmission and distribution losses. |

Under thé above assumptions, the electric strip heat option would require
42,987 x 1012 coal Btu's, or 1791 million (1791 x 106) tons. The HP—WHR
system performance thus represents a 697 reduction in coal consumption in
meeting the equivalent thermal load.

For the operation of fuel oil-fired furnaces in meeting the approximate
13.1 QUAD thermal load, the primary fuel resource consumption would amount
to 20,105 xlO12 fuel o0il Btu's, or 3.42 billion barrels. The HP-WHR system
performance in comparison to this option represents a 35% reduction (on a Btu-
to-Btu basis) in consumption of primary fuel resources. It should also be
noted that opefation of the heat pump system would effectively force a shift
in consumption from the more scarce fuel o0il resources to the relatively
abundant coal resources.

Fér the operation of natural ggs—fired furnaces in meeting the estimated
13.1'QUAD tkermai loéd; the primary fuel resource consumption would amount
to 21,713 x lO12 natural gas Btu's, or 21.7 trillion cubic feet. In
comparison, the HP-WHR system performance represents a 397 fe&uction (on a
Btu-to-Btu baéié):in consﬁmption of primary fuel resources. .For this option,

as for the fuel oil-fired furnace option, the operation of the heat pump
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system would force a significant shift away from consumption of scarce fuel
resources.

In summary, the HP-WHR system exhibits the potential for conserving
from 35% to 69% of the scarce fuel resources consumed in meeting the
" approximate 13.1 QUAD thermal load which poteﬂtially could be pgndled
throﬁgh wastewater heat reclaim. Primary fuel source savingsléén bé
quantified at:

COAL - 29.74 QUADS

or FUEL OIL - 6.86 QUADS ' i
or NATURAL GAS -~ 8.47 QUADS

Fuel savings are of course dependent upon the type of conventional
space heating system which would be displaced with the HP-WHR system.

It is duly noted that, while the estimate takes into account the full
potential for wastewater heat reclaim for the 20 year time period between
1980 and 2000, it is highly improbable that HP-WHR systems could be installed
and operational by the 1980 starting date of the study period and that wide-
spread implementation of the system concept would be unlikely, even with a-
successful "fast;track" demonstration, before perhaps 1990. Obviously though,
from the above comparison; a vast potential for primary energy resource
conservation can be realized by the development and implementation of an

HP-ICES based on the HP-WHR concept.
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- 3.0

3:1

3.2

EXPECTED PERFORMANCE

INTRODUCTION

The scheme of HP-WHR system for a community is explained in the section
on system description. For purposes of thermodynamic analysis of the heating
mode; a schematic of the HP-WHR system that includes one end-user heat pump,
one central station heat pump at the treatment plant, a water storage reservoir,
and distribution lines is shown in Figure 3-1. A similar system for analysis
of the cooling mode is shown in Figure 3-2. It is possible that a number of
central station heat pumps may be used depending on tﬁe application.

In the thermodynamic model for the heating mode, wastewater effluent at
constant temperature from the treatment plant enters the éentral heat pump
where its thermal energy (heat) is extracted and delivered to the distribution
medium (water). The distribution water enters a thermal storage tank to
provide a water supply at constant temperature to the end-user heat pumps, and
after delivering heat to the end-user heat pumps, the water is then returned
to the central unit. A reversal of heat flowvtakes place for the cooling mode
in which the energy is ultimétely rejected to the effluent. Calculations of
the energy requirements of the HP—WHR system using a central heat pump are
presented in Section 3.4 - ANALYSIS OF RESULTS along with the results of a
distributed water-to-air héat pump system deleting the central heat pump.
These performance results are compared with those of the conventional systems.

SELECTION OF .CONDITIONS

In the selection of wastewater effluent temperatures for estimating
the peak load and normal load performances of the HP-WHR system, efforts

were made to correlate wastewater effluent temperature with the outside

55



9¢S

HP-WHR SYSTEM

CLARIFIED WASTEWATER HEADER >
HEATING MODE
- RETURN 70 TREATMENT PLANT FIG. 3-1
.- - | CENTRAL STATION | END USER_HEAT PUMP_ _ _ _ _
HEAT “PUMP ' v ' i
: ! : CONDENSER '
| » ' i !
NV VA | '
) ! ) !
' ! ' -
X i RECIRCULATED\ ! ! WARM
| Q, ! COLD AIR ! 1 O¢c JAIR
: i ‘. , ]
t ! | - '
i ! '
: /\/\/\/ : : :
]
; EVAPORATOR : : '
| . 1 [ (]
| : EXPANSION : EXPANSION
: COMPRESSOR VALVE : ; CO*PRESSOR (X) VALVE
’T'; i We :
' CONDENSER . . . EVAPORATOR ‘
)
. ! : :
) /\/\/\/ : ' { /\/\/\/__ . !
] ’ [} . 1
' { ] : !
1 ' [
Q I '
: [ ' : Qe ]
1 ! ! :
' i o N\ [}
1 . ' . i
] [
: : - :
] ]
(GRS S L-j _________ -
¢ ) b))
-« RETURN HEADSZR W

2L

T¢

THERMAL
STORAGE

h)

DISTRIBUTION HEADER

1)

o -




cuﬁunso WASTEWATER HEADER 4 ' HP—WHR SYSTEM
’ ' COOLING MODE

3

LS
o

r-"-~"SsTTTToTTEoTeTE

RETURN TO TREATMENT PLANT f : " FIG. 3-2
CENTRAL STATION & | END USER_ HEAT PUMP. __  __ :
)
HEAT PUMP ! ! EVAPORATOR ° ;
. : ] : (]
] ] '
_/\/\/\/__J ' \ _ {
]
i RECIRCULATED\ 'aQ, ' cooL
Q. ! WARM AIR ; ! AIR
1 ] .
i - '
/\/\/\f ' \ '
! | )
) i .
CONDENSER . ' X
' ' . N ;
R EXPANSION ' ' EXPANSION.
| i \
| wc ' ] .
EVAPORATOR \ ! CONDENSER ' .
o
. : X
NNV S A VAVA Vo ol
] ] ]
. . { 1. '
| ' ,
Qe ' ' Q. '
] ! '
] . 1
f ¢ i
h ' ' : \
N )
l LA :
e m i e e - e m - _d e de @ o L - - -
— 1 3]
B RETURN HEADER LA
THERMAL
STORAGE 1 DISTRIBUTION HEADER "
1 21 : i A

nan  y




3.3

air temperature. The wastewater effluent temperature depends on factors

such as the time of day, ground temperature, outside air temperature, and

the presence of thermal discharges from industrial‘proéesses. There is

also the time-lag associated with the temperature change of the reservoirs

‘or lakes as the water supply is drawn into community systems when seasonal

changes in air temperatures .occur. It is therefore believed that' there

can be wide variations in wastewater temperatures even within the same

geographical region. Based on site-specific observations and study of various -

reports it is observed that the wastewater effluent temperatures (in parts
of Canada) have ranged from lower 40's (°F) to upper 90's (°F).20-22  (pe
of the studies reports the average annual wastewater temperature at a plant
in the North Chicago area to be between 50°F and 60°F.20 It is alSo‘observed o
that wastewater effluents undergo temperature changes during thé treatment
processes.

In this study, effluent temperatures of 50°F, 60°F, 70fF, and 80°F
have been chosén for analysis. It is believed that these ;emperatﬁres are
representative of a number of locations in the United States.

SYSTEM COP AND ENERGY CONSUMPTION

The coefficient of performance of the HP-WHR system (or air-to-air
system) is defined as the ratio of the heating or cooling effect provided
to the space at the end-user location divided by the energy equivalent
of all energy inputs including compressors, pumps, and losses. This pro-
vidés a measure for comparing the energy consumption of the HP-WHR system
with that ;f.convéntional systéms.

The syStem energy consumption in providing heating or cooling is:
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3.4

3.4.1

1

E =
system COPSystem
Primary Fuel Energy Consumption (based on fossil fuels) = Eszstem (3-2)
031
Where
Hedls = ngeneration ¥ Niransmission * "distribution

NOTE: The value of 0.31, which is the overall efficiency of conversion of
primary fuel energy to useful electrical energy and transmission to
application, is taken from Reference 4. This value is assumed
for calculation, but is subject to variation.

ANALYSIS OF RESULTS

HEATING MODE

Peak Load - The system COP values were calculated for the given design
loads (peak) as a function of the temperature of the effluent as it enters
the evaporator of the central heat pump. The results are presented as Figures
3-3 and 3-4 and summarized in Table 3-1. The temperature of water entering
the end-user unit was held constant at 80°F. The Coefficient of Performance
of the HP-WHR system increases by only 3.87% as the temperature of the effluent
increases from 50°F to 80°F. This is to be expected because the COP of the
end-user unit is held at constant value (relatively high) at the entering
water temperature of 80°F, and the end-user unit consumes a greater share
of the total energy input. Using equation 3-1, the energy required by the
HP-WHR system to deliver 1 Btu of heating load is also listed in Table 3-1.
These electrical energy values were translated to primary energy requirements
by using cquation 3-2 and are also shown in Table 3-1. For the purposes
of comparison, similar data for an air-to-air heat pump is presented as
Table 3-2.

Typical Heating Load - At heating loads lower than design heating
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TABLE 3-1
HP-WHR SYSTEM

Design Heating Load = 55000 Btuh
(Based on -20°F outside air temperature and 75°F inside air temperature)

Effluent Temperature of Water cop E Btu ) Btu
Temperature °F Entering End-user-°F System System Btu Primary Fuel Energy Btu

50 80 2.181 0.4585 1.479

60 80 2.219 0.4506 1.454

70 80 2.249 0.4446 1.434

80 80 2.264 0.4417 1.425

2.228 Avg.

60 95 2.209 0.4527 1.460

70 95 2.241 0.4460 1.440

80 95 2.260 0.4425 1.427

2.233 Avg.
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TABLE 3-2
AIR-TO-AIR HEAT PUMP

Nominal COP = 2.8 Heating Mode

Oqtside Air ; CcoP E Btu E :

Temperature-"F Heat Pump - " "Required Btu <. "Primary Fuel Emergy

| -20 0.572 1.488 '. 4,800

H) : 1.552 0.605 . 1.953

13 1.932 0.5175 1.669

20 ) 2.916 0.496 1.600

25 , 2.219 0.4506 : 1.453

47 2.753 ©0.363 ' 1.170

NOTE: The COP values of air-to-air heat pumps were computed using the information given in Unitary

Air-to-Air Heat Pumps.6




3.4.2

the equipment would be oper;ting at part load resulting in cyclic operation.;
C&clic operation results in a loss of efficiency. Infofﬁation in the form
of an equation for the part load performance of wéter-to-water.heat pumps

is available (Reference 5) but precise information on the‘part load per-
formance of water-to-air heat pumps is not a;éilable. Infarmatiqn from
Reference 10 on part load performance of air-to-air.heat pumps indicates
that, at heat loads of 15% of rated capacity, the cyclic operation of a

heat pump can result in a decreased COP of approximately 307 of the full
load, steady sfate value. At loads on the ofder of 807 heating, the decrease
in COP is about 4 to 5% of its steady state value. Theée figures apply to
air-to-air heat pumps an& are based on the experimental work by Kelly &

14

Bean'?, and Parken &~Beausoliel.23

Cooling Mode - The results of the cooling mode analysis are presented

in Table 3-3 for wastewater temperatures of 60°F and 80°F, and the COP values
are used in the calculation of annual energy requirements.

SIMULTANEOUS HEATING AND COOLING

The need for simultaneous heating and cooliﬁg arises where in certain
buildings of the community, the internal heat gains exceed the heat loss
from the building. fhis may happen in the early periods .of the Fall and
Spring seasons.‘ Since the heat'rejected'to the distribution water by the
end-user heat pumps operating in cooling mode aéts as a heat source for'the
heat pumps operating on the heating mode, the work input to the central
hea; pump will be reduced. The extent of the energy saved during Lhis
type of operation will depend on the relative distribution of heating

and éooling loads. In the special case, when the total heat rejected
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TABLE 3-3

HP-WHR SYSTEM PERFORMANCE COOLING MODE

Btu

Primary Fuel Energy Btu

Wastewater Temperature Water Temperature COoP
Entering Central Unit-°F Entering End-User Unit-°F System
6C 40 1.913
8C | : 40 ‘ 1.874

80 : _ 50 1.843

ESystem Btu

0.523

0.534

0.543

1.686

1.721

1.750



by the end-user heat‘pumps operating in the cooling ﬁode is absorbed

by the heat pumps operating in the heating mode, the central heat pump
will require.nO'work input. Such a situaﬁion can be obtained by several
.combinations of heating and cooling loads, units with different COP's,

etc. In the sectidﬁ‘on analysis, a model consisting of two end-user

units is énalyzed by means of an example. It is shown that, for two
end-user units of identical COP values, the work input to the central

unit is zero when the ratio of heating load/cooling load = HRFZ, where

HRF is called the heat rejection factor defined in the section on analysis.

3.4.3 ANNUAL ENERGY CONSUMPTION

The annual energy consumption by the HP-WHR system and other con-
ventional systems are calCuiated and the total energy required by resi-
dences in the Northwest Central region and the South Atlantic region are
listed in the Table 3-4. 1In the calculation of the annual energy con-
sumptions by the HP—WHR system and other coﬁventional systems, the chapters
on energy estimating methods of the ASHRAE Handbook and Product Directory,
Systems Volumes 1973 and 1976“9 were consulted. The use of the bin method
of calculation could not be used beéause d;ta on part load performance -
of water-to-air heat pumps was not available. However, the dynamic
efficiency loss factors were considered in accordance with the data
derived from Reference 10.

3.4.4 OBSERVATIONS

The results of this study indicate that HP-WHR systems perform
better than the air—to—air heat pumps in northernxlocations, at outside
air temperatures down to 25°F in the heating mode.

The éoefficien; of performance of the HP-WHR system varies with
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: GEOGRAPHICAL
SYSTEM . - REGION
HP-WHR NWC

‘ SA
AIR-TO-AIR NWC
HEAT PUMP SA

. CONVENTIONAL
FUEL NWC
GAS (WARM-AIR) SA
ELECTRIC - NWC
SA.

*The dnnusl energy consumptiorn listed in this table is based on design loads.

NWC - North West Central Region
SA - South Atlantic Region-

ANNUAL ENERGY CONSUMPTIQN*

' HEATING SEASON
* MBTU/SEASON

TABLE 3-4

32096
17898

47210
16478

< 155717

87068

65244
36481

COOLING SEASON
MBTU/SEASON

4398
15306

3861
14077
12454
45409

3861
14077

E ANNUAL

MBTU/YR

36934
32942

51071
30555
168171
132437

69105
50558

. ANNUAL PRIMARY

FUEL CONSUMPTION
MBTU/YR

119142
106264

164745

98564
168171
132477

222919
163090



3.5

effluent temperatures, but no to a great degree. As seen in Table 3-1
and Figure 3-1, the system CbPlincreased‘by only 3.8% when the effluent
temperature changed from 50°F to 80°F.

:In the cooling mode, the air-to—aif heat pump performs better than
the HP-WHR system. Compared to a convenﬁional heating system (gas warm-air
furnace), the HP-WHR system consumes a greater amount of primary fuel both
in the Northern and'Séuthern locations.

Distributed water-to-air heat pumps consume less energy ;ompared to
the HP-WHR systems using central heat pumps. The‘resulté in Table 3-4
indicate that the system COP’is high, and in general, the system performs
better than conventional heating systems, such as air-to-air and gas furngcef
wérm air heating syétems on the basis of primary fuel consumption. A variatioﬁ
of the HP-WHR scheme is discussed. -in the next section. As shown in the example
in Section 9.4.6, the simultanéous heating and cooling‘mgde of operation im-
proves the performance of the HP-WHR sjstem.

HP-WHR SYSTEMS USING ONLY DISTRIBUTED WATER-TO-AIR HEAT PUMPS

The use of distributed heat pumps (with no central heat pump) using heat

from wastewater effluent as the source of~energy.is possible if the waste-
water is at a sufficiently high temperature to allow for heat transfer to
the distribution water by means of a heat exchanger, If such conditions
are obtainable, the scheme would be as shown in-Figure 3-5. This.system
COP is found to be higher than the HP-WHR system using central heat pumps.
But at iower effluent tempef#tures, the size of the heat exchangers would
have to be very large to allow for sufficient quantities of heat transfer,
and the pumpiﬁg losses resulting from increased flow rates of water would
be high.

The COP system and energy requirements are listed in Table 3-5.
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END-USER HEAT PUMP

. CENTRAL  STATION ) ‘ i S 1
- HE AT EXCNAN?ER A{tr 1 ;’f
WASTEWATER JaiIiwe - —1s
DISTRIBUTED WATER SOURCE HEAT PUMP SYSTEM
FIG. 3-5
TABLE 3-5
DISTRIBUTED HEAT PUMP SYSTEM
C.0.P. VS. EFFLUENT TEMPERATURE
Effluent  Distribution System (o{0) 4 E E Primary
Temperature Supply Temperature Distributed System Svstems Fuel Energv
80°F 60°F 2.779 0.360 1.16
70°F 50°F 2.562 0.390 1.258
65°F / 45°F . 2,528 0.395 1.274
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3.6

SECOND LAW ANALYSIS

The previous performance analyses have used the first law of thermodynamics
to determine the required system energy input. These analyses ha§e been
characterized by first law efficiencies defined as: Useful Energy Output divi-
ded by Required Energy Input. In the case of the HP-ICES system this analysis
determines an overall system coefficient of performance. As expected, this
analysis yields values greater'thaﬁ unity.

AA second law thermodynamic analysis must be performed to determine the
systém's true thermodynamic efficiency. The second law recognizes that enefgy
is éharacterized by quality as well as quantity. By comparing-secoﬁd law
efficiencies a true determination of resource utilization.efficiency can be
made.

To recognize energy quality, the concept of availability is used. Avail-
ability is the thermodynamic property which measures the poteﬁtial of a system
to do work when restricted by surroundings at some ambient condition. Avail-
ability is not conserved. It is destroyed by friction and heat transfer
through a finite temperature difference. This destruction of availability is
the true thermodynamic loss whichvcauses a process to be irreversible.

The availability analysis for the HP-ICES schemes utilizing wéstewater

heat recovery center on the system composed of a central heat pump or heat

" exchange device, distribution system and storage and end-user heat pumps. The

energy and process Streams crossing the boundaries of the system consist of

" the following:

1) The wastewater heat source entering at ambient cé?ditions.
2) Electricity input to the central heat pump or heat exchange

device.
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- 3.6.1

3) Thermgl losses from the distribution and storage system.

4) Electricity input to circulating wéter pumps oh the distribution
system.

5)' Electficity input to the enq—user heat pumps.

6) Héat or cooling energy in the form of cool‘or warﬁ air téAthe
end-user.

7) Miscellaneous parasitic electricity requirements.

The ;nalysis of the system must also take into account the second law
thermodynamic efficiency of the electric generating plant supplying electricity
to the HP-ICES.

This second law analysis of the HP-ICES system is somewhat limited since .
the ceﬁtral heat pﬁmp and end-user heat pumps must be considered as '"black-boxe8".
It is obvious from a review of the literature that the heatApump devices within
thé'system inherently destroy availability at their component heat gxchangers,
compressors, and throttling valves. Significant improvement in the ovérall'
system performance can be achieved by optiﬁizing the internal components used
for end-user heat pumps and central station heat pumps;' An optimizétion of
individual heat pump components was not undertaken in this study 'since that
would constitute a heat pump design rather than a sysfem épplicatioh.

An availability analysis of a conventional system consisting of a natural
gas space heater and‘electric air conditioning system was also made for com-

parative purposes.

ANALYSIS PROCEDURE

For the system analyses it was recognized that the objective of the

system was to provide heating ‘or cooling for a space. This objective is
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accomplished by providing an approprinte quantity of warm or cold air to the
space. For practical reasons a supply air temperatnre'of 120°F was selected
for heating and 55°F was sele;ted for cooling. The space temperature was
assumed to be 75°F, which is also considered the‘refefence tenperature fnr
energy availability. | | |

For the systems considered, the available energy balance is:

Available Energy . Available Energy Available Energy
Transferred into = Destruction Within + Transfer Out of
the system . the system the system

The.availability of the energy containgd in the air stream to the space
is considered the desired output of the system and an indicator of the minimum
(theoretical) amount of energy needgd for space conditioning.

The ratio of the desired availability to the availability of .the energy

inputs to the system is termed the second law efficiency.

3.6.2 CONVENTIONAL SYSTEMS

A conventional system schematic composed of a natural gas heater and
electric air conditioner-is presented in Figure 3-6. A second law analysis

] . .
per unit input of primary fuel yields a second law heating efficiency of 2.6%,
nssuming a first law efficiency of 65 percent.

With a C.0.P. of 2.2 the electric air conditioning system has a second

law efficiency of 1.38%.

3.6.3 CONVENTIONAL SYSTEM PERFORMANCE

HEATING

lSt Law (efficiency - 65%)_
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PRIMARY
FUEL

- SPACE HEATER

NATURAL GAS

- AVAILABILITY=10 Btu/UNIT

HEATING MODE

HEAT REJECTED .
TO ATMOSPHERE

HEAT TO.
END-USER

AVAILABILITY = 0258 Btu/UNIT

AVAILABILITY = 0iS4 Btu/UNIT

AIR CONDITIONING AIR AT

SYSTEM

"\ | ELECTRIC NG
PaMARY FUELY| GENERATING  [eLecTricTY)
PLANT

AAILABILITY = 1 AVAILABILITY = .33 Btu/UNIT
10 Btu/UNIT

ELECTRICITY
INPUT

55 °F

AVAILABILITY = 45 Btu/UNIT

LOSSES | COOLING MODE

v

HEAT FROM
END USER
FIGURE 3-6

CONVENTIONAL
HEATING/COOLING SYSTEM

AVAILABILITY ANALYSIS




Primary fuel in 1 Btu/hr -

120°F air out " .65 Btu/hr

' oo '
Mair out  .24(120-75) .060 1b/hr

d

2% Law (Availability relative to 75°9F)

Availability of fuel input 1 Btu/hr

. ST
Availability of 120°F air out ¥ (C,) 1T-T,=(Tofn )]
. o]

: 580,
= .060(.24) [580-535-(5352n 333)]
= .0258 Btu/hr
. _.0258 _
Second Léw Efficiency = T.00 .0258
COOLING
15% Law (C.0.P. = 2.2, Electric Gen. Eff = 33%)
-Electricity to ‘heat pump = .,454 Btu/hr
559F air heat removed = 1.0 Btu/hr
. o —_— - ‘ _ 1.0 -
M of 557F air . = T34(75-55) .208 1b/hr
.* Assumes Dry Air
nd . s . o
2" Law (Availability relative to 75°F)
Availability of primary fuel input = (454) = (,33)= 1.377
Availability of 559F air out = .208(.24) [515-535-(535%n %%%)]

-.0191 Btu/hr

Second Law Efficiency - 019l ,0138

1.377
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6.4 HP—ICESIWASTEWATER HEAT RECOVERY SCHEME
| 4 HP-WHR system heating and cooling schematics are presentgd in Figures
3-7 and 3-8. The second law analysis for the system ﬁresénted yields a heat-
- ing efficiency §f 3.0% and a cooling efficiepcy of .94% at an overall system
C.b.P. of 2.2,
‘Significant improvements can be made in the systeh if individual component
perfdfmance is improved. This is especially true where the end-user heat pump

is concerned.

HP-ICES WASTEWATER HEAT RECOVERY SCHEME

HEATING

lSt Law Balance

Waste heat input source 1 Btu/hr

Electricity input to - .1538 Btu/hr

central heat pump

]

Electricity input to .0300 Btu/hr
pumps, etc. (assume 3%

of input)

[l

Heat losses to surround- .0300 Btu/hr
ings from distribution
system (assume 3% of in-

‘put)

.5769 Btu/hr

Electricity input to
end-user heat pump

Qutput to space @ 120°F 1.7307 Btu/hr

alir .

. o o 1.7307 ‘
M air out ‘ = ————.24(120;75) = .1602? 1b/hr
nd _ . g . o
2 Law (Availability relative to 75°T)

.16025(. 24) [580-535-(535%n %%g)]

Availability of 120°F air

.06894 Btu/hr
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9.

THERMAL
LOSSES

;
WASTE CENTRAL <:— DlSTIZIh%JTION (:: END-USER - E HEAT TO -~
HEAT HEAT PUMP A HE AT PUMP . END-USER
- SOURCE COP=75 :> STORAGE :> : CoP=3.0 - :
' I
S R Ny SR

I\HP-ICES SYSTEM
'BOUNDARY
PUMP

ELECTRICITY
INPUT

ELECTRICITY
INPUT

ELECTRICITY
- INPUT

HEATING MODE

| ELECTRIC | | - FIGURE 3-7 -
' [PRMARY FUEDY GENERATING  |eLecTricmy > HP-ICES WASTEWATER

"AVAILABILITY= PLANT AVAILABILITY = 33 Btu/UNIT HEAT RECOVERY SCHEME

1.0 Btu/UNIT . & - | AVAILABILITY ANALYSIS
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HEAT REJECTED
TO ATMCSPHERE

LL

CENTRAL
HEAT PUMP

ELECTRICITY

INPUT

THERMAL -
LOSSES

" DISTRIBUTION
AND
STORAGE

END-USER
HEAT PUMP |
cop=275 |

:

ELECTRICITY

INPUT

PRIMARY FUE

AVAILABILITY=

ELECTRIC
GENERATING
PLANT

I—
ELECTRICITE)

1.0 Btu/UNIT

LOSSES

COOLING MODE

AVAILABELITY = .33 Btu/UNIT

INPUT

ELECTRICITY

" FIGURE 3-8.

HP-ICES WASTEWATER

HEAT RECOVERY SCHEME

AVAILABILITY ANALYSIS

HEAT FROM
END USER

tHP—ICES SYSTEM
BOUNDARY



Availability of energy inputs
(primary fuel) : ‘

Electricity to Central Heat Pump

= .1538
~ Electricity to Pumps = .0300
Electricity to End-User Heat Pump = .5769

7607 + .33 = 2.305 Btu/hr

Second Law Efficiency = égg%%i = .0299

COOLING
lSt Law Balance
Heat from end-user = 1 Btu/hr
Electricity input to = ,363 Btu/hr
end-user heat pump '
Electricity input to = .03 Btu/hr
pumps, etc.
Heat losses to surround- = .03 Btu/hr =
ings
Electricity input to = ,272 Btu/hr
central heat pump
. . . o l
M of air to space @ 55°F TEZ?73i§§7 .20833 1lb/hr.
nd . L q s . o
2" Law (Availability relative to 75°F)
Availability of 55°F air = .20833(.24) [515-535-(5352n 252)]
= -,0191 Btu/hr
Availability of energy inputs
(primary fuel)
Electricity to Cehtfal Heat Pump = .272 Btu/hr
Electricity to Pumps = .03
Electricity to End-User Heat Pump = .363 '
.665 + (.33)= 2.015 Btu/hr
.. _ -0191 _
Second Law Efficiency . = 5015 .0094
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SUMMARY
In summary, it is the belief of the authors

the HP-WHR scheme as a potentially viable energy

specific applications.. The actual determination

performance is highly dependent on site-specific
local economic conditions, and will be addressed

Chapters 8.0 and 9.0 of this report.

79.

that this chapter demonstrates
supply alternative for some
of feésibility and expected
physical characteristics and -

in the dpplication study of



THIS PAGE
WAS INTENTIONALLY
LEFT BLANK

80



4.0 EXPECTED ECONOMICS

"4.1 TINTRODUCTION

The consumer will ultimately pay the costs for either a conventional
heating and cooling system or a Heat‘PumP - Wastewater Heat Recovery Sys-
tem. For that reason, any gconomic advantages the HP-WHR scheme may have
to offer must be fully explored and documented.

' This report section is concerned with the expected economic performance
4of the HP—WHR4syétem.and with conventional natural gas, air-to-air heat pump;
énd electric resistance heating systems. First costs, operating costs, and
maintenance costs of the various systems will be estimated and used in a
net present value comparison of the considered alternative.

4.2 SYSTEM DESIGN

It is demonstrated in the expected performance section that overall
system efficiency is dependent on effluent source temperatures and end-
user loadslplaced on the system. For the purpose of economic evaluation,
two .geographic locations were chosen as representatives‘of extremes in
climatological differences encountered throughout the country. Effluent
temperatures were éssumed to average 60°F in the winter months and 80°F
in the summer months.

4.2.1 END-USER LOADS

End-user heating and cooling loads were developed using the Rand

Corporation's Energy Use and Conservation in the Residential Sectox:

A Regional ‘Analysis , Report Number PB-254-468, June 1975?7 Data for

the northern type climate was selected from the New England Area sta-
tistics and data for the southern type climate was selected from the

West South Central Area. The size of a typical residence was taken
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4.2.2

as the national average of 1185 équare feet. Table 4-1 is a summéry of

the data used.

Table 4-1

Typical End-User Heating and Cooling Load Data

Approx. Peak Load Annual Energy
Annual Annual - MBtu/Hr Requirements* (MBtu)
CLIMATE HDD CDD Heating Cooling Heating ‘Cooling
Northern 6820 1200 41 25 105,465 . 18,960

Southern 2350 - 2750 21 | 32 37,920 45,030

HDD = Heating Degree Days
CDD Cooling Degree Days

]

*Figure 7, Reference 27

DESIGN ASSUMPTIONS

In performing the economic analysis, several assumptions about the
configuration of the HP-WHR system were made in order to develop unitized
costs. These assumptions are not, in any way, intended to illustrate an

optimum system design or limit the thinking of a perspective system de-

. signer when applying this concept.

The assumptions used were as follows:

‘1. The heat extraction by the central heat pump is 12,000
MBtu/Hr for 20 hrs per day, 5 dags per week. Total heat
extraction per month of 5.2 x 107 Btu.

2. Average system heating C.0.P. of 2.2.

3. Number of end-users served is determined‘by dividing the
monthly heating energy deliverable from the system by the

typical end-user requirements in a January month.

4. Thermal storage capacity determined by the energy required
by all end-users in 4 consecutive average heating days
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during the month of January. Temperature pull-down of
storage of 30°F.

5. Variable flow pumping, reéulting in a constant percentage
of pumping energy to system delivered energy.

6. Negligible thermal losses.
Using these assumptions, the following system configurations were
used.

Northern Climate

Central Heat Pump Extraction Rate 5.2 x 109 Btu/Mo.
Circulation Pump Horsepower 75 hp
Thermal Storage Vessel | _ 5 x’lO6 gal
DistribﬁtionFSystem Length 61,100 ft
(run—-outs to end-users not included)
Longest Piping Run (Supply & Return) 9,900 ft
Number of End-Users 470
Distribution Pump Horsepower 450 hp
Southern Climate

< Central Heat Pump Extraction Rate ' | ' A5.2 X 109 Btu/Mo.
Circulation Pump Horsepower N ‘ 75 hp
Thermal Storage Vessel ' 5 x'106.gall
Distribution System Length : _ 127,400 ft
(NIC run-outs to end-users)
Longest Piping Run (Supply & Return) 13,950 ft
Number of End-Users | 980v
Distribution Pump "Horsepower : . 625 hp

FIRST COSTS
First costs for the various system components were developed with

the aid of R.S. Means, "Building Construction Cost Data 1978."2 Unitary
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equipment costs were taken from the ICES technology evaluation reports;
ANL/CES/TE 77-9, "Unitary Water to Air Heat Pumps' and ANL/CES/TE 77-10,
"Unitary Air-to-Air Heat Pumps'. Supplemental information was also ob-

tained from local equipment distributors.

4.3.1 HEAT PUMP-WASTEWATER HEAT RECOVERY SYSTEM

The HP-WHR systemAcost estimate is broken intb three sections:
Central Plant, Distribution System, and End-User Systems. An approximation
for eacﬂ system was made on a unitized basis assuming a Cenfral Heat.Pump
heat extraction rate of 12,000,000 Btu/hr and end-user heat pump Sys-—
tems with an installed heating capacity of 46.5 MBtu/hr and cooling
capacity of 40 MBtu/hr at ARI standard 240-75 conditions. The dis~
tribution system was‘assumedAto serve customers at an average piping

" length of 130 ft per customer, and an additional 150 ft bf run-out piping

from the distribution system to the en&—user.

The following costs were developed for the Central Plant and the

northern and southern climate distribution system schemes:

CENTRAL PLANT

Material &

Item : Installation
Central Heat Pump ‘ $144,200
Pump for Circulation ‘ 30,000
Interconnecting Piping and Valves ; 120,000
Control Systems 18,000
Interface Modifications with Sewage Treatment Piant | 80,000
ABpilding to House Components (3,000 sq. ft.x $20/sq. ft) 60,000
SUBTOTAL  $452,200
25% Contractor & Engineering Fees - 113,050
| TOTAL 4 $565,250
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Northern Climate

Distribution System

Material &
Installation =
Central Storage Vessel - .
5,000,000 gal x $.01 per gal = $ 50,000
Variable Speed - Distribution Syslew Pump o 70,000
‘Distribution System Piping
3,050 ft (10" pipe) @ 12.80/ft
6,100 ft ( 8" pipe) @ 10.10/ft
6,100 ft ( 6" pipe) @ 7.45/ft
33,500 ft ( &' pipe) @ 5.65/ft
12,200 ft ( 2" pipe) @ 3.15/ft 374,085
SUBTOTAL © $494,085
25% Contractor & Engineering Fees 123,520
TOTAL $617,605
Southern Climate
Distribution System
: Material &
Installation
.Central Storage Vessel 4 ‘
5,000,000 gallons @ $.01 per gal - $ 50,.000
Variable Speed - Distribution System Pump A 80,000
'Distribution System Piping
6,370 ft (10" pipe) @ 12.80/ft
12,740 ft ( 8" pipe) @ 10.10/ft
12,740 ft ¢ 6" pipe) @ 7.45/ft
70,070 ft ( 4" pipe) @ 5.65/ft
25,480 ft ( 2" pipe) @ 3.15/ft ' 781,280
SUBTOTAL $ 911,280
257 Contractor & Engineering Fees 227,820
TOTAL $1,139,100
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4.3.2

"4.3.3

4.4

Unit Costs Associated with Each End-User:

Water Metering Equipment ' _ $200
150'-3/4" Run-Out Piping @ $1.5 per ft ' . 225

TOTAL ' ' $425

END-USER SYSTEM COST

The installed cost of an end-user ”waterFto—air"_heat pump system was "
taken to be $2,000. Since all conventional systems comparisons will assume
a forced air distribution system, the installed costs presented herein do
not maké any allowance for ductwork, insulation, grilles, and associated

installation. These costs also refer to new installation and are not

‘necessarily representative of retrofit conditioms.

CONVENTIONAL SYSTEM COSTS

Only end-user costs were developed for conventional systems since

~accounting for energy-supply equipment costs and distribution system costs

are included in the energy charges paid by the consumer. The equipment

costs for each of the conventional alternatives is as follows:

Gas Heat/3 Ton Elect. Cooling: $2,200
Air-to-Air Heat Pump: - $2,900
Resistance Heating/Electric Cooling: $2,250

OPERATING COSTS

Operating costs were developed from the efficiency analyses presented
in Section 3 of this report. It was assumed that electrical power for
centxal ﬁiant equipment is ﬁuﬁchased from a utility at a reduced cost
per kwh due to the tiered rate schedule applied to inddétrial/commercial
type customers. Residential electric power would be purchased on an

individual basis.. Where combined energy costs are given for the HP-WHR
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4.4.1

scheme, it is assumed that residential electric ehergy cost per kwh is

1.5 times the central energy plant cost. The cost of thermal energy from

the HP-WHR scheme to the end-user is discussed in a subsequent section.

CENTRAL STATION AND DISTRIBUTION SYSTEM OPERATING COSTS

The‘input energy for delivery of heating energy and dié%fbation of

cooling energy by the central plant were developed from the performance

énalyses of Section 3. Appendix B gives a complete breakdown of how

energy quantities were derived.

A summafy of the electrical energy required for each of the central

plant components is presented in Table 4-2.

Table 4-2
CENTRAIL PLANT

Electrical Energy Requirements

Northern Climate

Central Heat Pump
Heating
"Cooling

Circulating Pump

Distribution Pump

Auxiliaries
TOTAL
‘Southern Climate
Central Heat Pump
Heating
Cooling
_.Circﬁlating Pump
Distribution P;mp
Augiliaries
TOTAL

87

__kwh/yr
1,392,905

632,485
224,282
1,027,858

12,000

3,289,530

1,043,600
3,131,060

594,990
1,190,615
12,000

5,972,265



Figure 4-1 presents the annual electricity costs for the central plant
under different éverage energy costs ranging from 2¢ to 4¢ per‘kwh..

4.4.2 END-USER OPERATING COSTS

The typical end-user is assumed to ﬁave the hea;ing and ééoling load
requi;eménts presented in Table 4-1. Based of those requirements and
seasonal coefficients of performance of 2.75 for heating and 2.9 for
cooling, the following end-user eléctric energy requirements were determined:

Table 4-3

: HP-WHR System
End-User Electric Energy Requirements

Northern Climate

Kwh/Yr. Cost/Yr.

Cooling . 1,915 8115
Heating 11,236 674
TOTAL 13,151 $789
Southern Climate »
"Cooling 4,549 . 8273
Heating . 4,040 . 242
TOTAL | 8,589 | $515

The cost per unit for electrical energy was estimated‘at.6¢ per kwh.

In addition to the electric energy purchased by‘the end-user, an
additional charge would be made for the thermal utility service from the
central plant. These charges are explained in Section 4.6, and for the
examples given, would be as follows: |
Northern Climate - $590 annually

‘Southern Climate - $469 aﬁnualiy
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4.4.3 TOTAL HP-WHR SYSTEM OPERATING COSTS

Figure 4-2 is a graph‘of total.system energy costs to the end-user
at several electric energy rates. This graph was developedAby adding
the end-user's cost of electric and thermal energy. Comparisons wiﬁh
conventional systems presented in Figure 4-3 are made at an elec;ric

energy rate of 6¢ per kwh.

4.4.4 CdNVENTIONAL SYSTEM OPERATING COSTS

| Based ontthe load assumption stated in the previous discussion on
end-user heating and cooling requirements, operatiﬂg costs were estimated
for'eaph conventional system. Direct fired heating was assumed to be 65
percent efficient, Air-to-Air heat pump seasonal performance factor was
assumed to be 1.5 for northern climate ahd 2.3 for southern élimates,
and electric resistance heating was assumed to have a COP of 1.0 All
systems for air conditioning were assumed to have energy efficiency
ratios of 7.5. Ihe results are preseﬁted inATable 4-4,

Table 4-4

Conventional System Energy Costs
Northern Climate

HEATING ‘ COOLING

Energy Energy Energy Energy
System Consumption Cost Consumption Cost

NATGAS/Elect 1622.5 therms $ 486 . 2528 kwh $152
Cooling .
Elect Air-to- 20,600 kwh $1,236 2528 kwh $152
Air hp

. Resistance 30,900 g $1,854 2528 kwh $152
Heat/Elect

A.C. -
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Table 4-4 (cont)

Southern Climate

HEATING COOLING
Energy Energy Energy Energy
System Consumption Cost Consumption Cost

NATGAS/Elect 584 th $175 6,000 kwh $360
Cooling
Elect Air-to- 4830 kwh. $290 6,000 kwh $360
Air hp '
Resistance . 11,110 kwh $667 6,000 kwh $360
Heat/Elect :
A.C.

The cost per unit for energy was estimated at 6¢/kwh for electricity and
$.30 per therm for natural gas.

MAINTENANCE COSTS

Maintenance costs for unitary equipment were estimated with the aid
6,7
of the ICES Technology Evaluation Documents. Maintenance of the central
heat pump equipment was estimated at 2 percent of installed costs per year

for the central station equipment and 0.5 percent per year for the distri-

bution system. The following maintenance costs were used:

HP-WHR SYSTEM ANNUAL MAINTENANCE COST
Item
Central Station Equipment : $11,305
Distribution System , No. $3,Q90 So. $5;695
Unitafy.H.P.‘(Watgr to Air) ‘ $165 per unit

CONVENTIONAL SYSTEMS

Gas/Electric Cooling ' $130 per unit
Air-to-Air Heat Pump B $180 per unit
Resistance/Elect. Cooling : $160 per unit
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4,

5

Annual maintenance costs for the unitary end-user equipment was developed

from references.

HP-WHR SCHEME OPERATION AS A THERMAL UTILITY

In order to compare the HP-WHR scheme to conventional utili;y supplied
schemes, it is necessary to perform an analysis from the end-user's viewé
point. To account for thermal energy distribﬁted.ffom the central plant,

it isﬂaﬁticipated'that the system will be operated as a thermal utility. -

" The charges to end-users will be made based on meter readings and will

be sufficient to cover the central plant's operating and maintenance
costs, aebt service, and administrative costs associated with.operatién
of .the system.

The cost figures contained in this report were generated for the
northern and southern locations using the statéd electric energy costs,
an administrative cost of five percent of total owning and operating
costs, and debt service based on an interest rate of 7 percent per year.'A
It is recognized that the seven percgnt interest réte is somewhat arbi-
trary and Qill vary with the application and type of financing arrange-
ments actually implemented; however, it was selected to be between typical
1977 yields:for'Municipal‘Class A bonds and Utility bonds issued 5y private
;ompanieé. |

The cost per customer-for thefmal service was computed as follows:

Northern Climate (serving 470 customers)

Energy Césﬁ @ 4¢/kwh - v $131,581 .

~ Debt Service

Central Plant and Distribution System
$1,182,855 x .0858 ‘ " ' 101,489

' End-User Connections . , . .
'$199,750 x .0858 - 17,138
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Northern Climate (Continued)

Maintenance on Central Plant & Dist. System ' o N $ 14,395
SUBTOTAL T 264,603

5 ﬁeréent adﬁinistration o - ‘ : - 13,230
TOTAL ‘ o $277,833

Annual Cost Per Customer = $591

Soﬁthérn Climate (serving 980 customers)
Energy Cost @ 4¢/kwh . ' ~$238,891

Debt Service 4
Central Plant and Distribution System

$1,704,350 x .0858 ' ' - ‘146;233
End-User Connectioﬁs : _ : ' | ‘ _
$416,500 x .0858 ' 35,736
Mainténance on'Céntral Pl;nt & Dist. System o 17,000

© SUBTOTAL C $437,860

5 percent adminiétration o ‘.‘ 21,893
TOTAL '$459,753

Annual Cost Per Customer = $469

LIFE CYCLE COSTS

A net preéent value life cycle cost analysié.ﬁas-prepafed for tﬁe
HP-WHR system and each of the conventional'system alternatives. The anél4
ysis was performed from the end-user point of view, sincg‘fhe consumer Qill
ultimately pay all césts associated with each system. In the case of thermal
energyAdistributed by the HP-WHR system, central plantﬁcapital and energy
costS'are-embédded in the cosé of ser&ice td the end-user. A.range of
intéreSt rates was Qsed for discounting future expenditures. Thevresﬁlts

are presented in Figures 4-4 and 4-5.

94



66

30

24 -

DOLLARS x 1000

28—

26

22~

20~

18-

18-

14~

12

10~

'PRESENT VALUE OF EXPENDITURES

\NORTHERN CLIMATE - 25 YEAR PERIOD

DOLLARS x 1000
g
\

e

]
8

T

10 12
INTEREST RATE

FIG. 4-4

NOTE: COMMERCIAL ELECTRICITY AT 4¢/KWH
RESIDENTIAL ELECTRICITY AT 6¢/KWH
NATURAL GAS AT 30¢/THERM

' LEGEND: HP-WHR SYSTEM . _
AIR TO AIR HEAT PUMP ——e

ELECTRIC RESISTANCE HEAT/ELECTRICAC. —— — —=
NATURAL GAS HEAT/ELECTRIC A.C. —— —

20—y

18 SOUTHERN CLIMATE -25 YEAR PERIOD

>
1

-h
>
i

-
Q
'}

®
1

L]
1

i ' L U L

8 10 - . )

INTEREST RATE
FIG. 4-5

O =y



4.6.1 DETERMINATION OF PRESENT VALUE

The present value of each alternative was determined for a twenty-five

year period at the stated discount factor. The following general formula

was used:
= 3 +
PVi _FCi + £(j,25) x (AOCi AMCi)
where
. th )
PVi = Present value of the i alternative
FCi'= First cost of the ith alternative

f(j,25) = The present worth factor at'j percent interest
for 25 years

AOCi Annual operating costs of the ith alternative

AMCi'= Aﬁnual maintenance costs of the ith alternative
The present value figure is given as a positiﬁe number; hpwevér, in
actuality it should be realized that the number is a present value of present-

and future costs.
-Figures 4-4, 4-5 present a comparisdn of the HP-WHR system and
several cénventional*Systemé at 8 percent, 10 percent, and 12 percent-

present worth factors.

4.7 SUMMARY OF EXPECTED ECONOMIC PERFORMANCE

The net present value analysis of the HP-WHR scheme and the conventional
schemes indicatés that the HP-WHR scheme can be cost competitive ‘with air—
‘to—air heat pump systems and electric resistance heating systems depending
on comparatiﬁe energy costs and geographic 1oca;ion. As expected, the
conventional natural gas/eiecfric schemé is much more cost effective at

today's natural gas prices.
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- 5.0 ENVIRONMENTAL IMPACT

. 5.1 INTRODUCTION

During the last 15 years there has been increasing concern within the

‘United States forAprotection of all aspects of the environment. This concern

has resulted in the passage of numerous Federal laws and the subsequent

development of implementing regulations to protect various aspects of the

environment. These laws have covered such diverse areas as air quality,

water quality, noise .control, archaeological and historic preservation, and

protection of endangered species of plants and wildlife. The most significant

of the Federal laws and Executive Orders affecting the environment are listed

below:

1.

2.

11.

12,

The
fhe
The
The
The

The

" The

Archaeological and Historic Preservation Act of 1974;
Clean Air Act;

Coastal Zone Managemenf Act of 1972;

Endangered Species Act_of71973;

Federal>Water Pollution Control Act, as amended;

Fiéh and Wildlife Coordination Act of 1958;

Flood Disaster Protection Act of 1973;

Marine Protection Research and Sanctuaries Act of 1972;
National Environmental Policy Act of 1969;

National Historic Preservation Act of 1966; Executive

Order 11593 ("Protection and Enhancement of Cultural

' Environment," May 13, 1971): and 36 CFR Part 800

("Procedures for the Protection of Historic and Cultural

Property,'" January 25, 1974);

The

The

Rivers and Harbors Act of 1899;

Safe Drinking Water Act of 1974;
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13. The Sblid‘Waste'Disposal Act;‘
' 14. The Water Resources Planning Act of 1965;
15. The Wild and Scenic Rivers Act of 1968; . .
16. Executive Order 11296 ("Evaluatiop of Flood Haéards in
Locating Féderally Owned or Financed Builaings,'Roads,.and
6ther Facilities, aﬁd in Disposing of Federal Lands and
. Properties," August 10, 1966);
17. Federal Insecticide, Fungicide, and Rodénticide_ACt as
ﬁmcnded; ;nd' |
18, The Noise Control Act of 1972.
_Some‘of-the laws noted above are concérned'wi#h one specific are# of
.the environment; while others Ha§e a much broader area’of concefn. One of
the most significant laws is the National Environmental Policy Act of 1969
which reduires all ngeral agencies to prepare detailed Environmental Impact
'Statements on major Federal actions that significantly affect'the qualit& of
the human envi;onment. The National Environmehtal Policy Act requires that
agéncies include in their decision making process an appropriate and careful
éonsideration of all environmental aspects of proposed actions, an explanation
of potential environmental effects of propésed actions and their alternatives
for‘pubiic understanding, a discussion of ways to avoid or minimize advefse
effects of pfoposed actions, and a discussion of how to restore or enhance
environmental quaiity as much as possible.‘.Facilities such as a Heat Pump
Centered-Integrated Community Energy System (HP-ICES) which may be copstructed
in part with the assistance of Federal grant of loan funds, must be subjected
:'to an environmental impact analysis to detérmine'whether‘or'not significant
eﬁviroqmental impacts will result either directly or indirectly from the
proposed project. This analysis is reviewed by appfopriate Fédefal and State

agencies and interested citizens or organizations and is submitted to the
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Presidenf's-Couﬁcil on Environmental Quality. If significant.environﬁéntal
impacts wirl result from the proposed prdject, then a full Environment”Impact
Statement must be developed along with the related. reviews and public~hearing5"
required.. -
Some of the major points which must beAaddressedAin the.ﬁrepération.of
an environmcntal‘impéct appraisal are as fallnws:
1. Brief description of project;
2, Pfobable impact of the project on the environment;
3. Any pfobaBle adverse environmental effects which cannot -
be avoided;
4. Alternatives qonsidered with evaluation of each;
5. Relationship between local short-term uses of man's
environment and maintenance and enhancement of long-
term productivity;
6. Steps to minimizé harm to the environment;
7. Any irreversible and irretrievable commitment of resources;
8. Public objections to project, if any, and tﬁeir resolution;
and
9. Agencies consulted about the project.
The environmental impacts of faciiities such as an. HP-ICES can be divided
into two brpad categories. These categories are:
1.. Theienviionmental impacts of construction, and
2. The environmental impécts of operation.
The next two sections will address the environmental impacts in each of these

categories for heat pump centered-integrated community energy systems.
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5.2

5.2.1

ENVIRONMENTAL IMPACTS OF CONSTRUCTION

TEMPORARY. TMPACTS

The environmental impacts of construction can be further divided into

'thoSe temporary impacts that exist only during the construction phase and

the permanent impacts of the facilities' construction and location. The
temﬁorary environmental impacts}caﬁsed by construction actiVities are as
follows: |

1. Noise and dust generated by cbnstruction activities;

2. Removal of vegetation and paQement causing_soil erosion

‘and siltation during construction;
3. Disruption of normal traffic patterns caused by
. construction in sfreets;

4, Potenfial for broken gas and watgr mains and sewer

lines; and

5. Temporary inconveniences for businessésfand residences

'wﬁile individual connections are being made .

Most of the temporary impacts are the nuisance conditions that are usually
associated witﬁ cénstructiop operatibns. Most of the impacts can be minimized
by the proper planning and execution of various cdnstructioﬁ activities. For
instance, the impact of noise in a residential neighborhood can be minimized
by limiting the contractor's operations to hormal daytime hours when many
people are away from home gt work or school. .SipceAmuch of the distribution
and return systém will be constructed in existing streets and rights-of-way,
some disruption of normal'traffic'patterns is unavoidable. However, by
proper plaﬁning of construction operations, tﬁe actual time that a street

must be closed can be minimized. One of the most significant potential

.impacts during the construction operations is the potential for breaking
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gas mains, water mains, and existing sewer lines.while constructing ‘the HP—iCES K
distribution and return system. In particular, a broken~gas.main or se@er
line could create a significant environmental hazard. A broken gas méinfcan
create either an immediate or delayed explosion of disastrous preportions. ‘A
broken sewer line can-result in thé discﬁarge ofiréw(and untreated sewége to
nearby dfainage-ditches,'c:eeks and streams, and create serious public health
-hazards and water pollution problems. For those reasons it is important ‘that
the initial desigﬁ carefully locate existing water and gas mains and sewer
lines. 1In addition, it is important that the céntréctor t;ke certain pre-
cautions during construction in £he event that gll such facilities are nét

properly and adequately located on the construction plans.

-5.2.2 PERMANENT IMPACTS

The principal impa;ts of construﬁtion operations that are of a ﬁermanent
nature are as follows: |

1. Constrﬁction materials required for constfuctiong

2. .Energy utilized in the construction brocess;

3. . Land occupied by proposed facilities; and

4. Disruption .of previously undisturbed terrain.

The concrete, steel, and other materials required during éoﬁstruction are
essentially ifreversible and irretrievable commitments of these fesources.‘AThét
is, once they are uséd in the préposed construction, it is highly uniikely‘that 4
they will ever be used aéain for any other purpose; The energy utilized duriﬁg
the construction précess wil be primarily gas, oil aﬁd.diesel fﬁel that is
required for theéperatipn of trucks, bulldozers, ditch digéers, and other
construction quipment. Some electrical energy will also bé,ufilized;fdr
eléétrical.tools and equipment used during the conmstruction of buildings and

other structures.
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The land on‘which tﬁe proposed facilities are to be-located will be
committed to this use for a minimum of 20 years and possibly fer as much as
40 to 50 years or longer. However, this commitment is not permanent, in that, -
if the facilities were to be abandoned in future yeafs,‘they could be torn down
and the land could be utilized for other purposes. The'major land reqpirement
Qili be-associated_with“the central plant_facility and related étorage faci-
lities ana cooliﬁg ponds that will be éonstructed. Land ;equifed for the
distribution and return system will onl§ be'é narrow~ease@ent thét is only
10 to 15 feet widé. In mbst cases, the easement for the distrigution gnd fe—
turn system will be iocated in existing streets énd highway rights-of-way. In 

.most cases, the presence of the distribution and return system will not pre-
vent the land itself from being utilized for other purposes. However, in
some casesthere1hay be a restriction in bﬁilding a struéture'or building
within the pefmanent easement.

One of the major environmental impacts of construction operations is the
disruption of previously undisturbed terrain. During construction of the
transmission and return system, rights;of—way must be cleared of vegetation
and smoothly gradéd so that construction equipment can move easily alohg the
right—of—way while digging the trench for the trgnsmission main. Clearing

and grading is also required at sites where buildings or other struétures
must be coﬁstructed. If the construction takes place in an area that has
been previously undisturbed, then fhere is a danger that unique vegetation
or wildlife habitat or previously undiscovered archaeological sites may be
damagéd'ér destroyed by the c6nstruction operations. For the Heat Pump
Centered-Integrated Coﬁmunity Energy.System, most of the construcfion for
the transmission and distributién system is e#pected to be along existing

streets and highways and therefore will not involve much construction in
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5.3

5.3.1

- areas that have been previously undisturbed. The environmental impacts

of construction that do occur in undisturbed terrain can be minimized by

careful site selection and routing of transmission mains to avoid unique

vegetation, wildlife, or archaeological sites. .

ENVIRONMENTAL IMPACT OF OPERATION“

IMPACTS ON SEWERS AND WASTEWATER TREATMENT FACILITIES
One of the most significant potential impacts of the proposed Heat
Pump Centered-Integrated Community Energy System is on the existing sewers

and wastewéter treatment facilities within the community. There are

several aspects of the project that could create an impact on existing

wastewater‘facilities. These impacts are:

1. The additional hydraulic loading on the.sgwet system if
tﬁe seﬁer syétem is used as the means of returning the
heap pump water supply to the central facility.

2. The additional hydraulic loading on the wéétewa;er
treatment facility itself ifvthe sewer system is used

) as-thé meéns éf returning the heat pump w#ter supply
"to the ‘central plant.

3. The effect’bn the wastewater treatment pfoceés if the
temperature of fhe,untreated wasteﬁater is raised or
ldwerédlas a result of the operafion of the heat pump
system., (Lowering the wastewater tempefature will slow
déwn the biological treatment process and require larggr
aeration basins to increase the time of treatment.)

4. The eﬁvironmental impact on water quality .and équatic life
in phé-stream where the trea;ed wastewater is discharged
as a result of a change in temperature of the wastewater

discharge.
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Becguse of the significant nature of these impacts, a separate
discuésionlofleaqh-will be presented.

One of the schemes to be evaluatgd includes using the éxistiﬁg
lines to transport the used wéter from the Beat pump system baék fo
the municipal wastewater treatmént plant and central heatAexchangers
and pumping faéilities. This additional ﬂischarge to tﬁe sewer system
would‘constitute an additional hydraulic loading on the sewer system
over'and.ébove the estimaped wastewater flows that were used to design
Fhe sewers initially., Consequently, if the existing sewer system were
to be utilized as a part of the return system, it would be necessary to
evaluate the impact of this addifional hydraulic flow on the existing
seweré. Several questions would need to Ee addfessed. These are:

1. Cén'the existing sewer 1ines carry the peak hydrauiic

'flows that will result when the spent water from the
heat pump system is discharged into the sewer systgm?

2, Which sewer lines will be overloaded.and how much

ad&itidnal sewer capacity must belprovided?

3. Even if the existing sewer lines have sufficienf

capacity to carry the additional hydraulic‘flowé, .

the ultimate capacity of the sewers will be reached
sooner fhan originally ahticipated without the water
from the héat pump system. How soon will the capacityb
of existing sewer lines be reached?

4, If parallel or replacement sewer lines must be constructed

to provide additional capacity, then the environmental
impacts for this construction must be evaluated.

The hydraulic loading at the wastewater treatment plant would also be
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a point of concern in the HP-ICES spheﬁe described above.‘ The pumping
faéilitiésbfor the influent wastewater, the bar screen and grit removal
facilities, and the primary clarifier would all have to be sized to

héndle the additional hydraulic loading. If these facilities do net

ﬁave adequate capacity to ﬁandle the additional hydraulic flow, their
performance will be significantly impaired and the treétment.facilityA
will not achieve the degree of treatment for which it was designed.

'fhis could result in the discharge of raw or improperly treated wastewater
to the stream,

A heat pump centered energy recovery system utilizing wastewater as
the heét.soufce and-sink will raise or lower the temperature of the waste-
water relative to ;he normally encountered temperatures. The femperature
of the wastewater will be réiséd in the summer and lowered in the winter.
Since the treafment of domestic wastewater usually dependé upom some form
of microbioiogical actiyity (e.g., activated sludge, trickling filters,u
etc.), and since temperature is an important*féctor affecting the biologi—
cal activity'rates, changing the temperature of wastewater will alter the
rate at which the wastewater is biologically tfeated. ~Typically; the
colder- the temperature, the slower the rate of bioloéical treatment.'
Hence, as the rate of the biological reaction is decreased, the time
required to provide the séme degree of treatment must be increaséd. This
means that with lower biological reaction rates the volume of the aeration
‘bésin‘must be increased to prévide a longer detention time (and reaction
time) to achieve the same degree of treatment as the higher reaction rates.
Biochemical reactions, in general, follow the van't Hoff rule of a doubling
of'réaction<rg§e fér a 10°C (18°F) increase in-temperature over a rest?icted

temperature range. Studies with activated sludge have shown the reaction
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rate to be more than doubled for a 10°C rise in temperatureBO.

-Typically, biological wastewater treatment systems are designed to
operate at the coldest wastewater temperature that might bé.éxpected in
"the pérticular region in wﬁich'the treatment facility is to be located.
Typical miﬁimum design temperatureé may range from 45°F to 55°F. Since
biélogical treatment rates would be slowed as a result'of the 1oﬁered
‘temperature in the.wiﬁter, the lowered temﬁerature Vould need to be
considefed'during the design phase.to'size biological treatment units

or to predict lost treatment efficiencies for existing facilities.

The change in biological aétivity rates may be expressed

mathematically by the Arrhenius equation3l,

dlnk _ Eg 5
dT =~ TRT

Qhere dlnk/dT represents the change in the natural log of the biological
activity rate constént with temperature, R:is the universal gas constant,
and E; is a constant for the reaction termed the "activation energy."
Integ;ating between the limits gives

In 2 _ B, (75 - 1)
RT,T]
" where ko and k1 are rate constants at temperatures Ty and Tj respectively.
Temperature is expressed in degrees Kelvin. By substituting the constant

® for E4/RT2T], the equation becomes

ko '
ln —_— = e T - T
g = 8 M- T

or

X

By using the expanded form.of e¥, the equation can be approximated as
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a— [1 +6(T) - 'Tl)] .

The constant © has been shown empirically to vary from 0.056 in the
temperature range betﬁeen 20° and 30°C and 0.135 in the temperature range
between 4° and 20°C32, A value for © often quoted in the literature for
biological wastewater treatment reaction rates is 0.04724,".

Thereforé, a decrease in the minimum wastewatef temperature from 556F
to 509F would theoretically decrease a typical domestic wastewater biologi-
calAreaction rate constant from 0.25 to 0.22 (12% decrease) and a decrease
to 450F would decrease the reaction rate constaﬁt to 0.18'(28% decrease).

Once édjusted for temperature, the reaction rate constant, k, which
also varies for varying wastes and treatment conditions, can be utilized
in fhe follqwing equation to sizé biological treatment units:

Lt = L (107kt).

' where L is the initial BOD (biochgmical oxygen demand, a measure of the
organic sﬁrength.of wastewater), and Lt is the treated BOﬁ at retention
time, t. _Using this equation and assuming a decrease in the biological
reaction rate from 0.25 to 0.18 (550F to 45°F) the detention time t would
have to be increased 38.7% in order to achieve the same degree of treat-
ment. Hence, the volume of the aeration basin ﬁould need to be increased
38.7% and the aeration eguipment would need to'be deéigned fo; the larger
volume énd longef retentioﬁ times.

Another,aspect of the wastewater treatment process that is influenced
by temperature is. the anaefobic digestion of éewage solids or sludge. As
with the liquid wastewater treatment, the bioidgical activity rates are
Lemperatufe dependent. In some areas of the country anaerobic digesters
must bg heated during the winter months in order to maintain acceptable

rates of microbiological activity. However, since the digestion of sludge
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5.3.2

solids is separate from the liquid treatment process, the HPC-ICES scheme

would not have any influence on the temperature in the anaerobic digester

and hence would not affect the sludge digestion process.,
Additionally, wastewater temperature changes affect oxygen transfer

rates, disinfection rates, and under extreme conditions the aquatic biota

in the receiving stream. Both oxygen transfer and disinfection rates

follow the van't Hoff-Arrhenius relationship, but in the opposite manner.
Elevated temperatures decrease oxygen transfer rates while increasing

disinfection rates. Therefore, consideration would likely need to be

.given to the decreased disinfection kill rates in the winter and decreased

" oxygen transfer rates in the summer,

A detéiled discussion of thermal pollution and the effects of'fempera—
ture changes on aquatic life is beyond the scope of.the reﬁort. However,
it may be stated generally that as wastewater effluent tempefatﬁres increase,
dissolved oxygen saturation concentrations decrease, and predominant
aquatic.lifeforms become less desirable in character. Heated water
discharges, after initial mixing, should not increase the temperaturé of
the main body of the receiving waters above.95°f if fish life is to be |
preserved. An excessive increase in the temperature of the wastewater-
diluting'water mixture above that of the diluting water should not be
permitted. Incfeases should be limited to 3°F to 5°F, according to-tﬂe
report of the National Technical Advisory Committée47. At the present
time, the permissible temperature iﬁcréase is a matter of coptroﬁersy;
Detailgd_discussibn of tﬁgrm§} pollution may be found in.Krendel and
Parkerl8,

IMPACTS ON MUNICIPAL WATER SYSTEM

The alternative scheme which utilizes primary clarified wastewater
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in the distribution syétem toléach individual heat pump presents a poten—
tial environmental impact to the municipal water system, Wiﬁh this type
of system there is always a danger that someone will make a mistake and
connect the heat pump water system to the municipal water system and
thereby cause contamination of the municipal water system. Even if the
primary clarified wastewater is chlorinated befpre‘going into the heat
pump distribution system, a potential for contamination would e#ist if
crosé connections were made between the heat pump water distribution system
gnd the potable water distribution system. Another potential danger is
that a plumber or homeowner might by mistake connect into the heat pump
water distribution system for the water supply for a home or business.
Such a mistake would, of course, be a serious public health hazard.

5.3.3 IMPACTS ON ENERGY SOURCES

One of the most significant positive impacts of the proposed Heat
Pump Centered-Integrated Coﬁmunity Energy System is a more efficient
utilization of available energy for the heating and cooling of resi-
dential homes and commercial establishments., In addition, the heat pump
system~will utilize low-grade heat found in wastewater discharges which
is now wasted. The primary energy requirements for the pfoposed heat
pumﬁ system wiil be for the pumping facilities which will be a part of
the distribution system, the electrical power for each individual heat
pump and the energy required at the central plant facility for the pumﬁs,
heat exchangers, and other equipment needed there. Once a preliminary
désign and layout has been developed for a particular system, it will.
be possible to estimate the total energy that will be required in the
system's operétion and compare this energy consumption with the amount
of energy thaf would have been required with a conventional heating and

cooling system,
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- 6.

6.

6.0

2.

2

1

PROJECTED GROWTH

INTRODUCTION

A Heat Pumﬁ Centered-Integrated Community Energy Syétem will,:in a sense,
be'a public utility that will ‘be designed to serve all or part of the .existing
population of a community and all or part of future increéses”in fhe community's
population. Consequeﬁtlf, the planning and design for such a system must
carefully evaluate both the egisting population of the community and future changes
that are anticipated in the community's population. The purpose of this section

is to review briefly the methods that are available to planners and engineers for

determining future population changes and to describe how an HP-ICES would be

expanded to meet various rates of increasing population.

METHODOLOGY FOR PROJECTING GROWTH

POPULATION PROJECTIONS

There are numerous metﬁods available to engineers and planners for
projecting ‘the future population of a given area. The most commonly used
methods may be classified as;

1. graphical;

2. decreasing rate of growth (increase);

3. ma;hematical or logistic; |

4, ratié and correlation;

5. component;

6. “employment forecasts.21
Usiﬁg one or moré of these methods, an individual researcﬂer can gather fhe appro-
priate data for a particular area énd develop'a totally independent population
projeetion for that area. The method utilized can be a simple graphical extension
of-pqpulation ba%ed on past population changes or it can be alcomplex and mathemati-

cally sophisticated method which requires considerable time and an involved analysis.

For many years the preliminary planning that was domne for public facilities
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required that such independent population projections be develnped. However,
many of these independent population projections were later found to be in errc
.due in part to the assumptions made by the investigators and in-part to the
personal bias of the investigators concerning the area in question. In recent
years Federal and State agencies have become -actively involved in.developing
State and National population projections which in turn are disaggregated to the
locél level. For most public facilities that are being financed in part.with
Federal gfants or loans, it is usually required that population projections nsed
in deéigning these facilities be in agreement with State and Federal projections
that have been'devéloped for the particular area in'question.

"In Géorgia, the Stéte Office of Planning and Budget has the responsibility -
for deVeloping population ‘projections in the State. A recent report by that
office was entitled "Population Projections for Georgia Counties, 1980—2010."381
Tne popuiation projections described in this publication are termed "baseline
projections.” .The‘term ""baseline'" denotes an estimate of what can be expected
if there are no substantial changes that would impact population growth. The .

population projections for Georgia counties utilized data from each individual

" county along with data from each Area Planning and Developmént Commission. In

Georgia each of the 159 counties is located in one of 18 Area Planning and Deve-
lopment Commissions (APDC). One of the main functions of-an APDC is to main-
tain acnurate and complete information-on population changes and populationA
trends for each of the counties within the APDC. In addition, most of the
APDC's have deyeloped population projections for individual communities and
cities within their jurisdiction.

Within the Federal government, the Watef Resources Council has in recent
years coofdinated the work of several Federal agencies in the areé of popula-

tion- projections. Under a cooperative agreement with the Water Resources

112



- Council, the Bureau of Economic Analysis, U. S. Department of Commerce, has
worked jointly with the Economic Research Service, U. S. Department of Agri-
culture, to develop unified population projections for each state in the nation
along with the counties within each state. Population projeétions developed-
under this program have been commonly referred to by the acfdpym of "OBERS."

A concerted effort has been made to assu;e cooperation betweég_tﬁe‘Federal
agencies involved; each responsible State agency, and the local Area Planning
and Development Commissions to assure uniformity and agreement among the popu-
lation projections published by each of these agencies.

The most complete data available on existiné population is the Federal
Census of Population which is conducted every 10 years. The Census of Popu—
lation contains extensive population daﬁa for each state and the counties
and muﬁicipalities within each state. Between censuses, the Bureau of the
Census in the U. S..Department of Commerce in conjunction with the State agency -
that has responsibility for population projections publishes a yearly report
which gives the eétimated population of each state and the counties within the
state for that year} These reports are referred to as "Current Population
Reports Series P—25."56For individual communities and municipalities within a
county, it may be recessary to utilize other sourcesvof information to estimate

"existing population between censuses. Changes in population since the last
census can be estimated by utilizing school enrollment records, records of
births and deéths, records of building permits for residential construction
and automobile registration records. Fairly accura;e estimates of exisfing 
population can be made by propérly utilizing such informatidnias noted above.

6.2;2 ECONOMIC ACTIVITY PROJECTIONS

A Heat Pump Centered-Integrated CommunityAEnergy System would serve not

only residential areas but commercial and industrial areas as well. Hence the.
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planning and design for such a system would need to consider growth of commer~-
cial and industrial activities of the area. Projections of future economic
activity within an area most frequently give consideration to past commercial
and industrial growth that has occurred and the potenti;l for future commer-
cial and industrial gfowth based on the conditions generally considered neces-
‘_sary and. desirable for economic growth to occur. |

 Area Plaﬁning and Development Commissions are frequently the best source
of information concerning past commercial and industrial growth and projeétions
6f future commercial and industrial growth for a particular area. These agen--
cies frequently conduct studies to analyze the type of economic growth which
has occurred in a particular area and at the same time analyze the potential
for future economic growth. Such studies often include estiﬁates on the ex-
pansion of existing businesses that can be anticipated and projections of the
type and size of new businesses and industry that may locate within the area
during a particglar time frame. In addition to the studies and repérts.published
by the APDC's, the State government may have an office or departmenf whose
primary responsibility is promotion of commercial and indusfrial growth within
the state. Data available from this office or department may be valuable in
projecting the future economic growth of an area. However, it may be limited
by the depth of coverage for a particular geographical area.

Other sources of information concerning the future economic growth of an
area would include the planning departments in the larger cities and Chambers
of Commercé. However, it should be noted that the economic growth whiéh may
be projected by a Chamber of Commerce is likely to be the ideal growth which
the Chamber of Commerce desireslto see and not necessarily the amount of

economic growth that can be realistically anticipated.
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6.2.3

FUTURE LAND USE PLANS AND EXISTING LAND USE PATTERNS

Another important aspect in the design of a public facility such as an
HP-ICES is determining where within the study area the residential, commercial
and industrial growth will occur. The previous two sections have presented
the data sources and methodology'thét can be utilized'iﬁ prﬁje?;ing population
and economic growth for a particular area. However, it is equally iméortant
tﬁat the specific areas within the community be delineated where residential,

commercial and industrial growth is anticipated to occur. The most frequently

used method for determining where future growth will occur is by analyzing

future land use plans that have been adopted for the community. Future land
use plans are generally developed by a city planning commission or an Area

Planning and Development Commission and have taken into consideration existing

Jland use, existing public facilities such as water and sewer lines, streets

and major -thoroughfares, and physical features such as flood plains, topography, -

soil and geological characteristics and other factors which might influence

ultimate land use and development. Taking into consideration the factors that
have beenAnoted; future land usé plans generally propose those land uses which
appear to be most desirable for each particular tract of land. Before utilizing
future land use plans in the planning process, -it is important that planners .
and engineers determine thg validity of a particular lahd use pian. In parti-
cular the following questions should be addressed: | |
1. Has the laﬁd use plan been formally adopted by
the local government?
2. Are the goals and objectives of the.land use
plaﬁ bging implemeqted through a program of
planning and zoning regulatiorns?
3. Is the land use plan used as a guide for decision

making by local governmental officials?
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1f the land use plan has been formally adopted and is being implemented

through planning and zoning regulations, then it can be a valuable tool in
determining where future grthh within the community wiil occur. - However,

if the land use plan is not being'implementea, then it may be more desirable

to use other sources ofAinformation to projecﬁ where growth will occur. In

some cases future land use and growth can be more accurately projected by
anal?zihg existing land»uses and recent trends and changes in land use. In
many cases, the past trends in land use and land use changes fér the lasf five
to ten years may continue for the next'five to ten fears. That is, a poftion

of town which was previbusly undeveloped but has seen heavy residential develop-
ment in recent years is likely to continue to experience residential development
in the éoming years unless some limiting factor develops. In the sémé sense,
areas of fown which have recently experienced commerciél or industrial develop- -
ment are likely to continue to experience such development if suitable land is
;vailable. Data and iﬁformation on existing land use and land use patterns is
availgble from several sources. Planning commmissions and Area Planning and
Development Commissions often have published reports that contain extensive
data and maps on existing land uses. In addition, maps that show e#isting
zoning often accurately reflect existing land uses. Changes in land uses -
and changing land use pattefns can be‘detected by reviewing zoning changes

in recent years, location of new residential and commercial construction

in recent years, aerial photographs taken of thé same area over-a period of
years andlmaps of the community that were devéloped,at several different time
pefiods.. | |

6.2.4 ACCURACY OF GROWTH PROJECTIONS

In projecting future population and economic growth for an area, it is
important for planners and engineers to have an understanding of the degree of

‘accuracy that can be anticipated with these projections. There are numerous
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6.3

6.3.1

factors which influence the pobulation-and economic growth of an area and
unexpected events or changes in existing conditions can have a significant
influence on popﬁlation and economic growth. As a general rule, the accufacy
of ﬁopulation estimates decreases as

(1) the time period of the forecast increasés,

(2) the populatidn of the area decreases, and

(3) the population rate of change increases.
Consequently, population projections for the next three to five years will
generally be much more agcuraée than population projections for the next ten

to 20 years. Also, population projections for a large city are more likelyb

. to be accurate than population projections for a small city. In small commu-

nities population growth is significantly influenced by unexpected events
that may occur during the planning period. For small communities such things
as the opening of a new industry or the closing of an existing industry or
changes to a nearby military instaliation can significantly affect the popu-
lation of the community.

For the reasons that have been noted, projections of future growth may

not be highly accurate and, hence, this fact must be considered by planners

and éngineers in . the planning and design of public facilities such as the Heat
Pump Céhtercd41ntegrated Community Ehergy System.

CENTRAL PLANT AND MAIN PUMPING FACILITIES

INITIAL DESIGN AND SIZING

In the planning of public facilities such as water treatment plants, waste-
water treatment plants‘or the central portion of an HP-ICES, one of the most
important decisions to pe made is the initial size and capacity of the facility,
Since the design‘of such facilities often requires six to twelve months and

the comstruction frequently requires a minimum of one to two years, these
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facilities cannot'be rapidly expanded in a short time frame. Hence, consider-
able thought has to be given to the initial design and capacity that is to be
provided. The initial design should also include provision for future expan-
sions to be made in the most economical way possible. The layout of the central
plant should show where future expansions will be located in relation to the
initial facilities constructed. Under some circumstances, it may bg more econo-
mical‘in the first phase of construction to go ahead and construct larger pipiﬁg
that will be sufficient to handle future flows during later expansions. - in some
cases, it is desirable to allow extra space in major structures such as buildings
or pump stations so that additional facilities such as a pump or heat exchanger
could be added at a later date with a minimum of ad&itionai cost involved.
For each community in which it is proposed to.construct an HP-ICES, it
will be necessary to conduct a study to determinewhat portions of thé community
can be economically served by such a system. This study would also project the
anticipated growth within the community that would be served by the system in
future years. The design and sizing of the central plant station would be
based on the capacity needed to serve the existing population and future growth
that is anticipated to occur within the next five to ten years and possibly
longer. The next two sections will discuss the sizing of the central plant
facilities to handle various rates of growth within different communities.

6.3.2 PHASING TO HANDLE LOW TO MODERATE GROWTH SITUATION

In recent years, the most common time frame that has been utilized in
planning public facilities such as water and wastewater systems has been 20
years. By definition, the start of the planning period is the date that the
initial facilities which are constructed begin operation. Hence, the time

"required for engineering study, design and construction is not included as a

part of the planning period. There were a number of reasons that a 20-year
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.plaﬁﬁing peniod‘ﬁas chosen. One: of the main reasons was that it is very dif-
fiéult to* accurately project population and economic growth beyond 20 years.
For the puépose_ofithis discussion, a 20-year planning period will belutilized
to deécribeJhéQ a Heat Puﬁp Centered;Integrated Community Energy Sysﬁem will
be expanded to handle various rates of growth. |

There are a number of different ways that can be used to describe the
capacity of aﬁ HP-ICES. Howevér, for this discussion, the capacity of the
system will be discussedAin terms of the number of customers served. To fur-
ther simplify the discussion, it will be assumed that there are no commercial
cusfomers and that all customers are single family residential users. The

-purpose of this section is to explain how the-ceﬁtral plant portion of an
HP-ICES wquldibe*expanded to handle low to moderate.growth that occﬁrs within
the community during the 20-year planning period. Low to moderate growth is
def ined he;e as being an inérease of b to 50% over and above the initial num-
ber of customers served at tﬁe beginﬁing pf the planniné period. .By this def-
inition, a system that has 1,000 customers a£ the beginning of the planning
period might grow to 1,500 customers by the end of the plahning period. The
initial sizing of facilities and later expansion of facilitiés to serve a
community will depend not only on the amount of growth that occufs during the
planning period, but also on when the growth occurs during the planming period.
In moéf casés, unless better data is available, it will be assumed that the
growth will'occuf'gt a uﬁiform rate over the.entire 20-year planning period.
Howevef, in somé cases,. it may be possible to show that the maximqm growth
will take plécefinifhe early; middle or latter portions of the planning period.
For communities that experience a fairly low rate of growth (OAto 20%) during tﬁe

'20—yéar'planning period, it'is generally mére desirable‘to construct sufficient

capacity initially to handle the anticipated growth rather than to attempt

small scale expansions of the central plant. Moderate rates of growth (20 to
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50%) can generally be handled by minor expansions to the central facilities
during the 20-year planning period. Minor expansioﬁs at the central facili-
ties would include such items as providing larger pump motbrs, changing pump
impgllers, adding a new heat.exchanger, or a new pump in space that had been
provided during the initial design and construction. The initial design and
layouf of the central facility plant would have made provisions for these minor
expansions and, hence, major construction of expensive structures or buildings
would not be required.‘

PHASING TO HANDLE HIGH GROWTH SITUATION

In this discussion a high rate of growth is defined as aﬁ increase in
capacity of more than 507 over the initial capacity that is required. Hence,
if a system initially serves 1,000 residential customefs, by the end of the
planning period the number of customers served will have increased to more
than 1,500 customers. For communities that experience a high rate of growth,
the central plant facilities may have to be expanded as much as 200 to 300%
over their original capacity during the 20~year planning period. In situations

such as this, there are several reasons that it is usually desirable to construct

“the total capacity needed at the central plant in several stages over the 20-

year planning period; Because of the inaccuracies involved with growth pro-
jections, it would be very risky to construct the total capacity required in
the initial stage of construction. From a monetary standpoint, it is not

desirable to spend large sums of money to construct excess capacity at the

'ceﬁtral facility that will not be needed until much later in the planning

period. It is more desirable to postpone major capital expenditures until

later in the planning period if possible. ﬁowever, it sﬁould be pointed out
that the monetary benefits of a program of phased expansioﬁ have been offset
considerably in recent years by the rising costs of construction due to in-

flation.
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For communities that are éxpec;ed to experience a high rate of growth

dufing the planning period, the central plant and related facilities would
"be designed and constructed to provide sufficient capacity. for the first

five to fén years with oné or two planned expansions to provide the total

capacity needed at the end of the 20-year p}anning period. The design .and

: . . i

layout of the initial facility construction would takg into cbnsideration the

future expansions that are proposed and to the maximum.extent possible the
- initial design and construction would attempt to minimize the cost of future
-expansion. ] |

6.4 DISTRIBUTION AND RETURN SYSTEM

.6.4.1 INITIAL DESIGN AND SIZING

The disfribution and return system for a Hegt Pump Centered-Integrated
Community Energy System will consist of pressure distribution mains very simi-
lar to a water system and either a closed loop, pressure return system or a
gravity return system utilizing the existing sewer system. In addition to the
distribution and return system, other related facilities include the high
préssure bumps and storage'réservoirs that will be required. There are
seQeral chéracteristics about the design and construction of water and sewer
lines that influence the manner in which distribution and return systems will
be constructed and expanded. First of all, water and sewer lines generally
have a useful life of from 40 to 50 years. Second, a major ﬁortion of the cost
of constructing water and sewer lines is not for the pipe and material involved,
‘but for.fhe:manpower and equipment required in the.construction process. Hence,

‘rhg‘most economical way to p;ovide additional capacity is generally to construct
a larger line'initially rather than a_parallel'line at a later date.

6.4.2 INITIAL‘CONSTRUCTION,PHASING

$ince construction of the distribution system may require from- 12 to 36

months or more, a phased approach to construction may be desirable. The
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6.4.4

distribution system would be divided into operable segments each of which

could be placed into operation upon completion. This procedure would eliminat

the need for the total construction to be complete before the system was placed

into operation.

PHASING TO HANDLE LOW TO MODERATE GROWTH SITUATION

Once it has been determined which areas of the community are to be.served
by the HP-ICES, a study should be made to determine which portions of the dis-

tribution and return system will be constructed immediately and which portions

will be constructed later in the planning period. For those communities that

are expected‘to experience low to'mdderate growth, the entire distribution and
return system may be constructed initially. When the distribution and return .
system is constructed for a particulér geographicél.area, the distribution and
return mains are sized to handle the anticipated growth that will occur in that
geographical area during the planning périod.' This means that if a subdivision
has homeé constructed on 70% of tﬁe lots, then the diStributibh and return

system will be sized to handle the existing homes and also anticipated homes

. to be constructed on the remaining lots in the subdivision. In most cases,

low to modérate rates of growth éan be accommodated within the geographical
area of the'initial distribution énd return system construction and new cus¥
tomerscanBe sexved by merély connecting onto therdistribution and return
system. In other cases, minor extensionslof the distribution and return
system‘may be sufficieht to serve new areas of growth not served’by the

original system.

PHASING TO HANDLE HIGH GROWTH SITUATION

As previously mentioned, a high rate of growth is defined here as an
increase of 50% or more in the number of customers served initially by the

system and may, in some cases, be an increase of 200 to 300% over the initial
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size of the system.. For a community that experieﬁces a high rate of groﬁth,
some of this growthAwill occur on undeveloped land that has alread& been served
by the original distribution and return system. However, for communities that .
expérience very high rates of growth, it is likely that significant residential
and commercial development will occur in areas that have'beeﬁ previously un-
developed, but adjacentjto the community. 1In such situations, completely new
vdisfribution and return systems must be constructed aé these areas develop.
Aﬁ ad&antage to'ﬁéw fesidential and commercial development is that a distri-
bufion and‘retufn system can be cgnstructed more economically if it is planned
and coﬁstructed as a part of the initial development, as opposed to being
constructed aftér the streets and other utilities have been constructed.

in order to serve new areas that are expected to develop during the planning
period, it may be necessafy to construct new transmission trunk lines froﬁ the
central plant facility to the facility of the developing area. In some cases
these new lines may parallel trunk lines that were built initially. 1In other
cases it may be more‘economical to construct larger méins initially to handle
the latgr growth in order to avoid the expense of constructing a parallel line

at a.later time.
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7.0

7.1

7.2

IDENTIFIED VARIATIONS

INTRODUCTION

In any system that utilizes the number of separate components that
are required in the HP-WHR system, the possibilities for component variation
and system mutation become virtﬁally uniim;ted. However, several areas of
system design show promise for performance and/or system economics improve-
ment through innovative systems engineering. These areas include: possi—
bilities of utilizing other sources éf thermal energy, component selectién
and specification from the extensive varieties of available equipment, and
variations in System design and utilization. Several ofltﬁe ébvious vari-

ations in each category are discussed in the sections that follow.

THERMAL ENERGY SOURCES

While it is expected that the most promising and most easily accessible

‘source of low-grade thermal energy will be a community's wastewater effluent,

a site—specific energy resource inventory may dictaté that other sources be
considéred. Other promising alternatives include solar energy, waste heat
from industrial ﬁrocesses (such as power generatioﬁ), waste heat recovery
through solid (oflgaseous) waste incineration, or composite energy sources.
‘Solar teéhnology has produced active solar energy collectors, such as
the'Genefal Electric model TC-100, that are proving effective'in'harnessiné'
solar thermal energy. Another workable variation of collector-type is the |
solar pond collector design. This collecfor variation may prove economic
and advantageous'when large demand is placed on ﬁhe HP-ICES system and
when large land areas are available for éiting the -Central Station. The
principal advantége-to utilizing solar enérgy as the primary energy source
in an . HP-ICES schemé is harnessing a previously untapped, universally

available thermal energy source. There are several major disadvantages,
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however, to utilizing solar. energy iﬁ this scheme (atvleast as the primary
energy source). First are the typical disadvantages associated with active
solar sysfems - size én& cost. A central solar faciligy proposed for a mfidle.
Georgia location - r_equired‘3323'ft.2 of solar collectors at an estimated
system cost of $246,298 to supply the space heating and cooling needs for
15 houses (955 net (heated)ft.2 average). A second major disadvantage to
utilizing solar energy is thét a baékup thermal energy source must bé
-supplied for periéds when solar energy is not available; The third dis-
. advéntage is that an additional interface is required between thé thermal
source and the Central Station heat pump equipment. ' _ ‘
Waste heat rejected from industrial processes may be reclaimed in
essentially the same manner as from community wastewater. Depending upon:i
the process and the location of the industr& in relation to the community,
low-grade thermal eneréy may be available ip amounts signific;nt enough to
warrant a modular system with several central station installations. A
central station co-located on the site of a utility power plant'énd extract-
ing thermal energy from the condenser circulating water is an attraétive
option as én alternative energy source. Thé advantages are similar to those
of the wastewater heat recovery option; i.e. utilizing a previously untapped
source of (low-grade) thermal energy at an easily accessiblé location. An
additional advantage is thaf, as the hourly demand on ghe HP-ICES from
the in&ustrial sectors increases, a proportional increase in thermal energy
rejected from the industfial processes becomes available. This inherent
demand4fracking supply will simplify somewhat the load balance of an HP-ICES..
A third major energy source for consideration is the heét of combustion

from various waste materials. One or several waste-heat-type boilers
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could be.utilizedlin the systém to reclaim heat in the form of traéh
(deposited at'sanitary landfills), wood scraps (available as waste from
various wood processing operations), er combustible gasses (generated as
by;products in certain processes). For example, methane gas is typicall&
:generated in anagrobié sludge digesting ﬁrbgesses at sewége treatment plants
qnd is sometimeé utilized as an auxiliary fuel in the diges;or heating
fufnaces. The principal advantage of these sources is that the primary
fuels, where available, would be very inexpensive. However, several major.
disadvantages weigh against utilizing combustion heat as a primary the;mal
energy source. First, the fuels thét are available in bulk (trash, wood
‘scfaps) would require transportation and preparation before firing in the
heat reclaim boiler. Secondly, the additional first cost of the heat reclaim
Soiler(s) would extend the paybéck period of the initial installation of
'thé central stétibn and make it less attractive economically. Finally,~thé
additional .interface (the heat recovery boiler) between the thermal source
and the éentral'station equipmentvis again redﬁired.

a Depending on a site~specific-inventory of available resources, a
composite thermal-source ICES may prove economically feasible and energy
effective. The basic design of the overall system, detailed in Chapter
l, can béfadaptéd very eas;ly to multi-thermal source form. An evaluation
of the feasibility of utilizing one or more of the above mentioned sources
will depend on the particular needs, characteristics, and resource in-
véntories at each site of application. For ‘a hypothetical example, thqugh,
let us consider a community with a sewage treatment plant of limited
capacity. The entire thermal demand on the HP-ICES may not bé supblied

by the wastewater effluent. However, the priméry energy source may be
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3

supplementgd wifh a fieid of éolar collectors tﬁat could be exﬁected to
supply. a certain perceﬁtaée of the thermal load (optimized with regard to
size and costs);l Also available for peak demand peridds or as a back;up
thermal source fof the solar segment of thg thermal supply would be a

limited supply of methane gas from the treatment plant's anaerobic sludge

‘digestipn system, to be converted in a small heat-reclaim boiler. In

addition, a second iarge—scale‘solid Wasté utilization-type boiler could

be incorporated for trash incineration (trash that would normally be
disposed -of at a sanitary landfill typically located at or near the sewage
treatment facility). ‘Such a system would provide a site-efficient composite-
thermal source for the HP-ICES; optimized'for'the particular energy'supplies.

and demands of the community. Figure 7-1 details one ‘possible configuration

of such an installation.

SUMMARY

It .is anticipated that the most promising source of thermal energy
will be the low-grade heat available in the‘community's wastewater effluent.
However, tHere is the possibility of augmenting the pfimary energy source
with any combination of the other alterﬁative sources. The overall con-
sideration is that enough thermal energy must be available, through any

combination of sources; to provide the community, or portions of it, with

a continuous, consistent, and reliable thermal service, via the HP-ICES.

For each particular site of application, an energy resource inventory must
be performed according to ;he First and Second laws of Thermodynamics and
the procedurés of "Availagiiitv Analysis'" (References 34 and 35).
COMPONENTS

System detail design and component sﬁecification is often a headache

because of the wide variety and quality -of components on the market.
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However, this same variety provides the engineer with extensive opportunity
to improve system performance through judicious component selection and
innovative subsystem design.

The most obvious candidate for component variation is the heat pump,
either the Central Station pump or the end-user pump. The most widely
available Ceﬁtrél Station equipment is based on aiféirly standard design
with variations méinly in compressor design. (The most popular compressor
designs are centrifugal, reciprocating, and screw-type.) Available water
source heat pumps (for residential use) are even more similar. While most
pumps employ electric induction motors to drive the Rankine cycle_cémpressor,
there are obviously other means of providing power to the compressor.
Innovations in the field of thermal engine heat pumps include several com-
posite heat pump cycles. Stirling - Rankine, Rankine - Rankine, Brayton -
Rankine, Otto -~ Rankine, and the Ericsson - Ericsson. (Discussion of each
of these cycles are found in Reference 10.) Refinement of the devices based
on these cycles promises to make them competitive, both performance-wise
and cost-wise, with equipment now available.

The distribution system will be designed according to standard water
distribution system design practice. Howe&er, there is considerable lati-
tude left for the design engineer in the specification of the piping hate-
rials to be used. There may be significant advantages to utilizing the
new piping systems based on plastics such as polyvinyl chloride (PVC) or
high density polyethylene. 'Advantages'that are immediately‘obvious are
reductions in materials costs, loﬁer coefficient of thermal conduc;ivity
of the material, and éase of installation of the integrated design piping
systems.

Water quality of the thermal energy source/sink, i.e. wastewater, s
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may cause problems that could be remedied by judicious component selection.
The increased fouling factor of the water to be circulated through the
Central Station equipment heat exchanger may dictate one of several options.

Option one is the standard HVAC design technique of specifying a larger

.size heat exchanger to accomodate the increased resistance to heat transfer

contributed by the high fouling factor of the circulated wastewater. Option
two would be the specification of a plate-type heat exchanger which would
allow easy disassembly and cleaning and thus a speedy turnaround time for

scheduled maintenance. Option three would be the specification of a

mechanical cleaning system for the heat exchanger such as reverse-flow

actuated bruéh scrubbers or a continuous cycle spherical rubber scrubber
system such as an Amertap. Which, if any, of the above options should

Ee selected will depend on the quality of circulated water at each specific
site. Geﬁeral~guidelines covering expected wastewater fouling factors and
the corresponding appropriate subsystem modifications may be developed in

the component.testing program outlined in Chapter 8. However, the final

-judgement is best left to the system engineer performing the detail design

and component specification.

SYSTEM VARIATION

The basic Heat Pump Wactewater Heat Recovery (HP-WHR) system concept

lends itself nicely to variations within the system or even to variations

“in the utilization of the end—produét thermal service.

" One particulaf variation that shows promise is the addition to the
system of an evaporative cooling component (cooling tower). Instead of
sacrificing the power necessary to reject heat to the wastewater heat sink
through the cenﬁral Station heat pump, the community circulating water could

be cooled by means of a mechanical draft cooling tower. Some sacrifice

131



would be necessary in the form of pump and fan horseﬁower, but it is expected
that the combined operating and maintenance costs of the cooling tower
‘during the cooling season would be less than‘thoseAassqciated with running
the central station equipment. Also, if necessary or advantageous, the
distribution system could be segmented with several cooling towers located
throughout the community to handle cooling qf the circulating medium,

Another variation that may be cqnsidered is the clarified Wastewater
system. .This system involves utilizing an open distribution loop to deliver
the reclaimed thermal energy. Delivery of thermal energy'to the end;nser
is accomplished by utilizing partially clarified wastewater as the transport
medium in a oﬁe pipe distribution network. However, several major disad-
vantages.may eliminate this variation from consideration.

First, the demand for thermal energy in the heating mode will tend to
coincide with the morning peak of wastewater effluent flow. Wastewater flow
typically is on a 24-hour cycle with the major peak at mid-morning (9:00 -
11:00am) and a sec&nd,‘lesser peak at late afternoon. Peak thermal demand
typically is early-to mid-morning due to the early morning heating load
and cold start-up of many businesses and industrial processes. Thié coin-
cidental peak may pose serious hydraulic overloads on existing sewage -
collection systems where thermal media flow at peak conditions might be a
large percentage‘of the normal wastewater flow. No general rule is appliéable.
since hydraulic loading of existing sewer systems is dependent on the specific
application and will change with a number of variableé such as sewer age
and location in the sewage éoiiection network.

Another serious .problem is the impurity and bacteriological conteﬁt of
the clarified effluent. Severe fouling of heat transfer surfaces is pro-

bable due to the high suspended solids (BOD) content of the effluent. A
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felativély serious public health hazard might also bé introduced by accidental
leakage of;the contaminated effluent.

One further detrimental effect the clarified.wastewater system would
impose when the transport medium is returned to the sanitary sewer system
would be to leésen the overall thérmai qﬁality of the primary heat source
by ;owering its tempefature. The amount of available thermal energy would
be decreased by the mixing process.

Even with all the drawbacks aforementioned, the clarified wastewater
concept.may be viabie in specific instances and shoﬁld not be wholly dis- .
carded without consideration. In general application, however, it would
seem that the scheme poses an unécceptable number of problems which require
specialized solutions. It.is doubtful that the distribution system cost
édvaqtage can outweigh the penalties.

A third sysfem variation (pictured in Figure 7-2), perhaps the most
promising, proposes to supply the thermal services in a form suitable for
use strictly in industrial processes, and to utilize wastewater treated and
qonditioned for industrial re-use as the'thermgl eﬁergy distribution medium.
(This latter provisioﬁ in the HP-WHR system variation is becoming more and
more attfactive as cﬁrrent Environmental Protection Agency 201 Facilities
Studice require an evaluation of the feasibility-of re—using all or portions
of the wastewater treated at sewage treatment facilities. Industrial
ré—use'of treated wastewater is a logical first-step in implementing water
<‘re-u;e technology.) As shown in Figure 7-2, an open distribution system
is proposed. However, since the amounts of water conditioned by this
system will directly displace the amounts of (make-up) water discharged
through indgstrial proceéses,ithe danger of hydraulicly_overloading exist-

ing wastewater collection systems is avoided. Also, the load balance on
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a system applied in this manner would be gréatly simplified since the
thermal demaﬁd-placed on the system would directly coincide with the supply
.of available energy rejected through the industrial processes. This over-
all system concept is especiaily attractive to industrial communities
requiring large quantities of high teﬁpérature water for any number of
process uses. | N
7.5 SUMMARY

The energy source, component, and system variations discussed in the
preceéding sections just begin to address the possibilities. The basic
HP-WHR system concept is flexible enough to allow easy adaptation to a
number of different applications. Teghnically speaking, the possibilities

are limited only by the ingenuity of the design engineer.
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8.0

8.1

SITE-SPECIFIC FEASTIBILITY STUDY FOR CONYERS, GEORGIA

INTRODUCTION

The préceeding chapters have detailed the development pf the Heat Pump
Wastewater Heat  Recovery (HP-WHR) system concept.A Thermodynamic énd economic
analyses bn‘a hypothetical system seem to indicate the system would be compe-
titive, both performance-wise and cost-wise, wi;h the other more standard

options for space conditioning. However, such analyses and projections are

Anecessarily based on a set of assumptions which may or may not be valid for

a particular site.of application. Therefore, in order to determine the effeq-
tiveness of such an HP-WHR system on the community level, a site-specific exam-
ination must be performed.

Chapters 8.0 and 9.0 of this report develop the methodology, via case
studies of two application communities, of examining the HP-WHR concept on a
community basis and validate the feasibility of the concept on the community
level. The'two application communities, Conyers, Georgia and Cornelia, Georgia
(shown on the following location map), were selected for their varieties of

community characteristics and configurations which would affect the application

‘of 'an HP-WHR system; The applications of the HP-WHR system concept to each of

the demonstration communities make note ot the ditfterent community characteris-
tics and take advantage of them to emphasize the wide range of application
possibilities of this system concept.

The City of Conyers, Georgia, located in close proximity to the merro-

politan Atlanta area, is in a high growth area of the state for both residential

and industrial developments. Additionally, the segmentation of the sewer system

in Rockdale County (in which Conyeré is located) facilitates the application
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8.2

of the HP-WHR system concept to a developing residential area in close proximity

to one of the wastewater treatment plants on the outskirts of the Conyers area.

‘Thus, the opportunity to examine strategies for phasing construction in high

growth residential areas is presented.

The City of Cornelia, located in the mountainé of northeast Georgia in
Habersham County, is in a low growth area of the state. ‘Because of the low
growth rate, ;pplicétion of an HP-WHR system to Cornelia will involve primarily
system retréfits to e#isting structures. Additionally, due to the layout of
the community and its attending sewer system, the primary focus of the Cornelia
system will be to provide service to customers in the commercial category.
Service for one largé industrial customer is also included in the system plan.

With the completion of these feasibility studies, the cost-and energy-
effectiveness and the flexibility of application of the HP-WHR system concept

should be successfully demonstrated.

COMMUNITY DESCRIPTION - CONYERS, GEORGIA

The City of Conyefs, Georgia is located in the center of Rockdale County
approximately 22 miles east of downfown Atlanta. The City and County are
considered to be within the Atlanta Metropolitan area and have experienced
significant commercial and residential growth as a result of rhe overall
growth that has been occurring within the Metropoiitan Atlanta Area. The -
buildihg of Interstate Highway 20 through Rockdale County in the 1960's

provided a coriidor of rapid accessibility to Atlanta and to the later completed

Interstate 285 Perimeter Highway around Atlanta. A large percentage of the

population of Conyers and Rockdale County commute to the Atlanta area to work.
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8.2.1

'8.2.2

POPULATION GROWTH

Population is a dynamic factor in the development of a geographical
entity and the Conyers—Rockdale County area is no exception. Conyers and
Rockdale County have experienced significant growth in recent years, influenced
by their. location within the Atlanta Metropolitan Region. The tremendous
growth of Rockdale County in the period of 1960 - 1970, approximately 72%,can
be attributed largely to an in-migration of people caused by Atlanta's urban
sprawl. Phenomenal residential development, principally in the forwm of
detached, single-family dwelling subdivisions, has resulted. In addition,
industrial development in Rockdale County has fluorished in response to the

railroads and major traffic arteries which provide easy access to Atlanta.

The City has almost matched the County's growth rate, showing an approximate

70% increase in population‘during the 1960 - 1970 .period. During the first 6
years of this decade, the growth rate has shown no signs of declining. The
COunty'has exhibited a 43% gfowth rate and the City a 31% growth rate, despite
the recession of.l974 - 1975. Based on the obéervation of historical populatioh
trends, the'Conyers—Rockdale County area is expected to continue its rapid

rate of growth over the next 20 years.

ECONOMIC CHARACTERISTICS

Over the last 20 years the economy of the Conyers-Rockdale County area
has changed from that of a sparsely populated rural and farming community to
a rapidly g;owing suburban resideutial community within the Metropolitan
Atlanta'Afea. This éhange has caused a significant decrease in the number of
people who are employed in farming and agricul;rual—type‘activities. Conse~

quently, there has been an increase in the percentage of the population involved
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8.2.3

in business, commercial and industrial-type jobs. In recent years the Conyers-
Rockdale County area has exﬁerienced significant industrial growth whiéh is
located primarily in.those areas served by Iﬁterstate Highway 20 and the
Georgia Railroad. There has also been‘significant commercial growth in the
form of shopping centers; banks, service stations;‘and other commercial activi;ies
needéd to serve thé increasing fesidential population. In the last ten years
the Conyers-Rockdale County area has experienced a residéntial housing boom
consisting of both apartments aéd single fgmily dwellings. All indications
are that this high level of residential construction activity will continue
for some time into the future.

According to the 1970 Census, the median family income. for the City of
Conyers was $8,992 per year and the per capita income was $2,792 per year.
Most of the population of Conyers could be classified in the low to moderate

income level with only 13.4 percent earning $15,000 per year or more and 12.2

percent being below the poverty level.

LAND USE

The City of Conyers has within itsAcorporate limits a total of 3572

acres. Due to a recent annexation of several land areas contiguous to the town
éore, the majority of the City's land is‘“undevelopedf . Some 54.2%, or 1935
acres, of the land area may be classified in this category. The second largest
category is residential, with 924 acres or 25.97% of the land area. Streets
and other public rights-of-way occupy approximately 372 acres or 10.4% of the
land area. Public and semi-public land occupies 149 acres (4.2%); commercial
usage requiresAlS9 acres (4.47%), and industrial occupies 33 acres or 9% of the

land arca.
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The City of Conyers and the contiguous area which will be considered for

service with the HP-WHR system are shown on Figure 8-2..

8.2.4 CLIMATE

The climate of the Conyers-Rockdale area is humid and cqntinental. The
winters are mild, but they have very changeable temperatures. Thé prevailing
wind during the winter is northerly. The weather is largely controlled by
movement of areas of high and low barametric pressure and the accompanying
winds. In winter these conditions cause frequent alteration of warm moist
southerly windsiand cold dry northerly winds.

The average winter temperature is 49.3°F. The temperature usually rises
rapidly in March and April. The difference in the mid-winter (January) avérége'
and the mid-suﬁmer‘(July) average is‘27.9éF, which is relatively small compared
with a difference of 60°F in some of the more northern states. The summers
are warm but are comparatively free from extreme heat due to the altitude and
latitude of the area. The average summer temperature is 75.10F. The average

date of the first killing frost is November 8 and for the last is March 29. .

Rainfall varies somewhat from year to yéar, but its seasonal distribution-
is generally favorable for crops; Serious drought is not likely to occur
more than once in 10-15 years. The rainfall reaches a peak in the.winter and
again in mid-summer. Fall is the driest season of the year and about one—half ,
of the rainfall comes in quantities of one inch or more in a 24-hour period.
The closést United Statéé Ciimatological Station is located iﬁ Covington,
‘Georgia in Newton County; Covington is eleven miles south of Conyers so the

data should be applicable to the study area.
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The climate of the region is influenced by the Atlantic Ocean, the Gulf
of Mexico, and the Appalachian Mountains. The mountains shield the area from
the Heavy snow and extreme winter temperatures found in eastern Tennessee,
northern Alabama, and Arkansas. Likewise, the ocean and gulf affect the
seasonal temperatures in the summer, and '"continentality'" is not as noticeable
as the areas located further inland.

Because of the geographical location, temperatures are mild in winter
and summer, with summers moderately warm and humid. During the summer, some
‘extended periods of hot weather are experienced, but such periods are not
unbearable. The hottest weather comes in brief spells during the summer.
Even though days are hot, nights are mild with temperatures dropping into
the sixties and seventies.

Humidity ranges around eighty ‘to ninety percent during the summer
causing an occasional early morning fog, and normally the humidity falls in
early afternoon to fifty to sixty percent. The average wind velocity comes
from the northeast or northwest in the winter and from the south in the spring
and summer .

Winters are generally mild with cold spells lasting only a few days even
in mid-winter. Temperature drops to 32 degree Fahrenheit or below about
fifty days each winter. The temperature reaches the teens or twenties at
least once a month during the winter and ten degree temperatures or below

occur once a year about every fourth year.

8.2.5 PROPOSED SERVICE AREA

The community area to be serviced by the Conyers Heat Pump-Wastewater

Heat Recovery System is located relatively close to the thermal energy source

144



and will be composed of single family residential structures. The unique
advantages of the Conyers service area are: 1) the proximity of the service

area to the thermal energy source, and 2) the opportunity to service both
existing structures through space conditioning system retrofit and new structures
through initial system installation as the community grows.

The proposed service area of approximately 472 acres was subdivided into
three zones for the purposes of estimating thermal energy consumption. The
service zones, shown in Figure 8-3, vary in the degree of development. Zone
1, 149 acres, is approximately 407 complete with regard to its build-out
potential of approximately 50 houses. Zone 2 is a presently undeveloped
parcel of land, approximately 116 acres, which shows excellent potential for
development during the later phases of the study period. Zone 3, 207 acres,
is also a felatively new subdivision which is approximately 507% complete in
its_ﬁotential build-out of 150 houses. Obviously, there is significant room
for expansion of the number of homes served from the HP-WHR system and for
realizing the significant initial cost advantages of installing the system
in new structures, as opposed to retrofitting existing structures and space
conditioning systems.

The energy source analysis iundicates that the energy reasonably available
from the waste treatment plant will serve approximately 400 averagc homes
in the Conyers area. This is 100 plus percent of the service area's projected
requirements. However, energy augmentation by solar or other means might
prove feasible if growth in the area exceeds projections.

The other significant point favoring the Conyers system is the proximity
of the'residential development to the waste treatment plant. While this

situation is usually uncommon, the suburban nature of Conyers' recent growth
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8.2.

6

has promoted residential subdivision expansion in the outlying areas. This
relatively dense growth in the area of the wastewater treatment facility -
will tend to decrease investment costs in the thermal distribution system and

make the project more economically viable.

BUILDING CONSTRUCTION

The proposed ser?ice area was divided into three zones in order to
facilifate estimating thermal energy consumption. All structures within the
serviée area are detached, single family dwellings. Building construction is
similar within and between zones.

The housing units within the proposed service areas range in size from
1,000 to 1,600 square feet and are generally less than five years old.
Spatially, they are arranged on land lots of approximately 1/4 to 1/3 acre. ‘

The units are predominately split level units with three bedroom units. How-

"ever, some ranch type designs are intermingled throughout the subdivisions.

FHA miﬁimum property standards or VA standards'were adhered to'in the majority
of units. Dwelling unit walls are the 3 1/2" cavity wall qonétruction consist-
iﬁg of gypsum board inside face, 2" x 4" stud supports, 3 1/2" fibergléss
insulation, particle board dutside sheathing and exterior siding or brick
exterior. Attic insulation;4" to 8" of fiberglass loose fill or 6" batting,

is used in the majority of construction. Floors are generally uninsulated,

but carpet-is normally included as a floor covering. Window construction is
the double;hung sliding type with single pane glass. Storm.windows are not
used on the majority of the houses.

Typically, each house is heated by a forced air, natural gas furnace.

‘Most houses are air conditioned by means .of duct mounted refrigerant coil and
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8.2.7.

air cooled condensing units, System sizes range from 2 to 5 tons capacity air
conditioning. Furnaces are usually 80,000 to 100,000 Btu input size.

_One especially attractive feature of the Conyers se;vice area is that
the area is less than 30 percent complete with respect to residential develop-
ment. The fewer number of units that must be retrofitted will make the scheme
mofe attractive.' Substantial first cost benefits can be obtained by installing

units at the time of original construction.

HEATING AND COOLING LOADS

A deéc;ipcive statistic in determining the overall desirability of pro-
viding centrai'heating and cooling media for use by a community is the total
number of hours per year when some amount of heating or cooling is required
by most residences. To derive this statistic, cumulative totals were developed
from hourly temperature distribution data to indicate the number of hours per
year when heating or cooling is required in Conyers. Heating was assumed to
be needed when the outside air temperature was 65°F and below. This basis
&ielded an approximate 4593 hours per year when some form of heating energy
was required by most buildings. Likewise, cooling was assumed to be required

when the outside air temperature was above 75°F. For the Conyers area, this

.resulted in 1974 total hours per year which required some form of cooling.

With such substantial heating and cooling seasons as the above, a central

heating/cooling system shows obvious potential for service in the area.

Monthly Loads

Heating and cooling loads for the Conyers system were estimated on a
monthly basis for those building structures within the projected service area.

The primary emphasis in load development was placed on monthly figures since
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no greater degree of detail could be justified in a preliminary study of this
ﬁype. Peak loads were also developed using design conditions from the 1977

Fundamentals Volume of the ASHRAE Handbook and Product Directory.50

The estimate of monthly heating and cooling requirements was calculated
by a computer program developed by the Community Energy Systems Branch of
Georgia Tech. To estiméte the total thermal load per service zone, the
computer program, when appropriately input with the pertinent data, multiplies
the number of building units of a particular type times the average floor area
per unit for that building type times the monthly tﬁermal integrity factor for
that building type to oBtain a total monthly BTU requirement for each building
category. Total thermal requirements for all building categories are then
sum@ed to give:an overall léad for each zone. Finally, total zone loads are
summed to give an overgll system thefmal load.

~ Input to the program included thermal integrity factors developed from the
Rand Corporation's ENERGY USE AND CONSERVATION IN THE RESIDENTIAL SECTOR: A

REGIONAL ANALYSIS.27 Unitized energy consumption data was estimated on an

annual basis. Heating energy required was 30 MBtu/sq.ft. annually. Cooling
energ§ requirea was 20 MBtu/sq.ft. annually. Monthly heating and cooling ioads
were dete?mined by apportioning the annual requirement according fo the per-
centage of heating or cooling degree days occurring in a particular monthﬁ
Hegtiﬁg and cooling degree days were taken from ”ﬁonthly Normals of ﬁeating"
~and Coéling Degree Days-l94l—l'970",55 published by the National Climatic

Center, Asheville, North Carolina. Table 8-1 is a summary of thé.percentage

figuree utilized in the load estimate.
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TABLE 8-1
Annual Heating and Cooling Degree Days
Conyers, Georgia .

Heating ' Cooling
Month ' Degree Days . % Total ’V. Degree Days % Total.
Jan. - 701 22.6 | 0 0.0
Feb. 560 - 18.1 0 0.0
March 443 4.3 12 7
April 144 4.6 27 1.7
May 27 - 0.9 154 9.7
" June : o 0 321 202
July | 0 0 403 25.4
Aﬁgust 0 0 . 388 24 .4
Sept. 8 0.3 | 227 14.3
Oct. 137 4.4 o 57 3.6
Nov. 408 13.2 0 0.0
Dec. 667 21.6 0 0.0

3095 100.0 ' 1589 100.0

The service area under consideration for Conyeré contains only residential
buildings. Building count and area were estimated.from field surveys. Table
8-2 presents a month-by-month summary of the total ﬁrojected thermal load on
the HP—WHR system. The full results of the computerized load Calcqlations and

peak -load determinations are presented in Appendix C.
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TABLE 8-2
CONYERS HP-WHR SYSTEM LOADS

srxton st 10 cooLn 1ogo
Jan. | 2.915 0.0

Feb. 2.335 | 0.0
March '_1.845 | | 0.060
April 0.593 | 0.146
May 0.116 0.834
June 0.0 1.737
July 0.0 . - 2.184
August 0.0 2.098
Sept. : , 0.039 1.230
Oct. 0.568 © 0.310
Nov. . 1.703 0.0

Dec. 2.786 0.0

12.900 x 10° BTU - 8.599 x 10° BTU

Peak Heating Load

As mentioned above, peak loads were estimated using the procedures and

50

design conditions from the ASHRAE Handbook. The degree day formula, with

terms rearranged to solve for the peak load, P, was utilized as shown below:
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p - (E) X (ID)

~ (DD) X (24)
Where:
P - Design heaﬁing load per hour
E = Heat energy required
TD = Design temperature difference
DD = Heating degree days
For this estimate:
E = 2.915 x 109 BTU - from the computer load estimate for January
TD = 70° - 179 = 53°F - desired inside temperature minus the 997
design temperature for Conyers
Db = 701 - from Table 8-1

Thus

(2.915 x 10°) x (53%)
(701) x (24)

9.18 x 106 Btu/hr

Peak Cooling Load

Utilizing the design figure of an average 550 square feet per peak ton
of refrigefation for residential structures, the peak cooling load was esti-

mated as follows:

430,000 ftz(building area served)
550 ft4/ton

782 tons

Peak Cooling load =
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8.2.8 "THERMAL ENERGY RESOURCES

From earliér discussions on the general HP-WHR system concept and from
the descriptions of the specifi; system to be applied in the demonstration
éomﬁunity of Conyers, Georgia, it is apﬁarent that the low-grade heat in
‘the community's wastewater will be utilized as the thermal energy source.
Due ;o the site'specific variables to be considered in characterizing a
cbmmunity's wastewater as the thermal energy source for this system, a
determinatién of the quantities of thermal energy available from this
éource necessarily involves examination‘aﬁd analysis éf the specific wasté—
watéf collecﬁioﬁ and treatment system to be evaluated for the application of
this scheme. The following sections examine the wastewater facilities
of the Conyers, Georgia community and develop estimates of the thermal
enefgy available to an HP-WHR installation at a proposed site in Conyers.

CITY OF CONYERS, GEORGIA WASTEWATER FACILITIES

The City of Conyers and contiguous unincorporated aréas of Rockdale
County are served by three sewage treatment facilities. Boar Tusk Creek
Sewage>treatmen£ plant, approximately one mile outside the corporate city
limits off of East View Road, is a 500,000 GPD activated sludge facility
which handles approximately 75% of the domestic wastewater generated with-
in the city liﬁits. A second facility, ﬁhe Almand Branch sewage tféatment
plant locatea approximately 2 miles outside the corporate limits off of
Stockbridge Highway is a 1.0 MGD, oxidation ditch type of treatment facility
which handles the rem&ining 25% of the City's domestic wastewater plus |
significant amounts of industrial discharge. A third treatment facility,
the Atlanta Suburbia sewage treatment plant, locéted near the Rockdale
County line off of Underwood Road, is a 200,000 GPD activatéd sludge

facility which serves the Salem East, Salem Lake, Salem Woods, and Salem
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Village residential subdivisions.

Because of_advantages in system configuration and plant siting, and
due .to its proximity to a compact potential service area comprised of exist-
ing subdivisions, areas now under deveiopment; énd several institutional
structures (schools), the Almand Branch sewage treatment plant has been
selected for evalﬁation of available thermal energy for the proposed Conyers
HP-WHR system.

The Almand Branch plant, constructed in 1973, was designed for the
treatment of domestic sewage of averége pollutant concentrations and flow
characteristics. The plant design is the oxidation ditch tyﬁe, a modified
form of activated sludge'treatment, which may be classified iﬁ the extended
aeration group. Average daily design flow is 1.0 MGD; and BOD removal
efficien&y was designed at 90% or better.

A'fléw sheet of the plant is provided in Figure 8-4. The principal
components of the plant, along with pertinent design data, are as follows:

.

Barminutor with manually cleaned by-pass bar screen.

Raw Sewage Pumping Station with 2 variable speed vertical
pumps and 1 constant speed vertical pump

* Aeration tanks (2) each at 194' long and 64' wide at the top
with a 6' water depth. Approximate capacity 413,000 gallons
each. Mechanical aerators are 26' rotor aerators. Theoretical
retention time at design flow of 1.0 MGD is 20 hours.

Final clarifiers (2) circular with 35' -0" diameter and 9"-0"
side water depth. Approximate capacity of each tank is 64,000
gallons with a 3 hour retention time. ‘

Return sludge pumping station with 2 Midland Totally Submersible
sewage pumps.

® Sludge drying beds (4) each at 26' wide and 49' long.

Chlorine contact tank, 2 sections, each 18' wide and 20' long
with a 7' water depth. Approximate capacity is 34,000 gallons
with 50 minute retention time at design flow.

Parshall flume, 9", with flow monitoring device.

Control building containing laboratory and office, chlorine
room, storage room and shop. ‘
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* Standby.electric power system.

Due to the newness of the facility and a good operation and maintenance
program by the City, very few ope;ational problems with piant equipment have
deVelopéd. |

Sewers which are tributary to the Almand Branch Facility consist of
1390 lineal feet of 4", 3750 lineal feet of 6", 58,390 lineal feet of 8",
5940 lineal feet of 10", 7960 lineal feet of 12", 3080 lineal feet of 15",
74iO lineal feet of 18", 3890 lineal feet of 24", and 2730 lineal feet of
30" gravity sewers. There is one pumping station with 890 lineal feet of
6" force main.

FLOW AND TEMPERATURE DATA - CONYERS, GA.

As discussed in Chapter 10.0- COMPONENT TESTING, site specific
temperature and flow measurements are the necessary first step in develop-
ing a data base for determining the'thermal energy available at any parti-
cular site of. application. Plant effluent flow and temperature data from
existing plant instrumentation was obtained for the perio& 10/14/78 to
11/16/78. Temperature sensors and flow instrumentation are located at the
discharge of the treatment facility in the vicinity of the chlorine contact
basin. Data for the period ll/8/78vthrough 11/14/78, selected as represen-—
tative of plant conditions during the subject périod, is presented graphically
(Floﬁ vs. Time, and Temperature vs. Time) in Figure §-5 and summarized
in Téblev8-3.

| Fio; was noted to be on a daily cycle with miscellaneous peaks and
dips dufing the weekdays. Qeekend flow Qas relati?ely cdnstant. Wgekday
flow rates averaged 0.662 MGD, and weekend rates avefaged 0.534 MGD. Over-
all, flow rétes did not vary from the average to the extent that might be
expected from experience with wastewater flow cycles. Weighted average

daily flow (ADF) for the seven day period was 0.623 MGD.
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NAY

WED 11/8
THUR 11/9

FRI 11/10

SAT 11/11

SUN 11/12
MON 11/13

TUES 11/14

E}gﬂ
HIGH:
. LOW:
AVG. WEEKDAY:
AVG. WEEKEND:

WEIGHTED AVG.
DAILY FLOW:

TABLE 8-3

CONYERS, GA. WASTEWATER SYSTEM
ALMAND BRANCH SEWAGE TREATMENT PLANT
TEMPERATURE AND FLOW DATA

11/8/78 TO

11/14/78

TEMPERATURE

PLANT EFFLUENT
Low HIGH
°C/°F °C/°F
14/57 20/68
16/61 20/68"
14/57 19/66
14/57 19/66
13/55 19/66
14757 20/68
16/61 19/66

| gal
41,667 he (

1.0 MGD) 11/13 1:00pm

7083 5%%— (= .17 MGD) 11/8 12:00 noon

0.662 MGD

0.534 MGD

.623 MGD
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Plant effluent témperatures showed a relatively smooth plot, ranging
only from 55°F to 68°F. There seemed to be a pattern of higher temperatures
during the daytime hours, likeiy due to the long retention time - 20 hours -
of the aeration tanks.

It is expected that, for this section of the Conyers/Rockdale County
wastewater collection and treatment system, the operating conditions -~ flow
aﬁd teﬁperature - will continue to exhibit the trends illustrated in the
"foregoing graphs. Flow rates may show some escalation, to the extent that
they reflect the growth in this area of the county. Extreme seasonal
influenceé,may reducc the operating temperatures somewhat, but will not
significantly affect the availability of thermal energy.at this source.

From the above characterization of the Conyers wastewater conditions,
it is apparent that significant amounts of thermal energy are available
for reclaim with a Conyers HP-WHR system. The next report section develops
an estimate .of the quantities of thermal energy available at the proposed
plant location.

THERMAL ENERGY ESTIMATE

For the purposes of'developing a nationwide projection of available
thermal energy from wastewater, flow was’defined as a function of national
pdpuiation, and industriél wastewater discharges (a significant source of
rejected thermai energy) were ignored due to insufficient data. However,

a more meaningful estimate can be developed on a site-specific basis because
considerations - of the local wastewater conditions may be taken into account.
TheAtempé;ature and flow data from the Conyers facility will serve as ‘the
hasis for this enérgy estimate.

System design for the Conyers facility dictates that wastewater be
extracted from thé aeration basins and pumped to the ceﬁtral station (which

would likely be sited at the treatment plant). Thus the combined capacity,
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826,000 gallions, of the two aeration basins woul& be utilized as system
storage to absorb-the diurnal fluctﬁatiéns in flow and temperature. There-
fore the figures for average plant effluent flow and témperature can bé
considered typical of the wastewater conditions which could be expected for
the HP-WHR central station equipment. It is duly noted that the conditions
documented herein are from a somewhat arbitrarily selected one-week period
which may or may not have been representative of conditions to be expected -
. over an annual cycle. xHowever, inspection of the seven-day flow cycle
reveals no characteristics which would indicate it to be atypical. Further,
since there is adequate capacity within the system to faccumuléte" the surges
in influent wasfewater flow and complete the treatment process at a more
.steady flow rate, it is anticipated that the doéumented weekly flow cyclé
‘can indeed be taken as typical. The temperature of the wastewater, on the
other hand, will likely exhibit more significant variations due to seasonal
inflﬁences. However, again due to the adequate storage capacity within the
treatment system, it is anticipated that the affect of ambient temperature
changes on the wastewater temperature will be moderated somewhat. The
temperature and flow data presented here and utilized in the following
eétimate of available thermal enefgy are presenfed primarily to‘provide a
firm base for this '"ballpark' estimate. Figures 8—6, and 8-7, Temperature
‘vs. Duration and Flow vs. Duration, respectively,,for the period 11/8/78
through 11/14/78, illustrate that the average conditions, Flow .623 MGD

and Temperature 62°F, are indeed indicative of typical conditions throughout
the subject pefiod (Note that 12 hours has bgen omitted from the one week

period due to a blank in the temperature and flow data print outs.)
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From Chapter 2.0 - POTENTIAL APPLICATIONS, the total amount of heat
available from the thermal supply (wastewater) can be calculated from equation

(2-2), shown below:

Q = WcC (aT) - (2-2)
Where '
Q = total heat, Btu
W - flow of wastewater, lbm
C - specific heat of wastewater (assumed to be 1.0 ﬁtu/lbm—oF)
AT - change in temperature in sgpply medium across the central station

equipment heat exchanger, F

Inspection of equ;tion (2-2) reveals that for a given flow of wastewater,
the quantity of heat available is directly proportional to AT. Theoretically,
heat could be removed from a water source down to approximately 32°F.
However, due to equipment operating characteristics, a practical lower limit
of 40°F can be set. General HVAC system design practice dictates a
AT = 10°F. However, for this particular application, larger AT's may be
necessary or desirable. Therefore, in order to bracket the operating conditions
which may be in effect at the central station, AT's of 10°F (typical of
HVAC operation), 150F, and 20°F (the approiimate maximum which could be
expected under the wastewater conditions at Almand Branch) will be copsidered.
Estimates of the thérmal energy available for reclaim at Conyers' Almand
Branch sewage treatment plant can now be calculated.

As an example, and utilizing equation (2-2), the energy reclaimed from

community wastewater would be calculated thusly:

AVG. DAILY FLOW - 623,000 gallons

AT - 20°
Q _ al 1bm Btu _ 20°F
DAILY = 623,000 B2 x (8.33 7 x 0.0 T=5p) x (20°F)
Btu

1l

103,791,800 —
day
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Derived through this estimative methodology, Table 8-4 summarizes
the quantities of thermal energy potentially available, on a daily and annual
basis, to an HP-WHR system installed at the proposed location in Conyers

and operating at the various conditions discussed in the foregoing paragraphs.

TABLE 8-4
HEAT AVAILABLE FROM WASTEWATER
CONYERS, GA.
- ALMAND. BRANCH WASTEWATER FACILITY

QDAILY
WASTEWATER AVG. DAILY
AT CONDITIONS HEAT RECOVERY
(°F) - IN(OF) OUT (9F) (BTU/DAY)
10 62 52 51.90 x 10°
15 62 47 77.84 x 10°
20 62 42 103.79 x 10°

An imﬁortant‘consideration in the application of an HP-WHR system to a
community is'the balance between the portions of the community served by the
wastewater collection and treatment system and the portion of the communitf
-pfoposed for service by the heat pump system. Based upon thé above esﬁimape
of thermal energy available at the Conyers plant and upon the assessment of
the proposea service area, . the spgce condition?ng requirements éf approximately
400 bouses'could be served under this system application. Fromlthe measured
average flow rgte of 623,000 gallons per day and utilizing the 100 gallon |
per capita ber day design figure fqr wastewater consumption (from Chapter.Z.O),
an equivalgnt wasfewaterlsystem service area of 6230 persbns can be definéd.
Further agregating the population served by the average 3.26 persons per
household ,in:COnyer856 defines an equivalent service area of 1911 houses.

The balance between the wastewater system service area (effectively the thermal

energy supply to the heat pump system) and the HP-WHR system service area ié
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thus 1911 houses to 400 houses, or approximately 4.8 to 1. It should be
re—-emphasized that, as discussed iﬁ Chaptefs 2.0 and 4.0, variations in
climate can significantiy affect the balance ratio, evén to the extent of
doubling the required number of houses served by the wastewater system for

- each house on the HP-WHR system. However,Afor this particular application
and for communities exhibiting similar characteristics, the 4.8 to 1 balance

-ratio appears quite workable.
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8.3

CONYERS SYSTEM DESCRIPTION

Thé‘Conyers community proposed as the system service are# offers several
unique characteristics which enhance' the viability of application of the Heat
Pﬁmp—Wastéwater Heat Recovery System concept. First, the wastewater treatment
plant proposed for. service as the HP-WHR system thermal source is iocated in.
close proximity to the anticipated: service area. Second, the anticipated
serviceAarea is comprised of a mixture of existing residential units and land
developéd for residential: construction in the. immediate- future. This mixture

represents. an excellent market potential for the heat pump system in new. homes -

- as well as' for the retrofit of existing units. Third, the anticipated: service

area is- projected, due to- the historical high growth rate frend of the Conwyers
commdnity; to reach its ultimate build-out potential within five to ten‘years;
This rapid expansion will allow phasing of the central plant and. distribution
s&stem to accommodate increases in thermal.load and number of units served.
Finally, tlie proposed service area is located outside the Conyers corporéte
limits and within the jurisdiction of the county government. With one less
government.entity to deal with, the creation of an authority—type‘owﬁershié'
and operation arrangement whould be somewhat.simplified. | |

The basic: system concept for' the Conyers HP-WHR. facility is essentially

the same. as the. cascaded heat pump concept presented in:. the initial system

discussion of Chapter 1.0. One addition will be made to the system in the

form of an. evaporative cooling device for the summer (cooling) mode of operation.

The evaﬁorative.cooring device (cooling tower) will be used in lieu of the
central Heat pump; and will reject the heat gain of the housing units to the-

atmosphere rather: than. into the wastewater effluent. Figure 8-8 is a. single:
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line schematic diagram of the basic system design.

The system is designed for operation in a heating or cooling mode. In
the heating mode, wastewater is extracted from the treatment process immediately
. after pfimary clarification and pumped by the sewage pumps fro@ the sump to
the ;entral heat pump. Low grade thermal energy is extracted from the waste-
water in -the heat pump evapbrator4 and the sewage is returned to the treatment
process. The ﬁhermal energy is transferred, via the refrigerant cycle, into
the thermal transport media (potable water) at the heat pump condenser. The
transport media then flows to the thermal storage vessel. The valve and piping
arrangement inside the vessel and on the suction line of the distribution pumps
takes adyantagéfof the temperature stratification within the tank to extract
the warmest ‘media at the uppermost fluid levels for distribution. Water :@ is
dist;ibuted into the commuﬁity at approximately 90°F with return at approximately
80°F . The cooler transport media at the lower flﬁid levels within the vessell
is extracted and recirculated through the circulating pumps and the central
heat pump to be tﬁermally "re-charged'. The cooling tower circuit is effec-
tively excluded from the system in the heating mode through proper valving.

In the éooling mode, the cooler transport media, approximately'SdoF, is
extracted from the lower levels of the storage vessel and distributed into the
.community. Warm water, at approximately 9OOF, is returned from Fhe coﬁmuni;y
and dumpea into the thermal storage vessel, where it immediately stratifies'
according to ‘the fluid temperatures within the vessel. The warmer media-is
then extracted‘from the upper fluid levels and circulated via the circulating
pumps through ;hé cooling tower where the excess thermal energy is rejected
into the.étmosphére. The now-cool media is theﬁ returned from the cooling

tower basin to the storage vessel and again made available for distribution
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into the community. In this mode, the central heat pump'component is effec-
tively excluded from the system through proper valving.

In eiﬁher mode, the end-user heat pumps are cycled iﬁ response to indivi-
dual building loads, utilizing the thermal transport media as a heat source or
§ink, as appropriate.

ﬁuring mild winter conditions and during the transitional seasons, it is
possible that simultanepus heating and cooling méy occur at different locations
on the system. This situation can be expected particularly when the system
serves a composife service area of commercial and residential structures.
Operation in this mode will tend_to benefit derall system‘pefformance because
the heat rejected into the thermal transport media during spéce cooling is an
effective energy addition which can be utilized at other locations on the
system. In effect,vthé system will act to transfer unwanted héat from one
location to another where it is required.

The HP-WHR system central station will be sited on the grounds of thé
existing wastewater treatment facility, with the central station layout as
illustrated on Figﬁre 8-9. Piping interconnection with the existing treatment
system will be made in such a manner so as to enable the HP-WHR system to utilize
the full refention capaéity of the two oxidation'ditch.éomponents as éffgctive
warm wastewater storage.

The warm water distribution system info the community will Be designed
and rquteéygs'illustrated in.Fighre 8§-10. One major distributi&n trunk line
will be fouEed out of the soufﬁwest corner of the central plant/sewage treat-
ment plant site and info the Zone 1 service area. A second distribution trunk’
line will be routed from the southeastern corner of the site, skirfing the

boundaries of the undeveloped Zone 2, and into the partially developed Zone 3.
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8.3.1

‘This line will be appropriately sized to handle the full build-out potential

of both zones. Feeder lines for each zone are specified and routed as per
typical water distribution system design practice.

System design and component specification for the Conyers HP-WHR system

is presented in the following report sections.

oo

SYSTEM DESIGN CALCULATIONS

- The major components comprising the HP-WHR system which are to be speci—
fied in a system development study include the central heat pump, the thermal
storage vessel, the'cooling tower, auxiliary pumps, and end-user heat pumps.
However, since for any system the end-user heat pump specification will be
necessarily structure-specific, sizing of those components will not be addressed
in this report section. The remainder of the major component design calcu-

lations are presented in the following paragraphs.

Central Heat Pump

The centrél heat pump will be specified to deliver the estimated average
daily heating requirement during the peak heating month of January. »The
equivalent load on the central heat pump is determined by first calculating
the heat to be extracted from the wastewater flow through the following

equation:

1

, Qwastewater = {[Qheat req'd(l_ C.0.P. )]
end-user
1
x (1= 575, )}

central heat pump
DAYS IN PERIOD
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Substituting the following values:

2.915 x 109 Bfu-from Table 8-2

Qheat req'd -

C'O'P'end—user = 2.9 - selected as a median value for the heating
performance of the hydronic units assessed
in Reference 7 :

C.0.P.

central heat pump 4.5-from the C.0.P. vs. Capacity Curve of Reference 5

Thus,

1

9 1
[2.915 x 107 (1~ 575) 1(1- 773)

Qwastewater 31

47.92 x 106 Btu/day

]

Thermal storage will be provided in the system in order to lower the
nominal peak load seen by the central station equipment. Thus, the central
heat pump will be sized to provide the above heating requirement over 18 hours,

operating at nominal full load. Operation on this basis yields:

47.92 x 106

Heat Extraction Rate 18

2.66 x 106 Btu/hr

Conditions at the central heat pump evaporator dictate wastewater intake
at 62°F (from section 8.2.8) and a AT drop of 10°F. Thus, the required waste-

water flow rate is determined by the equation below:

HER .
Flow Rate Tom min BL
(8.33 o1 (60 3——)(1o°F)(1 0 iﬁrl%ro
2.66 x 10°

(8.33)(60)(10)(1.0)

532 GPM
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At this point it may be noted that the required wastewaﬁer flow rate
exceeds the average instantaneous flow through the treatment plant - 532 GPM
(0.623 MGD/(24)(60)). However, it should be reiterated that céntral heat |

‘pump operation is specified to provide the average daily load over an 18 hour
period-and th#t the resulting daily required flow is then 0.574 MGD (532 GPM x
60 x 18). The additional flow - 100 GPM average during central heat pump
operation - can be obtained when necessary through pulldown of the thermal
supply medium - wastewater - from the retention capacity of the oxidation
ditch cémponents of the wastewater treatment facility.

Two other options for central heat pump operation also exist which would
alleviate the apparent flow rate mismatch. The first option would require
supplying the estimated average daily heating requirement-over a longer period
of operation. If the design flow rate of wastewater through the central heat

. pump evaporator ié reduced to the average flow figure of 432 GPM, the necessary'
heat extraction fate would be reduced to 2.16 x 106 Btu/hr, and the time of
operation would be increased to approximately 22 hours.

The second option would involve specifying a slighély larger AT across
the evaporator. At the calculated heat extraction réte of 2.66 X 106 Btﬁ/hr
(for 18 hour-operation) and utilizing the average flow figure of 432 GPM,
the required AT is found to be 12.3OF, obviously within the range of reasonable
operation for the type machine.being considered for: service.

It is expected, however, that specifying the central heat pump evaporator
féf the extraction rate of 2.66 x 106 Btu/hr and flow rate of 532 GPM will
prévide an appropriately conservative design.

The operatihg paiameters at the condenser can be defined through similar

calculations:
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Heat Rejection Rate HER (1 + L

c O.P.)

6 1
2.66 x 100 (1 + 4.5)

3.25 x lO6 Btu/hr

. . . . o C .
System circulating water intake to the condenser will be at 80 F and a rise

of 10°F will .be achieved across the heat exchanger.

HRR
(8.33) (60) (10) (1.0)
3.25 x 10°
(8.33)(60) (10) (1.0)

TFlow Réte

650 GPM

The compressor for the central station unit will receive shaft power from

an electric motor drive; performance will be on the following basis:

=
il

1
(HER)(ErzyE;— )
"7"" "central heat pump
. Btu
3413 KWH

(2.66 x 106)
(4.5)(3413)

173 KW

The central heat phmp will be constructed with shell-and-tube condenser
and evaporator and a centrifugal compressor. The heat pump will have approxi-
mately théf$éme physical dimensions and appearance as a nominal 250 ton cen-.
trifugal wéter chiller uséd?iﬁ ;ir conditioning applications. Due to the
comparatively low capacity requirement for the central'station machine, one
unit will be specified to serve the full requirements of the HP-WHR system.

The reliability of this type machine is typically high; however, thermal storag
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will be appropriately sized to provide effective back-up capacity in the event

of central heat pump failure.

Thermal Storage

. Inspection of the wastewater flow cycle at the subject Cényéfs treatment
- plant (presented in section 8.2.8) reveals that the characteristic lowvfiow
period during tﬁe séven—day flow cycle had an approximate 60 hour duration.
Iﬁ order to provide adequate thermal energy supply capacity for the system
duriﬁg these low fiow‘periods, the thermalistorage component will be sized for
a nominal 72 hour.period (making an allowance for a + 20% variance in duration
from the flow cycle documented in section 8.2.8) under January heating demand
conditions. The nominal 72 hour capacity will also provide an adequate
downtime "window" for the central heat pump in the event of a failure requir-
ingAemergency repairs or for necessary scheduled maintenance.

Allowable temperature pulldown within the vessei will be designed at 40°F.
The primary consideration in defining this range is the‘effect on end-user
heat pﬁmp performance. According to the équipment assessment of Referenée 7,
the performance of a'hydronic heat pump, with nominal C.0.P. of 2.916 at
Standard ARI rating conditions (the figure previously utilized in assessing
central heat pump thermal loads) improves to a C.0.P., of 3.084 at the HP-WHR
design condition of 90°F supply water. Conversely, as supply water temperature
drops to the design lower limit of SOOF, C.0.P. drops only to 2.852. Therefore,
it is expected that the 40°F pulldown will provide more thén adequate thermal'
storage capacity, and that during al; but the peak heating period, end-user
heat pump perforﬁance will equal or exceed the nominal 2.91 C.0.P.

. The physical capacity of the thermal storage component is computed as



follows:

9 1
_ (2.915 x 107 Btw)(1l- v
Q.. . = 2.9 x 72 hrs
thermal storage . 744 hrs

= 185.16 x lO6 Btu

185.16 x-lO6 Btu

01 Btu
(40°F) (1.0 Tro—)

M
water storage

= 4,628,908 Lbm
= 555,691 GALLONS

5 : = 74,300 FT°

This necessary capaéity will be providea in the form of two .square
. tanks with dimensioﬁs of 45' x 45'_x 20'(depth). The vessels will be field
cgnstruéted of steel reinforced concrete. Installation will be partially
below grade with the exposed vertical surfaces being earth bermed for improved

heat retention.

Cooling Tower

The cooling tower component of the Conyers HP-WHR system will be specified
to disSipéte-the average daily heat gain on the system during the peak cooling

month .of July, as determined below:
1
_ denthly 1+ C'O'P'end—user .
= cooling
DAYS IN MONTH

1
. (2.184 x 109)(1 + 5753)
- 31 .
6 *heating C.0.P. of
98.28 x 10 BTU/DAY subject hydronic unit
= 2.91, cooling C.O.P.
= 2.53; from Reference ~

)
Q

avg clg load
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The required heat rejection rate will be determined on the basis of 18

hours operation per day at nominal full load, thus:

- 98.28 x 10°

HRR = 18

6

I¥

S.46 x 10° Bru/hr

. o oas o . .
System operating parameters dictate a 10°F temperature drop in the circu-.

lating water. Required coolingltower flow is then determined as:

i ~ 5.46 x 10° Eﬁ%
cooling tower -
(8.33 I—@M)(eo MLE)(IO F) (1.0 E%% op)

1092 GPM

A modular, pre-constructed tower with a nominal flow ratlng of 1200 GPM

at the required 10°F TD will be selected. Fan horsepower w1ll be 30 HP.

Auxiliary Pumps

The three pump functions on the HP-WHR system will be specified as
discussed below:

Wastewater pumps will be variable speed types, each capablé of delivering

total required flow at design pressure drops. The flow rate required for each
pump is 535 GPM 'at an estimated dynamic head of 60 ft. of water. This head
rating makes adequate allowance for piping and central station heat exchanger

pressure drops.

Circulatingﬁpumps,will each be sized for one half of the total reduired
flow of 600 GPM. Pump head required will be approximately 90 ft. of water.

Distribution pumps will each be sized for one half of the total required

177



flow to the end-users. One pump will be a variable speed type. ' The to;al flow
through the distribution system will be based on serving‘thé heat dissipation
réquirements at peak conditions with a 10°F temperature rise. Based on a
nominal heat rejection requirement of‘l6,740 Btu per ton of air conditioning,
the fequired flow rate for a 782 ton peak load is 2618 GPM. (Heating season
péak flow requirement is approximétely 1350 GPM.) Total pumping head at

peak flow will be 500 ft. of water. This head includes allowancés for end-user

system and distribution system piping pressure drops.

Distribution Piping

' ThéArequired circulating water flow rates atApeak load will determine
distributioh pipe;ine sizing. Peak‘heating and cooling loads for each zéne
are first determined through the procedures outlined in section 8.2.7 and
utilizing the appropriate zonal data from the computer analysis. The required
flo& rates per zone are then calculated and biping sizes are selected.to yield

proper line velocities and acceptable pressure drops.

ZONE R-1

[(3.729 x 10%) (1- 575)1(53)
(70D) @24)

PEAK HEATING LOAD . =

0.77 x 106 Btu/hr

(55,000 £t2) (16,740 Btu/hr)*
550 ft4/PEAK A-C TON

PEAK COOLING LOAD

1.67 x 106_Btu/hr *Heat Rejection Rate based
on the 2.53 cooling C.0.P.
of the subject hydronic
unit.
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Mheating

'Mcooling

ZONE R-2

PEAK HEATING LOAD

PEAK COOLING LOAD

»Mheating

Mcoolingl

ZONE R-3

PEAK+HEATING LOAD

PEAK COOLING LOAD

0.77 x 10%)

(8.33)(60)(10)(1.0)

154 GPM

1.67 x 100

4998

334 GPM

[(1.22 x 109)(1— 5%55]ﬂ53)

(701) (24)

2.52 x lO6 Btu/hr

(180,000) (16,740)

550

4.58 x 10° Bru/hr

(2.52 x 10%
4998

504 GPM

(5.48 x 10%)

4998

1096 GPM

9 1
[(1.32 x 107)(1- §T§)1(53)

(701) (24)

2.72 x 106 Btu/hr

(195,000) (16,740)

550

5.94 x iO6 Btu/hr
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8.3.2

(2.72 x 10%)

Mheating - 4998
= 544 GPM
' (5.94 x 10°%)
cooling = - 4998
= 1188 GPM

Obviously, the circulating water flow rates into each zone during the
cooling mode will be the governing criteria in distribution pipe size selection,
Pipe sizes and the corresponding flow rates, velocitiés, and pressure drops
for each distribution system piping segment are presented in Table 8-5.

: TABLE 8-5-
DISTRIBUTION PIPING SPECIFICATIONS

LOCATION : FLOW RATE PIPE SIZE VELOCITY . PRESSURE DROP

(GpPM) (INCHES) FPS (PSI/100 FT)
Trunk Line 2618 14" 5.46 ‘ .25
Zone R-2 & R-3 2284 >12" 6.48 .40
Trunk
Zone R-2 Feeder 1096 'lO" 4,47 .25
Zone R-3 Feeder 1188 10" 4.85 .30

Zone R-1 Feeder 334 5" 5.46 .90

SYSTEM COMPONENT DESCRIPTIONS

L

The Hedat Pump Waste Heat Recovery Systems analyzed in this report are
composed of standard HVAC components commonly used by the residential, commercial
and industrial sectors. Some special testing and performance rating may be

necessary where the intended HP-WHR épplication parameters exceed the normal

180



operating range of the specific equipment involved. A brief description of

each component follows:

Central Heat Pump

The Eentral heat pump is a packagé unit including compressor and'electric
drive, heat exchangers, operating and safety controls, interconnecting piping
and refrigerant charge. Unit construction and performance will conform to
fhe ARI Standard for centrifugal water chillers accepted by the air conditioning
industry.

The evaporator and condenser will each be of shell apd tube construction.
AWater box covers should be of the "marine" type so that removal for tube
cieaning and replacement may be easily accomplished. Ihe heat exchanger
fubes should be seamless copper and will be individually replaéeabie. * The
compressor selected for sérvice is of centrifugal design with herﬁetic electric
motor drive. Variable inlet guide vanes at the compressor inlet are used to
modulate unit capapity by varying refrigerant flow. Screw or reciprocating
¢6mpressqrs may be considered for other applications. The motor ﬁsed for the
compressor drive is a squirrel-cage induction type operating at constant speed.

The motor will be refrigerant cooled.

Cooling Tower

The cooling towers chosen are of the induced draft, prefabricated type.
They ﬁill be mounted on field erected structural steel suppofts installed
over the thermal storage basins. The tower design will include non-combustible
casiné’and fill,klowér‘collection basin, distribution headers and an electric-

drive fan assembly.
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Pumps . -

Distribution system pumps will be the horizontal, sélit—case type. Pump
components should be éelected for long lasting service. Recommended materials
are bronze and steel alloys commonly used for water pumping sérvice. The pumps -
will be driven by variable speed electric motors.

Circulating pumps used within the central heat recovery plant will be
the horizontal, split-case type or énd—suction type depénding ;n the manu-
facturer. Pumps for this service would be similar to pumps used for condenser
ﬁater service in typic;l heating and air conditioning'applications,

Pumps delivering wastewater effluent to the central heat recovery system
should be of the vertical turbine type for sewage pumping service. A non-clog-
ging impeller should be specified and the inlet to the suction of tﬁe pump

should be protected by a suction strainer. In some cases the pump will

require variable speed motor drive.

Thermal Storage

Thé thermal'storage device will consist of é cylindrical or rectangular
tank located schematically between the central heat pump and the distribution
system. It will be construcféd of steel reinforced concrete and be located
partially below ground level. The portions above ground will be earth bermed. -
for structural support and to retard heat loss. The vessel will be insulated
with 3/4 ihcﬁ styrofoam'sheathihg and will be covered to retard water surface
heat loss and evaporation. A piping and valve arrangement within fhe vessel
will serve to ﬁakeuse”of temperature stratification wi;hin the vessel to

provide appropriate temperature supply water to the distribution system or
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return water to the central heat pump unit.

Control Systems

Automatic‘¢ontrols for the Heat Pumﬁ;Waétewater Heat Recovery Systems
will be pneumatic or electric types commonly found in industfigi and commercial
use for temferature and pressure measurement and valve 6peration. The limited
number of operator functions involved will probably make an electric control

system the most economic choice.

Water Treatment System

A water treatment system to eliminate scale build-up and control
bacteriological"growth will be incorporated into the distribution water
system. Packaged systems for proportional chemical feeding and periodic
bonductivity analysis are commonly used with refrigeration condenser systems

and are similar to the type which will be used with the HP-WHR system.

Piping System (at Central Plant)

¢

System piping within the central heat recovefy plant will be seamless
black steel. Connections to equipment will be made with flanges or removable
ring type connectors. Valves and piping accessories will be iron-bodied types

for the appropriate service classification.

Piping System (Distribution)

The distribution system piping will be constructed of PVC'pressure pipe
similar to the t&pes used in potable water distribution systems. Joints will

be made by solvent cementing or a mechanical bell and gasket connection. The
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8.3

.3

use of plastic piping material will eliminate galvanic corrosion problems and
simplify installation. Additionally, the plastic system should offer lower

pumping resistance than other materials.

EXPECTED PERFORMANCE

In order to develop an estimate of overall system performance which would
also také into account the variances in C.0.P. which result from serving the
contiﬁually changiﬁg thermal loads during an annual cycle, an estimate of
system performance for each‘month of a typical year was made. The estimating
procedure involved tallying all energy inputs to the system, including central
heaf pump power, pump wbrk,‘céoling tower fan work, system auxiliaries power,
and end-user heat pump power, and comparing that totgl (in Btu equivalents) to
the net heating or cooling effect providedlto the structures within the
system service area. Estimating the monthly performance in this manner revealed
system performance in the peak heating, peak cooling, and simultaneous heating
and cooling modes. Estimates of instantaneous perférmance were not attémpted
since thermal storage within the system allows for averaging of absolute peak
conditions. The energy consumption figures presented in the performance analyéis
are considered to be conservative since the level of analysis appropriate to
a preliminary study could not take into account operating variables such as

the effects of varying condenser water temperature below design conditions or Y

higher than average temperatures at the thermal source during the heating season.

The general assumptions in effect for the performance analysis are as
follows:

Distribution Media Temperatures

HEATING MODE COOLING MODE
Supply 90°F | : 80°F
) o

Return  80°F 90°F
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Pump Work

Pump work for ail subsystems was estimated as the work required to tfansfer
the necessary quantities of thermal energy at the appropriaté temperatures and
pressures. ' Distribution pump work was estimated on the basigkpf supplying the
required heating or cooling effec;s at thé specified AT of lQ?F by maintaining
a constant heéd on the system and varying flow proportionately with thermal

load. All pump efficiencies were assumed to be 65%.

Cooling Tower Work

The cooling tower was assumed to operate at full load (as per design
specifications) to dissipate the estimated monthly heat gain. No allowance
was made for improved tower performance due to decreased ambient wet bulb

temperature.

End-User Heat Pumps

i End-user equipment was assumed to operate at the nominal heating and
cooling C.0.P."'s of 2.91 and 2.53, respectively (from Reference 7).
.The resu;ts of the monthly performance analysis are summgrized in Table
8—6 below. ‘Tﬁe-full énalysis and Célculational procedures are presented in

Appendix C.

TABLE 8-6
CONYERS HP-WHR SYSTEM PERFORMANCE
Heating Btu Cooling Btu Central Plant End-User

Delivered tg Space Delivered to Space Energy Input Energy Input SYSTEM

X 10° X 109 KWH KW C.0.P.
Jan. 2.915 0 125,411 294,512 2.034
Feb. 2.335 0 98,856 235,913 2.044
March 1.845 0.060 92,247 1193.439 1.954
April ©0.593 0.146 17,742 77,924 - 2.285
May 0.116 0.834 21,090 109,464 2.132
0 1.737 44,092 203,574 2.055

June

(Table 8-6 Cont'd)
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TABLE 8-6 (Cont'd)

Heating Btu Cooling Btu Central Plant End-User

Delivered to Space Delivered to Space Energy Input Energy Input System
X 109 X 107 _KWH KWH C.0.P.
July 0] 2.184 57,236 255,962 2,043 .
Aug. 0 2.098 80,560 245,883 1.883
Sept. 0.039 1.230 31,930 148,095 2.065
Oct. - 0.568 : 0.310 3,679 93,719 . 2.641
Nov. 1.703 ' : 0] 71,825 172,060 - 2.046
Dec. 2.786 0 118,260 281,479 2.042
TOTAL . 12.900 8.599 762,928 2,311,124

With the monthly system performance thus defined‘for each month during
the annual cycle, the overall system C.0.P. can be easily derived. Consider-

ing the system as a "black-box," its performance can be determined by the

expression
Q
_ out
€.0.P. = ¥ x 3413
in
where
Qout = heating or cooling effect provided by the system, Btu
win = work input to the system, KWH

Thus, substituting from Table 8-6:

_(12.900 x 10° + 8.599 x 10°)

(762,928 + 2,311,124) x 3413

C.0.P.

2.049
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COMPONENT ENERGY USE

In order to idenfify'the areas of energy usage on theAHP—WHR system
which would benefit system performance the most thfough decreased'consumption,
the performance analysis also included avbre;kdbwn.of individuéi comppnent
energy-usage. Overall central plant power consumption was firsﬁ analyzed
and plotted as illustrated in Table 8-7 and Figure 8-11. Consumption was
then furthe£ broken 'down according to individual components, as summarized in
Table 8—8.

It is apparent from the component analysis and from the monthly consump-

.tién figures presented in Appendix C that system pgrformance is severely
penalized by auxiliaries such as pumps and cooling towers. Obviously then,
this area of energy consumption exhibits the potential for improvement if
equipment offering better than average operating éfficiencies can be econom-
ically specified.

By fat the largest energy user on the system is the collective end-user
heat pump. Prototype hydronic heat pumps which offer nominal C.O.?.'s in
the 4.0 - 5.0 range (as opposed to the 2.91 assumed for the analysis) are
currently under development and shoﬁ vast potentiél,'if incorporatéd into the
HP-WHR system, to improve system performance by decreasing end-user heat pump
energy consumption while delivering the same fhermal load.

Finally, in actual practice some improvement in perfbrmance may be gained
thfougﬁ operating practices such as. producing water at higher or lower than
desigu Lemperatures at nominal central heat pump fuil loads during off-peak

hours in order to "charge'" the thermal storage component of the system.
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TABLE 8-7
ELECTRICITY USAGE ANALYSIS

FOR  CONYERS HF~ICES

IN COOFERATION WITH THE TECHNOLOGY DEVELOFMENT LAR
GEORGIA TECH ENGINEERING EXFERIMENT STATION
ATLANTA, GEORGTIA 30332

INFUT IATA

KRILLING FERIOD ACTUAL DEMAND BILLENG DEMAND CONSUMFTION FUEL ADJUSTHENT - LDAD FACTOR
JANUARY » 1979 : . 680, 125411 000
FERRUARY; 1979 ‘ 630 Y8856 000
MARCH, 1979 680 92247 000
GFRIL 1979 630 17742 .+ 000
MAY s 1979 600 21090 000
JUHE » 1979 . 550 44092 L 000
JULY »1979 550 57236 - 000
AUGUST 1979 550 80560 . 000
SEFTEMRER 1979 550 31930 000
OCTORER 1979 630 24679 000
NOVEMEER Yy 1979 680 71825 000
DECEMEBER,» 1979 680 118260 . 000
LOCAL TaX IS $ .03
FROJECTED ELECTRICITY cosT

EILLING FERIOD RILLING AMOUNT

JANUARY 5658,20

FEBRUARY o ] 4994 ,70

MARCH 44670.,23

AFETL 1012.41

HaY - 1176.78

JUNE : : . 2306.06

JULLY 29%51,37

ALGUST ) : 4096.,46

SEFTEMRER 17068.97

OCTORER . 250,37

NOVEMEER . 3667461

DECEMEBER ) ' . 5920,72

TOTAL ‘ T$ 7 38013.87
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ITEM

Distribution Pumps
. Circulating Pumps
Sewage Pumps
Cooling Tower
Misc. Electrical

Central Heat Pump

Central Plant Total

End-user Heat Pumps

System Total

TABLE 8-8
CONYERS HP-WHR SYSTEM
ANNUAL COMPONENT ENERGY USE

PERCENT OF - PERCENT OF
ENERGY USE CENTRAL PLANT SYSTEM
" KWH .
141,056 18.5 4.6
128,812 16.9 4.2
24,011 3.1 0.8
48,807 6.4 1.6
12,000 1.6 0.4
408,242 53.5 13.3
. 762,928 100.0 24.9
2,311,124 75.1
3,074,052 KWH 100.0
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ENERGY CONSERVATION POTENTIAL

The Heat Pump-Wastewater Heat Recovery System shows the potential to
favorably alter the existing energy use patterns within a community and to
promote the overall conservation bf primary energy sources. Ilq the case pf
the Conyers community, the existing energy use pattern shows a re;iénce on
electric energy‘for cooling ‘and natural gas for heating. Essentially all end-
uéers wi;hin.the proposed HP~WHR system service area now exhibit this energy
usage pattérn.

AThe energy consumed on-site by the conventional space conditioning sys-
tems in meeting the heating and cooling requirements projectgd by the computer-
ized load estimate was first calculated. The assumptions were that heating
requirementé were met with natural gas fired furnaces operating at a 65%
-driven efficieﬁcy and that cooling requirements were ﬁet with electrically

driven air-conditioning units with C.0.P.'s of 2.0. Based on these assump-

tions the conventional systems consume annually the following amounts of

energy: 4
' Cooling ‘ Heétin&
Zone R-1 - 161,148 KWH 25,385 THERMS
Zone R-2 527,395 KWH - 83,077 THERMS
Zone R-3 571,345 KWH ‘ 90,000 THERMS
' TOTAL _ 1,259,888 KWH 198,462 THERMS

 The above totals compare to the annual total HP-WHR system energy’require—
mentlof 3,074,052 KWH (from Table 8-8). It is duly noted that the HP-WHR system
consumption répresents an approximate 1447 increase in electrical energy con-
sumption. However,~on—site consumption .of natural gas 1s reduced Lo zero.

The rise in electrical energy consumption is attributable to two factors:
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1) the demand for ngtural gas in satisfying heating requirements is effectively
~displaced with the electrical demand of the heat pump system, and 2) the over-
all Heat pump system opérates at a slightly.lower efficiency (lowgr C.0.P.)
than theAconventional electrically driven air conditioning units in meeting
cooling reqﬁirements.

. In order to compare the projected primary energy resource consumption of
the HP-WHR system to that of the conventional space conditioning systems,_the
procedures for detefmining annual tuel and resource energy utilization, as
outlined in ASHRAE Standard 90-75, ENERGY CONSERVATION IN NEW BUILDING DESIGN,58'
wére fdllowed. As can be seen from the results of this assessment as illus-
trated 5ﬁ the followiﬁg pages, the primary effect of the HP—WHRvsystem'operatioﬁ
would be to displace the consumption of natural gas with that of coél and
nuclear energy. A minor increase will also be noted in the.consumption of
hydro-power and crude oil. A secondary, but desirable, effect would be to

free the additional quantities of natural gas for use in satisfying other,

less flexible energy féquirements.
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ANNUAL FUEL AND ENERGY CALCULATION FORM 12-1

Building/Project :
Energy Req’ments Fuel and Energy Supplied to Site
LLine Column Al A2 B1 B2 B3 B4 BS B6 B7 BS | BY
Function Thermal| Electric Coal Gas Light Oil | Heavy Oil| Elec. Win.| Elec. Sum.| Elec. Ann.] Other|Other
10°Btu | 1°KWH | 10°Buu | 10°Biwu| 10°Btu 10°Btu | 1°KWH| 10°KWH | 10 KWH
1 | Heating 12, 500NN 19,846 NN
2| Cooling 8599 MN NNN1259. 8
3 | Water Heating w
4| HVAC Auxiliaries
5| Lighting AN
6 | Elevators m
| 7| Compuiers” NN\
8 | Cooking
9 | Process
10 | Other
11 | Other
12 | Other
13 | Total Carry Fwd. to Form 12-2 19,846 - 1259.8
CONYERS-CONVENTIONAL SYSTEMS
ANNUAL FUEL AND ENERGY CALCULATION FORM 12-2
Annusi Fuel and Energy C.0. RUF Fuel and Energy Resources Used on Site and Off Site
Calculation Form 12-2 Total From To Meet Energy Requirements of Building/Project
LinJ Fuel and Energy From Supplier Cl1 C2 a C4 CS Cé6 a1
Supplied to Site Form or From S. Tons MCF BBL Grams 10°KWH Other | Other
12-1 Tables Coal Nsat'l Crude Oil U-235 Hydro
: Line 13 . )
14 . Fuel Oil, Light
15 Fuel Oil, Heavy
16| Gas Na'l | McF |19,846; 1.16 23,021
Oil BBL R\
17 Coal
18 | Elec. Winter \\:‘0—\‘“ \
" | _coal [ S Tons NN — .2y
cas | mMcr ANNONNY .56
oil | BeL ANNNNNNY__.53
Nuc Grams m 3.84
Hydro 100k WHRRNNNY - 07
Other _ —_ ]
19 | Elec. Summer .
' Coal | 5. Tons R\ \\\\\ .26 | 327.5
Gas | McF NN 1. 0% 1310.2 A
il BBL \\\\\\\\ .56 705.5
Nuc Grams \\\\\‘\\\ 3.84 4837.6
Hydro [10°KWH \\\\\\ .04 50.139
Other
20 | Elec. Aunual \\\‘\\\\\ ]
’ Coal | S.Tons \\\\\\\\
Gas MCF %\\&
i _BAIL R\
——l'?lul:— Grams \\\‘\\\
Hydro |10'KWH l\\\‘\\\\\\
Other )
21 | (Other)
22 ) Total Resources 327, 5 24,331, 2 705.5 4837.6 50.39
ASHRAE STANDARD 90-75
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ANNUAL FUEL AND ENERGY CALCULATION FORM 12-1

Building/Project
Energy Req’ments Fuel and Energy Supplied to Site
Line Column Al A2 B1 B2 B B4 BS B6 B7 B9
Function Thermal| Electric Coal Gas Light Oil | Heavy Oil| Elec. Win.| Elec. Sum.| Elec. Ann.| Other|Oth:
10°Btw [ 10°KWH | 10°Bwu | 10°Btu| 10°Btu 10°Btu | 1°KWH| 1°KWH [ 1°KWH
1 | Heating 12,900 N 1876.2
2| Cooling 8599 NN 1197.9
3| Water Heating N
4| HVAC Auxiliaries
S| Lighting
6 | Elevators
7 | Computers
8 | Cooking
9 { Process
10 | Other
11 | Other o
12 | Other
13 | Total Carry Fwd. to Form 12-2 1876.2 1197.9
CONYERS—HP-WHR SYSTEM
ANNUAL FUEL AND ENERGY CALCULATION FORM 12-2
Annual Fuel and Energy C.0. RUF Fuel and Energy Resources Used on Site and Off Site
Calculation Form 12-2 Total | From To Meet Energy Requirements of Building/Project
LinJ Fuel and Energy From Suppli C1 C2 C3 C4 Cs Cé 1
Supplied to Site Form or From S. Tons MCF BBL Grams | 1°KWH Other | Other
12-1 Tables Coal Nat’l Crude Oil U-23§ Hydro
Line 13
14 Fuel Oil, Light
15 Fuel Oil, Heavy
16 Gas Nat’l MCF —0— 1.16
Oil BBL
17 Coal
18 | Elec. Winter 1876.2
Coat | .S Tons .27 ] 506.6
Gas MCF .56 1050.7
0il BBL .53 994.4
Nuc Grams 3.84 7205
Hydro [10°KWH .07 131.3
Other
19 | Elec. Summer 1197.9
Coal | S.Tons .261 311 %
Gas MCF 1.04 1245.8
oil BBL .56 670.8
Nuc | Grams 3.84 4600,
Hydro |10°KWH Qa4 47.9
Other
20 | Elec. Annual
Coal S. Tons
Gas MCF
| Qit | _BBI
Nuc | Grams
| Hydro [10°KWH
Other
21 | (Other)
22 Total Resource 818.1 2296.5 1665.211,805 179.2
ASHRAE STANDARD 90-75 194




SECOND LAW PERFORMANCE ANALYSIS

A second .law performance analysis was performed for the Conyefs-HP—WHR
system during peak heating season, peak cooling season and a .period when both
heéting and cooling was required. The analysis was conducted on a monthly
basis. |

Heating was accomplished by heating air from 75°F to 120°F and cooling
was.proVided by cooling air from 75°F to 55°F. The reference state for the
air stream availabilities was 75°F. 1In determining the primary resource’
utilization of electric energy a second law efficiency of .33 was used. The

results are tabulated .below.

CONYERS HP-WHR SYSTEM
SECOND LAW ANALYSIS

AVAILABILITY OF AVAILABILITY OF SECOND AVAILABILITY OF SECOND

HEATING COOLING HEATING & COOLING ENERGY SUPPLIED LAW ENERGY SUPPLIED . LAw
SEASON SUPPLIED SUPPLIED SUPPLIED TO SYSTEM EFFICIENCY TO SYSTEM EFFICILENCY
January 2.915 x 10 -0- 1.161 x 108 4.34 x 109 .02670 4.484 x 109 .0258
(Heating) . .
Jul ©-0-  2.184 x 10° 7 9 9 )
uly .184 x 10 4.186 x 10 3.23 x 10 .01296 3.008 x 10 .01391
(Cooling)

October  .568 x 10°  .310 x 107 2.854 x 107

B 9 ;
9.69 x 10 .0294 1.3009 .
Qctober x 10 0219
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8.3.4 EXPECTED ECONOMICS

.This report section evaluates the expected economiciperformance of the
HP-WHR system as compared to conventional heating and cogling systems in the
Conyers area. First costs, operafing costs and maintenance costs for each of
the compared systems are estimated in order to determine annualized costs to
consumers.. A life‘cycle cost comparison for the system is also made.

System design and performance has been presented in previous.éections
nf this fepqrt. For the purposes of this analysis it is assumed that some
form of go&ernment entity will own and operate the central utility and distri-
bution system. End-users will own and operate their own heat pump systems and
purchase thermal energy from the central plant. The‘purchase priée for the
thermal energy will be detérmined by the cost to produce and deliver the
energy plus maintenance costs, personnel costs, administrative costs and debt
service.

It is anticipated that the thermal utility would provide distribution and
metering equipment to the property line of the cﬁstomer. Piping and equipment
installed on fhe user's property would be paid for and become the property of
that user.

Debt service for the central plant was based on a 7 percent per year
interest rate with payments over a 25 year period. This rate appeared to be
‘to be :approximately mid-range for rates that.could be expected for Conyers.

The fpllowing cost analysis is broken into three parts: 'first costs,
bperating‘aosts, lifevcycle cosés. A summary of results is presented in the

latter part of the section.

FIRST COSTS

First costs are categorized as costs incurred by the central utility or
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costs incurred by the end~users. In Conyers' case, it is anticipated that the
central utility's costs will be those associated with the central plant, dis-
tribution gystem and metering. End-users will be ;esponsible,fﬁr the retro-
fit or initial installation of their own ﬁVAC systém aﬁd for piping from their
heét pump.unit t0-£he meter connection, :

Central plant first costs were based on the equipment sizes and types'

presented in the system design section. A detailed cost breakdown is presented
in'Appendix C. A summary of these costs follows:

Central Plant : $ 635,870

Distribution System 361,520

Metering Equipment

(100 - 1" meters,

including installation) 35,000

Total _ $1,032,390

End-user system costs were computed on the basis of 175 ft. of 1" pipe

per end-user to connect-to the distribution system and $600'per installed ton
‘of air conditioning capacity for retrofit situations. The $600 per ton is

for installation of hydronic heat‘pump units only; with connection to existing
duct systems, and is assumed to include any salvage value of eﬁuipment removed
from the end-user buildingé. New installations were assumed to involve no
differential cost over the standard HVAC system. For Con?ers the end-user
cost is approximately:

300 tons installed x $600

Total cost of retrofit = $180,000
Piping 350 users x 175 ft.

" x $2.50 (installed) = 153,125
Total retrofit cost = $333,125
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The retrofit costs are based on the individual prices each end-user would

be required to pay if the work were contracted on an individual basis.

OPERATING COSTS
Operaﬁing costs were based on the resuits of the performance analysis
- presented in section 8.3.3. The cost of eiectfic power for the central plant
was computed from Georgia Power Company's PL-1 rate schedule. Power for end-
usérswas assumed to cost 5.00¢/KWH. The cost of thermal energy delivered to
end-users by the HP-WHR system wiil be discussed in a sﬁbsequent section.
From Table 8-7 of the performance analysis, the annualized cost for power to '
the central plant will be approximately $38,015.

The end-users on the HP-WHR system will use approximately 2,311,124 KWH
per year. This.electricity will cost approximately $115,556 under individual
billings.

Maintenance costs for the HP-WHR central station are estimated at 5 per-
cent per year of the installed cost of the station and 0.5 percent per year for '

. the distribution system. These maintenance costs are:

Annual
Item Maintenance Cost
Central Station Equipment $31,793
Distributioﬁ System & Meters 1,982
Total $33,775

End-iser maintenance costs were assumed to be $20 higher per installed
ton of air conditioning capacity than would comparable system maintenance on

conventional systems. This figure is:

782 x 20 = $15,640 per year
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HP-WHR SYSTEﬁ OPERATION AS A THERMAL UTILITY
in order fo compare the HP-WHR scheme to convéntional utility supplied

“schemés; it is neéessary to perform an analysis from the end—uger's viewpoint.
To'accodntzfor thermal energy distributed'from the central plant, it is antic-
ipatéd that the system will bc operated as a thermal utility. The charges to
the end-users will be based on meter readings and wiil be sufficient to cover
the central blantfs operating and maintenance costs, debt service, and admin-
is;rative costs associated with operation of the system.

' The cost figufes cbntained in this report were generated.for,the Cornelia
sysfem using the stated electric energy costs, an administrative cost of 10
percent of tptal owning and operating costs, and debt:service based on an
iﬁterest rate of 7 peréent per year over 25 years. It is recognized that the
seven percent,inﬁerest rate is somewhat arbitrary and will Vary‘ﬁith the type
of finéncing arrangements actually implemented; however, it was selected as.a
compromise between typical 1977 yields for Municipal Clasé A bonds and Utility
bonds issuéd by private companies. |

The total annuél cost to the end-users for thermal service was computed
as‘follows:

.CONYERS - HP-WHR SYSTEM
ANNUAL THERMAL UTILITY CHARGES
(COMPONENT COSTS IN 1979 DOLLARS)
Energy Cost o $ 38,015

Maintenance on Central Plant
and Distribution System " 33,775

(UTILITY CHARGES - cont'd)
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ANNUAL THERMAL UTILITY CHARGES
(cont'd)

Debt Service on Total System

Cost (7%, 25 years) .
(81,032,390 x .0858) 88,580
Subtotal $160,370

10% Admihistrative fee (Including

Insurance & Contingencies) 16,035

Total o 8176405

Based on the above total, the necessary cash flow for the system will

be as projecﬁed in Table 8-9.

LIFE CYCLE COSTS

A life cycle cost analysis was prepared for the Cornelia HP-WHR system
and the existing conventional systems. The analysis was performed from the
end-user point of view, since the consumer will ultimately ‘pay all costs
associated wiph each system. 1In the case of thermal energy distributed by the
HP-WHR system, central plant capital and energy costs are embedded in the cost
of service to the end-user.

The present value of the cash flow for each alternative was determined
for a tweqty—five year period at the stated discount factor. The following

general formula was used:

25
BV, = FC; +y2=[1f(3,y) x (ADC, + AMC,)]
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Where:

PVi = Present value of the ith alternative
_ , .th .
FCi = First cost of the i~ alternative
£(j,y) = The present worth factor at j percent interest for
y years. : '
_ . . th .
ADCi = Annual operating costs of the i alternative
AMCi = Annual maintenance costs of the ith alternative

The fesults'of the life cycle cost analysis are presented in.Table 8-10-
for the conventional systems as the base case and Table 8-11 for the HP-WHR
system alternative. The present value figure is given as a positive number;
however, in actuality it should be realized that the number is a present

value of present and future costs.

SUMMARY OF EXPECTED ECONOMICS

The results of the life cycle economic analysis indicate that the HP-WHR
system as proposed for the Conyers community is more costly to the‘end—users
than the conventional space conditioning system alternative. On the basis
of the results presented in Tables 8-10 and 11, implementation of the HP-WHR
system would result in a net additional cost to the end-users of'$2,274,520.
Several factors detract from the comparativé systeﬁ economics. The arduous
retrofit costs for portions of the proposed service area, even though borneA
by the individgal system subscribers, increése the capital investment néces—
sary to implement the system‘and thus penalize the economic attractiveness
from the end-users' point of view. System performance during the cooling
mode 1is comparablé, on a C.0.P. basis, to the standard electric air condition-

ing systems typically in residential service in the proposed service area.
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. “TABLE 8-10
CONYERS CONVENTIONAL SYSTEMS (BASE CASE)
LIFE CYCLE COST ANALYSIS

DEBT SERVICE BASE UTILITY COSTS TOTAL | DISCOUNT DISCOUNTED

YR OR COST  MAINTENANCE 'N.GAS ELECT. COSTS FACTOR - COSTS
0 0. 0. 0. 0. . 0. 1.000 . . 0.
1980= 1 - 0. 0. 71,179. 71,595. 142,774. .090 129,782.
2 0. 0. 80,432. 79,470. 159,902. .826 ° 132,079.
3 0. 0. 90,888. 88,212. 179,100. . .751 134,504.
4 0. 0. 102,704, 97,916. 200,620. .683 137,023.
5 0. 0. 116,055.  108,686. 224,741, .621 139,564.
6 0. 0. 131,142. 120,642, 251,784. .564 142,006.
7 0. 0. 148,191. 133,912, 282,103. .513 144,719,
8 0. 0. 167,455. 148,643, 316,098, 467 147,617.
9 0. 0. 189,225.  164,993. 354,218. 424 150,188.
10 0. 0. 213,824. 183,143, 396,967. .386 153,229.
11 0. 0. 241,621,  203,288. 444,909, .350 155,718.
12 0. 0. 273,032.  225,650. . 498,682. .319 159,080.
13 0. 0. 308,526.  250,472. 558,998. .290 162,109.
14 0. 0. 348,634. 278,023, 626,657. .263 164,811.
15° 0. 0. 393,956.  308,606. 702,562. .239 167,912.
16 0. 0. 445,171.  342,553. 787,724. .218 171,724.
17 0. 0. 503,043.  380,233. 883,276. .198 174,889.
18 0. 0. 568,439. 422,059, 990,498. .180 178,290.
19 0. 0. 642,336.  468,486. 1,110,822. .164 182,175.
20 0. 0. 725,839,  520,019. 1,245,858. .149 185,633.
21 0. 0. 820,198.  577,221. 1,397,419. .135 188,652.
22 0. 0. 926,824.  640,716. 1,567,540. ' .123 192,807.
23 0. 0. 1,047,311,  711,194. 1,758,505. .112 196,953.
24 0. 0. 1,183,462. 789,426. ' 1,972,888. .102 201,235.
‘ 25 0. 0. 1,337,312,  876,262. 2,213,574. .092 203,649.
TOTALS - 11,076,799. 8,191,420. 19,268,219, 4,096,348,

ASSUMPTIONS:

1) Natural Gas Cost Escalation - 8%
©2) Electric Energy Cost Escalation - 11% (3% Over Base Inflation Rate)
3) Discount Rate - 10% :
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TABLE 8-11
CONYERS HP-WHR SYSTEM
LIFE CYCLE COST ANALYSIS

. DEBT SERVICE ~ ADDITIONAL UTILITY .COSTS TOTAL DISCOUNT ~ DISCOUNTED
YR OR _COST MAINTENANCE ELECT. THERMAL COSTS FACTOR COSTS
0 0. 0. 0. 0. 0. 1.000 0.
1980 = 1 0. 16,891. 128,267.  183,979.  329,137.  .090 299,186.
2 0. 18,242. 142,377. 192,295,  352,914.  .826 291,508,
3 0. 19,702. 158,038.  201,429.  379,169.  .751 284,757.
4 0. 21,278. 175,422, 211,464,  408,164.  .683 278,776.
5 0. 22,980. . 194,719.  222,490.  440,189. .62l 273,357.
6 0. 24,819,  216,138.  234,609.  475,566.  .564 268,219.
7 0. 26,804 . 239,913.  247,929. 514 646.  .513 264,013.
8 0. 28,949. 266,303.  202,572. 557 824.  .467 260,505.
9 0. 31,264. 295,597.  278,674.  ¢05 535, 424 256,748.
10 0. 33,766. 328,112,  296,382. 458 260.  .386 254,088.
11 0. 36,467. 364,204,  315,860.  716,531.  .350 250,787.
12 0. 39,384. 404,267.  337,287.  780,938.  .319 249,119.
13 0. 42,535. 448,736.  360,864.  852,135.  .290 247,119.
14 0. 45,938, 498,097.  386,810.  930,845.  .263 244,812,
15 0. 49,613. 552,888,  415,367. 1,017,868.  .239 243,271,
16 0. 53,582. 613,706. 446,803. 1,114,091. .218 242,873.
17 0. 57,868. 681,213,  481,415. 1,220,496.  .198 241,658.
18 0. 62,498. 756,147.  519,529. 1,338,174.  .180 240,871.
19 0. 67,498. 839,323.  561,505. 1,468,326.  .164 240,805.
20 0. 72,897. 931,648.  607,742. 1,612,287.  .149 240,232.
21 0. 78,729.  1,034,130.  658,680. 1,771,539.  .135 239,159,
22 0. 85,027. 1,147,884.  714,806. 1,947,717.  .123 239,569.
23 0. 91,830. 1,147,884,  776,647. 2,142,638.  .112 239,975.
24 0. 99,176. 1,414,308,  -844,827. 2,358,311.  .102 240,549,
25 0. 107,110.  1,569,882. _ 919,973. 2,596,965.  .092 238,922,
TOTALS 1,234,847. 14,675,470. 10,679,948, 26,590,265. 6,370,868,
ASSUMPTIONS :
1) Maintenance and Replacement Cost Escalation - 8%
2) Electric Energy Cost Escalation - 11% (3% Over Base Inflation Rate)
3)

4)

Thermal Utility Charge Escalation - 117 (From Table 3-9)

Discount Rate - 107%



Thus no performance -or economic benefit in favor of the HP-WHR system is pré—
-sented. Finally, the current low energy costs for natural gas, the heating
resource of choice in the proposed service area, make the gas-fired furnace
option the most cost effective heéting system alternative. This'last factor,
cémbined with the fact that the proposed system is essentially é&oling dominated,
is perhapé‘the most critical detriment to system economics;' It is anticipated
that, if the system were located at heating dominated sites—of—éppliéation, or
if (an& when) natural gas ﬁriceé escalate, the system will approagh the thres-

hold of economic viability.
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8.3.5 PLAN FOR HP-WHR SYSTEM PHASING - CONYERS, GEORGIA

An HP-ICES will operate in its community as a form of public utility
which will provide a needed and potentially widespread (in relation té the
overall community) service. Serving in this capacity, the system is subject
to the need for loné—range planning in order to provide its service in a
manner most beneficial, service-wise and cést—wise, to the end-user. The
primary concern is that the system be designed and constructed to fulfill
the needs of the existing viable service afeas. However, consideration
must also be giveﬁ to expanding the system in the most efficient manner and
at the most advéntageous time to accommodate future growth within the commu-
nity. Chaper 6.0 - PROJECTED GROWTH discusses methods of projecting growth
within a specific community and a&dresses construction phasing of central
‘plant facilities and the distribution systemn for‘ranges of growth rate
situations. The following paragraphs apply ﬁhe genefal approaches outlined
in the earlier chapter to the Conyers demonstration community situation.

The initial approach of the Conyers - based HP-WHR system will be to
provide thermal utility services to a compact area of residential subdivisions
just outside the corporate city limits on Stanton Road. The first candidate
subdivision is located adjacent to the Almand Branch sewage treatment facility
in the vicinity of the intersection of Stockbridge Highway 138 and Stanton
Road. This subdivision is currently under development with several structures
already completed and an ultimate build-out potential of 40 to 50 houses. A
second sugdivision approximately one mile down Stanton Road from the first
is at a éomparable degree of development with 60 to 75 houses completed and
a build-out potential of 100 to 150 houses. Additionally, theré is a parcel
of land direcﬁly between the two subdivisions and roughly equivalent in land
area to the second which is considered a likely candidate for development if

the Conyers community continues-its trend of rapid growth. Ultimate build-out K =
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potential of this parcel of land, if developed, is approximately 150 houses.
Accéunting,for the total build-out potenfial of each of the three areas, this
compact residential community would show a viable service area of approximately
120 houses within a one and one half mile corridor around the sewage treat-
ment plant. ' Since the current building inventory is approximately 307% of
ultimate potential, and since it is estimated that the area, at its present
rage of growth, will reach its build-out potential within five to ten years,
this communify will offer opportunities for phased system construction and

a combination of residential retrofits and new home system installation.

CENTRAL PLANT PHASING - In general, it is advisable to plan and construct

central élant facilities for a high growth area (such as this residential
community) in several stages'over a given planning period (usualiy 20 years).
This procedure avoids committing large sums of money for excess capacity at
the central plant which may not be needed until much later in the blanning
period. However, the Conyers demonstration community is an interesting mix
of aspects of high growth and low growth areas. The growth poténtial of the
subject area can be shown to be approximafely 2007% of the existing number of
structures in the area over a 20 year planning period. The limited landA
area in the commuﬁity, howéver, puts an effective ceiling on fhe ultimate
expansion in the immediate area. The combina&ion of the above two factors
results in the estimate that the area may reach its potentiai in five to ten
years. Considering this estimate and considering the fact that central
statioﬁ capacity may be limited somewhét by the relatively'low capacity of
the sewage treatment plant, it is deemed advisable to plan for installation
of the,bulk offggntral-station capacity during the initial construction.

A minor plant expansion would then be planned to finalize central station
capacity in approximately five years. The'pipe lines, sumps, and pumps which

serve on the sewer tic-in subsystem will be constructed initially to handle
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100 to 110% of the ultimate wastewater flow which could be accoﬁmodated at

the sewage treatment facility. The major building structure will be con-
structed to accommodate all equipment which would be necessary to serve the
ultimate build-out potential of the system. Since the total quantity of

thermal enérg& available from the wastewater could reasonably be'hacdled by

one central station heat pump, it is likely that full capacity will be installed.
Installation of the auxiliary equipment (circulating pumps, distribution

pumps, thermal storage, and ccoling tower) will be based on estimated system
reqcirements during the first five year period. At the time when additional
capacity 1s required, é minor plant expansion would‘involve'the instaliaticn

of an additional circulating pump, distribution pump, cooling tower cell,

and if required, thermal storage. All equipment installation could be handled
with little or no major modification to the in-plant piping'system or stfucture.
Costs for system expansion within the central plént shculd thus be minimized. -

DISTRIBUTION SYSTEM PHASING - There are several characteristics of the

design and construction of high-volume water distribution (and returnj lines
which will influence the manner in which such systems will be constructed and
expanded.‘ First, water and sewer and, in this cése, thermal utility lines
bave a useful life of approximately 50 yéars. Secondly, a major portion of
the cost of cohstructing such lines is not in material costs but in manpower
and equipment expenditures for the construction prccess; Hence, the most
economical way to provide additional capacity generally is to construct a
larger line initially rather than a parallel line at a later date.

The first phase of distribution system construction will involve
installation of a distribution trunk line into the subdivision adjacent to
the sewage treatment facility site. Due to the layout of the subdivision
and to housing construction patterns, construction of the distribution
system within this area can also>be phased. The main trunk iine would
first be constructed along Morris Drive and Cindy Drive, with tributary
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lines along Rodgers Drive and into the as yet unnamed northern section of

the subdivision to be installed at later dates. In all cases, line sizing
and construction would be based on estimated ultimate requirements for the
area so that the expense and inconvenience of constructing parallel lines

at different stages of development could be avoided.

The second phase of distribution system construction would involve
installation of a separate distribution trunk line into the second sub-
division now under development. The main trunk liné of this leg would
run in a generally southerly direction from the plant, over to Stanton
Road, and into the subdivision along Almand Branch Road. Several structures
céuld be served directly from this main trunk line, and as the degree of
development in the area warrants, tributary lines could be constructed'in a
manner similar to the first pahse construction. It should be noted that
cénstruction of distribution lines for service into this area would quitg
likely coincide with the central station expansion discussed in the preceed-
ing section.

The third phase of construction, involving the development of the vacant
parcel of land between the two subdivisions, is very tentative. Discussion
of this phase is only to identify the potential of the area if current hous-
ing and growth trends continue. There are two options for providing service
into this area. Depending upon the layout and developuent pattern of this
zoné, a main distribution trunk could be constructed off ovf the bulk trans-
mission trunk line located along Stanton Road, or a separate trunk line could
be constructed from the central station forvservice to the area.

Due to the development patterns in the three relatively segregated
zones in the community adjacent to the Conyers sewage treatment facility, it
is apparent that there is ample opportunity to demonstrate the options for
phased construction of the central plant, distribution system, and end-user

systems in an HP-WHR system.
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8.4 INSTITUTIONAL CONSIDERATIONS

As with any undertaking that proposes to provide a public service in some
form to the members of a community, the implementation of a Heat Pump Centered-
Integrated Community Energy System will encounter significant insfitutional
barriers. 1In order tolimpose a priority for consideration, however, these
barriers can be classified into ghree fairly definitive categories. The first
category involves the institutional considerations typicél in the‘implementariop‘
of any large scale Qenture such as ownership, opcration, and financing
alternatives. Categories two and three involve consideration of the éffects
upon implementation of the existing state and local laws, respectively. The
following sections of this chapter discuss these institutional considerations

with regard to their effect upon the impleﬁentation of the HP-WHR concept.

8.4.1 OWNERSHIP AND OPERATION OF A HEAT PUMP CENTERED-INTEGRATED COMMUNITY ENERGY SYSTEM

(HP-ICES)
There would be several alternative approaches to the ownership and

'operation of a Heat Pump Centered-Integrated Community Energy System.‘ Such
a system would be very similar to a public utility that provides water Supply,'
wastewater collection and treatment, electrical power, or natural gas.‘ Conse-
‘quently, the alternative methods for ownership and operation woqld be similar
to the types of institutions which provide the public utilities just listed.
The three basic types of institutions that could serve as the owner and operator
of a Heéf Pump Centered-Integrated Community Energy System are ;s follows:

1. 'A privately-owned public utility company

2. A municipal—o%ned public utility

3. A special'purpdse authority
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The privately-owned public utility company would be similar to Géorgia
Power Company'or the Atlanta Gas Light Company. Such companies are generally
profit making corporations that are owned by the individual stockholders who
have invested in the corporation.

An example of a municipal-owned public utility would be a city or county
water system which is operated as a part of the city or county government.
Some.municipal'governments also operate electrical distribution systems and
natural gas distribution systems witﬁin their jurisdictions as a part of the
utilities proﬁided by the local government.

The'third type of institution would be a special purpose authority created
solely for the purpose of owning and operating a Heat Pump Centered-Integrated
Community Energy System. In Georgia such authorities can be created by an
act of the State Legislature. Such authorities are non—prqfit organi-
zations created for a single purpose and having jurisdiction over a limited
and clearly defined area. The most common special-purpose authorities
in Georgia are water authorities whose jurisdiction usually covers all or part
of a county. Speical purpose authorities can build, own and operate the
specified facilities within their jurisdiction} Such authorities can enter
into the neéessafy financial arrangements needed for constructing and operating
their facilities. However, the revenues for the authority are limited
strictly to those revenues that can be generated from the operation of the
facilities which the authority has constructed. In most cases, these revenues
come from'the service charges billed . to individual residential and commercial
customers of the system. The main &ifference between a special-purpose
authority and a municipal-owned public utility is found in the availgble means

of financing. A special-purpose authority is generally a separate entity from
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the municipal or county government, both financially and organizationallyf The
autho;ity is generally independent and finanéially self—suppérting from the |
municipal or county govermnment. However, a municipal—owned public utility
can be operated as a part of a municipai or coungy government and may not Se
financially self-supporting. This means that a municipal-owned public utility
may be financed in part by generél obligation bonds, ad 'valorem taxes, or
other sources of revenue which the municipal or county govermment may have.
The revenues that are derived from the operation of a municipal-owned public
utility do not have to provide the total financing for the operation and
maintenance of the utility..

The special—purpose authority is further defined in the Georgié Code as
follows:

"The 'authority systém of finance' is a system whereby the

state or .a municipality canbcarry oﬁt a function of a pubiic

or charitable nature through an agency created by the

legislature and designated by the creating statute as an

'authority.' Such an authority has the power to borrow

funds for its establishment and early operation through the

issuance of revenue bonds, which, for their retirement and

for the payment of interest thereon, may only pledge funds

arising from the bperation of the authorized project. Inl

no event may such bonds pledge the credit of the municipality,

create any lien on public property, nor give the bondholder

any right to compel the exercising of the taxing power."
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FINANCING ALTERNATIVES FOR AN HP-ICES

Tﬁe alternative means for financing a Heat Pump Cenfered—In;egrated
Communtiy Energy System can be Qest described by the different categories of
ownership which have 5een previously presentéd. E |

A privately-owned public utility company is a profit making corporation
and'generaily can use the same methods of financing that are available to
other corporations and businesses. Short-term financing can generally be
obtained from banks and other lending institutions and long-term financing
can be obtained by issuing stocks, bonds, or warrants.

A municipal-owned public utility can usually obtain short-term financing
from banks or other lending institutions. Long-term financing is generally
obtained by selling revenue bonds or general obligation bonds to private
investors, banks, or other financial institutions; Municipal-owned public
utilities in recent years have been able to obtain significant money for
improvements or expansions through Federal or State grant or lpan programs.
The Federal Environmental Protection Agency has a significant grant program
to assist local governments in the construction of interceptor sewers and
wastewater treatment facilities. The Farmers Home Administration within the
Deparvmenl vl Agilcullure lhas Loth a loan and grant program to holp emall
communities in the construction of water and sewer systems., The Department of
Housing and Urban Development has provided significant sums of grant monies
to urban areas for the construction of water and sewer fa;ilities; in addition
to other public facilities that would not be categorized as utilities. The
- Economic Development Administration has also'provided Federal grant funds to
construct or expand utilities to serve indusﬁrial growth areas.

A special-purpose authority could obtain short-term financing from banks
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or other lending institutions if sufficient collateral could be provided or
adequate assuraﬁce that the loan could repaid. The pringipél means for long-
~term financing of a Special—purpose authority would be through the sale of
revenue bonds which would be repaid from fhe annual revenues of the authority.
Therefore, the strength and potential for growth would determine the rating for
the revenue bonds and the difficulty that might‘be encountered in selling the

' revenue bonds. Special-purpose authorities are generally eligible for Federal -
and State grant loan funds as previously described for municipal-owned public

utilities.

8.4.3 COMPARISON OF ALTERNATIVE METHODS OF OWNERSHIP, OPERATION AND FINANCING OF

AN HP-ICES

The two previous sections have discﬁsséd the alternative methods available
for the ownership,'operation and financing of a Heat Pump Centered-Integrated
Community Energy System. This section will provide a comparétive discuésion
of the alternative means for ownership, operation and financing of a Heat Pump
CenteredFIntegrated Community Energy System.

The alternative of a privately-owned public utility company has two
significaﬁt drawbacks. The first drawback is that such companies would not
generally desire to take on the responsibility for such a project until its
fgasibility and profit potential had been fully established. An exception
to this‘might be that if massive Federal grant funds were.involved in the

-

initial demonstration and there was little financial risk to the utility
company, then the company might be willing to be involved. The preceding
statements assume that the public utility company concerned was already in

existence and providing other services prior to being approached about involve-

ment with a Heat Pump Centered-Integrated Community Energy System. At this
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stage in the development of the HP-ICES concépt, it would be virtually impossi-
ble to consider creating a new public utility company splely for the purpose
oflowning and operating the HP-ICES. Because of the uncertainties involved
.'wiph the initial'capital cost, operating cost, and profit potep;ial, it would
be highly ﬁnlikely that such a company could.successfully sel}'Fhe necessary
stock that would be reqﬁired for initial financing and operation.

The altefnative of a municipal-owned public utility offers several
adVaﬁtages and disadvantages. One of the mainAadvantages, as previously
mentiéned,'is that a municipal-owned public'utility has several alternative
means of financing available to it. Long-term financing through the sale of
municipal bonds offers an attractive meaﬁs of financing construction since
the interest rates on municipal bonds are often lower due to the tax-free’
status which they offer investors. Since a municipal-owned public utility
does not have to make a profit, the utility rates which must be charged to
customers are generally lower than might be charged by privately-owned Qtility
companies, There are several disadvantages which are posed by municipal-owned
public utilites. One disadvantage is that municipal-owned public utilities
usually try to provide sexrvice to the entire community or municipality.
However, with the HP-ICES concept, it may be thaf only a portion_of the
Eommunity can be served. Another disadvantage to a municipal-owned public
utility is that in recent years many small to medium sized towns have come to
depend heavily on Federal grant and loan funds to improve and expand their
public utilities (primarily water and sewer). Because of this trend, local
officials will'often postpone needed construction or improvements until
massive Federal érant'funds can be obtained which will pay, in some cases, 100

percent of the total cost involved. Because of this trend and because of the
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uncertainties invoived in the initial construction of a demonstration project
for an HP-ICES it is highly unlikely that a municipality would undertake such
a system without significant Federal grant funds being involved in both the
initial construction and operation of the system.

The last alternative is the creation of a special-purpose authority. An
advantage to the special-purpose authority is that the area covered bf the
authority could be limited solely to the area which would be served by the
Heat Pump antered—Iﬁtegrated Commuﬁity Energy System. Therefore, local
officials could not be criticized for operating a municipal utility'ﬁhich
served only a limited portion of the total community. The main disadvantage
to a special-purpose authority are the inherent limitations in financing
construction with local funds. Special-purpose authorities are limited almost-
totally to revenue bonds for long—germ financing. It is also difficult to

-issue revenue bonds for new authorities who do not have established customers
and a past history of'fevenue collections. for a new type of utility such

as the HP-ICES which has not been fully proven and demonstrated, it would be
even more difficult to issue revenue bonds to finance the construction of such
a system. Consequently, a special-purpose authority would also require signi—'
ficant Federal grant funds to help pay for the initial cqnstrudtioﬁ and oper-
ation of the system.

Of the three alternative mefhods that have been considered for ownership,
operation and financing of the HP-ICES, only .two appéar to be viable alternatives.
These are the municipal-owned public -utility and the special—purpdse authority.
The initial construction and operation of such a system under either of these
alternatives wpuld definitely require significant Federal grant funds and

future availability .of Federal grant or low interest loan funds.

216



P

STATE OF GEORGIA-REVIEW OF LEGAL AND REGULATORY FACTORS OF CONCERN IN THE

DEVELOPMENT OF AN HP-ICES

In the development and implementation of any new concept, it is important
that existing laws and regulations be reviewed to determine what legal con-~
straints may impede or affect actual implementation. In this regard, state and
local laws, regulations, codes'and ordinances have been reviewed to determine
what impact they might have on the construction and operation of a Heat Pump
Ceﬁtefed—Integrated Community Energy System. In order for this review to be
applicable to the two application communities, the review has been limited to’
laws and régulations‘of the State of Georgia and to codes and ordinances for
the cities of Cornelia and Conyers, Georgia. Existing statutory law for the

State of Georgia was review in the form of The Code of Georgia, Unannotated,

1978 edition. Statutory laws for the State of Georgia are organized and

presented in this publication by subject matter which include Titles 1 through
114. . A review of these titles indicated only three titles which might have
application to a Heat Pump Centered-Integrated Community Energy System. These
titles were "Title 17, Canals, Waters and Navigations," "Title 88, Public
Heélth," and '"Title 92A, Public Safety".

In reviewing Title 17, Canals, Waters and Navigation, one chapter in
particular was found to have a potential effect on the construction of a Hgat
Pump Centered-Integrated Community Energy System. This was Chapter 17-5,
”TheAéeorgia Water Quality Control Act". This chapter establishes certain
laws and regulations concerning water quality of the streams, rivers and lakes
within the State of Georgia. The chapterdesignate§ the Environmental Protec-
tion Division of'the Georgia Department of Natural Resources as the state

agency with the responsibility for implementing and enforcing the water quality



laws and regulations of‘the state. One of the requirements of this chaptef
is that muniéipalities and industries must obtain permits from thé state in
order to construct and operate wastewater treatment facilities. These permits
are also required for expanding or modifying existing wastewater treatment
facilities. The permits which are issued by the Environmental Protection
Division constitute both a Federal and State permit under the Federal Water
Pollution Control Act of 1972 and these permits establish treatment require-
ments and effluent limitations which must be achieved by the wastewater trcat-
'ment facility. Consequently, the planning and design of a Heat Pump Centered- .
Integrated Community Energy System must evaluate what effect the operation of
such a system will have on the municipal wastewater treatment plant and its
ability to operate within the limits establiéhed by its permit.

Another chapter which may have indirect implication is Chapter 17-13,
The Georgia Safe Drinking Water Aét of 1977. This chapter creates the necessary
laws and regulations needed for the establishment of a safe drinking water
program for the State of Georgia. One aspect of such a program is to prevent
improper connections being made between potable water systems and non-potable
water sources or wastewater sources. One of the.potential daqgers of a Heat
‘Pump Centered-Integrated Community Energy System is the possibility that some-
one will mistakenly make a connection to the HP-ICES distribu;ion system,
thinking that it is a potable water distribution main. For this reason, it
will ge important that the pipe network in the HP-ICES be adequately marked to. -
avoid improper cross connections with potable water systems.

Title 88, Public Health, assigns specific resbonsibilities to fhe
Georgia Department of Human Resources and to County Boards of Health for the

protection of the public health. These responsibilities include protection
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8.4.5

to the water quality public water supplies. This responsibility would include
the responsibility to prevent and minimize the potential for cross connections

between potable and non-potable water supplies.

A

CITY OF CONYERS GEORGIA - REVIEW OF LOCAL ORDINANCES AND CODES

The local codes and ordinances of the City of Conyers and Rockdalé
County were reviewed to determine what impacts or restrictions they might
impose.on the development of a.Heat Pump Centered—Integrafed Community Energy
System. This'reviéw indicated that there were several local building codes
which would require.an in depth review in conjunction with the design and con-
struction of a Heat fump Centered-Integrated Community Energy System. The

local building codes which have been adopted for the Conyers-Rockdale County

' area are as follows:

1. Southern Standard Building Code - 1976 Edition

2. Southern Standard Plumbing Code - 1975 Edition

3. Southern Standard Mechanical Code - 1976 Edition With

1978 Amendments
4, National Electrical Code - 1978 Edition.
Ttie first three (3) are published by the Southern Building Code Congress

International, Inc., located.in Birmingham, Alabéma. These building codes
are QidélyAused by locél.governments both in Georgia and other parts of the
United States. These codes establish minimum construction standards which must
be followed in the construction of residential, commercial and industrial
buildipg. In reviewing the codes noted above, there were not requireméﬁts or
specifications found that would severly restrict :the development of aﬁ HP—ICES.
There were, however, several aspects of the codes which would‘need to be con-

sidered in the planning and design of the system.
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Some of the requirements of the codes are as follows:

1.' Pipes used for transporting non-potable water must be
cléarly identified to avoid éccidential tie-ins or
conneé;ions to the potable water system of a home or
commercial establishment.

2. The plumbing code esfablishes other restrictions that
are needed to prevent cross-connections and backflow
from the non-potable Hf-ICES'piping to the potable
water system.

3. The plumbing code also establishes minimum criteria
and specifications for piping materials and related
appurtenances to be used within residential and
commercial buildings.

; 4. The plumbing code may also include additional speci-
fications or requirements for the HP-ICES piping as
a result of the higher pressures which may be involved
with this piping as compared with normal water distri-
bution systems.

5. At the present time there is only limited refgrence to
heat pump type heating systems within the vérious codes,
However, as heat pumps become more widely used, future
revisions of the codes will probably contain more
specific provisions and criteria related to heat pump
specifications and installation requirements.

There were no other local ordinances or codes that would affect or restrict
the construction of a Heat Pump Centered-Integrated Community Energy System

within the Conyers, Georgia-Rockdale County area.
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9.

9.0

9.1

1.1

SITE-SPECIFIC FEASIBILITY STUDY FOR CORNELIA, GEORGIA

COMMUNITY DESCRIPTION - CORNELIA, GEORGIA
The City of Cornelia ié located in the southeastern corner of Habersham
County, which lies in the Piedmont Plateau Region of northeast Georgia in the

H

foothills of the Blue Ridge Mountains. Cornelia lies along U. §. Highway 441,

~a major north-south highway, which carries a high volume of tourist traffic.

Cornelia is located 80 miles northeast of Atlanta, 27 miles northeast of
Gainesville, 46 miles north of Athens and 84 miles west of Greenville, Sqqth
Carolina. | |
The topograpﬁy of Cornelia ranges from fairly broad,level lénd along
streams and branches to gently rolling hills in the higher elevationms.
Elevation ranges froﬁ‘approximately 1,400 feet .to 1,680 feet above sea

level.

POPULATION GROWTH

According to published population data, Corﬂelia was the second fastes;
growing city in Habersham CountyAfor the decade 1950 - 1960, the slowest grow-
ing city in the county for the decade 1960 - 1970, and grew at approximately
the same rate as the other six towns in the county for the period 1970 - 1977.

fopulation projeétions for Cornelia through 1995 are as shown in Table
9-1. These projections are based .on the assumption that growth in Cornelia
will represent a fixed percentage of thé estimated population increase of
Habersham County. as included in the Georgia Mountains Future Land Use Plan,

March 1973.
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9.1.2

TABLE 9-1 :
POPULATION AND PROJECTIONS FOR CORNELIA (1970-1995)

Projected . Percent

Yéars PQQulatién Population " of Increase
1970 3,014 |
1977 3,404 12.9
1980 : 3,571 . 4.9
1985 4,017 : 12.4
1990 4,463 11.1
1995 5,578 . 24.9

Source: Cornelia Community Development Concept Plan, Georgia Mountains

N 7
Planning and Development Commission, l97].5

ECONOMIC CHARACTERISTICS

'Accelerated'growth is greatly changing the econoﬁy of Cornelia and Haber-
sham County. The region is in transition from an agricultural-oriented base
to a rapidly-growing manufacturing base. Cornelia has in the past received
most of itsAeconomic benefits from agricultural products. But in the past two
decades the city and county have received benefits from increasing industrial
development and cAmmercial activity. Cornelia presently has a somewhat
balanced economy with respect to industrial employment, agricultural production
and retail sales volume.

Due to Cornelig's size, data conerning Cornelia's economy iS-ﬁot avail-

able except as a part of Habersham County. The economy of Habersham County

‘is diversified with the largest part of the labor force employed in manufactur=

ing, trade, finance, insurance, real estate, and services. Manufacturing, which

accounts for the largest number of jobs in the county, comprises 43.7% of the
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9.1.3

county's emﬁloyment. Finance, insurance, real estate, and services comprise
the second largesf category of employment in the county with 26.17%. Jobs
in wholesale and retail trade comprise another 16.37% of the county work force.
The balance of employemnt is in the areas of construction with 8.17%, agriculture
with 5.2%, or transportation and public utilities employment with 3.5% of the
work force,

| Projections of economic growth in Georgia from 1975 to 1985 have been

made by the Georgia Economic Forecasting Project under the direction of Dr.

- John Legler at the University of Georgia. Using these projections as an

indication of Cornelia's ecohomic growth for the next ten years, the town can
expect per capita income to increase faster than consumer prices, total
employment to increase approximately two and one-half percenf annually, a stead¥
increase in manufacturing employment and earnings, and a concomitant increase

in the dollar volume of retail sales.

LAND USE . .

The City of Cornelia encompasses 1,158 acres within its corporate. limits.
Residential‘acreage accounts for the bulk of fhe land usage with 62.77% or 726
acres. Agricul£ural usage and open space comprise the second largest land
usége‘category with 164 acres or 14.27%. Commercial land usage is a comparable
131 acres or 11.3%. Public and semi-public land usage and industrial usage
are the smallest categories with 7.8% (90 acres) and 4% (47 acres), respectively.
The average population density is 2.5 persons per acre.

The land use pattern in Cornelia is similar in most respects to that found
in cities of the same size. The core, the oldest section of the city, is
exclusively in retail stores, business establishments; offiées, banks and

similar uses. Immediately surrounding the core area and along both sides of
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9.1.4

the railroad tracks are located coﬁmercial and wholesale establishments .includ
hardware, gasoline stations, restaurants, farm sales and:services and automobile
dealers. Slightly to the southeast of the core, most of.the local government
functions are concentrated.

Away from the core area of Cornelia are found other commercial uses. Such
businesses are mainly neighborhood oriented such as grocery stores, auto repair.
shops, service stations, and restaurants. Most of the highway oriented

businesses which cater to automobile services are found along U. S. Highway

- 441, 23, and 123.

The majority of industrial development in Cornelia has occurred in the

southwest section of the city, while residential development has occurred

throughout with concentrations occurring to the northeast and southeast.

The City of Cornelia, its attending municipal wastewater treatment facility,
and the city's contiguous areas to be considered for service with the proposed

HP-WHR system are illustrated in Figure 9-1.

CLIMATE

The climate of Cornelia is relatively mild with mild summers and moderate
winters. The average annual precipitation is approximately 50 inches. This
precipitation is nearly always in the form of rain with snow falling only
occasionally in winter. Temperature averages for summer monghs range from 70
to ‘80 degrees while averages for winter months range from 40 to 45 degrees
Fahrenheit. Periodic blasts qf wintry Arctic air are felt by the City with the
average number of freezing aa§s being 45 to 60. The frost-free season is
long and usually averages around 215 days. Frosts can occur in late October

and the danger of frosts normally passes by mid or late April.
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9.1.5

PROPOSED SERVICE AREA

The community area proposed for service by the Cornelia Heat Pump - Waste-
water Heat Recovery System is restricted to a fairly cloée group of commercial
estaBlishments, an industrial plant and the central business district. This
somewhat limited service group was chosen after consideration of the points
presented in the following paragraphs.

The initial consideration when determining the Cornelia service area was
proximity of thermal loads to the energy source. As is the case with many waste
treatment facilities, Cornelia's is located remote from the town core and is
significantly removed from most residential groupings. Residential growth has
tended to move away from the treatment plant area due to more favorable access
to Gainesville, Georgia (the nearest town of significant size) and because of
the unpleasant side effects of the treatment plant itself - i.e. odors from
incomplete waste treatment. For this reason, the newer, larger residences
offering the greatest potential for using the thermal media provided by the
system are furthest from the thermal source. Those residences nearest the
treatment plant are 30 to 40 years old, small and generally in need of weather-
ization. These older houses are typically heated with natural gas and are not
air conditioned.

Another significant factor influencing the decision not to deal specifically
with residential service is a lack of predictable residential growth. Communi-
ty development studies for Cornelia predict small population increases over
the next 20 years with no trends which would indicate housing growth in a
particular area convenient to serve from the HP-WHR system. Accordingly, it
was determined that Cornelia's residential sector did not offer an attractive

market for thermal energy services from a central wastewater heat recovery plant.
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The commercial sector of Cornelia is primarily "Highway-oriented" or
located in the central business district in the heart of town. This group would
appear to offer the highest potential for thermal energy use in the shopping
center area located west of town along the Rt. 441 Cornelia Bypass and in the
central business district. Factors favoring the use of thermal energy through
heat pump retrofit are: heavy use of space air conditioning, trend toward
remodeling some of the central business district shops, and a significant
number of commercial shops using electric resistance heating.

The only significant industrial customer present within the service area is
the Fieldale Poultry Processing Plant. This plant is also the supplier of most
of the thermal effluent contained in the wastewater stream. It is envisioned
that a nearly continuous supply of 70 - 80°F water could be utilized by
Fieldale for their ice-~making and process refrigeration requirements, thus
eliminating their need for evaporative coolers. This arrangement would also
benefit the system performance since the additional heat input during winter

operation could be used by other buildings.

BUILDING CONSTRUCTION

As shown in Figure 9-2, three zones, categorized by locality and building
type, were identified within the proposed service area.

Zone C-1 is the central business district located in the heart of the
City of Cornelia. It is an extremely dense building area for this size town
with an inventoried 73 commercial structures, composed of one and two étory
brick buildings, most of which have adjoining walls. In most cases the building
shells are 30 to 40 years old. Many buildings have had interior remodeling
to serve the current occupants. As is typical of older commercial structures,

little or no insulation is present except where added during remodeling. There

227



are also some newer structures ranging in age from 3 to 20 years. Most build-
ings in this zone are heated and cooled with forced air systems. The heating
requirements are provided by natural gas furnaces or electric resistance heaters.
Cooling is accomplished by direct refrigerant expansion systems using air cooled
condensers.

Zone C-2 is a new strip shopping center located on the Highway 441 Bypass.
When ultimate build-out potential is reached, an estimated 10 commercial
structures will be located on this site. The center is typical of current
commercial construction and consists of masonry walls, glass storefront and a
metal deck, insulating board and built up roof assembly. Insulation is included
in the ceilings and walls. The stores within the shopping center will be
heated by electric resistance heat and cooled by roof mounted packaged air
conditioning units. Each store has its own individual HVAC system.

Zone C-3 is an existing strip type shopping center located on the Highway
441 Bypass. An estimated 8 commercial establishments will be located at this
site, upon completion. The center is approximately three years old and is
constructed with masonry walls, glass storefront and a metal deck, insulating
board and built-up roof assembly. Typically, only the roof is thermally insu-
lated. The stores within the shopping center are heated and cooled by roof
mounted packaged air conditioning units which utilize electric resistance heat.
Each store has its own individual HVAC system.

Total commercial structure square footage in the three proposed service
zones is estimated at 434, 709. The estimate is based upon actual inventories
of the existing structures in the central business district (Zone C-1) and upon
estimates of the completed square footage of the commercial establishments to

be located in the two shopping centers (Zones C-2 and C-3).
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HEATING AND COOLING LOADS

Monthly Loads

Heating and cooling loads for the Cornelia study area were estimated on
a monthly basis for those building structures served within the projected
service area. The primary emphasis in load development was placed on monthly
figures since no greater degree of detail could be justified in a preliminary
study of this type. Peak loads were also developed using design conditions

from the 1977 Fundamentals volume of . ASHRAE Handbook and Product Directory.SO

The estimation of monthly heating and cooling requirements was calculated
by the computer program discussed previously in Chapter 8.0 of this report.
The input to the calculation procedure takes into account building area served
and unit building energy requirements determined by the program user for build-
ing type and climatological zone.

The service area under consideration for Cornelia contains only commercial
establishments and an industrial plant located close to the proposed central
heat recovery plant. Building count and area were estimated from field surveys

and data excerpt from the Cornelia Community Development Plan57 prepared by the

Georgia Mountains Area Planning and Development Commission. Experience with
commercial building energy use patterns in the southeast indicates that annual
heat losses will total approximately 50 MBtu/ft2 and that cooling requirements
will be in the range of 32 MBtu/ft2 for the type buildings found in the Cornelia
service area.

Monthly heating and cooling loads were determined by apportioning the
annual requirement according to the percentage of heating or cooling degree

days occurring in a particular month. Heating and cooling degree days were
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7 taken from "Monthly Normals of Heating and Cooling Degree Days 1941 - 1970",
published by the National Climatic Center, Asheville, NorthACarolina.55 Table
9-2 is a summary of the percentage figures utilized in apportioning the annual

~ load esﬁimates;
TABLE 9-2

Annual Heating and Cooling Degree Days
Cornelia, Georgia

Heating ' Cooling

Month Degree Days © % Total _ Degree Days % Total
* Jan. 732 21.0 0 0.0
Feb. ﬂ 605 17.3 0 0.0
March 492 14.1 12 ; -1.0
ppril A 188 5.4 20 1.7
May - _  6l 1.7 108 9.0
June - 10 0.3 244 . 20.3
July 0. 0.0 322 26.8
August 0 0.0 30 25.6
Sept. 29 0.8 | 155 12.9
Oct. 196 5.6 32 - 2.7
Nov. 468 13.3 0 0.0
Déc. 716. 20.5 | 0 | o.o'

3497 100.0 1203 100.0

Lt
Industrial energy requirements are significantly more.difficult fo esti-
bﬁate withéu; a detailed analysis of process and environméntal‘constraints.
' However, to account for a potential energy credit from the industrial concern
included in the service area, a consfént monthly cooling requirement of 230

MBtu/month was allowed. This cooling requirement represeuts a constant demand
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at the subject plaht for condenser water service for ice-making equipment.

Table 9-3 presents a month-by-month summary of the total projected ;hermal
load on the HP-WHR system. The results of the computerized load calculations
and peak load determinations are presented in Appendix D.

TABLE 9-3
CORNELIA HP-WHR SYSTEM LOADS

PERIOD HEATING COOLING
S BTU X 109 : BTU X 109
Jan. B 4.564 | £ 0.0002
Feb. | 3.760 o 0.0002 .
March 3.065 0.139
April 1.174 0.235
May 6.370 1.252
June 0.065 _ 2.826
July 0.0 | 3.730
August 0.0 3.574
Sept. . 0.174 ' 0.922
Oct. _ 1.217 0.374
Nov. 2.891 10.0002
Dec. 4,456 ~0.0002 |
. 21.736 x 10° BTU ~ 13.053 x 10° BIU

Peak Heating Load

As mentioned above, peak loads were estimated using the procedures and

design conditions from the ASHRAE Handbook.50 The degree day formula, with

terms rearranged to solve for the peak load, P, was utilized as shown below:
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(E) X.(TD)x

(DD) X (24)
P: - Design heating load per hour
E = “Heat energy fequired
D = Design,température difference
DD = -Heating degree days
: For-this estimate:
lE = 4.564 x 109 Btu - from the computer load estimate for January
'Tb = 700 —'17°,= 53°F - desired inside teﬁperature minus the 997% design
: temperature for Cornelia.

DD = 732 - from Table 9-2.

Thus .

(4.564 x 10°) x (53%)
(732) x (24)

6

Btu/hr

13.77 x 10

~ Peak Cooling Load

 Utillzing the design figures of an average 350 square feet per peak ton
of refrigeration for commercial structures, the peak cooling load for the pro-
posed Cornelia service area was estimatéd as follows:

434,709 ftz(buildingfarea served)
350 ft4/ton

Peak Cooling Load

1242 Tons
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9.1.8 THERMAL ENERGY RESOURCES

I3

As noted in earlier chapters of this report, the lo&—grade heat in a
community's wastewater will be utilized as the thermal energy source inAgn
HP-WHR based HP-ICES. Also as explained earlier, many site-specific variables
affect the amounts and availability of thermal energy from this source at any
particular point of application. To determine the quantities of ;hermal energy
available at a specific demonstration community necessarily involves examin-
ation and analysis éf_the community's wastewaLer-collectibn and treatment
facilities along Qith any appropriate documentation of operating conditions,
performance, etc. The following sections examine the wastewater faciiities
of the Cornelia, GeorgiaAcommunity and develop estimates of the thermal energy

available to an HP-WHR installation at a proposed location in Cornelia.

CITY OF CORNELIA, GEORGIA WASTEWATER FACILITIES

The City of Cornelia cdmpleted in July 1977 a comprehensive review of its

wastewater collection and treatment facilities in the form of a 201 Facilities
Plan under E.P.A. Project # Cl30585—01;0f“)Pertinent data and descriptions
from this report will be adopted as the basis for the evaludtion of thermal
energy availability at the Cornelia community.

The layout of the wastewater system, detailing location of lines; sizes,
manholes, pump stations, and force mains, is depicted on Figﬁre 9—3{ reproduced
from the 201 Plan. Also'shown-on this layout are.the major'division lines

between the flow metering areas employed for the 201 Study Analysis. Sections
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of the system vary in age from one year to 65 years. The older portion of the
system is composed of concrete pipes with concrete joints and is located
principally in the downtown area, located in flow metering area 3 and the
western portion of area 4. The most recently constructed sewers are located
in flow metering areas 2 and 6, and the outskirts of area 7. Sewer construction
in these areas incorporates terra cotta pipe with rubber O-ring sealed joints.
The general condition of the entire sewer system is good relative to deterioration
of existing pipes and manholes.

The original Cornelia Treatment Plant was built at its present location
in 1963. The original plant consisted of coarse screening, grit removal, fine
screening (1/4"), primary clarification, low rate trickling filter, polishing
pond, anaerobic sludge digestion (uncovered), and sand drying beds. The facility
was expanded in 1967 with the following additions: a second primary clarifier,
a large high rale trickling filter, a secondary clarifier, and a second
anaerobic sludge digestor (uncovered). More recently, and in response to the
NPDES permit requirements for fecal coliform removal and post-treatment aeration,
a chlorine feed system and contact basin with cascading outfall were added to
the process. The chlorination system and cascading outfall became operational

in mid-July 1976. The plant as it exists today is shown in Figure 9-4.

FLOW AND TEMPERATURE DATA - CORNELIA, GEORCIA

As discussed in Chapter 10.0 - COMPONENT TESTING, site-specific temperature
and flow measurements are the necessary first step in developing a data base
for determining the thermal energy available at any particular site of appli-
cation. Measurement of these parameters at the Cornelia sewage treatment
facility were performed during the period 10/13/78 to 10/20/78. Temperature

measurement was with a Simpson Type 23103 portable strip-chart recorder with
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a type R-22, 3-SE100-120 resistance temperature device (RTD). Measurements

were made at two-points in the sewage treatment plant: 1.) plant influent

at the head of the grit chamber, and 2.) at the secondary clarifier (essentially
the last point in the treatment process before discharge). Flow measurement

was taken from existing plant instrumentation. Results are presented graphically
(Flow vs. Time and Temperature vs. Time) in Figure 9-5 and summarized in Table
9-4.

Flow was found to be on a daily cycle, as cxpected, with significant peaks
at mid-morning (9:30 - 11:00am) and mid~afternoon (1:30 - 3:0Upm) during the
weekdays (no doubt due to the Monday through Friday operation of the Fieldale
poultry processing plant which produces approximately 727 of the wastewater
processed at the Cornelia plant). Flow was noticed to be fairly constant and
at a low level on the weekend with Saturday flows at a relatively higher level
(and with several significant peaks) than on Sunday. Average Daily Flow (ADF)
during the weekdays was 1,640,000 gallons per day (1.65 MGD). ADF during the
weekend was 350,000 gallons per day (.35 MGD). Weighted ADF over the entire
week is 1.25 MGD.

Plant influent temperature on the weekdays seemed to follow with the
level of flow (again likely contingent on Fieldale's discharge) with high tem-
peratures ranging from 95°F to 109°F, peaking usually in late afternoon (4:00pm
or later) or into the evening hours. High temperatures on the weekend ranged
from 820F to 900F. Low temperatures on plant influent occurred usually during
the early morning hours (7:00 - 9:00am) and ranged from 70°F to 820F,

Temperatures at the secondary clarifier remained relatively constant at
all times during the day and week, ranging from 680F to 829F. Slightly higher

temperatures seemed to prevail in the clarifier during the weekend (perhaps due
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to the extended retention time - up to 15 hours - made necessary by the low
weekend flow levels).

It is expected that, for the Cornelia wastewater system, sewage flows will:
continue to show a daily pattern of high flows during normal. working hours due
to the continuing presence of the Fieldale plaﬁt, aﬁd lower. flows during eveniﬁg
and early morning hours. The weekend pattern of proportionately lower flows
will also likely continue.

It is also expected that the temperature of the plant influent will
continue to exhibit daily peaks of aﬁproximafely 104%p dufing the latc after-
noon houré of the weekdays, due to the relatively constant tempefature discharge
6f Fieldale's processes, Temperatures at the secondafy clarifier will confinue
on their relatively constant trend. Extreme seasonal influenqes may reduce the
operating temperatures somewhat, but will not significantly affect the avail-
ability of the thermal energy at this source.

Frbm the above charactgrization of the Cornelia wastewater conditioms it
is apparent that signficant amounts of thermal energy are available for reclaim
with an HP-WHR system. The next report section will discués briefly the factors
pertinent to the wastewater system which will affect the location of the HP-WHR
y central station and will develop estimates of the quantities of thermal energy

available at the proposed location.

CENTRAL PLANT LOCATION & THERMAL ENERGY ESTIMATE
——
As ékfiained in the discusSion of the proposed service area, primarily
commerciailcustomérs will be served from the initial system. The most
attractive service areas, therefore, will be the central business district and

the two shopping centers developing along the newly constructed Cornelia By-pass.

Inspection of the sewer system layout reveals that a central station sited in
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Day

FRI 10/13
SAT 10/14
SUN 10/15
MON 10/16
TUE 10/17
WED ~0/18
THUR  10/1¢
FRI 10/2¢

. Low:

High:

Weékday Avg:

Weekend Avg:

TEMPERATURES

, " TABLE 9-4
CORNELTIA, GA. WASTEWATER SYSTEM
SEWAGE TREATMENT PLANT DATA

PLANT INFLUENT

Low (°C/°F)

28/82
24/75
25/77
21/70
23/73
25/77
26/79
26/79

FLGW

.g_al o~
4167 hr (

L _&8;1; o~
154,167 822 (

1,640,000 GPD*

350,000 GPD*

* FRCM E.P.A. 201 FACILITIES PLAN

High (°C/°F)

" 36/97
32/90
28/82
35/95
39/102
40/104
43/109
40/104

0.1 MGD) SUN 10/15 5:00pm

3.7 MGD) MON 10/16 12:15pm

60

SECONDARY CLARIFIER

Low (°C/°F)

28/82
28/82
20/68
19/66
22/72
24/75
24/75 7

High (°C/°F)

30/86
28/82
23/73
23/73
25/77
25/77
24/75



the vacant area bordered by Foster Street, Wayside Street, and Level Grove
Road would have access to the parallel sewer mains which carry the bulk of the
communify wastewater effluent, including the discharge from the Fieldéle plant, .
to thg sewage treatment plant. Thus, the wastewater flows from flow metering
areas 1A-C, 2, 3, 4, 5, and Fieldale woﬁld be available for heat reclaim at the
central station. A station sited at this location would also be central to a
distribution system serving the two main service areas, being-approxiﬁately
mid-way on a line betweén the central business district and the new shopping
.centers.

From Chapter 2.0 - POTENTIAL APPLICATIOﬁS, the total amount of heat avail-=
able from the thermal supply (waste&ater) can be calculated from equation (2-2)

shown below:

Q = WC (AT)
Where:
Q = total heat, Btu
W = flow of wastewater, lbm '
C = specific heat of wastewater (assumed to be 1.0 Btu/lbm-°F)
AT = change in temperature :0f supply medium across the central station

- equipment heat exchanger, OF

For the purpose of making nationwide projections on available thermal
energy from wastewater, flow was defined as a function of national population,
and industrial wastewater discharges (a significant source of reject thermal
energy) were ignored due to insufficient data. However, due to the avajlability
of the 201 Facilities Plan for the Cornelia community and sewage system, actual
flow data for the various flow metering areas in the community will be used
as the basis for the estimates for available therﬁal energy. It should be noted
that these figures also include industrial discharges.

Flow data from the 201 study is presented in tabular form as Table 9-5,
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TABLE 9-5
CORNELIA, GA. WASTEWATER SYSTEM
GENERAL FLOW METERING AREA DATA .

FLOW , SEWER AVERAGE
METERING | LINEAR FT. - DIAMETER DAILY FLOW
AREA OF SEWER (INCHES) (GPD)

1A 5,600 8 . 9,000
1B 2,600 ' 8 © 4,300
1c 1,900 6 | 4,300
2 | 30,200 10 60,000
3 3,300 10 ' 14,000,
4 . 17,800 10 46,000
5 15,600 : 12 38,000
6 ~ 26,300 10 83,000
7(W/0 FIELDALE) 38,600 18 ' 93,000 -
FIELDALE | | 920,000
TOTAL . | 141,900 FT. | - 1,271,600 GPD
AWEEKDAY o 1,640,00
| *WEEKEND . ' 3504000

*SOURCE: EPA 201 FACILITIES PLAN
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and schematicaily as Figure 9-6. Figure 9-6 also displays schematically the
proposed location of the HP-WHR central station fiacility in relation to the
o?erall sewer sysfem. Thus, the central station, installed at this prbposed'
location with thé ﬁecessary storage capacities to absorb the.diurnal fluctu-
ations in flow and take advantage of the full available wastewater flow, would
Have accéss.to an average flow (ADF) of 1,095,600 gallons per déy (1.096 MGD -
the sum of flows from metering areas 1A, lB,'lC, 2, 3, 4; 5, aﬁd Fiel&ale){
Note that this figure is a weighted daily.average of flows over a one week
period. Weekend flows may be significantly less than this weighted average,
thus the necessity of incofporating some form of stérage capacity into the
central station design.

Temperature data from the sewagé treatment facility will also be utilized
in developing estimates of available thermal energy. It is duly noted that
the conditions documented herein are from a somewhat arbitrarily selected one-
week perioa which may orimay not have been representative of condiﬁions to be
expected over an annual cycle. However, inspection of the seven-day flow
cycle reveals no characteristics which would indicate it to be atypical.
Further, since the flow pattern documented in this effort coincides quite
accurately with that found during the E.P.A. 201 Facilities Plan analysis, it
~ is anticipated thaf the documented weekly flow cycle can indeed be taken as
typical. The temperatures of the wastewater, on the other hand, will likely
exhibit more sigﬂificant variations due to seasonal influences. However, due
to the fact that the major controlling factor on wastewater temperature (at
least during the five weekdays) is the temperature of Fieldale's process-dis-
charge, it is agticipated that the affect of ambient temperature changes on

the wastewater temperature will be moderated somewhat. The temperature and
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flow data presented here and utilized in the following estimate of available

-thérmal energy are preéented primarily to provide a firm base for this "ballpark"

estimate. Figure 9-7 is a Temperature vs. Duration curve for plant influent

temperature during the period 10/13/78 through 10/20/78, developed from the

strip~chart temperature plot. A weighted average of the data shows the average

temperature to be 86°F.
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‘A third condition to be defined for the thermal energy estimate is the
change in temperature of the heat supply medium, AT in equation (2-2), which
could be achieved across the central station equipment heat exchanger.' Essen-
o tially this wéuld represent the heat transferred out of the wastewater flow.
.Theoreticaliy; heat could be removed from a water source down to approximately
320F, Howe&er, due‘to equipment operating characteristics, a practical limit
of 30°F can be set for AT.

Inspection of equation (2-2) reveals thal the greatest quantity of heat
would be reclaimed with the'largest AT possible, in this case AT = 30°F.
General HVAC system design practice dictates a AT = 10°F. However, in this
particular application, larger AT's may be necessary or desirable. Therefore,
in order to bracket the operating conditions which may be in effect at the
‘cengral statiqn,‘AT's of 100F, 20°F, and 30°F will be considered. Estimates
of the therpal energy available for reclaim from Cornelia's wastewater can now
be calculated.

- As an example; and utilizing equation (2—2), the energy reclaimed from

communitylwastewater would be calculated thusly:

AVG. DAILY FLOW - 1,095,600 gallons
AT -~ 309F
= 1 gal 1hwm Btu o
QpAILY 1,095,600 day X (8.33 gal) x (1.0 135:35) x (30°F)

273,790,440 S8
day

Derived through this estimative methodology, Table 9-6 summarizes the
quantities of thermal energy potentially available, on a daily basis,
"to an HP-WHR system installed at the proposed location in.Cornelia and operating

at the various conditions discussed in the foregoing paragraphs.
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TABLE 9-6
HEAT AVAILABLE FROM WASTEWATER
CORNELIA, GEORGIA

. QDAILY
o WASTEWATER CONDITIONS . AVG. DAILY
AT( F) IN(OF) OUT(OF) HEAT RECOVERY
' (Btu/day)
10 86 76 91.26 x 10°
20 86 66 ' 182.53 x 10°
30 86 56 273.79 x 10°

An important consideration in the application of an HP-WHR system to a
. community is the balance between the portions of the community served by the
wastewater collection and treatment éystem and the portion of the community
proposed for service by the heat pump sysfem. Based upon the abave estimate
of thermal energy available at the Cornelia HP-WHR central plant and upon the
asseésment of the proposed service areas, the space conditioning requirements
of the 73 commercial structures in the central business district and of the
approximate 18 structures which will ultimately be constructed in the two.
shopping centers, and a portion of Fieldale's process requirements can be
served under this system application. Examination of the wastewater collection
system layout and of existing land use patterns and building locations reveals
that, dué to the propbsed location of the HP-WHR central plant and its
-attendant take-off from the sewer trunk lines, only a portion of the community
wili serve to éupply wastewater/ﬁhermal enérgy to the heat pump system. A.
field inventory of Cornelia and contiguous areas performed for the Cornelia

57 :
Community Development Concept Plan  indicates that 868 residential structures,

194 commercial and public structures, and 11 industrial structures are served .

by the wastewater collection system prior to the HP-WHR system tie-in. Of
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pfimary cqnsequénce is the fact that the wastewater effluent from Fieldale,
which.comprises approximately 727% of the total average daily wastewater flow
from the community, is available at the proposed central plant location.
Obviously, with this composite service area (residential; éommefcial, and
industiial discharges) oﬁ the wastewatef system, a concise balance ratio cannot
be drawu as could be for the purely residential service Conyers system. However,
thé abbvé figures detailing the respective service areas of the wastewater and

heat pump systems should serve to illustrate the balance between the two.
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- 9.2

CORNELIA SYSTEM DESCRIPTION

The wastewater heat'recovery system for the Cofnelia community will
intercept warm sewage effluent from community industries and the majority
of community residential buildings and extract heat ultimately to be used by
selected commercial and industrial customers. The Cornelia system concept,
while not different from the concept of extracting low-grade heat from sewage,
differs from the origiﬁal Heat Pump-Wastewater Heat Recovery System concept
of cascaded heat pumps in several areas. These'areas arce briefly outlined in
follbwing discussions.

The relatively high temperature of the sewage effluent encountered in
the Cofnelia community wastewater collection system (86°F) suggests that a
water-to-water heat exchanger migﬂt be more practical for extggcting the
waste heat contained in the sewage effluent than using a centrifugal heat pump.
With this system modification, distribution system water temperatures of
approximately ZOOF should be obtainable for use by end-user heat pump systems
throughout the community. In the event that wastewater temperatures were
lowered due to dilution or unforeseen curtailment of thermai discharges into
the sewer systém, the heat exchanger component could be.easily.replacéd with
a central heat pump of the type envisioned for the basic HP-WHR System.

Another variation from the original'Heat,Pump—Wastewater'Heat Recovery
System concept is the use of an evaporative cooling tower to dissipate build-
ing heat in the summer rather than direct heat rejection to the wastewater |
stream. As demonstrated in éhe earlier concepts, the evaporative cooling
component offers a significant energy conservation potential especially when

one considers the high temperature of the wastewater stream into which the

central heat pump would have to reject building heat.. Figure 9-8 1is a single
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9.

2.1

1inevschematic diagram for the Cornelia HP-WHR system.

The end-users serve& by the Heat Pump-Wastewater Heét Recovefy System
will be a subset of the Cornelia community composed of selééted induétrial
and commercial establishments and the central business district. This subset
was chosen because of its proximity to the thermal eﬁergy source,Aits high
dependence on electric resistance heating as a current energy source, and the
perception that these segments of the community would better be able to retrofit
their buildings and establishments to use the recoveraed heat than would the
typicél residential consumer in the City of Cornelia.

The HP-WHR central station will be sited on a parcel of land centrally
located and in close proximity to the four proposed service zones. Inter-
connection with the existing wastewater collection systeﬁ Qill be at a point
on the main trunk line crossing the selectéd central piant site. The central
plant layout and piping interconnection will be as iliustrated in Figure 9-9:
The warm water distribution system for the seleéted service areas will be
designed and routed as illustrated in Figure 9-10.

The HP-WHR system applicafion in the Cornelia community offers the unique
opportunity to evaluate heat recovery from wastewater effluent through direct
heat exchange techniques, thermal energy distribution to end-users, and the
ultimate use of that low-grade thermal energy by commercial ahd industrial
consumers. It is feltithat the proposed sy;teﬁ concept offers the greatest

potential for implementation by the Cornelia community.

SYSTEM DESIGN CALCULATIONS

The major components comprising the HP-WHR system which are to be speci-

fied in a system development study include the central heat pump, the thermal

storage vessel, the cooling tower, auxiliary pumps, and end-user heat pumps.
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However, since for any system the end-user heat pump specification.will be
necessarily structure-specific, sizing of those components will not be addressed
-in this report section. The remainder of the major component design calcu-~

lations are presented in the following paragraphs.

Central Hgac Exghanggg

The central heat exchanger will serve in lieu of a central heat pump to '
transfer the low—gradé:thermal energy in Cornelia's wastewater to the HP-WHR
system transport media, Due to the fact that the central station is located
on a site away from the sewage treatment facility, the potentiél for warm
wastewater stérage in the facilities clarifiers will not be available. Thus
the central heat exchanger ﬁust be of sﬁfficient size to take advantage of fhe
:peak wastewater flows during a‘daily cycle. Peak flow during the documented
period was 154,167 gal/hr. The heat exchanger will be sized to handle approxi-
mateiy 80% of this peak flow, or 2100 GPM. An entering wastewater temperature
of 800? will be assumed with a AT drop of 20°F across the heat exchanger.
(SOOF is assumed rather than the décumented 86°F in.order to produce-an
apﬁropriately conservative désign.) The circulating water system between the
heat exchanger and thermal storage will consequently be designed to accommo-
dafe a flow rate of 4200 GPM entering at 55°F and leaving at 65°F (the 10°F
AT rise which will be necessary for thermal energy distribution into the
community). Operatioﬂ will be on a 24 hour basis.

Based on. the above noted operating conditions, the Log Mean Teﬁperaturé

pifference across the central heat exchanger would be:
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(60-55)~ (80-65)
—60-55).
T

LMTD

9.10°F

Assuming an overall heat transfer coefficient,'Uo, of 250 B;u/hr—ftz—oF
typical in heat exchangers of this type59, the heat exchanger area required

is detérmined as follows:

' "LBM MIN
GPM x (8.33 GaJ)(60 _ﬁﬁ) * AT

(U)) x LMID

(2100) (8.33) (60) (20)
(250)(9.1)

9227 £t2

The external dimensions of a heat.exchanger with this amount of heat
transfer surface wili be approximately 26' length by 8' diameter.

The applicability of the central heat exchanger is verified when the
effective load on the central station is compared to its potential performance.
Since the thermal storage component will allow the system to moderate some-
what the peak-thermal demand, the quantity of heat which must be extracted
from the wastewater flow during an average day of the'peak heating month
'of January can be used as the basis of the comparison. Tﬁe avefage daily

heat requirement is calculated as follows:

_Q vl L
Qwastewater . heat req d C.0.P. )
’ end-user
DAYS IN PERIOD
9 1
_ (4.564 x 107) (1- 2.9

31

96.46 x 106 Btu/day
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For comparison, the potential for heat reclaim at the central heat
exchanger can be caléulatgd, based on the available wastewater flow at the
centréi station site. Inspection of the flow vs. time plots from section
9.1.8 reveals that the absolute peak flow at the sewage treatment facility
exéeedé the specified-flow capacity of the central heat exchangér 3.02 MGD
(2100vGPM x 60 x 24) - for just 2 hours of the 144 hour test period. There-
fore, since no inordinate amount of the daily flow is received at rates
exceeding the heat exchanger capécity, the average daily flow figures for‘
the central station site can Be utilized as the basis for the heat available

calculation. Thus:

- Gal 1bm Btu o
Qvailable ~ 1,095,600 day * (8.33 gal) x (1.0 lbﬁ—6f) x (207F)
- 182.53 x 10°% Bt
day

The specified capacity of the central heat exchanger is thus compatible
with the flow and temperature conditions to be expected on the Cornelia waste-
water system and provides adequate capacity for serving the projected loads

on the HP-WHR system.

ThermaliStorqge

Inspection of the wastewater flow cycle at the Cornelia treatﬁent plant
(presented in section 9.1.8) reveals that the characteristic low flow period
during the seveﬁ—day flow cycle had an approximate 60 hour duration. In order
to pruvlde adequate thermal energy supply capacity for the system during
thcsé low flow periods, the thermal storage .component will be sized for a

nominal 72 hour period (making an allowance for a+ 20% variance in duration
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from the flow cycle documented in section 8.2.8) under Januéry heating demand
.conditions. The nominal 72 hour capacity will also provide an adequate down-
time "window'" for the central heat exchanger for necessary scheduled maintenance
such as fube cleaning.

Allowéble température pulldown within the vessel will be designed at 25°F.
As in'the Conyers systeﬁ design,_the primary consideration in defining this
rangé is the effect on end-user heat pump performance. According to the equip-
menl asscesment of Reference 7, the performahce of the sglected hydronic heat
pump at thé upper design temperature of 65°F is very closé to the nominal
C.0.P. of 2.91. Heating C.0.P. deteriorates to 2.79, however, as the lower
limit of 40°F is reéched. This lower temperature also approaches what is
generélly considered to be the lower acceptable limit on entering water
temperature for hydronic units. |

The physical capacity of the'thermal storage component is computed as

follows:

(4.56 x 10° Btu) (1= 515) x 72 hrs
chermal storage B 744 hrs

= 289.40 x lO6 Btu

289.40 x lO6 Btu

Oy 7 Btu
(25°F) (1.0 LBM=OF

M
water storage

)

= 11,576,009 LBM
= 1,389,677 GALLONS

- 185,811 FI°

This necessary capacity will be provided in the form of two rectapgular

tanks with dimensions of 50' x 60' x 35' (depth). The vessels will be field
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constructed of steel reinforced concrete. Installation will be partially
below grade with the exposed vertical surfaces being earth bermed for improved

heat retention.

-Cooling Tower

The cooling tower component of the Conyers HP-WHR system will be specified
to dissipate the average daily heat gain on the system during the peak cooling

month of July, as determined below:

1

+
- Qmonthly(l C'O'P'end—user

DAYS IN MONTH

)

Q

cooling

avg clg load

9 1
L (373 % 10)(A + 55

31

168.45 x 10° Btu/day

*heating C.0.P. of subject
hydronic unit = 2.91,
cooling C.0.P. = 2,53;

from Reference 7.

The required heat rejection rate will be determined on ;he basis of 18

hours operation per day at nominal full load, thus:

168.45 x 106

18

'9.36 x 10° Btu/hr

. ] . o . .
System operating parameters dictate a 10 F temperature drop in the circu-

lating water. Required cooling tower flow is then determined as:

. _ 6 Btu
M ' : - 9.36 x 10" hr
_cooling tower Lbm min o Btu
(8.33 EEI)(6O —E;)(;O F)(1.0 Tbo-CF

1873 GPM
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A modular, pre-constructed tower with a nominal flow rating of 2000 GPM

at the required 10°F TD will be selected. Fan horsepowér will be 50 HP.

Auxiliary.Pumps

- The three pump functions on the HP-WHR system will be specified as
discussed below:

Wastewater pumps will be variable speed types, each capable of delivering

2/3 of required flow at design pressure drop. The flow rate required for each
pump is 1400 GPM at an estiﬁated dynamic head of 50 ft. of water. This heéd

rating makesAadequate allowance for piping and central heat exchanger pressure '
drops.

Circulating pumps will each be sized for one half of the total,requiréd

flow of 4200 GPM. Pump head required will be approximately 80 ft. of water.

Distribution pumps will each be sized for ome half of the total required

flow to the.end—users.‘ One pump will be a variable speed‘type. The total
flow through'the distribution system will be based on sérving the heat dissi-
pation reqﬁirements af peak conditions with a 10°F temperatufevrise. Based on
a nominél heat rejection requirement of 16,740 Btu ﬁer ton of air conditioning,
the required flow rate for a 1250 ton peak load is 4187 GPM. (Heating season
peak flow requirement is'approximately 2400 GPM.) Total pumping ﬁead at peak
flow will be 325 ft. of water. This head includes allowances for end-user

system and distribution system piping pressure drops.

DISTRIBUTION PIPING

The required circulating water flow rates at peak load will determine

distribution pipeline sizing. Peak heating and cooling loads for each zone
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are first determined through the procedures outlined in section 9.1.7 and

utiliziﬁg the appropriate zonal data from the computer analysis. The required

flow rates per zone are then calculated and piping sizes are selected to yield

proper line velocities and acceptable pressure drops.

ZONE C-1

PEAK HEATING LOAD

PEAK COOLING LOAD

Mheating

Mcooling

ZONE C-2

PEAK HEATING LOAD

PEAK COOLING LOAD

[(3.488 x 107) (1- 5%5)1(53)

(732) (24)

6.89 x 106 Btu

(332,208 £t2)(16,740 Btu/hr*)

15.89 x 10

350 ftZ/PEAK A-C ton

15.89 x 106 Btu

*Heat Rejection Rate based
on the 2.53 cooling C.O.P.
of the subject hydronic
unit.

6.89 x 106

(8.33)(60)(10)(1.0)

1378 GPM

6
4998

3178 GPM

[€0.3675 x 10°) (1- 5%3)](53)‘

(732) 24

0.73 x 106 Btu

(35,000) (16, 740)
© (350) '

1.67 x lO6 Btu
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‘ _ 0.73 x 10°
Mheating %998
= 146 GPM
Lo 1.67 x 10°
cooling 4998
= 334 GPM

ZONE C-3

[(0.708 x 10°) (1~ 5%59](53)
(732) (24)

PEAK HEATING LOAD

= 1.40 x lO6 Btu

(67,500) (16,740)

PEAK . COOLING LOAD .= 350

= 3.23 x 106 Btu

- _ 1.40 x 10°
Mheating 4998
= 280 GPM
M _ 3.23x 106
cooling 4998
= 646 GPM
ZONE I-4
PEAK HEATING LOAD = 0.0
PEAK COOLING LOAD = 230.0 x 10° Btu

M . . = 150 GPM
cooling )

Obviously, the circulating water flow rates into each zone dﬁring the

- cooling mode will be the governing criteria in distribution pipe size

selection. Pipe sizes and the corresponding flow rates, velocities, and
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9.2.2

pressure drops for each distribution system piping segment are presented in

Table 9-7.
& TABLE 9-7
DISTRIBUTION PIPING SPECIFICATIONS
LOCATION ‘ FLOW RATE . PIPE SIZE VELOCITY PRESSURE DROP
(GPM) (INCHES) FPS (PSI/100 FT)
Trunk Line ) . 4309 18" 5.43 K .20
Zone C-1 3179 SR AL 6.63 .35
Trunk
Zones C-2 & C-3 980 8" 6.26 .60
' Trunk : :
Zone C-3 . 646 . 8" 4.12 .30
Feeder .
Zone C-2- ' 334 ' 5" 5.46 - .85
Feeder
Zone I-4& 150 4" 3.83 .55
Feeder .

SYSTEM COMPONENT DESCRIPTIONS

The components used in the Heat Pump Wastewater Heat Recovery Scheme for
Cornelia are essentially identical to those used in the Conyers system. Sizing

and éapaéity have of course been adjusfed for the Cornelia application. One

- notable exception is the substitulion of a heat exchanger for the central heat

pump. The central heat exchanger will be a single shell-and-tube type unit.
Water box covers should be of the "ﬁarine" type so that tube cleaning and

replacement will be less difficult; The tubes should be seamless copper and
individually replacable. The heat exchanger should be constructed in acgor-

dance with the A.S.M.E. Code for Unfired Pressure Vessels.
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9.2.3

EXPECTED PERFORMANCE

A performance analysis on the Cornelia HP-WHR system was performed follow-

.ing the same procedures and utilizing the same basic assumptions (with one excep-

tion, as noted below) as for the previous Conyers system analysis (presented

in section 8.3.3). All energy inputs to the system were tallied, including
pump work, cooling tower fan work, system auxiliaries power, and end-user heat
pump power. That totél (in Btu equivalents) was then compared to the net heat-
ing or cooling effect provided tu Llie structures within the system service area.
Esﬁimating the monthly performance in this manner révealed syslem pcrformanne
in thé peak heating, peak cooling, and simultaneous heating and cooling modes.

Since the Cornelia system, when operating in the heating mode, utilizes

~a central heat exchanger rather than a central heat pump to extract heat from

the wastewater stream, there will necessarily be a change in the circulating
water conditions during the heating season. - Cooling mode conditions will be
similar to those in effect on the Conyers system. Conditions are as noted

below:

Distribution Media Temperatures

HEATING MODE . COOLING MODE

Supply ' 65°F 80°F ‘
Return - 55°F 90°F

The results of the monthly performance analysis are summarized in Table
9-8 below. The full analysis and calculational procedures are presented in

Appendix D.
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TABLE 9-8 .
CORNELIA HP-WHR SYSTEM PERFORMANCE

Heating Btu Cooling Btu Central Plant End-User
Delivered to Space Delivered to Space Energy Input Energy Input System
x 109 _ x10° . KWH __KWH___ C.0.P.
JAN. 4.6 0 | 25,906 449,262 2.836
FEB. 3.8 0 19,485 371,129  2.850
* MARCH. 3.1 . 14 14,512 319,171  2.845
g APRIL 1.2 .23 4,822 144,154 2.794
MAY .37 _ 1.30 25,374 188,494  2.287
JUNE ' .06 . 2.80 57,721 334,017  2.139
JULY 0 _ 3.70 77,660 433,636 2.120
AUG. | -0 3.60 102,621 421,916  2.011
 SEPT. .17 .92 25,39 124,426  2.132
OCT. 1.20 .37 4,258 160,562  2.791
NOV. 2.90 . 0 14,219 ' 283,230  2.857
DEC. 4.50 0 23,5021‘ 439,496  2.848
TOTAL 21.9 - 13.06 | 396,474 3,669,493

As Table 9-8 indicates, heating season perfofmance (C.d.P.) is bgtter‘
than would be expected with air-to-air heat pumps, and cooling system perfor-
maﬁce is comparable to air-to-air heat pumps or standard electric air-condition-
ing systems. |

With thc monthly systew perfurmance thus derined for each month during
the annual cycle, thc overall systeiw C.0.P. can be easily derived. Consider-

ing the system as’a "black-box," its performance can be determined by the

expression
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out

¢-0-F- = ¥ %313
in
where
Qout = heating or cooling effect provided by the system, Btu
win , = work input to the system, KWH

Thus, substituting from Table 8-6:

21.9 x 107 + 13.06 x 10°)
(396,474 + 3,6A9,493) x 3413

C.0.P. =

2.519

COMPONENT ENERGY USE

In order to-identify the areas of energy usage on the HP-WHR system
which would benefit_syétem performance the mést through decreased consumption,
the performance analysis alsq included a breakdown'of individual component
energy‘consumption. Overall central plant power consumption was first analyzed
and plotted as illustrated in Table 9-9 and Figure 9-11. Power use within
the central plant was then further disaggregated according'to individual
comﬁonents, as summarized in.Table 9-10. |

As with the Conyers system, the largest energy user on the system is the
collective end-user heat pump;.,Therefore,Ahydronic units with improved C.0.P.'s,
several of which are under development, offer the prospect of signifiéantly
reduqedkenérgy consumption in this area>of system performance improvement.

BenefifS<simiiar to those identified for the Conyers system can also be

gained through the judicious selection of energy efficient pumps and motors and

through the development .of innovative, energy -conscious operating procedures.
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TABLE 3-9 A 4

ELECTRICITY USAGE ANALYSIS

"FOR  CORNELIA HF-ICES

IN COOFERATION WITH THE TECHMOLOGY DEVELOFMENY ILAK
GEORGIA TECH ENGINEERING EXFERIMENT STATION
ATLANTA. GEORGIA 30332

INFUT DATA

 HILLING FERIOD ACTUAL DEMAND BILLING DEMANID CONSUMPTION FUEL ALJUSTMENT LOAIL FACTOR
JANUARY »1979 618 . 570 25906 ) . 000 08
FEEFRUARY 91979 618 B70 12485 2000 L 05
MARCH, 1979 618 570 14512 000 ' 02
AFRIL, 1979 618 a$70 5822 000 .01

HAY 1979 600 570 25374 L+ 000 .08
JUNE» 1979 655 600 57721 000 . W12
JULY 1976 600 600 77660 . +000 17
AUGUST 1979 600 600 102621 +000 23

SEFTIMRER, 1979 600 4600 25394 +000 06

QCTORERY 1979 618 570 4258 +000 03
MHOVEHRBER» 1979 6518 G70 14219 000 ” .03
DECEMRBER»1979 418 570 23502 . 000 +0S

LOCAL -TAX IS ¢ .03

FROJECTET ELECTRICITY CosT

EILLING FERIOD BILLING AMOUNT
JANUARY
FEERRUARY : _ :
MARCH : 853,83
AFRTL o 379.86 -
HAY ‘ 1387.10
JUNE : : : 2975,18
JuLy o 3954,08
AUGUST : 5179.54
‘SEFTEMEER 1388.08
OCTOBER , - 205,36
NOVEMEER : 839,45
LECENEER _ : . . 1295.20
TOTAL . ‘ : % 21048.89
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FLOT OF CONSUMFETION
FIG. 9-11
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TABLE 9~10 ,
~ CORNELIA HP-WHR SYSTEM
ANNUAL COMPONENT ENERGY USE

Percent Of Percent Of

Item Energy Use Central Plant " System’
. , KWH
Distribution Pumps 149,540 37.7 3.7
_Circulating Pumps 141,239 35.6 3.5
Sewage Pumps _ 25,192 6.4 - 0.6
Cooling Tower 70,903 ' 17.0 1.7
Misc. Electrical 9,600 2.4 0.2
' Central Plant Total 396,474 100.0 - !
End-Use Heat Pumps 3,669,493 90.3
. System Total 4,065,967 100.0

ENERGY CONSERVATION POTENTIAL

The Heat Pump-Wastewater Heat Recovery System shows the potential to
favorably alter the existing energy use patterns within a community and to
. prOmutg the overall conservation of primary energy sources. In the case of
the Cp;nelia cémmunity,'the existing eﬁergy use pattern shows a reliancé on
electric:energy for cooling'and natural gas and eiectric energy for heating.
The eﬁérgy cpnsumed on-site by the conventiorial space conditioning systems
in meeting thé heating and cooling requi;ements projected by the computerized
léad estimate was first calculated. The assumptions were that heating require-

ments were met with natural gas fired furnaces operating at a 657% thermal
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efficiency or with electric resistance heéters and that cooling requirements
were met with electrically driven air-conditioning pnité with C.0.P.'s of 2.2.
Each commercial service zone was treated iqdependently since their source of
energy for heating differs. Zone C-1 employs approximately 60 percent natural
gas heating and 40 percent electric resistance heating. Zones C-2 and C-3
utilize electric resistance type heaters. Zone I-4, the indﬁstrial application,
is assumed to require the same quantity of energy under either the conveﬁtional
system sclhieme or the HP-WHR scheme. |

Baséd on the above assﬁmptions and observations, the conveﬁtional systems’

consume annually the following amount of energy:

Cooling ' Heating
Zone C-1 © 1,331,000 KwWH 2,490,000 KWH
+ 130,769 THERMS
Zone C-2 146,498 KWH 527,395 KWH
Zone C-3 266,361 KWH . 996,191 KWH
Zone I-4 35,000 KWH e
. TOTAL - 1,778,859 KWH 4,913,586 KWH

+ 130,769 THERMS

The total HP-WHR system energy requirement of 4,065,967 KWH (from'Iable
9-10) compares favorably with the above total of 4,792,445 KWH plus 130,769
therms for conventional system on-site consumption. It is noted that the
comparisén'reflects a 15% reduction in electric energy coﬁsumption plus 100%
reduction in natural gas consumption. These reductions are attributable to
the effective displacement of electric re;istance heating and natural gas

heating by the heat pump system.

In order to compare the projected primary energy resource consumption of
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the HP-WHR system to that of the conventional space conditioning systems, the
procedures for determining annual fuel and resource energy utilization, as
outlined in ASHRAE Standard 90-75, ENERGY CONSERVATION IN NEW BUILDING DESIGN,58
were followed. As can be seen from the results of this asseésment as illus-
;rated on the following pages, the priﬁary effect of HP-WHR system operation
would be to conserve approximately 847 of the natural gas which would have
beenfutilized in the Cornelia service area. Due to the reductionAin overall
electric energy requirements, an across-the—board,redﬁction in thé consumption
6f cqal; crude oil, nuclear, and hydro po&ér will also be noticed. A secondary,

but desirable, effect would be to free the additional quantities of natural

gas for use in satisfying other, less flexible energy requirements.
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ANNUAL FUEL AND ENERGY CALCULATION FORM 12-1

Building/Project :
Energy Req'ments Fuel and Energy Supplied to Site
LLine Column Al A2 B1 B2 B3 B4 BS B6 B? B8 | B9
Function Thermal] Electric Coal Gas Light Oil | Heavy Oil| Elec. Win.| Elec. Sum.| Elec. Ann.| Other| Ot
10°Btu | 1° KWH | 10°Btu | 10°Btu| 10%Buu 10°Btu_| 10°KWH| 1°KWH | 10°KWH
1 { Heating \\\\\\\ 13,077 4013.5
2| Cooling \N N Ny 1778.8
3 [ Water Heating & \ )
4§ HVAC Auxiliaries
51 Lighting \‘
6 | Elevators
7| Computers %\\\ \
8 { Cooking
9 | Process
10 | Other
11 | Other
12 | Other
(.13} Total Carry Fwd. to Form 12-2 13,077 4013.5.1778.8
CORNELIA—CONVENTIONAL SYSTEMS
b4 sBiAl_l _LalEh A 4RSS 1 — -—IA AN 4
ANNUAL FUEL AND ENERGY CALCULATION FORM 12-2
Annusal Fuel and Energy C.0. RUF Fuel and Energy Resources Used on Site and Off Site
Calculation Form 12-2 Total From To Meet Energy Requirements of Building/Project
Line] Fuel and Energy From Supplier C1 C2 C3 C4 CS C6 C7
Supplied to Site Form or From S. Tons MCF BBL Grams | 10°KWH Other | Other
12-1 Tables Coal Nat'l Crude Oil U-235 Hydro
Line 13 :
14 Fuel Oil, Light
15 Fuel Oil, Heavy
16 Gas Nat'l MCF 113,077 1.16 15,169
oil BBL N
17 Coal
18 | Elec. Winter \ .
| Coal | S.Tons ; 27 11083.6
Gas MCF 56 2247
ol BBL .53 2127
Nuc Grams 3.84 15,411
Hydro |10°KWHRN .07 ' 280.9
Other
19 | Elec. Summer 1778.
Coal S. Tons .26 1462.5
Gas MCF 1.04 1850
Oil BBL .56 996
Nuc Grams 3.84 6830
Hydro |10°KWHRN .04 71.1
Other
20 | Elec. Annual \\\\\\\\\\‘
Coal S. Tons N
| Gas | ‘McF_ 1- -
| Oil | _BBL
| _Nuc [ Grams
Hydro [100KWHRN
Other
21 | (Other) i
22 Total Resources1546.1 19,266 3123 22,241 352

ASHRAE STANDARD 90-75
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ANNUAL FUEL AND ENERGY CALCULATION FORM 12-1

_ Building/Project
Energy Req'ments Fuel and Energy Supplied to Site
Line Column Al A2 B1 B2 B3 B4 BS B6 B? BS | B9
Function Thermal| Electric Coal Gas Light Oil | Heavy Oil| Elec. Win.| Elec. Sum.| Elec. Ann.| Other|Other]
10°Biu | 10°KWH | 10°Btu | 10°Biu| 10°Buu 10°Btu | 10°KWH| 10°KWH | 10°KWH
1] Heating__ P1.900NNN _ - 2274 . 7 NN
2| Cooling 13,060NNNN TN 17913
3 | Water Heating \\\\‘\\
4 | HVAC Auxiliaries
5 | Lighting N
6 | Elevators
7| Computers \
8 | Cooking
9 | Process
10 | Other
11 | Other
12| Other
13 { Total Carry Fwd. to Form 12-2 2274.7 1791.3
CORNELIA—HP-WHR SYSTEM
ANNUAL FUEL AND ENERGY CALCULATION FORM 12-2
Annual Fuel and Energy C.0. RUF Fuel and Energy Resources Used on Site and Off Site
Calculation Form 12-2 Total From To Meet Energy Requirements of Building/Project
Line Fuel and Energy From Supplier C1 C2 C3 C4 Cs C6 1
Supplied to Site Form or From S. Tons MCF BBL Grams 1°KWH Other | Other
12-1 Tables Coal Nat’) Crude Oi U-235 Hydro
Line 13
14 Fuel Oil, Light
15 Fuel Oil, Heavy
16 Gas Nat'l MCF | -0~ 1.16
Oil BBL m
17 Coal
18 | Elec. Winter 2274.,7
Coal | S.Tons .27 614.2
Gas | MCF .56 1274
oil BBL § N .53 1205.6
Nuc Grams \ 3.84 8735
Hydro |10°KWH .07 159.2
Other
19 | Elec. Summer —
Coal
Gas 1863
Oil 1003.1
Nuc 6879
Hydro 71.7
Other
20 | Elec. Annual .
Coal
Gas
| Oil
Nuc
Hydro
Other
21 | (Other)
22 ) Total Resources L079.9 3137 2208.7 15,614 230.9

ASHRAE STANDARD 90-75

H
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SECOND LAW PERFORMANCE ANALYSIS

A second law performance analysis was performed for.the Cornelia ﬁP—WHR

system during the peak heating season, peak cooling season and a period when

both heating and cooling was required. The analysis was conducted on a monthly

basis.

The same set of assﬁmptions used in the Conyers study are applied to the

Cornelia analysis. The results of the analysis are tabulated below.

CORNELIA HP-WHR SYSTEM
SECOND LAW ANALYSIS

. HP-ICES CONVENTIONAL
AVATILABILITY OF AVATLABILITY OF SECOND AVAILABILITY OF SECOND
HEATING COOLING HEATING & COOLING ENERGY SUPPLIED LAW ENERGY SUPPLIED LAW
SEASON SUPPLIED SUPPLIED SUPPLIED TO SYSTEM EFFICIENCY TO SYSTEM EFFICIENCY
January 4.6 x lO9 -0- ' 1.832 x 108 4.646 x 109 .03944 7.07 x 109 .02591
(Heating)
July 9 7 9 ‘ 9
(Cooling) -0= 3.7 x 10 - 7.092 x 10 4.484 x 10 .01581 5;09. x 10 .01393
9 9 7 9 9
October 1.2 x 10 .37 x 10 5.489 x 10 1.66 x 10 .0331 2.355 x 10 .0233
(Mixed) ’
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EXPECTED ECONOMICS

Thissectionevaluates the expected economic pérformance of the HP-WHR
system as compared to conventional heating and cooling systems in the Cornelia
area. First costs, operating costs and mqin;enance costs for gach of the
compared systems are estimated in order to aepermine’an;Lalizeajpbsts to con-
sumers. _A'net present value comﬁarison for the system is also made.

__System:design and performance has been presented in previous sections of
thié reporf. For the purposes of this analysis it is assumed that some form
of govermment entity will own and opérate the central utility and distribution
system. End-users will own and operate their own heat pump systems and pur-
chase thermal energy from the central plant. The purchaég price for the thermal
energy will be deterﬁined by the cost to produce and deliver the energy plus
maintenance costs, personnel'costs, administrative costs, and debt service.

It is anticipated that the thermal utility would provide distribution and
metering equipment to the property line of the customer. Piping and equipment
installéd on the user's property would be paid for and become the property of
that user.

Debt service for the central plant was based on a 7 peréent per year
intérest rate with payments over a 25 year period. This iﬁterest rate appeared
to be in the high-end of a range that would be expeéted for Cofnelia.

The following cosﬁ analysis is broken into three parts: first costs,
operating costs, life cycle costs. A summary of results is presented in the

latter part of the section.

FIRST COSTS

First costs are categorized as costs incurred by the central utility or

costs incurred by the end-users. In Cornelia's case, it is anticipated that
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the centfal utility's cqsts-will be those associated with the central plant,
di§tributiop system and metering. End-users will be responsiﬁle for the retro-
fit'of theirlown HVAC system and for piping from their héat pump unit to the
meter connection.

Central plant first costs were based on the equipment sizes and types

presented in the system design section. A detailed cost breakdown is presented
in Appendix D. A summary of these costs follows:

Central Plant $ 848,283

Distribution System $ 275,020

Metering Equipment

(100 - 2" meters, in- . :

cluding installation) : $ 30,000

Total : . $1,153,303

End-user system costs were computed on the basis of 100 ft. of 2" pipe

per eﬁd—user to connect to the diétribution system and $800 per installed ton
of air condiﬁioning capacity. The $800 per toﬁ is assumed to include any
salvage value of equipment removed from the end-user buildings. For Cornelia
the retrofit cost is approximately:

1450 tons installed x $800

Total cost of retrofit = $1,160,000
Piping: 100 users x 100 ft.

x $4.00 (installed) = S 40,000
Total retrofit cost = $1,200,000

The retrofit costs are based on the individual prices each end-user

would be required to pay if the work were contracted on an individual basis.

OPERATING COSTS

Operating costs were based on the results of the performance analysis
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presented in section 9.2.3. The cost of electric power for the central plant
was computed from Georgia Power Company's PL-1 rate schedule. Power for end-
ﬁser systems was assumed to cost 5.75¢/KWH. The cost of thermal energy delivered
to,end—u;ers by the HP—WHR system will be discussed in a subseguent.section.
From Table 9-9 of the.perférmance‘aﬁalysis, the annualized coét fof power to
the central plaﬁt will be approximately $21,050. End-users on the HP-WHR |
system will use approximafely 3,669,500 KWH per year. This électricity will
cost approximately $210,996 under individual billings. |

Maintenance costs for the HP-WHR central station are estimated at 5 per-
cent per year of the cost of the station and 0.5 percent per year for the

distribution system. These maintenance costs are:

Annual
Item Maintenance Cost
Central Station Equipment . 842,414
Distribution System & Meters - § 1,447
fotal $43,861

End~user maintenance costs were assumed to be $10 higher per instailed
ton of air conditioning capacity than would comparable.system maintenance on
conventional systems. This figure includes a provision for replacement costs
of units in order to perpetuate the gystcm.

1450 x $10 = 514,500 per year

HP-WHR SYSTEM OPERATION AS A THERMAL UTILITY

In order to compare the HP-WHR scheme to conventional utility schemes,
it is necessary to perform an analysis from the end-user's viewpoint. To
account for thermal energy distributed from the central plant, it is anticipa-

ted that the sjstém Will be operated as a thermal utility. The. charges to the
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end-users will be based on meter readings and will be sufficient to cover the
central plant's operating and maintenance costs, debt service, and administra-
tive costs associated with operation of the system.

The cost figures contained in this report were generated for the Cornelia
system using the stated electric energy costs, an administrative cost of 10
percent of total owning and operating costs, and debt service based on an
interest rate of 7 percent per year over 25 years. It is recognized that the
seven perccnt interest rate is somewhat arbitrary and will vary with the type
of financing arrangements actually implemented; however, it was sélecied ac
a compromise between typical 1977 yields for Municipal Class A bonds and
Utility bonds issued by private companies.

The total annual cost to the end-users for thermal service was computed
as follows:

CORNELIA - HP-WHR SYSTEM

THERMAL UTILITY CHARGES

(COMPONENT COSTS IN 1979 DOLLARS)

Energy Cost $ 21,050
Maintenance on Central
Plant and Distribution
System $ 43,860
Debt Service on Total
System Cost (7%, 25 years)
(81,153,303 x .0858) : ' $ 98,955
Subtotal $163,865
10% Administrative fee
(including Insurance and
Contingencies) $ 16,385
Total $180,250

Based on the above total, the necessary cash flow for the systém will be

as projected in Table 9-11.
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TABLE 9-11
CORNELIA HP-WHR SYSTEM
THERMAL UTILITY CHARGES

CASH FLOW

THE FOLLOWING ASSUMFTIONS WERE USED
ANALLYSIS FERIOD OF 25 YEARS INTEREST RATE OF O TPERCENT
SAL/COST ESCALATION=.000 MAINT. ESCALATION= 080
AVERAGE UTILITY ESCALATIONIE=.110 INCOME ESCALATION=.000

DERT S./ ANNUAL :COSTS ATIMIN o COsT.
YR OR COST  MAINsETC UTTLITIES [ FACT
‘?u P3G, 0. 0. X1.000 =2EPLEG
8955, 47369 16969 ¥1.000 186658
P8P . 1158, :
PYP5G. G525 . JJ/ 3P . 19””99 X1 .000 201”“4
PYPGH G94671 . FLYEE. 12068, %1 ,.000 20
Y959 64445, 35470 19b3/. 1,000
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LIFE CYCLE COSTS

A life cycle cost analysis was prepared for the Cornelia HP—WHR system
and the existing conveﬁtional systems. The analysis was.pérformed from the
end—ﬁser point of view, since the consumer will ulitmately pay all costs
associated with each system. In the caée of thefmal energy distributeq by the
HP-WHR system, central plant capital and energyAcosts are embedded in the cost
of service to the end-user.

The present value of the casli flow for each alternative was determined for
a twenty-five year period at the stated discount factor. Thc following generai

formula was used:

, 25
Pvi = FCi + ZI£(j,y) x (ADCi + AMCi)]
y=1
Where:
. .th .
‘PVi = Present value of the i~ alternative
. .th .
FCi = First cost of the i~ alternative
f(j,y) = The present worth factor at j percent interest for y years
ADCi = Annual operating costs of the ith alternative
. . th .
AMCi = Annual maintenance costs of the i alternative

The results of the life cycle cost analysis are presented in Tabie 9-12
for thelcopventional systems as the base case and Table 9-13 for the HP-WHR
system al;érnative. The present value figure is given as a positive number;
however, in actuality it should ge realized that the number is a present'value

of present and future costs.
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TABLE 9-12
CORNELIA CONVENTIONAL SYSTEMS (BASE CASE)
LIFE CYCLE COST ANALYSIS ‘

Discount Rate - 10%

DEBT SERVICE BASE UTILITY COSTS TOTAL DISCOUNT DISCOUNTED
OR COST MAINTENANCE N.GAS ELECT. COSTS FACTOR COSTS
0. 0. 0. 0. 0. 1.000 0.
0. 0. 48,025. 369,702, 417,727. .909 379,714,
0. 0. 54,268. 410,369. 464,637. .826 383,790.
0. 0. 61,323. . 455,510. 516,833. .751 388,142.
0. 0. 69,295. 505,616. 574,911. .683 392,664.
0. 0. 78,303. 561,234, 639,537. .621 397,152.
0. 0. 88,483. 622,970. 711,453. .564 401,259.
0. 0. 99,986. 691,496. 791,482, .513 406,030.
0. 0. 112,984, 767,561. 880, 545. 467 411,215.
0. 0. 127,672. 851,993. 979,665. 424 415,378.
0. 0. 144,269. 945,712. 1,089,981. .386 420,733.
0. 0. 163,024, 1,049,740, 1,212,764, .350 424,467,
0. 0. 184,217. 1,165,211. 1,349,428, .319 430,468.
0. 0. 208,165. . 1,293,385. 1,501,550. .290 435,449,
0. 0. 235,227, 1,435,657, 1,670,884, .263 439,442,
0. 0. 265,806. 1,593,579. 1,859,385. .239 444,393,
0. 0. 300,361. 1,768,873, 2,069,234, .218 451,093.
0. 0. 339,408. 1,963,449, 2,302,857. .198 455,966.
0. 0. 383,531. 2,179,428. 2,562,959. .180 461,333.
0. 0. 433,390. 2,419,166. 2,852,556. .164 467,819.
0. 0. 489,731. 2,685,274, ° 3,175,005. .149 473,076.
0. 0. 553,396. 2,980,654. 3,534,050. .135 477,097.
0. 0. 625,338. 3,308,526, 3,933,864, .123 483,865.
0. 0. 706,632. 3,672,464, 4,379,096, 112 490,459.
0. 0. 798,494, 4,076,435, 4,874,929, .102 497,243,
0. 0. 902, 298. 4,524,843, 5,427,141, .092 499,297,
7,473,626, 42,298,847. 49,772,473. -10,927,544.
ASSUMPTIONS:
1) Natural Gas Cost Escalation - 13%
2) Electric Cost Escalation - 11%
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TABLE 9-13
CORNELIA HP-WHR SYSTEM
LIFE CYCLE COST ANALYSIS

DEBT SERVICE  ADDITIONAL UTILITY COSTS TOTAL DISCOUNT  DISCOUNTED
YR OR COST MAINTENANCE ELECT. THERMAL COSTS FACTOR COSTS

0  $1,200,000. ' 0. 0. 0. . 0. 1.000  $1,200,000.

1980 = 1 0. 15,660. 234,206.  186,658.  436,524. +909 396,800.

2 0. 16,913. 259,968.  193,654.  470,535. .826 388,662.

3 0. 18,266. 288,565.  201,294. 508,125 .751 381,602.

4 0. 19,727. . 320,307.  209,640. 545,674 .683 375,427.

5 - 0. 21,305. 355,541.  218,757.  595,603. .621 369,869.

6 0. 23,010. 394,650.  228,720.  64€,330. .564 264,558.

7 - 0. 24,850. 438,061. 239,609 702,520. .513 360,393.

8 0. 26,838. 486,248.  251,512.  764,598. 467 357,067.

9 0. 28,986. 539,736.  264,526.  833,248. 424 353,297.

10 0. 31,304. 599,106.  278,757.  909,167.  .386 350,938.

11 0. 33,809. 665,008.  294,322.  993,139. .350 347,599.

12 0. 36,513. 738,159.-  311,349. 1,085,C21. .319 346,441.

13 0. 39,435. 819,357.  329,979. 1,188,771. 290 | 344,744,

14 0. 42,589. 909,486.  350,367. 1,302,L42. .263 342,542.

15 0. 45,996.  1,009,529.  372,682. 1,428,207. +239 341,341.

16 0. 46,676.  1,120,577. - 397,112. 1,567,365. .218 341,686.

17 0. 53,650.  1,243,841.  423,862. 1,721,353. .198 340,828.

18 0. 57,942.  1,380,663.  453,158. 1,851,763.  .180 340,517.

19 0. 62,578.  1,532,536.  485,249. 2,060,363. .164 341,180.

20 0. 67,584. 1,701,115.  520,406. 2,269,105. .149 341,077.

21 0. 72,991. 1,888,238,  558,931. 2,520,160. .135 340,222.

22 0. 78,830.  2,095,944.  601,154. 2,775,928. .123 341,439.

23 0. 85,136.  2,326,498.  647,438. 3,059,072. .112 342,616.

24 0. 91,947.  2,582,413.  698,185. 3,372,545, .102 344,000.

25 0. 99,303. _2,866,479. _ 753,833. 3,719,615, .092 342,205.

" TOTALS 1,144,838. 26,796,231. 9,471,154. 37,412,223, 10,037,049.

ASSUMPTIONS:

1) Maintenance and Replacement Cost Escalation - 8%

2) Electric Cost Escalation - 117% (3% Over Base Inflation Rate)
3) Thermal Utility Charge Escalation - 11% (From Table 9-11)
4) - Discount Rate - 10%



SUMMARY OF EXPECTED ECONOMICS

The results of the life cycle economic analysis indicate that the HP—WHR
system as proposed for the Cornelia community is cost combetitive in the
immediate market with the conventional space conditioning systems alternative.
Indeed, on thé basis of the results presentéd in Tables 9-12 39§.13: implemeﬁ-
tation of the HP-WHR system would result in-a net benefit to the end-users of
$890,405. Thié favorable comparison results in part from the definition of the
system service area and in part }rom the site~specific wastewater conditions
in the community. By limiting the scope of the proposed service area to
commercial installations, the type of conventional space conditioning systems
which will be displaced by the HP-WHR system are limited. Specifically, in
the Cornelia service zones a high percentage of the heating units which will
4be displaced are‘electric resistance types. With the HP-WHR system offering
heating C.0.P.'s of aﬁproximately 2.8, the energy expenditures are greatly
reduced while delivefing a comparable thermal load. The relatively high
wastewater temperatures experienced on the Cornelia sewage system also affect
systém economics by alldwiﬁg the‘use of a direct heat exchanger during thé
heating season in lieu of a central heat pump. Energy expenditures for central
plant power are thu§ reduced, and correspondingly system performance and
economics are improved. It should be noted that this system, as was the
Conyers HP-WHR system, is essentially cooling dominated. It is anticipated
that, if the syétem concept were adapted for use in the colder climes,.system'

economics would be even further improved.



9.2.5 PLAN FOR HP-WHR SYSTEM PHASING ~ CORNELIA, GEORGiA

An HP-ICES wiil operate iﬁ its ‘community as a form of public utility
which will proivde a needed and potentially widespread‘ﬂin relation to the
overall community) serviéé. Serving in this capacity, the system is subject
to the need for long-range planning in order to provide its service in
a manner most beneficial, service-wise and cost-wise to the end-user. The
primary concern is that the system be designed and constructed to fulfill
the needs of the existing viable service areas. However, consideration
must alsu Le given o expanding the sysfem in the most efficient manner
and at the most advantageous time to accommodate future growth withiu the
community. Chaper 6.0 - PROJECTED GROWTH discusses methods of projecting
growth within a specific community and addresseé construction phasing of
central plant facilities and the distribution éystem for ranges of growgh‘
rate situations. The folléwing paragraphs apply the general approacheé
outlined in the earlier chapter to the Cornelia demonstration community
situation.

The initial approach of the Cornelia - based HP-WHR system will be to
provide thermal utility services to a féirly compact area af commercial
establishments (two shopping centers: one existing, one under construction)
along the newly constructed Cornelia bypass, an industrial plant in the
same general sector of.town .(southwest), and the central business district.
The central business district has realizea its ultimate build out potehtiél
(with regard to space availability and restrictions) and there now‘exists
a trend toward renovating or remodeling downtown area shops. The city's
major industrial installation, the Fieldale poultry processing plant, is
well established in their process needs with no major plant revisions or
expansions planned in the foreseeable future. The existing shopping center
at the intersection of Level Grove Road and the Cornelia bypass alréady

accommodates three tenants, two restaurants and one large grocery store,
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and exhibits potential for more commercial growth in the immediate
future.

CENTRAL PLANT PHASING - In general, a central plénf installation for

a community (or service area) which expects a moderate rate of growth,

20 to 507%, during the planning period (the category into which Cornelia
fits) can be handled with initial construction of the major portions of
plant capacity, then minor expansions to the central facilities at appro-
priate times in the planning period. Minor expansions include installing
larger pump motors, changing pump impellers, adding new heat exchangers,

or adding new equipment in space already provided in the initial con-
struction. The proposed central plant layout for the Cornelia system

is based on the above mentioned approach. The major building structure
will be constructed to accommodate all equipment which would be necessary
fo serve the ultimate build out potential of the system. The lines, sumps
and pumps which serve on the sewer tie-in subsystem will be constructed
initially to handle 100 to 110% of the ultimate flow which could be
expected ;hrough the accessible section of the sewer mains by the end

of the projection period. Initial equipment installation (circulating
pumps, distribution pumps, thermal storage tanks, and cooling tower) will
provide adequate system capacity to serve the needs of the existing service
areas plus any growth projerred.to occur In these areas over the next

five to ten years. At thc time when additional capacity is requifed, a
minor plant expansion would involve the installation of an addifional
circulating pump, distribution pump,‘cooling tower cell, and if required,
thermal storage capacity. All equipment additions could be handled with
little or no major modification to the in-plant piping systems or structure.
Costs for system expansion within the centfal plant should thus be ﬁinimized.

DISTRIBUTION SYSTEM PHASING -~ There are several characteristics of

the design and construction of high-volume water distribution (and return)
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lines which will influence the manner in which such systems will be
constructed and expénded. First, water anq sewer and, in this case,
thermal utility lineé have a useful life of approximately 50 years.
"Secondly, a major portion of the cost of constructing such lines is not

in material costs but in manpower and equipment expenditures for the
construction process. Hénce, the most economical way to provide édditiohal
capacity generally is to construct a larger line initially rgther than

a parallel line at a later date.

For the central business diStrict,Aa disfribuéion leg will be con-
structed initially with adequate capacity to serve :all putential customers
in this service area. Due to the degree of development of this area of
the community, no extraordinary expansion of this commercial district is
anticipated which could not be accommodated by simply allowing addiﬁional
hook-ups to the system.

-For the Fieldale industrial process, whose needs are well established
and with little prospect of expansion in the near future, a se?arate
distriﬁution leg will be constructed with adequa;e initial capacity to
provide their total requirements.

For the newly developing commercial district along the bypass, it
is anticipated that fairly‘accurate projections of the ultimate build-out
potential of the area can be made. A major consideration is that'the some-
what limited availabilitylof accessible acreage will restrict the commercial
growth of the area to the moderate range.

Since it is likely that the ultimate potential would dictate only.a
small incremental increase in system capacity over what would be constructed
to serve only the projected mid-range requirements, it is probable that a
full capacity distribution leg would be constructed for this area alsd.

There are several residential areas peripheral to the potential

commercial and industrial service areas which are not addressed in the
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‘initial development of the Cornelia HP-WHR system. If indeed these areas
prove serviceable after the_initial system is constructed and under
de?eiopment, they can be included in future system expansions, to fhe
extent that thermal energy is still available from the community
wastewater, with the construction of distribution frunk lines‘from the

central plant into the potential service areas.
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9.3

9.3.

1

INSTITUTIONAL CONSIDERATIONS

CITY OF CORNELIA, GEORGIA REVIEW OF LOCAL ORDINANCES AND:'CODES

The local codes and ordinances of the City of Cornelia were reviewed to

determine what impacts or restrictions they might impose on the development

of a Heat Pump Centered-Integrated Community Energy System. This review indicated

that there wére several local building codes which would need to be reviewed
in depth in conjunction with the design and construction of an HP-ICES. The
local building codes which have been adopted for the City of Cornelia are as
follows: {

1. Southern Standard Building Code - 1970 Edition.

2. Southern Standard Plumbing Code - 1971 Edition.

Since these‘codes are some of the same codes used in the Conyers and
Rockdale County area the same comments and discuséion for Conyers would apply
to Cornelia.

There were no other local ordinances or codes that wouid affect or restrict
the construction of a Heat Pump Centered-Integrated Cémmunity Energy éystem

within the City of Cornelia.
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10.0 COMPONENT TESTING

lo-l"lEIRODUCTION

The'equipment to be utilized in this HP-ICES scheme will, for the
most part, be standard, "off-the-shelf' components that are readily avail-
able from the major HVAC equipment manufacturers; However, éue to the‘
novel application of this equipment, it is expected that Application
Ratings will not be available for the range of operating conditions that
will be in‘effect for this system. Since it is the intention of this
proposal to provide a.system that offers improved performance over stan-
dard Heat Pump systems, perfbrmance data specific to this application
will be developed through component testing. Three areas will be coﬁ—
sidered: i.) baseline data on the thermal encrgy source(s), 2.) Central.
Station heat pump equipment performance, and 3.) end-user heat pump
equipment performance. With this specific performance data in hand, the
detail design of the system can be optimized according to energy supply
and demand.

10.2 THERMAL ENERGY SOURCE(S) - BASELINE DATA

Each application of this scheme may utilize one or more of several

potential thermal energy sources. Obviously, each will require heat
.reélaim equipmen; ba;ticnlar to the svurce. However, the low grade

énergy that is available from a community's wastewater effluent will,
in all probability, be the most widely accessible source. Therefore,
thebfocus of this section will be to determine the baseline data, con-
sidering wastewatér effluent as the primary energy source, that the HP-WHR
system performance Will depend upon. The parameters that will be con-

sidered are temperature and flow. Discussions of the approach to be

taken in obtaining these data follow.
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10.2.1

TEMPERATURE

One assumption that the performance of this HP-ICES scheme is
based upon is that community wastewater'effluent temperature will be
greater than or equal to ground temperature. Several factors, such as
soil type and thermal diffusivity, and factors particular to the design
and operation of individual wastewater collection and treatment systems,
will affect the effluent temperature. However, this bése assumption
appears to be genefal}y valid;

A cursory look at estimated operating temperatures can be found

in a tabulation of ground temperatures contained in Technical Guidelines

for Energy Conservation.46 Also, predictions of estimated operating temper-

atures (i.e. earth temperatures) can be derived from the procedures
developed by Kusuda and Achenback.19 In general, this type survey and
estimate will be a suitable first step in determining applicability to a
specific region or location. However, to obtain a data base from which

an overall system Coefficient of Performance (C.0.P.) can be derived,
specific data musp be gathered at the point of application. Temperature
measurements should be takeﬁ ét the appropriate points in the sewage treat-
ment plants serving the demonstration communities including raw sewage
influent, plant effluent, proposed supply tie-in point(s) (if different
from plant effluents), and ground temperature. Measurements should be
made on an hourly basis for a period of one week (168 hours) during each

of the following months: January, April, July, and October. The pre-
ferred method of data taking would be temperature transducers (i.e. thermo-
couples or resistance temperature devices) in conjunction wiﬁh a multi-

point strip chart recorder. Additionally, available plant.operéting
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records should be surveyed to verify the correlation between the empirical
data and typical condit&ons.
10.2.2 FLOQ RATES |

The amount of.thermal energy available at the sewage treatment plant
will also depend upon the mass flow rate of the energy supply medium
(plant influent/effluent). Flow rates:may be a?ailable in tbé form of
plant influent flow recordings and/or E.P.A. 201 Facilities Plans. How-
ever, the mass flow rate available as a thermal energy source may, depend-
ing on the design and/or operation of each péfticular sewage treatmen;
plant, differ from theArates documented in available reports or records.
Therefore, the following flow measureménts are recommended: raw sewage
influent (possibly available from existing instrumentation), plant
effluent, and flow atAthe proposed supply tie-in point(s) (if different
from plant effluent). Again, measurements should be made on an hourly
basis for a period of one week (168 hours) during the months of January,
April, July, and October. Flow data collection periods should correspond
with the periods of temperature data collection mentioned in section 10.2.1,

 Existing automatic flow monitoring instrumentation should be utilized
where possible. Two principal types of flow measurement instrumentation,
the Kennison Flow Nozzle—tybe installation, and the Parshall Flume instal-
lation, are in widespread use in modern sewage treaﬁment plants and will
yield flow rate‘information of sufficient accuracy for this study.

The Kennison Nozzle installation, pictured in Figure 10-1, makes use
of the Venturi principle but typically employs a nozzle,instead of the
Venturi tube, inserted in (or at the end of) a pipe. The throat of the
nozzle is considerably larger in diameter than the throat of a Venturf
tube sized for the same range of flow, and the resulting total loss of

head is approximately the same. These nozzles can he used on pipes
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varying in size from 6 to 36 inches in diameter and can be used for

metering flows up to 18 million gallons per day (MGD) .21

Rate indicator ~__| @

Totalizer = |

)
Rmncovdev/@

o’
’

Kennison fiow nozzle instaltation [from BIF].

. ' 21
SOURCE: Wastewater Engineering, Metcalf and Eddy, Inc.

FIGURE 10-1

Minimum loss of
................... I;/ head -free flow

iy — ——
. Free flow E

Depth of
submergence

SECTION .
Schematic of Parshall lume metering installation (from Fischer & Porter].

21

SOURCE: Wastewater Engineering, Metcalf and Eddy, Inc.

FIGURE 10-2
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The Parshall Flume installation, pictured in Figure 10-2, utilizes the _
Venturi principle for the measurement of water flow in open channels.
Because the throat width of the flume is constant, the discharge can be
obtained from a single upstream ﬁeasurement of depth.21.

Temporary flow measurement methods can be ﬁtilized where ﬁecessary.
A éimple and accurate method of flow measurement in open channels is phe
use of one of several weir configurations: rectangular, triangular (or
V-notched), or trapezoidal. The rate of discharge over a weir can be

0

directly related to the head of the discharge over the weir by the general

equation:
Q1 = ch"
Where
Q1 = free discharge, cfs
c = constant, defined for each weir configuration
h = measured head, ft. .
.n = exponent, defined for each particular weir

For the widely used triangular (V-notch) weir the equation is defined

as follows:

Q0 = 2.5 52

SOURCE: Wastewater Engineering, Metcalf and Eddy, Inc.21

A preferred method of flow measurement in closed pipes is the use of
an orifice plate and the attendaht differentiél pressure instrumentation.
In accordance with Torricelli's theorem that the velocity of flow through
an orifice is equal to the velocity écquired by a freely falling body in
a space corresponding‘to the head over the orifice, the discharge through

an orifice is : -
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10.2.3

10.3

= discharge, cfs _ '
constant, depending on orifice configuration
orifice area, sq. ft.

velocity, fps "9
acceleration due to gravity, ft/sec

= heat, ft.

mee <> 00
1}

SOURCE: ' Wastewater Engineering, Metcalf and Eddy, Inc.21

An acceptable alternative method to qrifice plates would be the. use
of an Annubar-type device which also relates flow to the differential
pressure across the device.

Depending on the specific point of application, the above mentioned
methods may be impractical or impossible, in which case reasonable estimates
may be developed through computation. This method involves applying
stépdard flow formulas to field-measured déta such as depth of flow and
slope qf discharge pipes. Iﬁ addition, a coefficient of roughness must
be selected. The method is, at best, an apﬁroximation dependent upon the
steadiness of flow at the time of observation?l Nevertheléss, this method
may serve in place of, or as a "ballpark" verification of, more sophisti-
cated methods.

SUMMARY

With the above mentioned data in,ﬂand, a detailed estimate of the quan-~
tities of thermal energy available ag the system-to-treatment plant'inter—
face can be developed. This data will also form the basis for the per-
formance evaluation of the overall HP-ICES scheme.

CENTRAL STATION HEAT PUMP EQUIPMENT

" Once a data base 1s established for the conditions and amounts of
2 . . . B
thermal energy that are available at the source(s), a comprehensive per-

formance énalysis of the HP-WHR scheme can be undertaken. Obﬁiously,
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10.3.1

the key component in this scheme is the Central Station Heat Pump

Equipment and its performance as the interface between the enérgy source(s)

‘and the distribution medium. Since performance data for the Central Sta-

tion equipment will likely no£ be available for the specific range of
conditions of the thermal energy source, a significant effort should be
directed towafd developing this data to be'used in the detailed performance
analysis. |

PERFORMANCE TESTING

v

Test procedures for Centrifugal Water-Chilling Packages are outlined

in ARI Standard 550-77 (Air Conditioning and Refrigeration Institutefﬂénd

will be adopted for the performance testing to be done in conjunctioﬁ with
this analysis.

Testing should be performed in a laboratory enviromment, similar to

.that utilized for industry rating tests, where all variables may be controlled

to the tolerances set forth in the ARI 550-77 standard. It may be desirable
to éontract an outside agency to perform the actual testing.

At least four sets of performance'tests should be performed; each
set to reflect the speéific initial conditions documented in one of the
four baseline data fests. The following test data, relevant to the per-
formance of the unit, will be taken:

A. Temperature of water entering cooler, °F
B. Temperature of water leaving cooler, °F
C. Chilled‘water flow rate, GPM or 1b. per hr,
D. Temperatufc Sf enlering condenser watér, °F
E. -Temperature lcaﬁing condenser water, °F

F. Conhenser water flow rate, GPM or 1lb. per hr.

G. Power input to compressor motor, KW

From this data, a heat balance will be pertormed (to the prescribed
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10.3.2

‘n

closure of 7.5 per cent) to substantiate the results of the test. With
validated test results, an accurate C.0.P. can be derived for each set of

baseline and operating conditions. Likewise, actual capacity in tons can

" be derived. General formulas for the heat balance, C.O;P., and capacity

are included in Appendix D.

WATER QUALITY

A significant factor that will affect the performance of the Central
Station equipment is the quality of water available from a sewage treatment
system to be uLilized ae the thermal energy source. Due to .the presence
of suspended solids in the form of BUD (or decompocable nrganic matter) in
raw sewage, there is the possibility of methane gas generation and retention
in some segments of the HP-WHR system. The most significant problem involved
in utilizing sewage as the thermal energy source, though, is that of an in-
creased fouling factor on the heat exchanger surfaces.

Methane gas generation occurs in a sewage treatment system when the
organic suspended solids (BOD), settled and collected at various points
in the system, are reduced by biochemical digestion (typically in a covered,
anaerobic sludge digestor). Such sludge digestors may utilize portions of
the methane gas for temperature regulation within the digestor, while
other designs may simply dispose of the excess gas with an open-flame
flare. In order to avoid unneceésary methane generation in the Central
Station. equipment and its associated piping, the organic suspended solid
content in the portion of the wastewater circulated through the Central
Station equipmeﬂt heat exchanger will be minimized by extracting it from
the sewage treatment system at points following sludge removal (providing
that the wastewater at these points is of sufficient temperature). It is

expected that the remaining organic suspended solids will be minimal and
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that any appreciable build-up in the heat exchangef can be avoided by
optimizing the wastewater flow rate through the Central Station equipment.
The design of most treatment plants will allow existing, open-type

clarifiers to serve as accumulators for the thermal supply medium. Thus,
the neéd for-an enclosed,. thermal sﬁpp1§'ﬁedium storage vessel; aloﬂg with
the potenﬁialAfor methane gas generation/retention in the HP-WHR system,
is avoided. If, in fact, such a vessel is required by the design of a
particular sewage treatment system, provisions for methane disposal may
be included in the design in accordance with standard wastewater engineer-
ing practice. 1In regard to c;arifier performance as utilized in the HP-WHR
scheme, standard manufacturers data is available in reference to storage
capacify (volume), surface area,‘surface settling rates, maximum and mini-
mum retention times, etc. Temperature and flow data will be developed at
thé clarifier as explained in sections 10.2.1 and 10.2.2 if it, in fact, proves
to be the most advantageous tie-in point for the Central Station equipment.

Increased fouling factors on the Central Station equipment heat ex-
changer surfaces will prove to be the mostltroublesome problem associ-
ated with water quality in the HP-WHR system. The ARI standard for water-
chiller testing assumes a fluid with a fouling factor of .0005 (also
widely used as the rule-of-thumb in industry). Illowever, water quality
data surveyed from various sewage trcatment plants indicates that fouling
factors may range to several times that figure. The fouling'factor for
water samples taken from the Chicago Sanitary Canal has been quantified
at .006 to .008. (a table of typical fouling factors from Reference 7 is
reproduced in Appendix D as Table D-1.) ,

'The first step in defining a fouling factor for the quality‘of waste-

water to be circulated through the Central Station equipment heat exchangers
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should be collecting wastewater samples, represeﬁtative of the water that
will be circulated, at the point in fhe sewage tréatment process where the
thermal energy suppiy medium will be extracted. A fuli water quality
analysis should be performed by a qualified testing agency or laboratory,
and the analysis compared to typical analyses for the types of fluids for
which a fouliﬁg factor has been defined. This comparison should give a
"ball-park figure' for the expected fouling factors.

In order to obtain better defined data, though, more testing would be
required. An additLional pcrfo;manne test may be desirable in which the
average baseline conditions are dﬁplicated and the water supply to the
evaporator simulates the water quality of the thermal energy source. Such
a test would re&eal the immediate discernable effects (if any) of water
quality on C.0.P. and give an indirect indication of tﬁe fouling factor.
(The decrease in performancé réSulting from a higher fouling factor is
roughly equivalent to raising the leaving condenser water temperature 2°F
for every .0005 increase in the fouiing factor.) Figure 10-3 shows the
estimated percentage reduction of the noﬁinal C.0.P. at fouling factors
ranging from .0005 to .0025 for either the evaporator or condensér.
Continued testing under the above specified conditions will quantify the
long term effects on the Central Station equipment C.0.P. and allow calcu-
lation of the actual fouling factor. (Formulas and definitions concerning
fouling factors are included in Appendix D.) Mbdefately high fouling
factors (.0005 to .0025) may dictate simply that a larger evaporator heat
exchanger be specified for the Central Station equipment. Very high foul-
ing factors (over .0025) hay require that a mgchanical cleaning system
for the heat exchanger be specified. Several methods are accéptable,

ranging from manual inspection and flushing, to reverse-flow activated
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brush scrdbbers, to a continuoﬁs cycle, spherical rubber scrubber system
such as an Amertap.

Once a range of values for thé expected fouling factor of the waste-
water ig determined, a final equipment test (or set of tests), lncorporat-
ing the appropriate mechanical cleaning system(s), is recémmepded to develop
the baseline information necessary to evaluate the performancgiof these
systems in this particular applicatien. From this performgnce evaluation,
general guidelines for design specifications and operating procedures in

the HP-WHR system application can be developed.
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REDUCTION OF PACKAGE CHILLER C.O.P.
AS A FUNCTION OF FOULING FACTOR

SOURCE: Central Cooling - Compressive Chille;s,.Christian5

FIGURE 10-3

10.4 END-USER HEAT PUMP EQUIPMENT

The ultimate community acceptance of this HP =~ ICES stheﬁe-will depend
on the energy efficiency of the heatjpump equipment in use in homes and
piaces of business. This scheme offers the initial advantage.of utilizing
in the end-user segment water source or hydronic heat pumps. However, it

is expected that the performance of the end-user equipment will be even
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10.4.1

more improved by the effect of céscading the heat gain of the hydronic
heat pump with that of the Central Station equipment; Obviously, the per-
formance of fhe end-user equipment will depend upon the conditions in the
distribution medium supplied by the Central Station equipment. Again it
is expected that application ratings for this specific set of conditions

will not be available. To complete the data needed for the detailed per-

formance analysis, tests on the end-user heat pump equipment must be

performed.

PERFURMANCE TESTING

Test procedures for Water-source heat pumps are outlined in ARI

standard 320-76 (Air-Conditioning and Refrigeration Institute)53 and will

~ be adopted for the performance testing to be done in conjunction with this

analysis.

As with the components selected for use at the Central Station, end-user
equipment should be tested in a laboratory enviromment where all variables
may be controlled to the tolerances set forth in the ARI 320-76 standard.
Again, it may be desirable to contact an outside agency to perform the
actual testing. Four sets of performance tests should be performed; each
set to reflect the distribution medium conditions documented in one of the
four Central Station equipment tests. Test conditions set forth in the
procedures for the standard rating fest should be adhered to, with the
exception of the water temperature entering the refrigeraﬁt—to—water heat
exchanger, which will correspond to the output temperature of the dis;ribution
medium from the Central Station equipment.

From the performance data gatﬁered in these tests, accurate C.0.P.'s
(or Energy Efficiency Ratios, EER's, as appropriate) can be derived for

each set of seasonal operating conditions.
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4.2

10.5

10.6

PROCESS HEAT RECLAIM EQUIPMENT

In a&ditién to fesidential aﬁd commercial space heating and cooling
needs, it is expécted that portions of the thermal load from this HP-ICES
may be applied in industrial processes. However, due to the wide variety
of heat exchangers that may be utilized in industry, it is impracticalvto
outline a specific performance testing procedure for each. Ihstead, pro-
cedures will be outlined and performance data developed as specific appli-
cations (and tﬁe required equipment) are ideﬁtified.
SUMMARY

With all pertinent performance data documented, typical operating

conditions can be predicted and analyzed according to the procedures
developed in Chapter 3. The result of the comprehensive performance

analysis will be an overall system coefficient of performance (C.0.P.)

which can be used in economic analyses, energy effectiveness studies, and
other similar performance comparisons with other systems. Satisfactory
performance, considering all the parameters discussed in previous sections,

will allow the utilization in a .community system of heretofore wasted

‘heat in sufficient quantities to make such an HP-WHR system practicable.

The ultimateAsupcess of this HP-ICES scheme will depend on its
economic feasibilitv. either now or in the foreseeable future. Quitg-"A
obviously; fhe economic feasibility will direcply relafe to optimizing
the overall system C.0.P. for the specific operating éonditioﬁs for each

site of application.

- METHODOLOGY

Since the performance testing of the heat pumps (either Central
Station or end-user) dictates a change in magnitude of only one parameter,

temperature of the thermal source, over the standard test procedures, the -
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test mefhodology set forth in the applicable ARI standards will be adopted

" for this performance anélysis. Specific standards that apply are as

follows:
ARI 320-76 Standard for Water-Source Heat Pumps53
ARI 550-77 Standard for Centrifugal Water-Chilled Packages54
51

ASHRAE 14-67 Methods of Testing for Rating Mechanical
Condensing Units .

ASHRAE 37-69 Methods of Testing for Rating Unitary Air52
Conditioning and Heat Pump Equipment

Additionally, recommendations set forth in Chapter 12 of the ASHRAE

Handbook of Fundamentals, ''Measurement and Instruments",50

will be follow-
ed in the test procedures. |
Unfortunately, it is beyond the scope of this discussion to outline
'detailed test procedures for éach specific piece of equipment that will be
utilized in this HP~ICES scheme. Accordingl?, detailed test procedures
will be developed at the outset of the actuél testing program. A procedure
for testing and analysis was developed in-"Demonstration of Building Heat-
ing with a Heat Pump Using Thermal Effluent' by Peter W. Sector,33 and will

be used as a model in developing the detailed test procedures for this

program.
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11.0 ANALYSES DESCRIPTION

11.1 INTRODUCTION

11.2

The specific assumptions and methodology pertaining to the various
analyses made in this report are described in the body of the report within
each section. However, this section provides additional insight into the

assumptions and calculations used in the Potential Applications Expected

Economics and Performance sections of the report.

The tendency in most cases was to be conservative in the analyses
and make what was considered to be reasonable assumptions. Practical en-
gineering approximations and common industry practices were used where

necessary. It was the intent of the authors to provide engineering cal-

“culations which would be familiar to the practicing engineering professional

who might wish to utilize the concept in a specific application.

POTENTIAL APPLICATIONS

The potential applications section of the report is concerned with
estimating the energy saving potential of the HP-WHR scheme on a national
basis. The estimate was developed using the best wastewater effluent flow

statistics available. Unfortunately, the wastewater effluent statistics

‘are based on domestic water consumption figures and fail to include numerous

" thermally attractive sources such as industrial discharges directly to sur-

face water streams and power plant waste heat.

The application of. the HP—WHR concept is élso dependent on population
(user) deﬁsity, since the distribution system will apparently be the
dominant capital cost. High user densities will tend to increase the heat

recovery application factor and enhance the energy effectiveness and thus

the desirability of the scheme.

In order to develop a more accurate picture of potential applications
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it will be necessary to develop a new primary data-base correlating waste-
water effluents, thermal quality. and density of energy users.

11.3 EXPECTED ECONOMICS

The expected economics of the HP—WﬁR scheme is ultimately the
: determiniﬁg factor in whether or not the scheme will be pursued seriously
and implemented. Unfortunately, generalized economic pefformance is. not
accurate enough for a thorough evaluation of .the system's performance in
éll cases.

It is possible to make some specific observations-about Lhe effccts
certain économic assumptions impose on the overall attractiveness of the
system. Thesé areas are discussed here.

First, the capital cost of the central plant and distribution system
seriously impact the.cost of energy supp;ied through thermal transport media.
It appears that the distribution system is by far the most imporfant of
these capital costs. For that reason, areas with high dgnsities of thermal
users will prove more economical.

Financing is another area critical to the cost of the capital equip-
ment. The interest rate and‘mortgaée time could penalize the Syspem dur-
ing the initial years of operation. O0f course, as time goes on, the fixed
costs will remain constant and will become less important as rising energy
costs and inflation affect variable operating costs.

Escalation rafes for various fuel sources and the electric rate
differential between residential and large municipal customers has an im-
pact on when the HP-WHR scﬁeme will become competitive:with conventional

energy sources such as natural gas.
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The present worth factor is another variable affecfing the outcome
of the analysis. In thé-case of the factor and that of the fuel and in-
flation‘eécalation estimates; an accurate analysis would require consider-
ation of tﬁg best site-specific informati&n available at the time the analysis
is made. |

Finally, the relative cost of alternative heating and cooling systems
for the residential éustomer will influence the HP-WHR system reception by
the ultimate cénsumer. Future community developments will certainly be more.
receptive to such a scheme than would retrofit candidates since the incre-
hen;al cost over standard alternatives associated with the heat pump system
will be small.

11.4 PERFORMANCE ANALYSIS

The objective of our performance analysis is to determine the energy
requiréments of the HP-WHR system délivering a given amount.of heating or
cooling effect fof a community when using wastewater effluent as a heat
source or sink., Additionally, the HP-WHR systemAwill be compared with con-
ventional systems serving the same function. The HP-WHR is modelled as
shown in Figures 3-1 and 3-2 for the heating and cooling modes. As indicated
in the figures, the system's principal components are: a central heat puﬁp,
distribution pipe lines, water pumps, sﬁoragp re;ervoirs and end-user heat
pumps. In aétuai practice, the system may consistL of‘albéttery of central
heat pumps, one or more storage réservoifs, booster pumps, efc. ForApur-
poses'of ouf analysis, we have included one end-user heat pump and a single
central heat pump unit. The total energy required to deliver a unit of
heating or coolinglaf[ect té one fesidential end-user involves proportional
énergy inputs to the central heat pump ﬁnit, the end-user unit and the
associated pumping energy involved in water flow through evaporators, condensers,

distribution pipe lineo and provision for thermal losses. Each component
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will be discussed separately and a procedure for calculating the total

energy (electrical or mechanical) input to the system is outlined utilizihg

available performance data. Sample calculations are included in the appendices.

11.4.1 SELECTION OF DESIGN LOADS

Two geographical regions in

the United States were selected for the

study of the HP-WHR system. The details of the houses and the design loads

are given below. The selection of
based on the information presented
Location:

Design
Design
Design
(65°F)
Design
Design
Design
Summer

House 1:

Location: South Atlantic

House 2: Design
Design
Design
(65°F)
Design
Design
Design
Summer

11.4.2 ASSUMPTIONS

a)

is used as a basis for the definition of terms used in the analysis.

the design heating and cooling loads was

in Reference 27.

Northwest Central Region

heating load = 55,000 Btuh
outside temperature = 20°F (heating)
inside temperature = 75°F.
degree-days = 8300
cooling loads = 11,500
outside air temperature =
inside air temperature =
equivalent full load cooling hrs =

89°F (cooling)
78°F (cooling)
600

Region

heating load = 31,000 Btuh

outside temperature = 22°F (heating)
inside temperature = 75°F

degree-days = 2920 _

cooling loads = 25,150 Btu/hr

outside air temperature = 95°F (cooling)
inside air temperature = 78°F (cooling)
equivalent full load cooling hrs = 1000

The basic vapor compression cycle as described in section 11,4.3

The

S
heat pumps that are used in this analysis are selected from manufacturers'

models listed for study in References 5,6, and 7, sized to suit the design

loads used in our analysis. Brand

names of the models are omitted. Heat

pumps and their characteristics are presented in section 11.4.9.

b)

The water distribution lines are buried approximately six -
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'feet underground to minimize heat loss. Under these conditions, the tem;
perature changé of the water due to heat loss or gain would be very small
since the operating water temperatures are low. This assumption is justified
by an example in section 11.4.8.

c¢) The thefmal storage is designed so that the heat losses or gains
woh;d be negligible.: An approximate analysis of the temperafure change of 
wéter in the reservoir is discussed in section 11.4.8. |

'd) The_tﬁgrmal properties of the clarified effluent are assumed to
be'the éame‘as those of water.

3) Apart from the heat exchange between the refrigerant and the heat
transfer medium (water-to-air), heat losses to the surroundings are negligible.

Other assumptions will be stated as they are made in the course of

the analysis and calculations.

11.4.3 VAPOR COMPRESSION CYCLE

The heat pump used in the anlaysis of the HP-WHR system is based on
the vapor compression refrigeration c&cle (Figure 1}1). The ideal cycle
cﬁnsists‘of the following processes:

1l.) isentropic compression of the vapor

2.) constant pressure heat rejection from the refrigerant in the
" condenser to the surroundings

3.) 1irreversible adiabatic expansion (throttling) in the
expansion valve

4.) constant pressure heat absorption by the refrigerant
in the evaporator from the surroundings

In actual cycles, there are losses due to the pressure drops in the flow

tubes, heat loss.from the tubes, inefficiency of the compression process, etc.
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|WATER .

CONDITIONED
MEDIUM ! {SOURCE
: COMPRESSOR :
|
' Qc Qe :
! |
| EXPANSION |
[ VALVE [
| |
"' ~ CONDENSER 3 A EVAPORATOR |
————————— — HEAT— — ~PUMP — — — — — — — — —
BASIC VAPOR COMPRESSION CYCLE
FIGURE 1l
The coefficient of performance of the.heat pump is given by
Q boon
COP = - c_ = h2 h3 : (11-1)
(ideal) nergy input o7hy
cor = % (11-2)
(actual) Eth
Where Eth is the. total energy imnput to the unit including

motor losses and QC is the heat rejected in the condenser.

The coefficient of performance of the chiller (refrigerator) is given

by . B
COP _ - Qc . (11-3).
(refrigerator or chiller) Eth

Where Qc is called the refrigerating effect or cooling.
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Heat Rejection Factor (HRF):

This is the ratio of heat exchanged in the condenser to that exchanged
in the evaporator and it is related to the coefficient of performance

COP as follows. Using the development in Reference 49, we have

cop = L(HREJE] o (11-4)

[HRF-1]

_ (cop) A ) -
HRF =  opg) (11-5)

Where
E is 1.0 minus the proportion of input power
not delivered to the condenéer, expressed as a decimal, and its value depends
on the manner in which the compressor is cooled. Throughout our analysis we have
assumed that E = 0.92.
Also it can be shown that

= COP + E : (11-6)

COPheat pump refrigerator

"11.4.4 CALCULATION PROCEDURE

Calculation procedure for the energy requirement of the HP-WHR system
to deliver a given amount of heating effect to the end-user :

. Heating mode - Rcference Is made to Figure 3-1 and it is assumed that

the heat extracted from the distribution water flowing through the evap-
orator of the end-user heat pump equals the heat rejected to the water in

the condenser of the central heat pump.
The total energy requirements include the work input to the com-
pressors of the’ end-user heat pump, the central heat pump and the energy'

required to overcome the distribution losses.
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End-user heat

Q

pump:

heating load

ce
work input to end-user heat pump:
Q .
_ ce _
wce cop (11-7)
end-user
Heat absorbed in the evaporator:
Q. = Jee (11-8)
HRF
Where
HRF is called the heat rejection factor given by
_ Ccop
HRF = (CoP-E)
Where
COP is the Coefficient.of Performance of the heat pump.
Q = 1, ¢, (T-Tep) (11-9)
| Where
Tel and Te2 are the entering and leaving temperatures of

water flowing through the evaporator, ﬁw the mass rate of flow of water
and'cp its specific heat.

:Using the above equation the mass rate of flow of water is calculated
and used for the computation of pressure drops as explained in the analysis
secpion._
| Cenéréi ﬁeat pump}

Q

'Qc : R -U
(central heat pump) (end-user heat pump)

Where heat rejected in the central station heat pump

]

heat absorbed in the end-user heat pump

310



Work input to compressor of central heat pump is defined by the

.following equation:

Wc = Qc(central heat pump) (11-10)
COP (central heat pump)
Total energy input to compressor:

W = W : ' + W (11-11)

c c : c .

(central heat pump) ‘(end-user heat pump)’
. LW = W_ <+ losses unaccounted
losses P

= 0.05 ch : (11-12)

Note: In the section on analysis it is shown‘that the pump energy
associated with one end-user is approximately 5% of the total energy input
to the compressors. However, as indicated in the sample calculations, the
reduction in system COP would be 4-5% if the losses increased to 10%.

Total energy input to the HP-WHR system is defined by the following

equation:
E = LW + IW
system B losses
and therefore:
COP - (heating load) (11-13)
system E :
system

A similar calculation procedure is used for the cooling mode.
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11.4.5

ANNUAL ENERGY CONSUMPTION

The calculation ofbthe annual energy consumption of the HP-WHR system v
deliver a given amount of heating or cooling'effect involves the use of
the part load performance data on the end-user heat pump (water-to-air),
the central unit (water-to-water), the pumps and information on the transient
performance of the thermal storage reservoir. Information on the part load
performance of water-to-water compressive chiller is available (Reference 7)
but no precise data on part load performance of water-to-air heat pumps is
reported in technlual literature at the present time, The end-use:
consumes about twice the energy consumed by the central heat pump in thé
HP-WHR system.

As discussed in section 3.5.2, heat pumps'suffer dynamié efficiency
losses due to part load operation during the year. Assuming that the
dyhamic'efficiency losses of the HP-WHR system are similar to those of
conventional heat pumps,its annual steady state energ& consumption is
adjusted as follows:

Annual energy.consumption = steady state energy consumption x F

Where the factor F allows for the

dynamic efficiency losses. According to Reference 10 the values of

F are:
Heating season F = 1.096
Cooling season F = 1.164
Annual F = 1.118

Conventional systems: The procedure explained in the chapter on Energy

Estimating Methods in Reference 49, is used as the basis for computing the

annual energy consumption of gas warm air heating systems. The- annual energy

consumption by the air-to-air heat pump was calculated by using the seasonal

performance factor obtained from Reference 5.
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and the heat extracted from the distribution system,

Q= @ (11-14)
HRF

Wheére HRF heat rejection factor.

For the heat pump operating in the cooling mode

o, o= A = Q | (11-15)
COPéooling (Copheating_E?
and the heat rejected Q, = Q x HRF (11-16)

"If the heat rejected QC by end-user pump 2 (cooling mode unit) equals QE’ the
heat extracted from the.distribution water by end-user pump 1, then there
will be no net change in the energy of the distribution water and no work

will be required by the central heat pump.

' That is
HRF2
For the special casé HRF1 = HRF2 = HRF:
QH (11-18)
— - HRF2
.QL

For other loads, the net energy (heat) added to or ecxtracted from the effluent
will depend on the net demand (heating + codling) of the load from the community.
EXAMPLE: Consider the case of two heat pumps whose COP's are fhe same, that
is 2.96, and E = 0.92, then

| 2.96

HRFi = m = 1.456 = HRF2

Qy
Q,

(1.456) x (1.456) = 2.12
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HRF = 1.456
COP = 2.96, COR . . . .. = 2.04
heating mode &
1) QH = 55,000 Btuh heating
2) Q= 25,943 Btuh cooling
_ 55000 _
Wi = T3.9¢ 18581
. 25943 _
Weo T 205 P
TOTAL IW = 31298 Btuh
and heat delivered (in the condenser) to space = 37613 x HRF2 = 55000
Total load = 55000 + 25943 = 80943
Total IN_ = 31,298 + 0.05 ZW_ = 32862
L _ 80,943 _
Net COP system = m = 2.463
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11.4.6 SIMULTANEOUS HEATING AND COOLING ANALYSIS

The need for simultameous heating and cooling will probably arise
during the early parts of Fall and Spring seasons when the internal heat
galns in some buildings exceed the heat loss. The total energy require-

~ments of HP-WHR system in such a situation will depend on the distribution
of heating and céoling loads and the water distribution system will have to
be designed to handle the simultaneous demands of heating and pooling
loads.

The energy requirements of the HP-WHR system can be calculated by

, END-USER © END-USER
assuming the model as shown in Figure 11-2. REQUIRING COOLING REQUIRING HEATING

o

CENTRAL STATION
- COLD

4

WASTEWATER

Sl

Y

‘——"—J/ L——nm | THERMAL

STORAGE

We

MODEL FOR SIMUI»_TANEOUS HEATING AND COOLING
FIGURE II-2

In this system, the heat rejectéd by the heat pumps acting in the cooliqg
mode can be used as a heat source for the heat pumbs acting in the heating
ﬁode; and the ﬁeﬁ effect is a_reduction in the work of the compréssor

of the central unit. As an example, let QH and QL be ;he ﬁeéting and

'cooling loads'rgspectively of and in heat pumps 1 and 2. Using the equations

in section 11.4.3, we have

= ' ' 11-19
wcl _ ?_g_ . ( )
end-user pump cop
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11.4.7 DISTRIBUTION SYSTEM LOSSES

Distribution losses consist of pressure losses due to friction
in the pipe lines, thermal losses in pipes and the storage. Since the

energy input to overcome these losses is part of the total energy input

to the system, the order of magnitude of such losses is discussed in

this section.
Frictional losses in. a pipe depend on the diameter of the pipe,
For a velocity of in

Frictional loss in a pipe:

the velocity of water and the roughness of pipe.
the range of 6 ft/sec, and a fric¢tion factor value of f = 0.04, the head

22!

loss for a 1000 ft. length of pipe is given by
Ce L (P 1000 _ __ 6%

H=fg (5g)= 0.04 1 X 3032.D
It is common practice to allow a frictional loss of about 25 ft. per

1000 ft: length of pipe.
The pressure drop due to flow of water in the condenser and .evapo-

Pump work:
rator tubes is usually of the order of 12 ft. to 25 ft. (Reference 5 & 7).
The work of the pump W required to overcome a total frictional

L]

head loss AH distribution pipeline, the evaporator and the condenser tubes

Btu/hr

for a mass rate of flow of m lbm/hr per one end-user can be estimated as
I ‘
8 xn
P
In additioh, it may be necessary

follows:
W= 37

is the efficiency of the pump.
to pressurize the water for distribution to residences at higher elevations.

Where
nP
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For a mass rate of flow of 3832.75 l%% and a total head loss

CAH = (12 + 25 + 25 + 22)

of 507% becomes 827.6 Eﬁ% . In the sample calculations for the heating

84', the work of the pump assuming an efficiency

méde the pumping loss is shown to be 3.45% of the enetgy input to the
cémpressors; In order to alléw for unaccounted losses, the thermal ana
distribution losses are assumed to be 5% of the total energy inpuﬁ to the
compressors in all performance calculations. However, increasing the
disfribution losses to 107 would reduce the system COP by abqut 4—5%.

Tﬁe work required to pressurize the water by 100 psi and the con-
sequent temperature change is discussed in Appendix D.

Heat Loss and Temperature Drop in the Distribution Piping:

The heat loss from pipes buried underground depends on the thermal
conductivity of the soil, the pipe size and material, the ground temper-
ature and inside water flow conditions. The thermal conductivity K of the
éoil varies widely depending on whether the soil is dry and sandy, wet and
clay, etc., and has to be investigated for the particular area under con-
sideration. The‘thermal conductivity values téken from Reference 46 are

 given in tﬁe TABLE 11-1 and, as suggested by the author, to be
used only when precise data are unavailable from a.Site—SpeCifiC

soil survey.

Heat Loss from Pipe:

The heat loss per foot length of buried pipe is given by Reference 46

and 7 is used as a guide:

Btu

Q = Kp(Tp - Tg)’ he_FL. (11-21)
Where
o : Btu
Kp = heat transfer factor, W FL.OF
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temperature of fluid in thé pipe

T =
P
Tg = undisturbed earth temperature
Kp is given by
.1 _ 1 6 4 dy2 11-22
R—K-C+nKln{r+(r) 1} ( )
P s :
C = thermal conductance of pipe, (—2t% )
pire. (T Fzey :
Wlien
d = distance of ground surface Lo center of pipe'(ft.)
r, = outside radius of pipe. (inches)
K. = thermal conductivity of soil ,Btu-inch
s , (Gr. FrZ-oF)
and '
T
1 1 6 In o : o (11-23)
C h.2nr, mK T, '
i i w i
Where
r, = inside radius of pipe (ft)
1 Btu-inch
Kw = thermal conductivity of pipe-material(ﬁ;zfzyjsg)
2 hi = Vsurface conductance at the inside surface
of pipe (water side), (Btu ).
hr—ft2-°F

Additional thermal resistance can be added to the pipe if:insulation
is used. .

Kp factors can be calculated for various other systems, such as two
‘pipe running in a tunnel, a single pipe with different kinds of insulations,
are presented in the form of graphs in Reference 46. Heat loss factors can
also Eenobtained from manufacturers.

For the case of a single plastic bare pipe (0.D. = 12"), buriea
six feet deep in the ground at 55°F (medium dry, sand and clay soil), the

Kp factor was found to be 1.422. The heat loss pervfoot length of pipe
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TABLE 11-1

THERMAL CONDUCTIVITY OF SOIL

Kk * - Btu - in
s hr-ft2-°F

Type Soil
Moisture Content Sandy . éilgz Clay
Dry - | 2 1 1
Medium 13 9 7
Wet - 15 15 15

*These data are approximate values and should be used only when precise
data are unavailable from the site.

SOURCE: Technical Guidelines for Energy Conservation, National Bureau of
Standards.*® '
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Btu

"for water at 80°F was found to be 35.5-—5; fe) For dry and sandy soil,
Btu ‘ '
the heat loss would be 9.5 hr.ft

Température drop in pipe lines:

= - o (11-24
Heat loss Q = CPW(T2 T - ( )

1)
Where

m is the mass rate of flow of water and is given by

n = pAcV
Tl’TZ = iniet and inlét tewperatures of water flowing'inside a pipe CF)
AC = cross sectional area of flow. (ft.2)
p = density of water:(%%%)
v = velocity of water in pipe:(ég
Using a heat loss of (35.5 x 5280) l3ﬁ%for 1 mile length pipe and a flow

velocity of 6 ft/sec, the temperature drop (Tl-Tz) is found to be less

than a degree. This will be offset by the temperature rise due to pressur-
ization in the pipe and frictional losses. The temperature rise due to a
pressure increase of 100 psi is shown in the section on pump analysis.

Thermal storage:

The size of the thermal storage tank should have sufficient capacity
to maintain a conétant supply of water for several hours. It should have
sufficient thickness and should be dimensioned for minimum surface area to
minimize heat losses. The rate of change of temperature of water in the

reservoir at any instant can be estimated by an energy balance. Fig. 11-3

< . dE .

Q = @ (h2 hl) + M a0 (11-25)
Where
E = the internal energy of water in the reservoir

c (T)
v

(symbol legend cont'd)
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@ = time

Q = rate of heat loss from the storage reServoir and

‘ P Btu '

C = . . = —_——
v specific heat of water 1.0 Tbm=OR

T = tenperature of water
m = mass rate of flow
M = mass of water in the storage
ﬁ(hz-hl) = total enthalpy change of water entering and leaving the

reservoir.
The volume of the tank containing say, 5 x 10° gallons would be

6.67 x 10° £ft3. For minimum surface areas, the diameter and height would

be:
D = 94.7 ft. = diameter
L = 94.7 ft. = height
Theiexﬁoéed surface area A_ = 35217.6 ft2

The effect of the heat transfer Q on the rate of change of internal
energy, %g-can be studied by neglecting ﬁ(hz—hl) for the given instant.

Then

Q = UA(T-T)) E Mg—g (11-26)

Where
To is the température of surroundings

‘Assuming a "U" value of 0.3 %EEEEZJEF(based on inside area) for

wall structure composed of thick concrete and exposed to outside air

temperature of 0°F, and ineide waler temperature of 80°F, we have

dE -0.3 x 35217.6 (80-0)

de 5 x 10° x 8.33 x 1.0
or
4 op
dT _ -0.0203 =, since C_, = 1.0
o " hx v

321



.This is the rate of change of temperature of water in the storage at
the instant when its temperature is 80°F. This analysis assumes that there
are no temperature gradients within the reservoir. However, in the actual

system temperature gradients may exist.

m ////I/// oE LIy
0 2777
////, /

7777

xg\

BLOCK DIAGRAM FOR THERMAL STORAGE ANALYSIS

FIGURE 11-3

322



"1.4.8 HEAT PUMP PERFORMANCE DATA

The discussion presented here illustrates the procedure for computing
COP's from the information on actual heat pumps given in References 5,6,7.
The TABLES and figures for the performance of heat pumps are presented only
for dillustration. They do not cover the full range of data used in our
calculations.

END-USER HEAT PUMPS - actual performance data on water-to-air end-user
heat pump is obtained from the information given in References 5 and 7 in
which the parameters such as heating capacity, cooling capacity, COP and
EER are related to the entering water temperature by means of equations.
Values of heating capacity and COP obtained by the use of these

equations are shown in Figures 1}4 and 115. The COP values used for the
cooling mode of the heat pump were converted from EER values given in Ref-
erences 6 and 7.

CENTRAL CHILLER - the performance of the central chiller is given by the

relation (Reference 5)

916.347 + 0.532633 (X) - 0.000559686 (X?) +

% of nominal power input

0.0000230630 (X3)

G

32.7860 (LCWT) + 0.378447 (LCWTZ) - 0.00142857 (LCWT

+.1092.331 1 ; + 2071.02

LEWT LEWT? (11-27)
Where:
X = 7% of full load
LCWT = leaving condenser water temperature (°F)

LEWT leaving evaporator temperature (°F)
which permits us to find the COP of the chiller for various values of

temperatures of water or effluent entering and leaving the central chiller.
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The COP of the chiller for a given set of Water temperatures other than

the rated conditions is given by

cop
chiller

BOr oninal (11-28)

% mominal work input expressed as a decimal

The COP chiller found for the given temperatures of water, is related
to the COP heat pump by equation 11-6 given in section 11.4.3. The
COP value, found by using equation 11-28 were reduced to allow for the
fouling tactors. Information on fouling factor correction presented in
Reference 5 was used as a guide for this correction. The corrected values

of COP used in our calculations were found by

COP = cop X i
(corrected) chiller or
heat pump

Where F = fouling correction factor; a value of 0.931 for F was assumed
in one calculation.

TABLES 11-2.and 11-3 are included to indicate the values of COP for
representative water temperatures ranges.
Air-to-air heat pumps - The COP and EER values were computed using the
information given in Reference 6. The computed values of the COP's for
air-to-air heat pumps for various outside air temperatures are listed in
Chapter 3. For the purposes of illustration, a typical air-to-air

heat pump cycle is pictured in Figure 11-6.
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TABLE 11-2

CENTRAL CHILLER

cop
LCWT LEWT A (Chiller)*
90°F 50°F 5.492
80°F - 50°F 5.8864
70°F A 50°F 6.023

LCWT Leaving condenser water temperature

LEWT Leaving evaporator water temperature

*COP of Chiller for Corrected for Fouling Factors
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TABLE 11-3

" CENTRAL HEAT PUMP

- cop
LCWT LEWT (Heat Pump)*
80°F 40°F 6.494
80°F 50°F 6.991
80°F 60°F . . 7.361
80°F 70°F 7.647

LCWT Leaving condenser water temperature

LEWT Leaving evaporator water temperature

¥

%COP of Heat Pump Corrected for Fouling Factors
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11.4.9 SITE-SPECIFIC SYSTEM DESIGNS

Calculations: Variable Pump Work

The distribution piping and pump system are designed and specified on the

basis that a relatively constant head will be maintained on the system and flow

will vary according to load. Pump work required will therefore also vary with

load. The governing equation which calculates pump work as a functlon of flow

is developed below:

System Pumping Coefficient

' _ ' 2
HEAD(ft) = CV(GPMpeak)
.. c = HEAD
*e Y (GPM )2
' peak
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Pump Work (Electrical)

CV(GPM)3(8.33 2—2% .
W = [ ] x hrs:
e sec ¥T-Lbf

(60 m:i.n)(738 sec—kw)(npump)(nmotor)
Assuming npump = .65 and Notor .80, the equation becomes:
3

CV(GPM) (8.33)

e = Meoy3e)(.esy(.80)) * hrs

]

(3.618 x 10—4)(CV)(GPM)3(hrs)

In order to simulate in the calculational procedure the monthly load
variations represented by the heating and cooling load duration curves, a per-
centage load factor can be ‘inserted-in conjunction with the flow factor (as

shown below), and the hours at a particular percent of peak load can then be

considered.

- -4 3
We = (3.618 x 10 )(Cv)(LOAD FACTOR X»GPMpeak) (hrs)

For-particularAsystem applications, system pumping coefficieqts and peak
flows can be inserted in the general equatién, and the simplified equation
then has only percent of peak load vs. time to consider aS':variables. Finaliy,
the appropriate heating 6r cooling load duration éurves can be bréken down
into percent and time factors by the finite integral technique and input into
the equatioﬁ.> The sﬁﬁ of all iqtegrals under the curve gives the total pump

work required for any particular period.
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CONYERS HP-WHR SYSTEM

PUMP HEAD - 500 FT.
PEAK COOLING FLOW - 2618 GPM
PEAK HEATING FLOW - 1202 GPM
500 _ -5
C, = zergyz - 1-295x 10

(3.618 x 107%)(7.295 x 107°) (L.F. x 2618)3 hrs

COOLING: We

= 473.55 (L.F.)> hrs

(3.618 x 107%)(7.295 x 107°) (L.F. x 1202)° hrs

HEATING: W,

= 45.83 (L.F.)> hrs

CORNELIA HP-WHR SYSTEM

PUMP HEAD - 325 FT.
PEAK COOLING FLOW - 4309 GPM
_ PEAK HEATING FLOW - 1954 GPM
_ 325 -5
¢, = @309)2 ° 1.7504 x 10

CCOOLING: W, = (3.618 x 107%)(1.7504 x 107°) (L.F. x 4309)° hrs

= 506.64 (L.F.)3 hrs

HEATING: W, = (3.618 x 107%)(1.7504 x 107°) (L.F. x 1954)° hrs

47.24 (L.F.)> nrs

In order to reduce the monthly heating and cooling load duration curves

into a data set which could be input into the pump work equations, the bin

331



method of. data reduction was employed. Peak heating load was assumed to occu
at the 99% design temperature and peak cooling at the 27 design temperature.
Bins were defined in 5°F increments from the design temperature to the appro-
priate datum (650F for heating and 75°F for cooling), and the midpoint tem-
perature for each bin was assigned a percent.of peak load figure. Duration
at each average load level was then interpolated from the load duration curve.
The data points, then ip the proper form for use in the pump work equationms,
werc inserted in the appropriate heaLing or conling equation and the work cal-
culation pérformed.
Several assumptions were neceséary concerning system operation.

¢ During the heating season, if the estimated heating load dropped
below 34%, the required pump work during that period was assumed to
remain constant at the 34% level, representing the work requirements
to mainﬁain the system minimum flow. Operation during periods of
marginal or no load was also assumed to'be at the 347 load level
for the same reason.

e During the cooling season, if the estimated cooling load dropped
below 10%,:the required pump work was assumed to remain constant
at the 10% level to account for the minimum flow pump work. Like-
wise, operation during periods of marginal or no cooling load was
assumed to be at the 10% load level.

e During periods requiring both heating and cooling, heating loads
above the 347 level were accounted for in the nofmal manner. Heat-
ing loads of 1-34% were assumed to be met with operation at the
34% load level. Cooling loads of 107 and up were also accounted

_for as explained above. However, cooling loads of 1-10% and periods
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with no apparant heating or cooling load were assumed to require
system operation at the 10% cooling load levels.
The results of the assessment of distribution pump power requirements are

summarized in Appendices C and D.
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TABLE A-1

WEATHER DATA FOR TEST CITIES

WEATHER DATA USED IN THIS STUDY

ashrag(2) Representative
Heating Heating Degree Heating Cooling Year of Deviation
City . Degree Days Day Range " Degree Days  Degree Days Weather Data Level
Hous ton 1278 500 - 2000 1290 2339 . 1955 o
Birmingham 2551 2000 - 3000 2844 1928 1955 %
Atlanta 2961 2500 - 3500 2821 1589 1959 6%,
Tulsa 3680 3000 - 4000 3504 1949 1950 6%
“Philadelphia 4486 4000 - 5000 4508 1104 1951 8%
Seattle 8424 - 4407 183 1960 2%
Columbus 5560 5000 - 6000 5467 809 - 1964 10%
Cleveland 6351 6000 - 7000 6097 613 1964 108

Concord 7383 7000 - 8000 7377 339 1964 0%

{a) Heating degree days from ASHRAE 1973 Systems Handbook, Chapter 43. -

SOURCE: "HEAT PUMP TECHNOLOGY," GORDIAN ASSOCIATES (1978)10



£ve

Houston

Bfrmingham
Atlanta
Tulsa
Philadelphia
Seattle
Columbus
Cleveland

Concord

SOURCE: "HEAT PUMP TECHNOLOGY," GORDIAN ASSOCIATES (1978}10

MOUNTAINS IDE COMMERCIAL BUILDING HEATING AND COOLING DESIGN lOADS

TABLE A-2

Heating

97%% Design Dry Design
Bulb Jemperature Heat Load

( °F ) { Btuh

32 P6,151

22 104,613

&) 106,664

16 118,97

15 121,022

32 86,152

7 139,484

7 139,484

=1 166,150

Conling

24X Design Dry

"2’ Oesign Wet  Design Sensible

Design Total

Bulb Temperature Bulb Temperature Cooling Load Cooling Load
oF ) (°F ) (atuJ {Btuh)
94 80 143,447 206,119
94 78 143,447 195,667
92 7 139,380 189,992
99 18 155,656 £03,852
90 n 135,315 187,538
79 65 12,937 124,957
88 76 131,244 178,640
89 75 133,217 176,653
88 ;3 131,244 164,972



vhe

Houston .
B1rm1ngﬁam
Atlanta
Tulsa
Philadelphia
Seattle
Cdlumbus
Cleveland

Concord

SOURCE: "HEAT PUMP TECHNOLOGY," GORDIAN ASSOCIATES (1978) 10

TABLE .A-3

TEST HOUSE
DESIGN TEMPERATURES AND HEAT LOAD FOR

HEATING AND COOLING EQUIPMENT-

COOL ING
Y AVEE TY77% B Vi A
DESIGN DESIGN DESIGN DESIGN DESIGN SENSIBLE  DESIGN TOTAL
DRY BULB  HEAT LOAD DRY BULB WET BULB - COOLING LOAD . COOLING LOAD
TEMPERATURE (BTUR) TEMPERATURE  TEMPERATURE _(BTUM) (BTUN)
32 27,030 94 80 24,069 36,844
22 33,915 94 78 25,335 35,803
23 33,288 | 92 77 23,126 32,994
16 37,671 99 78 29,383 38,351
15 38,242 90 77 24,880 35,302
32 27,621 79 65 18,757 20,365
7 42,913 88 76 23,468 33,090
7 42,913 89 75 24,454 32,845
-7 52,088 88 73 23,837 30,420



MOUNTAINSIDE COMMERCIAL BUILDING GENERAL CHARACTERISTICS

Buflding Style
G6ross Floor Area
Exposure

Occupancy

Lighting and Equipment Baseload

Construction Walls

Roof 

Windows and Doors

Floor Slab
Ceilings

_ Stairwell

Two stories, masonry construction
5580 square feet

Front of bu11d1ng faceﬁ north

40 persons (maximum)

14 X (maximum)

Stucco surface over 12" concrete
blocks (38# light, filled), 1-1/4"

" furring (16" on centers) and 1/2"

styrofoam. Inside surface {s 1/2"
gypsum board. Net wall area: 4724

square feet.

3/8" asphalt buflt up roof over 1/2"

plyscore sheathing, 2" x 10" rafters
§16" on centers), fiberglass insulation
6") above 1/2" acoustical tile.

Roof area: 2790 square feet.

Safety glass, 1/2" double glazed.
Total glass area: 732 square feet.

_ Concrete dlab, on grade, 24'_1nsuiation

Hung cefling between floors carries
ducts and electric and water services. -
Ceiling hefght is 11 feet for each floor

Center staircase located just inside
front entrance, double back design
with turnaround landing.
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TEST HOUSE GENERAL CHARACTERISTICS

House Style Two stories, wood frame, 2 car garage
Living Area 1850 sq. ft. (excluding basement).

Room Complement :
First Floor Foyer, 1iving room, dining room, family room,
kitchen, powder room.

Second Floor Master bedroom, large bedroom, 2 small bedrooms,

2 baths.
Exposure L Front of house faces north.
Exteriortsurface vA]uminum siding.
Doors . One - wood panel construction.
Roof _ Black asphalt shingles over building paper and

5/8" p]ywqod deck.

Glass Areas 16 glass areas, including patio s1iding door. (For
total glass area see bldg. plans.) A1l windows are
aluminum cased, double hung, weather stripped,
double pave fnsulating glass. Basement windows
(2) are single glazed, 1/8" sheet glass.

Basement 4 '
Walls - .11 course, 8 1nch concrete block
Floor ‘ 4 inch concrete slab over 4 inch gravel bed,
662 sq. ft.
Crawl Space 4 inch gravel bed over plastic vapor barrier.
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TABLE A-4

Table SA. Summary of facilities Aaving sewer syst and ge disposal by population groups, siates, and drainage basins

Torl Separate Combined Both Not stated Tereated Unirsated

Num. | Populats Num- | Populstive | Num- | Papul. Num. | Populati Num- | Populstion | INum- | Populati Nuam. | Popul
ber sorved ber ssrved ber srved ber wrved ber served ber -rved ber served

Porutarion Sixa
Gaours

613,599 54 18,020 56,650 | 1,723 25 71,
550, 566 149 119,830 127,507 | 2,057 335 228,928
384,413 499 | 1,079.910 454,170 | 4,990 676 | 1,192,885

7,706,356 120 766,020 309,173 | 1,437 136 680,
1,881,310 n? | 1.149.128 350, 1,164 84 | 1,036,885
12.697, 700 371 | 8,903,798 47 | 1.662.470 186,650 473 | 12,058,065 29 639,635
13,421,175 201 18,280,485 38 | 2,604,985 521,415 269 | 12,673,695 19 747,480
14,855,310 165 | 7,206,345 28 | 4,159,460 40,905 230 | 13,51t,350 17 | 1,343,960
13,620,080 129 { 7,112,805 11 | 2,898,975 490,000 149 | 11,997,955 $ 11,622,125
43,648,965 31§ 1,960,308 20 [16,717,378 150,000 13 | 43,671,565 S | 1.977.400
1,988,965 247 11,981,190 1,738,770 sl 250,265
62,365 22 28,465 tl, 19 50,860
709,970 10 709,055 688,770 2 21,200
874,125 203 868,910 797,895 3 76,230
16,974,465 526 | 4,771,000 16,953,835 9 20,630
1,420,398 1,558,088 2,413,203 14 7,195
1,581,155 (1) 714,145 1,554,535 5 26,620
387,610 u 335,885 7,61 .

1,750, N LT
1,999, 437 11,788,725

. 7 W00 e 1 15.940
363,870 88 . 860 9 o, 5 21,455 3 5,150
8,530,420 335 | 1,533.245 103 | 4,883,850 20 | 1,758.465 | 185 360,860
3,603,760 167 L8958 | 192 | 3,002,830 3 340 28 69,695
1,643,470 1 960 17 184,560 9 409,050 9 6,900
1,896, 429 | 1,493,800 s 351,400 2 44,500 16 6,900
1,382,930 9 657,610 3 171,780 9 553,005 i 475
2,322, 5 195 284,500 [..... ... ... .. . 3 38,020
$53,115 s 18,755 4“0 199,785 34 236,540 3 38,075
594, 79 | 1,544,280 6 11,300 3 12 36,535 92 | 1,585,930 8 8,678
3,726,010 9 634,910 35 876,840 712,102,955 29 111,308 94 | 2,886,575 o8 839,435
6,668,935 157 | 1,049,895 58 3 L] 267 | 6,574,205 47 94,130
2,089,770 416 912,760 2 1 441 2,067,140 32 22,630
995,930 247 975,730 i s 701,610 3 294,120
3,074,615 ¥4 | 1,390,960 7 490 | 1,953,920 T4 | 1,120,695
436,780 114 [l

135 436,180
e

403,180 1
045,695 a7 623,865 $24,0% 7 31.643
2

491,298 29 | 378,898 9 9,790 1.518
300,800 30 93,350 77 132,850 | s 167,950
5,827,710 224 | 3,718,950 318 | 5.827.710
673,970 80 | '673.970 80 613,970
15,104,360 | 461 [ 2,754,500 15 15,870 | 507 | 13.501.395
1,980,410 | 379 ( 1,976,925 2 1,885 | 349 { 1,847,325
372,890 196 | 249,760 18 108,520 3 13,480 . Lo | 365,195
7,822,259 | 428 | 2,850,514 | 121 | 1,337,780 | 61 | 3,623,268 9 10,700 | $37] 7.707.459
1,660,890 M frese s b 3 1,175 370 | 1,656,800
1,139,292 141 471,612 17 195,200 | 1’| 463,930 3 8.550 167 | 1,102,642
10.237.071 508 | 3,532,566 | 106 | 514,010 | a4 [6,084.570 | 48 105,925 | 486 | 9.309.041
826,825 95 | 816,125 |.. [REDOO X S 3 10,700 91 116,160
549,025 19 184,505 3 seas2o | ).l 16 545,070
961,505 | 256 | 959,820 .. RO 5 1,685 224 703,240
391,520 180 | 295,820 995 18,065 3 1,640 190 378.525
1,947,325 190 | 1,491,670 S 4400 . . e 18 27,255 200 | §.429.m30
8,425,180 | 886 | 8,145,830 1 55,000 1 wo | 22 223,950 | ot | 8.425.180
590,885 77| 890.825 1 60 | ...l f e o4 878,770 | 14 12,118
208,300 18 27,210 10 13,780 | 46| 160,485 | 20 6,858 18 163.180 [ 56 4.1
2,286,969 | 252 | 1,627,709 3 1,675 8] 648325 10 9.260 | 253 | 2,268,944 | 20 18,025
31,768 ... .. N ENOUIN AU AT 768 |l . 3 1,768
1,865,590 | " is2 | 798,000 | 38’ 89i.5is 1] 157,605 19 10.470 | 208 | 1,798,525 13
849,715 94 | 236,740 [ 75 526,315 19 81,860 s 4.800 s 717,855 | 15 131,860
2843795 | 356 | 898.940 | 28 [1.315.350 | 45| 614,740 13 14,765 | 440 | 2.843.145 3 650
255,808 7 os3amas | OOk 4 1,960 11 255,050 3 758
26,150,270 | 786 | 7.111,1 107 | 80,537,320 | 198 [9.847,888 | 132} 633,995 | 935 [ 23.115.300 | 368 | 3,034,970
14,170,080 { 079 | 6,145, 82¢ a3 | 643,715 | 63 (6.812.820( s8] S517.730 | 730 [ 13.454.831 | 152 | 665,355
10,701,976 | 1,761 | 9,453,179 8| 806,765 1 17,990 | 101 124,042 | 1,708 | 9.663.351 | 169 | 1,018,625
1.360,320 178 | 1,162,260 5 171,050 1 2,848 19 24,165 176 | 1,328,955 1 27 31,365
12,843,855 | 1,078 | 4,995,040 | 323 | 3,883,705 | 110 | 3.803.99%u | &a 151,120 | 1,266 | 12,264,260 | 333 | 579,595
4,141,429 164 | 944364 | 741 750,795 | 77| 2.440.355 8 5,915 227 | 4.064.000 | 46 71,420
13,757,860 | 1,512 | 3.977.450 | 164 1 6.364.825 | 62 | 3,012,885 | 204 | 402,700 | 1,818 | 12,535,365 | 126 [ 1,222,495
9,796,845 | 311 11,508,565 | 104 [ 6.209.815 | 78 | 1.837.510 | s2 150,955 | 491 | 9,695,175 | se 101,670
6,782,690 11,518 | 4,444,070 | 48 [ 1,015,720 | 20| ‘444,745 | o9a | 878,155 {1,583 | 6.403.240 | tlLI 179,
8.049.208 | 1,416 | 7.861.478 3 9,200 [ 122,035 25 56,005 | 1.377 [ 6,377,188 { 71 | 1.672,020
1,284,353 185 | 1,272,033 2 8.500 i 1,655 1,250,273 14 34.080
8.239.197 | 836 | 7.961.447 § 55,000 2 8,238,477 1 7
3,563,072 | 388 11,738,792 | 64 | t.136.120 | 36 3,443,767 | 38 119,305
16.737.670 | 484 | 4,534,705 16 12,170.980 |...... 16,718,180 [ 19,490
1,277,620 122 | 1,160,615 12 H 1,271,795 12 5,825
61,368 122 28,465 3 11,505 19 .
493,640 27 wz.ig .l 132,940 7| 365.700
826,928 93 816, 716,160 1 110,665
e | 3 s b 3 31.768
Toteb.....ooiiiiienans 14,123 {140,226,049 [11,562 |15,599,879 130,684,771 [1.558 [9,541.278

NOTE: Total U.S. Population in 1967 - 197,000,000 (Est.)

SOURCE: Municipal Waste Facilities - Statistical Summary, 1968 Inventory.“'l

347



TABLE A-5

Table 11. Population served by sewers and sewage treatment—by geographical areas

Percent of Percent of | Percent of connected
1960 cenaus | Estimated census pational pupulation—.
Geographic areas population population population total sewage discharged
of sewered connected connected population _
communities | to sewers to sewers connerted .
to sewers Treated Raw
New England '. ... .. ... 8.976,318 6.918. 405 77 4.9 9.0 21.0
Middle Atlantic ®. . 28,823,298 | 31,169,141 108 .1 22.2 91.9 8.1
South Atlantic ¥, ... ... ... 13,167,414 | 15,106,991 114.7 108 94.6 5.4
East North Central ¢ . . 26,136,577 | 29,475,160 112.8 21.0 98 .4 1.6
East South Central 5. ... .. 5,600,886 6,315,150 111 6 4.5 83.0 itT.0
Weast North Central ¢ .. 10,237,528 | 10,316,560 100 8 7.4 86.1 13.9
West South Central 7. . 11.618.812 | 13,282,715 114 3 9.5 92.4 7.6
Mountain % ... ... ... 4.624.927 6,242,973 135.0 4.5 99 1 .9
Pacific 9. .. e e 13,075,283 | 19,979,347 152.8 14.2 99 .4 .6
Alssks. Hawaii. Puerto .
Rico and Virgin lalanda..| 1,522,064 1,419,598 93.3 1.0 60.6 39.4
Total. ... ... 123,843,107 {140,226,049 113.2 100.0 93.2 6.8

t Maine. New Hampahire, Yermont, Massiichuseita. Khede Tuland, Connecticut.

3 New York, New Jersey. Pennaylvania.

3 Delaware, Maryland, Distrier of Columbia, Virginia, West Virginia, North Caroline, South Carolina,
Georgia. Florida.

4 Ohio. Indiana. Hlinois, Michigaa. Wisconsin.

8 Kentucky, Tennennee. Alabama. Missinsippi.

¢ Minnesota. lowa, Missouri. North Dakota, South Dakota. Nebraska, Kansas.
" 7 Arkansas. Louisiana. Oklahoma. Texas. .

¢ Montsna, Idahu, Wyoming. Colorado, New Mezxico. Arizuna, Utah, Nevada.

* Washington, Uregon. Califoraia.

Table 13. Percentage data for sewer systems and raw and treated discharge—
by population groups

Percent Percent of total population connected— .
Percent of 1960 Percent
of to1sl census of total
Population number of | popula. ITo raw dis-| To raw |To sewage | number of
size groupe sewered tion of To sewer | charge or sewsge treatment. | treatment
cutnmuni- | sewered systems |treatment | discharge | facilities plants
ties communi- facilities ' | facilities
ties
13.9 .S .5 .5 .8 .5 13.7
17.5 1.4 1.4 1.3 2.4 1.2 16.4 -
41.6 10.2 9.6 8.8 12.5 8.6 9.7
11.7 8.6 1.9 6.8 7.1 6.8 11.4
9.3 14.8 13.8 11.1 10.9 11.1 9.3
3.3 11.7 11.3 9.1 6.7 9.2 3.8
1.6 11.3 11.5 9.6 7.8 9.7 2.1
1 9.8 9.7 10.6 14.1 10.3 1.8
.3 10.4 1).4 9.7 17.0 9.2 1.2
.2 21.3 22.7 32.6 20.7 3.4 .6
100.0 100.0 100.0 100.0 100.0 100.0 100.0

! Population served by facilities in population size groups shown.

SOURCE: Municipal Waste Facilities - Statistical Summary, 1968
41

Inventory.
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APPENDIX B

The following calculations were made to determine the annual

energy inputs of the Central Plant and End User Schemes for the HP-WHR

scheme.

Basic Assumptions

Northern Climate

No.

of End-Users -- 470

Annual H.V.A.C. Load Requirements Per End-User

Heating -- 105.47 x lO6 Btu/Yr
Cooling -- -18.96 x 10 Btu/Yr

‘Southern Climate

No.

of End-Users —- 980

Annual H.V.A.C. Load Requirements Per End-User

Heating -- 37.92 x 106 Btu/Yr
Cooling —— 45.03 x 10  Btu/Yr

Northern Climate

Heating
(1) Total heat required by end usefs = 470 x 105.5 x 106_= 4.96 x lO10 Btu/Yr
(2) Energy froh distribution system = 4.96 x 1010 x (1 - §l63) =

(3)
(4)
(5)

3.32 x 10'0 Bru/vr
Energy input to central heat pump = 3.32 x 1010/6.99 = 4.75 x 109 Btu/Yr
Kwh input to central heat pump = 4.75 x 109/3413 = 1,392,905 kwh/Yr
Central heat pump equivalent full load hours =

0

3.32 x 1009 x (1 - Elgg)/lz x 10% = 2370 hr/vr
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Northern Climate (Continued)

Cooling

(1) Total heat rejection to distribution by end-users =

0 Btu/Yr

470 x 18.96 x 10° x (1 + 555) = 1,17 x 10"
(2) Energy input to central heat pump = 1.17 x 1010/5.42 = 2.16 x‘lO9 Btu/Yr
-(3) Kwh input to central heat pump = 2.16 x 109/3413 = 632,485 kwh/Yr

(4) Central heat pump equivalent full load hours =

1.17 x 108%12 x 10% = 975 hr/vr
Southern Climate
Heating
(1) Total heat required by end-users = 980 x 37.92 x 106 = 3.72 x lO10

(2) Energy from distribution system = 3.72 x 10lO x (1 - 3163) = 2.49 x lO10

(3) Energy input to central heat pump = 2.49 x 1010/6.99 = 3.56 x 109 Btu/Yr
(4) Kw input to central heat pump = 3.56 x 109/3413 = 1,043,500 kwh/Yr

(5) Central heat pump equivalent full loéd hours =
0 6

2.49 x 1010 x (1 - 5335)/12 x 10° = 1778 hr/vr
Cooling
(1) Total heat rejection to distribution by end-uscrs -
980 x (45.03 x 10%) x (1 + Slf) = 5.8 x 10°°

10

5.8 x 1079/5.42 = 1.07 x 1010 Bru/vr

(2) Energy input to central heat pump
(3) Kwh input to central heat pump = 1.07 x 1010/3413 = 3,131,062 kwh/Yr
4) Central heat pump equivalent full load hours =

6

5.8 x 1079712 x 10% = 4833 hr/vr
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Circulating Pumps

Assume circulating pumps run

20 percent more hours than the central heat pump equivalent
full load hours. :

Northern Climate

1.2 x (2370 + 975) x 75 hp x .745 kwh/hp = 224,282 kwh/Yr

Squthern Climate.

"1.2 x (1778 + 4833) x 75 hp x .745 kwh/hp = 594,990 kwh/Yr

Distribution Pumps
Assume distribution pumps consume the same proportion of energy annually

as. they do at full load.

6%
5%

Northern Climate
Southern Climate

R

(1) Northern Climate Pumping Energy =
6

]

470 x (105.5 x 10~ + 18.9 x 106) x .06/3413 = 1,027,858 kwh/Yr |

(2) Southern Climate Pumping Energy
6

980 x (37.9 x 10" + 45.03 x 106) x .05/3413 = 1,190,615 kwh/Yr

Miscellaneous

Auxiliary equipment such as controls, security lighting, etc., is

estimated to consume an additional 12,000 kwh annually.
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CONYERS HP-WHR SYSTEM
COMPUTER PRINTOUT
THERMAL LOAD ASSESSMENT

355



.‘.0...’00'0.'.0.0‘0‘.0.000.000'0.‘.‘...0...0.‘0.00.0‘.0‘..‘000.0..O0.00..“.‘0.0.0.0..".C.“.'...0C.....OO0.0.0.‘..OOO..0.00.0.0..
BSOS BV IV B IGBICIIDIIIBOTIIIVITIVIVGINBIIGONVGIVIBINITAVTBINTIBIIFIBVIBIBBBBINGUBICGBUIBVIBISIIVIVIVBIORIBIBDIVIVITIIVIVIBISINIBIINNIBIBGIRIIIVOY

CONYERS HP-WHR SYSTEM

: T - - TYPE DEFINITIONS - -
P B33533283305808
‘ o HE STING DGATA ¢ ).

hilnetu bl - - .Q,..OC'OO I I XYY YR I YVY Y & " - TTT ST S e m—

TYPE . ' JAN FEB MAR APR MAY JUN JUL AUG SEP ocT | NOV DEC

. ssee LY 2 ) ..! . L2 X *o (X X ] ey LX 22 f e 98 [ X X ] ::: -___!::__-_

RES 60780 50430 %e290 1,380 ..270 0.000 0,000 0,000 «090 1.320 3,960  6.480
Q i - ! '
5 ’ ) " : ‘ '
Pal '
» b !
B o o L ... . COOLING DATA ( *

At - D e T - - N L 2 ‘U.l.‘.l..."".'l'l..’. T T -~ - R - "" b T
_ TYPE JAN - FEB MAR APR. - MAY JUN  ° SUL AUG SE ocT oV - DEC
e R XIX; 38y ' aEs e ey LY 2 111 ey Bii B 1 o8 KXt 3
~ : o 1 . Y
RES 6,000 0,000 o160 0340 - 1,940 9.000 ' 54080 £.880 . 2,860 <720 0,000 0.000
J A N . N _— —— —_——— e e i . " . _;'_ _____
e e TIPS e g 3 et e e ey e s 4 s s e s s e e o
L i . _ ¥
N ’ ) A o X \
* (Btu x 103/sq. ft.) .
—ceer aw k. e e e+ et e ot e s m e s e A .___ - ———— e -
. - B ’ -
i




J
e s s - e —— - - " 20NE R-1 s i . - N e e e
. ssssaseses .
, C HE ATING DATA(¥ )
- 4 . . - BB BBSSBENBIEIBERy . s e e
NO.  MEAN S - , . ‘
: TYPE UNITS T/7UNIT JAN . FEB NAR . APR MAY JUN. JUL AUG SeEP . 0CT . NOV DEC 0T
ORI A S SN .50 AN A A A5 ARSI, &SRR, &0 SR 4 4 OSSN & SINREA & 0 SIS & A I & .4 B4 ANN b SN Akt e
RES 50 1100.,8 -.3729 2987 .,2360 00759 «0149 10,0000 - 0.0000 0.0000 ;0050 «0726 02178 -3-56‘, 1.6500
- ' . te . . : .-----. emercas cesnens wcecere cTetncce Secaawe ’P-'.‘- cecaces ceuerces ccenecen acecceme -------'f ]
. TDTAL 0375000 .305‘00 0255000 0765 01 e15E=01 o0 oﬂ_ o0 «50E-02 0735'01. 022E+00 +36E+00 -
TOYKL HEQ' au.aoulP. Fo , .3729 ’ 02907 .2360 . 00759 -01‘09 0.000,0 0.0000 0.0000 00050 -0726 o217§ 3564
, ) , v (
R ) ) ) )
(9,
~ ! : .
o ' COOLING DATA(* ) o '
K .o i coe BRI GSBBBPBPPBBRP - - o e mmemne e e e -
N9y BEAN Sg ‘ : S : )
TYPE UNI?S_ FT/7UNI JAN FEB - MAR APR MAY JUN JuL AUG SEP CT 0 NOV DEC T0T
3008 Tntes | RNt RNy NEE L bes BN ke o Ras add Aot RS ST b A4
~ RES 50 - 1180.01. 0,0000 000000 .0077 00187 «1067 e 2222 +279% o250‘0 «1573 0396 0.0000 ﬂoﬂQOﬂ 11000
- AT SRR | eesesen acescens cscccvew scccces mencscew sscsews '----..-\-.---Q. ccecsse easececen spscess --9--.. cTmhos TrmeeT
n ‘OTQL 0 0000 0.0000 #0077 - 00187 01057 02222 279" o~»26340 01573 . +0396 0.0000 0-0000
TDTAL COULoa(ioOOOlPo Fo . 0 oﬂ, ) 0775'02 -195 01 0115000 .225005 cZGEQﬂﬂ 0275000 0165900 .‘005‘01 00

* x 109



(XY Y Y Y Yy Y Py Y Y Y Yy P Yy Yy YR Y Y Y Yy YTy Y Y Y Y Y R R Ry PRI P Y P YY YYYYYYYTY TY R Y YV Y YNV ¥ VY PRTFVY VXY VPR PP ggrprppegarguy ey sppugpigeprgupugepegy

T T - - ) ] 595‘5!5:}.0\ ) ) ’ o i o T
- -l S 3 .
ME AN TOTAL HEATING TOTAL COQLING ADJUSTED ADJUSTED
TR 1 i o0t R SR G Rt S S 1% R 18
RES 1100.0 ~ 50 5500040 - ) .1655*07 B ¢ 410E407 ' 0165E007 L J110E+07
. . /
e voeegmooo. JOTAL ZONE HEATING IS goeqegveesecse 176407 BYTO. ' . . o
o TOTAL ZONE COOLING IS ssescesccscese 116407 BTU o .
. _ZONE LAND_AREA IS erseannsedonneser .AQRE.S..._ - ‘ o = e e et
TOTAL ZONE HEATING PER ACRE IS eeees BTUZACRE -~ -~ -
o _TOTAL ZONE GOOLING PER AGRE IS ssses . CUBTUZAGRE L e .
@ TOTAL.BUILDING AREA .IS esessecsveses 55000400 SQUARE FEET o - T : o .
_ . TOTAL NUMBER QOF UNITS IS sedaemnesss .89 . . - . .. ‘"' . " o ] S
HEATING PENETRATION FACTOR IS seeees 81,000 ' ' ' .-
rereme mmm ey o GOOLING PENETRATION FACTOR IS weeses . 01,0600 et i e e o e e i
' ADJUSTED ZONE HEATING IS .;......... «L7E40T aru ' o o i
et ADJUSTED ZONE COOLING IS eeeveeseses _ o33E407 8TY - - - - . . - ) J U S
ADJUSTED NO¢ OF UNITS IS eeessecsess 5040000 o K
mrrimemsrr ADJUSTED BUILOING AREA IS eseesesees  55000.0000 SQUARE FEET .~ e e e
' ADJUSTED HEATING .PER ACRE IS esseecs . .- . : BTUACRE o
._______m,wsxeg_c.muug E§&£54§4L...-L ... _.BYUWACRE

‘........'...l....'........’......0.0.'0‘.0.0...‘..0.....‘....0..0....‘....00‘0....“0.".0I..'...C...00..00...00.0.‘0.....’..'...0.

y"



LA I ST RIS R SIS RS S X R R S R X 24 0".’0."'0...0.0.00.0.’0‘..‘0“60..0“...‘0 0..........0.0..".‘.!.‘.0000.0‘00.....‘.00..0.0.........‘

- ZONE R-2 e e . e
(XYY YR Y]
C _ ) . HEATING DATAC * ) )
Ay e T BRI XY XX Y Y TN TN Y RO h . - ="
NOs MEAN 50 . . A
TYPE  UNITS FTI/UN JAN FEE NAR APR NAY JUN JUL AUG SEP ocT NOV DEC TOT
PN, 4454 b S ASIIED S5 &40 S &5 SN 4.4 V. 4 0 SRS .0 SN, &t e 0 988 . EF% 8% Ny s v
RES 150 120040  1.2204 . <9774  JT722  .2484  .0486 0.0000 0.0000 0.0000 +0162 2376 +7128 11664 5.4000°
- i e T o T T : -..--'-.- L X 1 N L N 3 v'...-... ----.'- .------ LA 4 K X K X ------- . ---.'-‘ ------- -‘----- ------- -------A - - :
N ToTAL «12E+01 o98E+00 oT7E+00 #25E¢00 .595-01 o0 o0 o0 .16£on1 ¢ZUE+00 oT1E+00 012E401
TOTAL HEAT.3(1,0000P, Fo 1.2204 . 97276 LT722 .zkau .auss_ 0.0000 0.0000 0.0000 .n}az .2375 7128 141664
s e e e e
- : . e . , - i} — . . L
e re . .
4 e ... COOLING DATA( * , e e e
R . VAt USRS RPN SR - 1°7 1178111 S U U O O S S
s NQ. MEAN s? . L R , ‘ .
. TYPE  UNITS . FT/UNT JAN FEB NAR APR MAY JUN JuL AUG - .. SEP . OCT NOV DEC . - TOT
PP L L] pogey I XIXIYYS 388 e, wes 13 L e e ¥ 8y 888 e a0 8 s
RES 150 120040 o 0000 o.uooa' .nzsz 0612  «3492 ':.7212 914k ,8784 5148  +1296 00000 00000 3.6000
- ' . ToTAL " 8.8000 0.0000 .0252 .0612 03492 L7272 .91«9A «878% 45148 ' 41296 0.0000 0.0000
TGTAL COOL.3(1,0000P, Fe 40 W0 ¢25E~01 +61E-01 435400 +73E¢00 ¢91E400 ¢8BE+00 «51E+400 ¢13E400 o0 o0
el N e . —
e . * x 109 . . e . e
T - — — _.. o — ——— Y ———— . —— ¥ 4 —— = %



BP08 9052435333303 33003328003330035093800 0003383035335V VIBIVLBIBBGVPINBIBBRIBBERBGIBBBBUNIBBIGIBUNBF24THIBBVIIRBISIBIGVSRIVB4B2S

—_ - TR e e e R ggﬁg‘&:g”“ T T T e s T N - - T e e e
S | SUBIRY, SUEET S :
. ME AN . TOTAL HEATING TOTAL CIOLING ADJUSTED ADJUSTED
G walogges | hggorwwrs oreraamed a0 G0, rombuative  rordlE3EDy
RES 1200,0 150 180000.0 © WB40E07 - e 360EeQ7  W5L0E+07 «360E+07
- TOTALIZONE HEATING IS sssecacncescee oS4EQT BTU e e e e e .
TOTAL ZONE COOLING IS seeevessessses o36E407 BTU - ST
_ZONE LAND AREA IS sssesscesenseeessy .. . AGRES.. 7 .. ' . e e
TOTAL ZONE HEATING PER ACRE IS esasee o BTU/ACRE - ‘
- S TOTAL ZONE COOLING PER ACRE IS spees BIWACRE Ll
TOTAL BUILOING AREA ‘IS esessssesesss  180000,00 SQUARE FEET o L o :
i TOTAL NYNBER OF UNITS IS ssasenemne 350 . .. . B ke L
' HEATING PENETRATION FACTOR IS sssesse 01,000 : ' :
.- COOLING PENETRATION FACTOR IS eqeges 01,000 e — e e e
‘ ADJUSTED ZONE HEATING IS seeessicess +54E4QT BTUY : ‘
-  ADJUSTEQ ZONE COOLING IS eeessescoee o36E+07 BTY _ _ .- - . I . L R S
ADJUSTED NO. OF UNITS IS seseseseses 15040000 S
-y . ADJUSTED BUILOING AREA IS eeseevesqss 180000.0000 SQUARE FEET . -
ADJUSTZD HEATING PER ACRE IS secosves 8YTU7 ACRE . )
st _ADJUSTED COOLING PER ACRE IS eovarsr. . BW/ACKE e

000.0.0005.000.000.i...O..OOCOOOOCO{.OCU0600.0.0.000.!.00000.0..00.0.'0!0!‘0.!.l.;..Q;Q..o.;..;;';..;..;00;.;0.;ov....;od‘b;"o;.?o;.
. . . B . [5



‘o8 0.'.’..0000.00000'000.00..0..0...0.0“.0000..0.0...0..0.......‘ .0..0.0’.0.0..0‘0..0.0.‘00.000....0.00..0.0QO0.0’...Q...O.....C.“....Jl

e s = -t S - - " ZONE R<3 D S, ‘. - - SR
(2 I TR TY Y )
HEATING DATA(* , , .
‘ . T SNEIBNBIBLIIININE BT
NO MEAN SQ 4 : _ :
, TYPE  UNITS  FT/UNIT JAN _FEB HAR APR MAY JUN JUL " AUG SEP ocY NOV 0EC ToT
USRI 45. ST &0 ASNIIAL 4565 . AN ot AR 0.5 4 .4 SRR A SO, 5. & USRI 4.5 J0 LA AU b ST A AT 0. SUNN. Ad APERIINE ST o SR
. RES 150 1300.0 1.3221 140589 48365 <2691 <0527 o;oouo 040000 000000 <0176 +2576 7722 142636 58500
TOTAL : .135001 «11E+01 .a«sooo .275000 .535-01 .0 ,.n 0 «18E-01 .zseoon «TTE+00 13E+401
rorAL uEAt.a(1.onn)P. F. 1.3221 1.0539 .asss .2691 .aszr o.oonu o.nnuo o.oooo +0176 A.zsru ar22 1.2636
= . ' i .
_ . _COOLING DATA(* ' - , ) .
I " . : ' :."‘.!!..C'!'..f‘ . T OTTTRRIT T T emm aem s A e e . T .
NOg MEAN S ' L S _ : .
TYee unNIt FT/UNT JAN FEB MAR APR: HAY JUN JUL AUG - ° SEP . OCT NOV DEC 10T
—— ;;__!-__._:.t!._. L. leeones 888 Y B By B0y B S e e %y DA i 88
RES 150 130040 © 0.0000 0.0000 0273 <0663 3783 o7878 -.9906 .9516 48577  +1404 0.0800 0,0000 3.9000
b ""'"'.‘,’ e ‘.""' AR o - Tececace moavcese -‘f‘--’ crmocen esoqecs '-Q---.‘-' ----.q,.' —‘..-._-_.' '-cpﬁcn;""?-.-'fob "---...-o_'--o.---"‘ SrTTT o e
TOTAL 09,0000 0.0000 .0273 L0663 3783 L7878 .9906 . 9516 45577 . 41404 040000 o.onon'
O U P ’ LU e = e JRUUROR T e e e e e e e e oo o
TOFAL COOL.O(i.DOO)P. Fo o0 . o0 ¢27€-01 «66E-01 +38EAD0 o79E¢00 +99E+00 .9ssoua .56E000 LL4ESO0 o0 .0
et : * x 10° ,



'00..00.0‘O..00.0.00.“.00.0...’..0.....‘...0.".00.00......0.0.9....'0'00.0‘..OO...0.0...O....O.‘...QQ..OO..0.’.00.00...90{......04

£9§§OE:§CO i ) - ) ) ) T
SUNNARYLWSHEE]
HE AN ‘TOTAL HEATING TOTAL COOLING ADJUSTED ADJUSTED
) 19443 Rt §:. 00000 NN.A0e ....39121.... ,,..3?1?2;,33 INAEUENING - TOIRL.GRNINS
RES 130040 150 $95000.0 .. .585E407 ' « 390E407 | +585E407 .3sns+or
- TOTAL ZONE HEATING IS egeeeecscsesee o59E¢07 BTY
TOTAL ZONE COOLING IS esvscovencscns o039E¢07 BTU -
e _ZONE_LAND AREA IS sesrsssessessnsrss .. __ACRES. . il e
TOTAL ZONE HEATING PER ACRE IS esces. . B8TU/ACRE A ' '
T 'QFAL.ZONE COOLING PER ACRE IS eeeee. .  BTU/ACRE . S o e S
) TOTAL BUILOING AREA IS oeecevecscces 195000.00 SQUARE FEET ‘ ' - ' g R
o TOTAL NYMBER OF, UNITS 1S sesspsesesa... . 450 . __ S T S e+ e
' HEATING PENETRATION FACTOR IS sevese ..01.000 ‘ ' : . '
~aemamn. ... GOOLING PENETRATION FACTOR IS eeeees . 012,000 .. . . - S . i e i . _
' " ADJUSTED ZONE HEATING IS eseccccssee o59E407 BTU .

ADJUSTED ZONE CQOLING IS ecesveveene 396407 BTV o e e e

ADJUSTED NOs OF UNITS IS cedesesc’sse 150.0000
...ADJUSTED BUILDING AREA IS seeeesesse 195000,0000 SQUARE FEET

_ ' ADJUSTED HEATING PER ACRE IS scaveces . 8YU/ACRE 4 - . . . . )
Sl . ADJUSTED GOOLING PER ACRE IS sesesss . ._ (BTUZAGRE _ . S S SRS
.. . 0 . -

'...0.‘....00.'...........0..6...C..O.......l....000..‘...0‘...COOIOG.OOOCC'.OUOC..'..9'..0.0‘..60.....0.....'l‘..'.l..'O....'..?I.ﬁ

RETINIPI VI PYaay,



‘0.00...00.0“‘..000.00.‘000ll.“........l.....!0..0“.0000.0.....l..'.'...l.“........0'..000.0.‘0‘.'000000.000..0..005..00...‘0.000
O...l0.‘O..O...{.0..‘...0...0‘.‘..'...'..‘.900.'00.0.........‘...0.0."0.'.0...0...'..Q.........Q.OO......0‘00...0.'...00.0.......0..

o mmt et oo e e - m—————— o m————— H:._.-.TOI,AL SUMMARY . S”EET .- - o m——— ———— e e _ _—— ————
SHIGBPIIPB305300088

_ _HEATING DATA (% ) ‘
me e - L L T L R

K ZONE . .' JAN . FEB - MAR APR ~ - MAY JUN JUL - AUG SEP ocT NOV DEC TOT

sues —————_ 388 8%y % e e hdioth 4 ses b a0 DA Ao SIS SR
R-1 S 43729 2987 42360 0759 s0143 0.0080 0.0000 08,0000 0050 0726 o278 <3564 1.6500
TTRTTONTOR=QTTTIT T T TN 402200 QT T 0 TP22 T 42686 00686 000000 000000 040000 TI.01627 423767 7128  1.1664 544000
’ Re3 _ © 7 143221 140589 ¢ 8365 «2691 40527 040000 0s0000 040000 0176 2574 ¢7722 12636 568500
ks : ' bes e ; . Ceds et Re e e Ml it e tdd e dre i ce aldes e acreiel P ebeie “".'.‘."..‘;-‘4'.--'--.‘;'f'&‘-.‘--.‘.‘"‘-'.----;"' e e
ToraL . . 2.9154° 203349 1,8447  ,5334 41161 0.0000 0.0000 0.0000 0387 5676 1.7028 -2.7864
e R S
. t . R

w ' ! .

e P o= - — .. . , ¢ - e - - e i — e ——e e - - . e —— ——

w- N . ’

. A - ) ; 5 .

. ; o : I
~ * i ]

e e e e ..t.. .COOLING DATA (*.. ) ) o .
L A remy e e - G SO QBB e s e
< ZoWE .. - " JAN - FEB HAR APR ' MAY.  JUN - . JUL - . AUG ' SEP - OCT ° NOV  QEC.  TOT

Lt ene e R 2L E Y 1 e 9% T ses Ldd T sey ' [ Bce - wse sse *8e . see
o R-t ' ; 040000 050000 <0077 +0187 .. 01067 ~ 42222 42794 42684 41573 L0396 0.0000 0.0000 1.1000
LT RTINS 0,0000 7040000 7 60252 7 <0642 7T e 3692 TTLT2727 T 4914k T JB7847 T 51487 41296 ° 0.0000 . 0.0000° 3.6000

© R-3 w0 040000 00008 40273 .0663 43783  .7878 9906 9516 #5577 <1404 040000 0,0000 349000
s T e e emeEe sesemes sescesn = cnvden Ginenss wecenes e hees Wenrisr ecceccis’ cemends ceseead” deameas T TTTITT
TOTAL 040000 0,0000 40602 1462 +8342 147372 241844 2.0984 142298 3096 - 0,0000 0,0000
- 3 o ~ *x 109




-

GBIV VVIPB003350330330330530DIBIFNBIUVBISVBIIIIITIIIVILBISIBBIINNBIVINBIIIINOGNIINIINONIINY '0.~'.‘.‘C.¢..“..00.0‘OOO‘..‘..Q..‘.....0.0

ADJUSTED . HEATING COOLING TOTAL . TOTAL N . . ADJUSTED ADJUSTED
TURONE RO Q0 UNITS 005,20 0NETY BERELLRLCD RRNELENET REA. 0D3,00EL CTOTALMELTING TTOTALCO0LING JOTAL HEATING TOTAL COOLING
R-1 S0 50.0 1.000 1,000 ~L55E+05 455E+05 1650000,00 1100000.00 1650000.00 ="~ 1100000.00
R-2 150 150.0 14000 14000 <18E+ 06 «13E+06 5400000400 " 3600000009 5400000400 3600000.00%
- ‘R=3 T 7150 150.0 T 140007 TTTT1,000 T.20E+06 iZOEOOG"_""-—5850000}90“;_”"_3900000'-00 " T 5850000400 '——3900000';00":
TOTAL HEATING IS oo'ooo;ooooooooopco.ooo'o'oqnco «13E+08 BTU 4\ N ,
TUTTTTTTTTTT T POTAL COOLING IS eeeescecerscsecsesecseserens o B86ES DT BIY T TS m s s d s ot e e
TOTAL ADJUSTED HEATING IS eeeeessssscscoscspe oi3E+08 BTU _
Tt "7 TOTAL ADJUSTED COOLING IS eesesvdéesecscccssea o86E#07 BTU ~~  ° 77 =07 - o N - T " oo
TOTAL ACREAGE SERVED IS ecesecsccscrcrsncenne ACRES .
-TE—J‘-"’_ “"ADJUSTED TOTAL HEATING PER ACRE IS " esessesces. T "TBTU/ZACRE’ Tt - v
C TOTAL NUNBER OF UNITS seoco0scocncscsesccossese 3504 )
T T ADJUSTED TOTAL NUMBER CF UNITS eseescsscssces " 350400 0 T R IR T
. TOTAL BUILOING AREA IS ssevecccccccnes ogoooool . ‘;30000.00"500 Ff. .i
Em e ADJUSTED TOTAL BUILDING AREA™IS sesess oooo'oo T 4300004007SQ FTR T “ T T
ADJUSTED PENETRATION FACTOR IS esesescinccocse . 1,000 . '
e s - - - S SN S S S 5G5S
- . s - , - . - i - e - o )
e+ e o o e e e e Ioie e e e e - e e n S i b s e e — _J

==



CONYERS HP-WHR SYSTEM PERFORMANCE.ANALYSIS
1. Heating and cooling loads are determined from computerized load estimatés.

Heat to distribution system (HDS)
= 2.9)

2.
(assume End-User Heating C.0.P,
1
HDS = Monthly Heat Required x (1- 2.9)
3. Heat required from sewage effluent (HSE)
(assume End-User Cooling C.O0.P., = 2.5)
Cent. Heat Pump C.0.P. = 4.5
_ . 1
HSE = (HDS - 1.4 [Cooling Required])(1- 4.5)
4. Heat dissipated at cooling tower (HDCT)
‘ (assume End-User Cooling C.0.P. = 2.5)
Heating C.0.P. = 2.9

HDCT = .1.4 (Cooling Required) - HDS

5. Circulating pump energy consumption
(assume 30 percent extra consumption)

HSE + HDCT] % 90ft.

1.3 x | 10
.65(efficiency) x (2.65 x 10°ft-1b/KWH)

KWH =

6. Sewage pump energy consumption
(assume 10 percent extra consumption)

1.1 x [E%%] x bUft.
.65(efficiency) x (2.65 x 10°ft-1b/KWH)

KWH =

Distribution pump energy consumption

HDS + 1.4 (cooling required); . gsin¢r

[ 10
.65(efficiency) x (2.65 x 10°ft-1b/KWH)

KWH =
8. Cooling tower energy consumption

qwi = HDCT x .8 KWH/HP x 30 HP
. 5.558 x 10° Btu/Hr
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9. Central heat pump energy consumption (C.0.P. = 4.5)

1
[HSE] x 775
3413 Btu/KWH

KWH =

366



CONYERS HP-WHR SYSTEM

DISTRIBUTION PUMP POWER REQUiREMENTS

COOLING : L HEATING-

MONTH | HRS KwH HRS KWH
JAN — -— 744 9707.88
FEB | - — | 672 6016.11
MARCH — ——- 744 4349.97
APRIL ‘ 244 ©1105.29 476 . 1426.27
MAY 530 7515.68 - - 214 442.49
JUNE , 664 . 15,969.70 56 100.88
JULY 744 22,260.29 — S—
AUG. 744 46,930.92 ~ S
SEPT. 563 11,508.57 157 290.61
OCT. 276 668.78 ’ 468 | . 1321.16
NOV. -— ——— 720 3779.37
DEC. —— — 744 7662.83
TOTALS 3765 HRS  105,959.23 KWH 4995 HRS - 35,097.57 KwH

TOTAL KWH REQUIREMENT - 141,056.80 KWH
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CONYERS HP-WHR SYSTEM
MONTHLY PERFORMANCE ANALYSIS

HEATING cooLTNG  HEARY  mEafD - nEatD © DIST.  CIR.  SEWAGE COOLING NISC.  TOTAL eng® TOTAL

LoAD, ~ LOADy  FROM TO DISS. @ CENT. H.P. PUMP PUMP PUMP  TOWER  AUX. CENT. PL.  USER SYSTEM  SYSTEM

X 10 X 10 SEWAGE DIST. SYS. COOLING TOWER KWH KWH KWH KWH KWH KWH" KWH KWH KWH C.0.P.
JAN.  2.915 0 1.485 1.909 o . 96,689 9,708 12,325 5,689 0 1,000 -125,411 294,512 419,923  2.034
FEB.  2.335 o 1.189 1.529 0 77,416 6,016 9,868 4,556 0 1,000 98,856 235,913 334,769  2.044
MARCH  1.845 .060  1.125 1.209 0 73,249 4,350 9,338 4,310 0 1,000 92,247 193,439 285,686  1.954
APRIL  .593 .146 184 - .388 0 11,980 2,532 1,526 704 0 1,000 17,742 77,024 94,766  2.285
MAY .116 .834 0 .076 1.092 0 7,958 7,417 0 4,715 1,000 21,090 109,464 130,554  2.132
JUNE 1.737 . 0 0 2.432 0 16,071 16,519 0 10,502 1,000 44,092 203,574 247,666 2.055
JULY 2.184 B 0 3.058 0 22,260 20,771 0 13,205 1,000 °. 57,236 255,962 313,198 ~ 2.043
AUG. 0 2.098 0 0o 2.937 0 46,930 19,948 0 12,682 1,000 80,560 245,883 326,443 1.883
SEPT.  .039  1.230 0 0 1.722 0 11,799 11,69 0 7,435 1,000 31,930 148,095 180,025  2.065
oCT. .568 .310 0 372 .062 0 1,990 421 0 268 1,000 - 3,679 - 93,719 97,398  2.641
NOV.  1.703 0 .868 1.116 0 56,516 3,779 7,205 3,325 0 1,000 71,825 172,060 243,885  2.046
DEC. _2.786 0 1.419 1:825 0 92,392 7,663 11,778 5,427 0 1,000 118,260 281,479 399,739  2.042

12.900  8.599 408,242 141,056 128,812 24,011 48,807 12,000 762,928 . 2,311,124 3,074,052

POWER REQUIREMENTS: i

PERCENT OF CENTRAL PLANT - - 53.5 18.5 16.9 3.1 6.4 1.6
PERCENT OF SYSTEM - 13.3 4.6 4.2 0.8 1.6 0.4 752
! @ Btu X 10°
(@ END-USERS:
HIG C.0.P. = 2.91
= 2.53

CLG C.0.P.



CONYERS HP-WHR SYSTEM
CONSTRUCTION COST ESTIMATES
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ENGINEERING EXPERIMENT EB'T)CK1'IC:)F\J

GEORGIA INSTITUTE OF TECHNOLOGY e ATLANTA, GEORGIA 30332

CONSTRUCTION COST ESTIMATE

DATE PREPARED

SHEET

OF

PROJECT

HP-WHR SYSTEM

LOCATION

CONYERS

CENTRAL PLANT

DRAWING NO. ESTIMATOR CHECKED BY
. : UNITS MEAS.| UNIT ToTaL UNIT TOoTaAL cosT
Central Heat Pump 1 ea. 18,500 ea. 35,000 - 53,500
| Sewage Pumps 2 lea. | 1750 3,500 2000 4,000 7,500
Circulating Pumps 2 lea.| 600 1,200 | 3000 6,000 7,200
[Distrihution Pumps 2 lea. | 3000 6,000 116000 | 32,000 38,000
Cooling Tower 1 {ca.| 5300 5,300 - {13500 13,500 18,800
]l Chemical Treatment System 1 Lumg 500 500 3000 3,000 3,500
| Conrrol Sysrem  lpumd 5000l s5.000 9000} 9,000 | 14,000
Piping, Valves, etc. Lumg 3000 3,000 11500 1_1,500 14,500

(inc. Hangers & Ftgs) i
| Inderground Piping 11000 ft] 9.0 9,000 6 6,000 15,000
Electrical Lump §3TI 55,000 55,000
Building 3000 |FT. 4 12,000 16 48,000 60,000
Thermal Storage 2 |ea. 75,000| 150,000 221,300
Misc. Sitework Lumg 6,000 6,000
TQTALS 514,300
| + 8% Overhead 41,144
' 555,444
+ 8% Profiti . 44,436
o 1 .599,880 |

|+ 6% Fngineering Fee i 35,993
GRAND TOTAL, __ 635,873

e e — ——— e
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<§E§i§i§!§ EEP\HESH\JEEEEF?H\JCB EXPERIMENT STATION

. GEORGIA INSTITUTE OF TECHNOLOGY e ATLANTA, GEORGIA 30332

CONSTRUCTION COST ESTIMATE

DATE PREPARED

SHEET

372

oF
PROJECT
HP-WHR SYSTEM
LOCATION
CONYERS
DISTRIBUTION SYSTEM
ORAWING NO. ESTIMATOR CHECKED BY
QUANTITY LABOR MATERIAL
Dictrihution SUNMARY u:?,', :EN,:,'_ ,_,p:,: T:';:L “U::':: roras rcoorsATL
Underground Piping(l) L.F - _
Inc. Pipe, Installation
Trench & Backfill
14" Dia. 1,000 2.40 2,400 13,00, 13,000
12" Dia. 6,500 2.00] 13,000 10.80, 70,200
10" Dia. 8,000 1.80 | 14,400 | '8.40| 67,200
8! Dia. 1,000 1.70 1,700 - 5.00 5,000
6" Dia. 4,000 1.45 5,800 3,25 13,000
5" Dia. 2,000 1.30 2,600 2.25 4,500
4" Dia. 8,000 1.701 13,600 1.00 8,000
3" Dia. 16,000 1.60 | 25,600 60l 9,600
2" Dia. 12,000 1.40 16,800 .20 ©,000
Baving Patch Lump 8,000
TOTALS $95,900 $196,500 $292,4Q0
+ 8% Overhead 23,392
315,792
+ 87 Profit . S _ 25,'26’3
. VU S 341,055 ]
|+ 6% Engineering Fee | 20,463
TOTAL $361,518
Deprice per foot based on } pipes|per |trency.




CONYERS HP-WHR SYSTEM
CONSTRUCTION COST ESTIMATE

DESCRIPTION: THERMAL STORAGE VESSELS - 2 EA.

45" x 45' x 20" (depth); NOMINAL CAPACITY - 600,000 GALLONS

REINFORCED CONCRETE, INSULATED, EARTH BERMED

ITEM , DESCRIPTION UNIT QUANTITY UNIT PRICE
1 CONCRETE C.Y. 694 $300.00
(IN PLACE)*
2 COVER S.F. 4050 2.00
3 INSULATION - S.F. LUMP SUM
(IN PLACE)

TOTAL - DIRECT COSTS

* NOTE - GRADING, EXCAVATION AND BACKFILL WILL BE
INCLUDED IN CENTRAL PLANT COST ESTIMATE.
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AMOUNT

$208,200

81,000

5,000

$221,300
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APPENDIX D
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CORNELIA HP-WHR SYSTEM
COMPUTER PRINTOUT
THERMAL LOAD ASSESSMENT
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CORNELIA HP-WHR SYSTEM PERFORMANCE ANALYSIS

Heating and cooling loads determined from computerized load estimates.

1.
2. Heat to distribution system (HDS) (assume end-user heating C.0.P, = 3.0)

HDS = Monthly Heat Required x (1- §l6)

3. Heat Required.from sewage effluent (HSE) (assume end-user cooling C.0.P. = 2.5)

HSE = HDS 1+ Elg) x Monthly Cooling Required

(1DCT)
= 2.5

Heat dissipated at cooling tower
3.0)

(assume end-user cooling C.0.P.
heating C.0.P.

4.

]

HDCT = 1.4 (Monthly Cooling ‘Required) - H.D.S.

(assume 30 percent extra consumption)

5. Circulating pump energy consumption:

HSE HDCT
KWH = 1.3 x 20 T] x 80 ft.
.65 efficiency x 2.65 x 105ft-1b/KWH

6. Sewage pump energy consumption (assume 10 percent extra consumption)

1.1 x [E%% x 60 ft.

KWH = s fficiency x 2.65 x 10SFt-1b/KWH

Distribution pump energy consumption:

7.
Monthly
HDS + 1.4(Cooling)
KWH = [ 10 = ] x 325 ft.
.65 efficiency x 2.65 x 10°ft-1b/KWH
8. Cooling tower energy consumption:

_ HDCT x .8 KWH/HP x 50 HP
KWH - = 9.28 x 106
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CORNELIA HP-WHR SYSTEM
DISTRIBUTION PUMP POWER REQUIREMENTS

, COOLING | HEATING ~*~
MONTH HRS K HRS KuH
JAN. i - 744 10,006.53
FEB. - — 672 6,201.19
MARCH — —- 744 4,483.79
APRIL 244 1,182.49 476 1,470.15
MAY 530 8,040.58 214 456.10
JUNE 664 17,085.05 56 103.98
TULY 744 23,814.98 e —-
AUG. 744 50,208.64 — —
SEPT. 563 12,313.34 157 29955
OCT. 276 715.49 468 1,361.80
NOV . — - 720 3,895. 64
DEC. — — 744 7,898.57
TOTALS 3765 HRS 113,360.57 KWH 4995 HRS  36,177.3 KWH
TOTAL .KWH REQUIREMENT - 149,537.87 KWH
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CORNELIA HP-WHR SYSTEM
MONTHLY PERFORMANCE ANALYSIS

HEATING cooLING HEARY  upaf® ueaf® DIST.  CIR.  SEWAGE COOLING MISC.  TOTAL Eng? TOTAL

LOAD LOAD FROM T0 DISS. @ PUMP PUMP PUMP  TOWER  EWH  CENT. PL.  USER SYSTEM

X 109 X 109 SEWAGE DIST. SYS. COOLING TWR.  KWH KWH KWH KWH  (AUX.) KWH KWH KWH
JAN. 4.6 0 3.06 3.06 0 10,007 9,237 5,862 0 800 25,906 449,262 475,168
FEB. 3.8 0 2.53 2.53 0 6,201 7,637 4,847 0 800 19,485 371,129 390,614
MARCH 3.1 14 1.87 2.06 0 4,486 5,645 3,583 0 800 14,512 319,171 333,683
APRIL 1.2 .23 .48 .80 0 2,653 1,449 920 0 800 5,822 144,154 149,976
MAY .37 1.30 0 .25 1.57 8,497 9,467 0 6,610 800 25,374 188,494 213,868
JUNE .06 - 2.80 0 .04 3.88 17,189 23,39 0 16;336 800 57,721 334,017 391,738
JULY 3.70 0 5.18 23,815 31,235 0 21,810 800 77,660 433,636 511,296
AUG. 3.60 0 5.04 50,209 30,391 0 21,221 800 102,621 - 421,916 524,537
SEPT. .17 .92 0 .11 1.17 12,613 7,055 0 4,926 800 25,394 - 124,426 149,820
oCT. 1.2 a7 .28 .80 , 0 2,077 845 536 0 . 800 4,258 160,562 164,820
NOV. 2.9 0 1.93 1.93 0 3,896 5,826 3,697 0 800 14,219 283,230 297,449
DEC. 4.5 0  3.00 3.00 0 7,899 9,056 5,747 0 300 23,502 439,496 462,998

21.9 13.06 ' 149,540 141,239 25,192 70,903 9,600 396,474 3,669,493 4,065,967

POWER REQUIREMENTS:

PERCENT OF CENTRAL PLANT - 37.7 35.6° 6.4 17.9 2.4
PERCENT OF SYSTEM - 3.7 3.5 0.6 1.7 0.2 _ 90.3
@D Btu X 109
@ END-USER HEAT PUMPS
HIG C.0.P. = 3.00
CLG C.0.P. = 2.53



CORNELIA HP-WHR SYSTEM
CONSTRUCTION COST ESTIMATES
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ENGINEERING EXPERIMENT STATION

GEORGIA INSTITUTE OF TECHNOLOGY e ATLANTA, GEORGIA 30332

OATE PREPARED

CONSTRUCTION COST ESTIMATE ' SHEET oF

PROJECY

HP-WHR SYSTEM

LOCATION

CORNELTA

CENTRAL PLANT

DRAWING NO. ESTIMATOR CHECKEOD BY
QUANTITY LABOR MATERIAL
Central Plant SUMMARY ~O. umir| peER cen TOTAL
UNITS wEas.| uNIT TOTAL UNIT TOT AL CcOoSsT
Central Heat Exch. 1 ea,| —=—= 25,000 + 100,000 125,000
Sewage Pumps 2 ea.| 2000 4,000 2,500 5,000 9,000
Circulating Pumps - 2 ea, 600 1,200 4,000 8,000 9,200
Distribution Pumps 2 ea.! 3000 6,000 4,000 28,000 34,000
| Copling Tower 1 - 9,50Q | ————-— 24,000 33,500
hemical Treatment Svstem Lump —— 500 | ————- 3,000 3,500
Control Svstem Lump —— 4,000 | ————- 8,000 12,000
Piping., Valves, etc. Lump 3,000 12,500 15,500

(Inc, Hangers & Ftgs)

 Underground Piping [ 800 ft1 9.0 7,200 6.0 4,800 12,000

Electrical Lump g7 45,000 45,000
uilding 4000 sq.ft. 1 |FT. 4 16,000 16,00 64,000 80,000
Land Acquisition Lump 3,000 3,000
‘Thermal Storage 2 ea : 298,400
| Misc. Sitework 6,000 _ 6,000
TOTALS _ : 686,100

+ 8% Overhead .| 54,888
SUBTOTAL 740,988

+ 8% Profit ' , 59,279
SUBTOTAL ' A 800,267

+ 6% Engineering Fee 48,016
GRAND TOTAL 848,283

395



ENGINEERING EXPERIMENT STATION

GEORGIA INSTITUTE OF TECHNOLOGY e ATLANTA, GEORGIA 30332

CONSTRUCTION COST ESTIMATE

DATE PREPARED

SHEET OF
PROJECT
HP-WHR SYSTEM
LOCATION
CORNELIA
DISTRIBUTION SYSTEM
DRAWING NO. ESTIMATOR . CHECKED BY
Distribution
: UNITS meas. | uniT TOTAL UNIT TOTAL COsT
Underground Pivina(l) L.F.
Inc. Pipe, Installation, .
Trench & Backfill
18" Dia. 600 2.85 1,710 19.20 11,520 13,230
14" Dia. 5,700 2.40| 13,680 13.00f 74,100 87,780
12" Dia. | 900 2.00 1,800 10.80 9,720 11,520
8" Dia. 4,680 1.70 7,956 5.00 23,400 31,356
6" Dia. 600 1.45 870 3.25] 1,950 2,820
5" Dia. 3,420 1.30 4,446 2.25 7,695 12,141
4" Dia. 6,660 1.70] 11.322 }1.00] 6,660 | 17,982
3" Dia. 2,550 1.60 4,080 .60 1,530 5,610
Paving Patch 881'1%[)' 40,000 40,000
' TOTAL 222,439
+ 8% Overhead 17,795
240,234
+ 8% Profit 19,218
259,452
+ 6% Engineerinf; Fee 1 15,567 _
$275,020
.(i?.f rice per foot based on |2 pipeg perjtrencp. | . _ |
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CORNELIA HP-WHR SYSTEM
CONSTRUCTION COST ESTIMATE

DESCRIPTION: THERMAL STORAGE VESSELS ~ 2 EA.
50" x 60' x 35' (depth); NOMINAL CAPACITY - 1,400,000 GALLONS
REINFORCED CONCRETE, INSULATED, EARTH BERMED N

ITEM DESCRIPTION UNIT QUANTITY UNIT PRICE AMOUNT
1 CONCRETE C.Y. 938 $300.00 $281,400
(IN PLACE)*
2 COVER S.F. 6,000 2.00 12,000
3 INSULATION LUMP SUM 5,000
(IN PLACE)
TOTAL -~ DIRECT COSTS $298,400

"% NOTF - GRADING, EXCAVATION, AND BACKFILL WILL BE
INCLUDED IN CENTRAL PLANT COST ESTIMATE.
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HEAT BALANCE

In most cases, heat losses or heat gain caused by radiation, con-
vection, bearing friction, oill coolers, etc., are relatively small and
may not be considered in the overall hea£ balancé, but mav be compensateq
for in the heat balénce closure allowance.

In a hermetic package, where the motor is cooled by refrigerant gas,
chilled water, or condenser water, the motor cooling load will be included

in the measured condenser load, hence:

Uy + Ay INPUT = q.
Where
9Ev = net cooling capacity of liquid cooler,'Btuh
waINPUT = electric energy input to the compreséor motor,
expressed in Btuh
9. = ﬁet heat rejected to the condenser, Bfuh

CLOSURE: THE HEAT BALANCE FOR THE TEST RUN SHOULD BE WITHIN 7.5 PER CENT.

SOURCE:  ARI STANDARD 550-77 °°

COEFFICIENT OF PERFORMANCE (C.0.P.)
The Coefficient of Performance can be calculated, for any specific

set of operating conditions, from the following formula:

- C.0.P. Total Heat Out

Heat In

‘Compressor heat + Evaporator heat
Compressor heat

Where

Compressor heat = Power supplied to unit (KWH)
x 3413 (BTU/KWH) (includes fan power)

40



‘Evaporator heat = Flow rate (1b/hr)
x Specific heat ofowater
(1.0Btu/1b-"F)

. 0
x Change in water temperature ( F)

' SOURCE: '"Demonstration of Building Heating with a Heat Pump Using
Thermal Effluent," Sector.

ACTUAL CAPACITY

The actual capacity, in tons, can be determined by the following
formula:
tons = W(Te-Tl)/lz,OOO
Where

W = flow rate of chilled water, 1b per hr

. . o
T temperature of water entering the unit, F

e

. . o
Tl = temperature of water leaving the unit, “F

NOTE: The specific heat of waterois implicit in the equation and is
assumed to be 1.0 Btu/lbm- F

SOURCE: ARI Standard 550-77.5%
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. FOULING FACTORS

Fouling factors must be obtained experimentally by determining the
values of U(overall heat transfer coefficient) for both clean and dirty
conditions in the heat exchanger. The fouling factor is thus defined as:

1 (HR - Ft° - °F)

Btu

R, = 1 .
f T -

Dirty UClean

"and the overall heat transfer coefficient, U, is defined for a simple

doﬁble-pipe heat exchanger as:

Ui = 1 (Btu -
j] A, 1In (r /r.) A, 1 hr-FtZ —OF
4 o i, 1 )
h, 2mKL A h
i : o o
Where
hi’ho = convection heat transfer coefficient
Ai’Ao = surface areas of inside tube
rer, = inner and outer radii of inside tube
K = conduction heat transfer coefficient of tube material
L = length of exchanger tubes

11

SOURCE: Heat Transfer, J. P. Holman.
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'SOURCE:

TABLE E-1
TYPICAL FOULING FACTORS

TABLE 7. Foulmg Resistances

Typical fouling resistances are referved to the surface on which they occur. n

the absence of specific data for setling proper resistances the user may be guided

by the values tabulated below.

Water
Temperature of Heating Medium Up to 240°F 240-400°F
Temperature of Water 125°F of less Over 125°F
Watcr velocity Water velocity
;r fW ’ ft/sec ft/sec
Hypes of Rater 3ft | Over | 3ft | Ower
and less 3fi and less If
Sea water 0.0005 { 0.000S | 0.00) 0.001
Brackish water 0.002 0.001 0003 - | 0.002
Coolirig tower and arrificial spray pond ‘
" Treated makeup 000} | 000} | 0002 | 0.002
Untreated 0003 {0003 | 0005 | 0.004 -
City or well water (such as Great Lakes) | 0.001 0.001 0.002 ¢ 0.002
Great Lakes 0.001 0001 | 0002 | 0.002
River water i
Minimum 0.002 0.00t 0.003 0.002
Mississippi 0003 | 0.002 | 0004 | 0.003
Delaware, Schuylkill 0003 | 0002 | 0004 | 0.003
East River and New York Bay 0.003 0002 | 0004 0.003
Chicago Sanitary Canal 0008 | 0006 | 0010 | 0.008
Muddy or silty 0003 | 0002 | 0004 | 0003
Hard (over 1§ grains/gal) 0.003 0.003 0.005 0.005
Engine jacket 0.001 0.001 | 0.001 0.001
Distilled 0.0005 | 0.0005 | 0.0005 | 0.000S
Treated boiler feedwater 0.00) ‘0.0005 | 0.001 0.001
Boiler blowdown 0002 {0002 | 0002 | 0.002

*Ratings in columns 3 and 4 are based on a temperature of the heating medium
of 240-400°F . If the heating medium temperature is over 400°F and the cooling
medium is known to scale, these ratings should be modified accordingly.

404

Handbook of Heat Transfer, W.M. Rohsenow and J.P. Hartnet
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SAMPLE CALCULATION: HEATING MODE

Reference is made to Figure 3-1 and the equations and procedure outlined

in the analysis section (See 9.4.4).

DATA:
Tfi =" temperature of effluent entering the evaporatbr of the central
heat pump = 60°F
Tfo = temperature of effluent leaving the evaporatbr of the central
heat pump = 50°F
T 1= temperature of water entering the evaporator of the énd user
€ heat pump = 80°F
Te2 = temperature of water leaving the evaporator of the end user
heat pump = 70°F
T . = temperature of water entering the condenser of the central
Cl [}
heat pump = 70°F
T 9 = temperature of water leaving the condenser of central unit
€4 = 80°F
COP of the end user heat pump = 3.035 (from Fig. 9-5)
COP of the central heat pump = 6.991 (from Table 9-3)
Q = design heating'loadA= 55,000 Btuh = Q = end-user load of the
house based on 75°F inside and -20°F Sutside.
ch = energy input to compressor of the end user heat pump =
Qc,(end user unit) = 55,000 = 18121.9 Btuh
COP 3.035 Btuh :
" . . _ cop - 3:035
Heat reJectlon‘factor HRF = COP-0.97 3.035-0.92
HRF = 1.435

Heat absorbed in the evaporator of the end user heat pump Qe (end user

55,000 = 38327.52 Btuh
- =2 -
heat pump) 1.435 A

Heat rejected in the condenser of thc cenlral station heat pump = Q
(end user heat pump) = 38327.52 : ‘e
Work input to compressor of the central station heat pump: wéc = égéégiég =

5482.41
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Total compressor energy input: ZWC = wce + ch = 23603 Btuh

PUMPING ENERGY:

Mass rate of flow of water through the evaporator of the end user

unit = M_ Ah (end-user heat pump) =M _C (80-70) = 38327.52
W w pw

Where .
C = 1.00
pw
Moo= 3832.75 1lbm/hr

The same mass flows through the cundenser nf the central heat pump.

MASS RATE OF FLOW OF EFFLUENT:

HRF (central heat pump) = %;g%%iifjff = 1.152
. . 38327 _
Heat extracted from the effluent in the central station = 1.152 33269.97

y _ _33269.97 _ '
Meff mass rate of flow of effluent = Tx 10y - 3327.00 1lbm/hr ..
Meff = 3327.0 lbm(hr

For these mass rates of flow the pumping energies for water flow through
the condenser of the central pump, evaporator of the end user heat pump
and the effluent pump were calculated, using the procedure outlined in
tﬁe analysis section and the information given in References 5 and 7.

= Total energy input to the system: LW + IW + other losses
¢ (Leakage, thermal, etc.)

Esystem

It is noted that the pumping energy (827. Btu/hr) is 3.5% of the
compressor input. Increasing the pumping energy by 407% (to allow for
other losses) would bring it to 4.92,(0r 5% approximate).

Total energy input to compressor = 23,603.00 Btuh.

5% of compressor energy = 1180.00
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Total energy input to system = 24,783.00 Btu/hr = ESystem

55,000
24,783.

COP system

2.219
NOTE: If in an actual system the pumping energy and othet losses is

107 of the total energy input to compressor, then system COP
would become 2.118 - a reduction of 4.55% in the COP system.

409



SAMPLE CALCULATION: PUMP ANALYSIS

In the proceés of raising the pressure (or hegd) of the distribution medi
(water or clarified effluent), energy is consumed by the pump. The‘energf added
to increase the pressure increases the enthalpy of watéé'resuiting in an increase
of temperature. . Sincé heat transfer from the-pump casing is negligible, inefﬁi—
ciencies due to frictional losses in the pumping'processlténd to increase'the
temperature of the fluid. Pumping energy apd the temperature inérease of water

during the pumping process is relatively small as shown in the following analysis:

I/ 157 2 LR VYR T30 0-1)
p n ' 778 1bm
Where
Vf = Specific volume of water at its temperature (which)
is almost a constant over the temperature range)
= . . 1bm
P1 P2 = Inlet and exit pressures respectively, INZ
b
Wp =  Work input to pump
np =  Efficiency of the pump
Also energy balance around the pump yields
q+h = wp~+ h, (D-2)
- (Wp) = h2 - h1
For example, for a pressure rise of
PZ—P1 = 100 psi; water entering at 80°F, Vf = 0.01607 ft3
1bm
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and assuming pump efficiency of 70%, we have from equation (D-1):

- W_ = 0.01607(100)(144) = 330.58 ft-1bf
P .70 Tbm
or . - W = 330.58 = 0.425 Btu
P 778 1bm
Also, the enthalpy increase, (h2 - hl) = (W) = 0.425 Btu
» P 1bm
The temperature rise of water = Cp (Tz—Tl) - hz—h1 = 0.425
Where C = gpecific heat of water = 1.00 Btu
' P Ibm F.

(D-4)

The temperature rise of water during the pumping process is therefore approxi-

mately 0.425°F for a pressure increase of 100 psi.

411



SAMPLE CALCULATION OF ANNUAL ENERGY CONSUMPTION

Reference is made to the ASHRAE Systems Volume; 1976. (Ref. 49).

a. Conventional Fuel:

For 407 oversiéed furnace, Cf = 1.79
Assumed‘rated efficiency; Eff = 0.75
HL = Heéting Load ‘= 55,000 Btuh

CD’ For Northwest Central Region

= 0.57 (Degree Days = 8238,

™ = (75 - (=20)) = 957F%
(HL X DD X 24)
EHeatimg = TD X Eff. CD X CF

= 155.717 X 106 Btu

b. Air to Air Heat Pump:

Cp = 1.0
EHeating = (HL X DD X 24 CD
™ X COPSeasonal
oP for N.W. Central Region = 1,382
Seasonal
CoP for S. Atlantic Region = 2,220
Seasonal
For the Northwest Central region with C.O.P. = 1.382
: Season
6
= .2 10" Btu/yr
EHeating 47< x u(y
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