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Abstract 
District heating combined with the cogeneration of 

electric power and thermal energy, has been used 
successfully in Europe for many years. Due to economic 
and institutional barriers, the concepts of district 
heating and cogeneration have not been applied on a 
large scale in the United States. 

The city of Piqua, Ohio is currently considering the 
retrofit of its municipally-owned electric power 
generating plant to provide thermal energy for dis
tribution to the town's homes, businesses and industries. 
Power plant modifications will allow a significant 
portion of the thermal energy to be produced in the 
cogeneration mode. 

This paper explains the concept, project plant and 
community, and presents initial performance analyses 
of the proposed retrofit schemes. A description of the 
methodology used for analyzing community thermal 
loads, distribution schemes, and power plant retrofit 
options are also discussed. 

Introduction 
Conventional community heating and cooling 

systems use high-grade energy sources such as natural 
gas or oil burned directly in home heating equipment, 
or they use electricity generated at source efficiencies 
less than 40%. One way to improve the utilization 
efficiency of high-grade energy sources is to use waste 

( Editor's Note: Our appreciation to the Conference sponsors, and the 
author.for granting reprint permission.) 
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heat from high-quality energy processes to satisfy 
lower quality requirements. The effect is to degrade 
energy quality in a cascading arrangement, so that the 
highest quality energy is not used to satisfy low-quality 
needs. 

In the case of a community energy system, it may be 
possible to utilize waste energy streams from a .com
munity's industries, electric generating plants and other 
high-grade energy users, to satisfy portions of the 
community low-grade energy needs such as space 
heating. Waste heat utilization schemes such as this 
would lessen the requirements for new high-grade 
energy sources, and improve the energy utilization 
efficiency of the resources currently consumed by 
high-quality energy users. 

The concept of district heating and cooling through 
the distribution of thermal energy has been proven 
effective through many years of utilization in the fuel
resource-poor Scandinavian countries. Those district 
heating systems have been developed over the period 
of many years, beginning as early as the l 920's, as 
the major metropolitan areas in those countries 
developed. In order to apply district heating technology 
to cities in the United States, however, the need for an 
extensive retrofit approach is obvious. 

An attractive source of energy for distribution via a 
district heating network can be derived through the 
cogeneration of electric and thermal energy. Thus, the 
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extensively developed power generation system in the 
United States can be viewed as a huge and heretofore 
untapped thermal energy source, if the appropriate 
retrofit approach can be developed. A major technical 
focus of the Piqua study was to analyze an existing 
power plant in order to determine the most efficient 
modifications, so that it would serve as the district 
heating system thermal energy source, utilizing the 
cogeneration concept. 

Demonstration Team 
The goal of the Piqua, Ohio District Heating and 

Cooling Demonstration Project is to demonstrate the 
feasibility and efficiency of using cogenerated thermal 
energy from the City's Municipal Power Plant to 
provide community thermal needs. Specific milestones 
of the program include (I) analyzing and evaluating 
the technical, economic, market and institutional 
feasibility of supplying cogenerated thermal energy to 
the City's customers (2) evaluating alternative power 
plant and distribution system retrofit schemes (3) 
implementing feasible retrofit solutions, and (4) 
technology transfer which will promote efficient 
utilization of scarce energy resources through the use 
of cogenerated electric and thermal energy by com
munities. 

In order to accomplish the work program and 
assemble a framework by which remaining phases 
could be carried out, the City assembled a team to 
conduct the technical portions of the work. The team is 
comprised of the Georgia Institute of Technology's 
Engineering Experiment Station for technical evalua
tion of power plant retrofit schemes, thermal distribu
tion systems, and end-user retrofit. Georgia Tech also 
provides support on technical and public information 
issues related to marketing and institutional matters. 

Market analysis, financial planning and assessment 
of institutional barriers are carried out by the consulting 
fi rm of Hanselman, Eskew and Associates of Dayton, 
Ohio. The Piqua Municipal Power System staff; and 
the Piqua Law, Finance and Public Works Depart
ments; also contributed heavily to the planning and 
evaluation efforts of the initial phase. 
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Characterization: Community and Power Plant 
The City of Piqua is located in the midwestern region 

of the United States, in southwestern Ohio. It is 
approximately 30 miles north of Dayton on adjacent 
Interstate 75. 

Piqua owns and operates its own municipal electric 
power system. The power plant is located in the south
western corner of the city, one mile from the central 
business district, and is adjacent to a well-developed 
residential and industrial sector of town. 

Since Piqua owns and operates its own Municipal 
Power System, the system's operation is subject to the 
City Charter and the City's Code of Ordinances. The 
Municipal Power System is not subject to statutory 
regulation or control of the State of Ohio. 

The absence of multiple regulatory agencies, 
coupled with municipal ownership and the close 
proximity of the thermal energy source to a large 
potential thermal load in the residential and commercial 
sections of town, make Piqua an ideal choice for the 
demonstration of district heating through power plant 
retrofit. 

The citizens of the City voted in 1933, to establish 
and operate a municipally-owned electric system. The 
original power plant was erected as a competitive 
plant without a single customer, yet by 1936 it had 4242 
customers. The original building contained two steam 
generating units, each with a capacity of 50,000 lb of 
steam per hr and two 4000 kw turbo-generators. Sub
sequent additions have brought total plant capacity to 
695,000 lb of steam per hr, and 50,500 kw per hr. In 
addition the system owns and operates a 20,000 kw 
combustion turbine used to supply peaking load and 
as a back-up for the steam-electric units. 

Until mid-1975, the Piqua system operated with no 
connections to neighboring utilities. In June of that 
year, the electric system completed an intertie with the 
Dayton Power and Light Company. Each system may 
purchase power from the other, to the extent that the 
other party is willing. Fig. l is a floor plan of the Piqua 
Plant. 

Fig. I- Operating floor plan. 



Power Plant Retrofit 

The six steam generators (boilers) and seven turbine
generator units of the power plant are segregated into 
two independent systems within the plant. Steam gen
erator units one through five (combined capacity 
480,000 Ihm/hr), along with turbine-generators one 
through six (combined capacity 30,500 kw), comprise 
what is referred to as the "low-pressure (400 psig) 
system." Steam generator unit six and turbine-generator 
unit seven are referred to as the "high-pressure (850 
psig) system." All units in the plant operate on the 

· Rankine thermodynamic cycle, modified with superheat. 
Significant headering of the main steam generating 

units and cross-connection of system piping in both 
systems, present a number of possibilities for integration 
of the plant with a district heating system. This type 
of arrangement is not always the case with large base
loaded power plants. 

In order to determine a baseline level of performance 
for the plant from which comparisons of the various 
cogeneration cycle efficiencies could be drawn, a heat 
balance analysis was performed. For the preliminary 
feasibility study, a rigorous heat balance conforming 
to the ASME Power Test Codes was not necessary. It 
was found that an approximate analysis based upon 
existing plant records, and manufacturers' equipment 
recommendations, was suitable. The purpose of the 
heat balance was to estimate performance of the overall 
plant and its individual systems, rather than to 
determine the exact performance of the major com
ponents such as the steam generators or the turbine
generator units. Utilizing the results of the system heat 
balance, thermal efficiencies were calculated for the 
turbine-generators and found to be 27.0 to 35% with 
the existing condensing-type of operation. By com
parison, thermal efficiencies for cogeneration operation 
can reach 90%. 

The system's 20,000 kw combustion turbine, used to 
supply peak electrical loads, operates at an approximate 
efficiency of 21.0%. Its effect is minimal since it operates 
less than 600 hours per year. 

Examination of the plant and systems layout provided 
several opportunities for producing thermal energy 
while cogenerating electricity. The first and most 
obvious option is to increase the utilization of the 
steam output by an existing 1000 kw back-pressure 
turbine installed in the plant. This option involves 
redirecting the steam output from this turbine through 
-a series of heat exchangers for the purpose of generating 
hot water. It is anticipated that the most effective and 
most flexible way to achieve this configuration would 
be to cross-connect the turbine exhaust with a steam 
supply header for the heat exchangers. Thus, with 
minimal modifications, a district heating energy supply 
would be put in service with the existing turbine and 
supply 50.152 x 106 Btu/ hr to the district heating 
system, in addition to supplying the rated electrical 
load of IOOO kw. 
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Fig. 2-District heating system. 

Options Two and Three are functionally the same, but 
are accomplished through different approaches. Each 
option would involve reconfiguring one of the re
maining operational units on the low-pressure system. 

Option Two would provide a steam source for the 
district heating system by modifying the existing con
densing turbine No. 6 to exhaust steam at approximate
ly 10 psig. With the appropriate modification to turbine 
No. 6 and the installation of heat exchangers to utilize 
the low-pressure steam exhaust from the modified unit, 
Option Two will provide thermal energy to the system 
at the rate of 122.99 x I06 Btu/hr at peak load con
ditions. The rated electrical capacity of unit six would 
be reduced by approximately 42%, down to 5779 kw 
from 10,000 kw. The ratio of thermal energy made 
available to electric energy sacrificed is 6.8 Btu (thermal) 
per Btu (electric). 

Option Three would provide a steam source for the 
district system by replacing the existing condensing 
turbine No. 4 with a new back-pressure unit. Steam 
supply from this option would be approximately 15 
psig. This approach has an advantage over the modifica
tion approach taken in Option Two by avoiding the 
sacrifice of electricity production while making avail
able thermal energy to the system. The new unit, 
specified for compatibility with the district heating 
system, would deliver the rated electrical load of 
10,000 kw in addition to providing thermal energy. 
Thus, the turbine addition and heat exchanger system 
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proposed as Option Three could deliver thermal energy 
at a rate of 163.70 x IO Btu/hr. 

Option Four would involve specifying, designing, 
and constructing a new 30 MW cogeneration unit for 
installation in a bay in the south end of the power 
plant. This turbine unit would be specified with three 
uncontrolled extractions for feedwater heating, and 
two variable extractions provided specifically for the 
cogeneration of thermal energy for the district heating 
system. The unit would have the advantage of being 
able to vary electrical output and steam flow to the 
district heating system. Also, portions of the capital 
expenditure for the construction of such a unit could 
be allocated to improvement of the electrical plant, 
since an expansion of electrical capacity is required at 
some point in the study period, even if a district 
heating system is not installed. The construction of 
Option Four would provide thermal energy at a rate 
of 236.155 x 106 Btu/hr. 

In light of the numerous options available as thermal 
sources within the plant and considering the market 
growth potential within the community for thermal 
energy, a phased approach to system construction 
encompassing each of the four "hardware options" 
was developed. This phased construction plan formed 
the basis for the construction cost estimates and time
table for in-plant modifications. The phasing provides 
for immediately utilizing the thermal supply capacity 
of Option One and the expansion of the in-plant system 
to accommodate Options Four, Three, and Two, in 
order, as thermal demand grows. 

For the purpose of our analyses, initial system con
struction is scheduled to start at the beginning of I 981, 
and undergo a two-year construction/ start-up period. 
Commercial service will commence in 1983. Construc
tion for Phase II is scheduled to start in 1984, with the 
new expansion to commence operation in 1986. Phase 
III and IV are scheduled for 1991 and 1994 respectively. 

The integration of a phased power plant retrofit for 
thermal energy supply and the staged growth of a 
district heating system, requires innovative planning 
which will allow system expansion and flexible op
erational capability to meet varying thermal and 
electrical loads. Reliable service to all customers 
must also be assumed. 

To provide for this strict set of criteria, a primary
secondary pumping arrangement is envisioned for the 
thermal system interface. This arrangement allows the 
main distribution pumps to cycle with varying system 
loads, and provides for the addition of heat to the 
distribution circuit through heat exchangers operating 
at varying temperature ranges. Each heat exchanger 
circuit may be cycled with its respective turbine
generator unit in response to electrical and thermal 
load variations, or may be taken out of service for 
maintenance without disturbing the main distribution 
system. 

Peaking conditions may be met with high-tempera-

DISTRICT HEATING • OCTOBER-NOVEMBER-DECEMBER 1979 

ture heat exchangers supplied directly from the steam 
generators. Peaking units will be located immediately 
next to supply water exit from the plant. Fig. 2 is a 
simplified schematic of the district hot water supply 
system/power plant interface. 

Analysis: Power Plant Operation 
The operational analysis was performed on monthly 

load data using a computer simulation. For dynamic 
response of the power plant to the changing thermal 
and electrical loads, a reasonable representation of the 
coincident daily thermal and electrical load cycles was 
made using a finite integral technique. The simulation 
procedure analyzed 24 periods per month for the 12 
months of each year of the study period. Once con
current thermal and electrical loads for each period were 
estimated, the simulation satisfied them using the power 
plant's equipment in the most efficient manner. 

Several unique considerations were included in the 
analysis of the Piqua plant's load dispatch. These 
include (1) maintaining an interconnect agreement 
with the Dayton Power and Light Company and (2) 
multiple boiler and turbine sets with interconnecting 
steam header situations allowed peak heating loads 
to be satisfied with excess available capacity in coal 
boilers in lieu of going to an oil-fired peaking system. 

Thermal Distribution Network Schemes 
The thermal transmission and distribution system 

must be capable of conveying the thermal energy 
produced in the cogeneration plant to consumers 
economically and efficiently. The final choice of a 
piping system to carry the transport media depended on 
the space heating and cooling requirements, the service 
hot water requirements, the transport media (chilled 
water, hot water or steam), and on total cost considera
tions. 

In the case of Piqua, a study of heating and cooling 
loads revealed that cooling loads are relatively low. 
From this information, it was concluded that separate 
chilled water lines were not economically feasible. 
Further, it appeared the advantage of three or four
pipe systems that might be considered in new situations, 
cannot be realized in retrofitting an existing community 
due to increased piping costs. 

Consequently, a two-pipe hot water heating system 
was selected to provide a heating medium only. By 
using separate heat exchangers at each consumer loca
tion, the main hot water supply also provides domestic 
hot water needs and may serve as an energy source for 
absorption water chillers. 

Piping system configuration is designed to minimize 
capital investment costs, the thermal losses from the 
piping network, and the energy required for pumping. 
In addition to these factors, allowance is made for 
future increases in heating demand; and for the ex
pansion of the network, since there will not be 100% 
penetration of the market in the initial stages of 
development. 
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Piping Distribution System Cost Estimates 
The most significant single cost component of the 

district heating system is the thermal distribution 
system. This component consists of trunk distribution 
piping, distribution mains and branches within each 
service zone, and run-outs from the distribution mains 
into the community's buildings. The significance of 
the total distribution system cost is emphasized by 
European experience, where distribution costs may 
range from 50 to 70% of total district heating utility 
capital costs. 

In order to estimate total system costs in any given 
year, the total distribution system was estimated in 
three components (l) trunk piping system (2) dis
tribution and branch networks within a zone, and (3) 
run-out piping from the distribution mains to the end
users. All piping system costs were estimated using a 
preinsulated, direct-buried piping system. 

-NORTH 
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CITY OF PIQUA 
DISTRICT HEATING SYSTEM ..,.,J 
PROPOSED DISTRIBUTION MAIN LAYOUT -_l 

----- J INITIAL DISTRIBUTIONC::,! 

Determination: Initial Service Area/System 
Growth Estimation 

For the district heating system to be successful both 
technically and financially, it was anticipated that the 
initial service area needed to be composed of those zones 
providing the greatest thermal energy load per unit area. 
In that manner, thermal energy supplied to end-users 
could be made more cost effective by low initial 
investment in a piping distribution system. 

It was also anticipated that the higher density zones 
would prove the system more favorable, and that the 
positive impact of success in those zones would 
promote other subscribers to district heating in the 
immediate future. In essence, the initial service zones 
were chosen so that the system would have the best 
possible chance of economic success. 

In the initial service area, the significant milestone 
which must be reached is the installation of the first 

Fig. 3-Initial distribution mains and sen'ice areas. 
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major trunk distribution piping main from the power 
plant to a point on the north side of the city adjacent 
to the Miami River. The terminal point of this line 
was deemed a pivot point from which the distribution 
system could be expanded to meet additional loads 
and respond to the market for thermal energy. This 
pivot point becomes the key point from which future 
distribution mains and transmission lines are e~tended. 
The initial distribution trunk lines and service areas 
are presented in Fig. 3. 

Thermal/Electrical Load-Duration Curves 
Monthly load-duration curves for the plant's 

electrical and steam output were derived from the 
system distribution records. Temperature-dependent 
space heating loads were estimated using temperature 
duration data for the Piqua area. Along with estimated 
domestic water heating requirements and thermal 
losses from piping distribution systems, all loads were 
summed to predict load duration curves for the 
community. Samples of monthly electrical and temper
ature-dependent thermal load duration curves are 
presented as Figs. 4 and 5. 

Long-range electrical load projections were somewhat 
uncertain for the Piqua system, due to unstable growth 
patterns in the last five years. Due to a reduced electric 
energy consumption pattern such as that shown in 
trends during 1973-1976, the study team elected to 
choose a conservative 3% annual growth rate for the 
base case of the study. 

Projections on thermal system growth during the 
study period were based on market penetration pro
jections, and growth due to new construction. Market 
projections indicated that the system should begin 
with a small service area to establish credibility. Once 
a viable system was established, a rapid growth rate 
was predicted for several years due to new retrofit 
subscribers. The entire system was estimated to reach 
a full service area build-out by the year 2000. 

Energy Market Analysis 
Installing a thermal distribution network, and 

assuming consumers would subscribe, was obviously an 

600 700 HRS 

Fig. 4-Monthly electrical 

load-duration curve. 

unacceptable marketing approach. Test marketing 
was also out of the question since system costs are 
substantial. An empirical approach to estimating the 
market for thermal energy was therefore necessary. 
For the Piqua study, multivariate analysis was used to 
forecast, in advance, the consumer response to thermal 
utility service for space heating and cooling and other 
energy needs. 

Determining the market penetration for district 
heating and cooling involves the identification of the 
perceptual dimensions of the market, and how energy 
consumption decisions are made by various market 
segments. From this knowledge, insights are obtained 
into the nature of market penetration and can lead to 
product marketing strategy. 

The first step in the market analysis process was to 
determine meaningful variables with which to measure 
the characteristics and perceptions of potential end
users. To this end, public opinion questionnaires were 
designed specifically as input. While different question
naires were used in each market segment, the analyses 
of each employed the same methodologies and decision 
criteria. 

Commercial and residential questionnaires were 
designed to inventory existing heating/cooling system 
types and ages, demographics, and a variety of other 
attributes. Factor analysis, a descriptive statistical 
technique, was used in the analysis to summarize the 
large number of questionnaire items into a concise 
body of information used as input into a discriminant 
analysis. 

The specific factor analysis objectives were to 
establish functional relations between variables, pro
duce a more parsimonious description within the study 
domain, test theories about interrelationships between 
variables, and to categorize people or businesses into 
groups. All characteristics were subsequently used as 
input into discriminant analysis which determined the 
extent to which the market could be segregated into 
"willing, unwilling, and unsure" subscriqers. The re
sulting figures, barring unforeseen technical abatement, 
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were employed as initial market penetration rates on 
the zone and study-wide level. 

Industrial market penetration was found to be in
fluenced by technical and economic facets, which, with 
the exception of cost per Btu, are not consistent 
decision criteria across the industrial community. This 
necessitated viewing the industrial market for thermal 
energy in Piqua as a heterogeneous population lacking 
parsimony in energy loads and service requirements, 
product mix and business nature. 

Interface with End-Users 
A criteria for the design and operation of building 

systems connected to the district heating system was 
established, in order to obtain maximum utility from 
the district heating system, minimize overall costs, and 
provide for the safety of building occupants. The 
criteria used in Piqua was (1) energy from the district 
heating system will be exchanged on the end-users' 
premises through a water-to-water heat exchanger (2) 
sufficient pressure differential will be provided between 
the district heating mains to force water through a 
reasonable series of valves, metering devices, heat ex
changers, and associated equipment without the need 
for additional pumping (3) the water returned from 
building systems to the district heating system must be a 
minimum of 80 F cooler than supply water temperature. 

In general, the interface between end-users and the 
district system will be accomplished by packaged 
heat-exchanger units. Once the interface is accomplish
ed, normal H.V.A.C. design practice will be followed 
inside the building. 

Scarce Fuel Conservation Potential 
The district heating system and power plant retrofit 

for cogeneration, offers Piqua a significant opportunity 
to alter energy use patterns within the community and 
to conserve scarce fuels. In Piqua's case, all end-users 
within the service area would normally rely on natural 
gas or electricity for the energy needs which could be 
supplied by the district heating system. 

In order to evaluate scarce fuel conservation 

18 

Fig. 5-Annual electrical load-duration curve. 

.... 
potential, the operational analysis data generated by 
our computerized load simulation of the power plant 
under the conventional configuration and the cogen
erating configuration was used. 

The energy consumption for gas-fueled appliances in 
the conventional plan was determined for the heating 
requirements projected by the computerized load 
estimate. An efficiency factor of 65% was used fo r 
combustion equipment. 

A comparison of fuels consumed in the initial year 
of system operation ( 1983) and final year (2000) is 
presented in Table I. 

TABLE I 
Annual Fuel Consumption 

Conven- District 
tional Heating 

System System Net Savings 
( 109 Btu) ( 109 Btu) (109 Btu) 

1983 (Initial) 2957 2466 491 

2000 (Total service area) 6861 6010 851 

Legal/Institutional Issues 
The institutional and legal assessment of the City of 

Piqua and its Municipal Power System concluded that 
neither is subject to most of the laws which govern 
private corporations and investor-owned utilities. This 
environment influences nearly all legal, ownership, 
institutional, and financial issues which are subject to 
consideration in Piqua's District Heating Feasibility 
Analysis and Evaluation. 

Legislative authority with the city is vested in a five
member Commission. The Commission enacts or
dinances and resolutions to provide for services, tax 
levies, appropriations of money, borrowing money, and 
licensing and regulating those engaged in business and 
trade. The presiding officer is the Mayor who is 
elected by the Commission from among its members 
for a four-year term and serves as head of the City for 
all ceremonial purposes. The Commission also has 
authority over the Municipal Power System. 
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The net result of the legal and institutional assess
ment was to conclude that there are no legal or in
stitutional barriers to prevent implementation. The 
municipal status of the power system aids greatly to 
lower barriers normally facing privately-owned systems. 

Economic Analysis 
It was obvious from the start of the project that the 

economic viability of the project would rest with the 
ability of the demonstration team to negate the heavy 
debt service implications of a capital intensive district 
heating system. The solution was to stage capital 
expenditures as close as possible to market demands and 
plant utilization. Unnecessary capital expenditures 
prior to actual needs would unduly penalize revenues 
generated from current subscribers. 

The demonstration team's analysis recommended that 
implementation be staged in small incremental invest
ments in power plant equipment and distribution 
system. Financing of the system's components would be 
accomplished through the sale of Municipal tax-exempt
revenue bonds. Low interest rates available through 
municipal financing proved extremely beneficial. 

End-user system retrofits comprise a substantial 
cost component of the system. Financing of these 
retrofits was assumed to be through short term com
mercial loans. Lending institutions expressed interest 
in lending money and supporting the project; however, 
local lenders will not be able to make all loans in 
support of end-user retrofits due to household/business 
financial conditions. For this reason, other sources 
of financing are being analyzed as alternatives to end
users. Several of these are: 
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-Tax credits/incentives 
-Low interest loans for residential retrofit (i.e. FHA) 
-Low interest loans for commercial retrofit (i.e. 

Small Business Administration) 
-Basic or matching grants (i.e. CDBG) 

Life cycle cost analyses were performed to determine 
the economic benefits which might accrue to the 
community from the district heating system. The results 
indicate a favorable life cycle benefit to the community 
under a wide range of economic conditions. 

Since the district heating scheme essentially replaces 
natural gas as the primary heating fuel, it is extremely 
sensitive to the relative prices of natural gas and coal. 
Fig. 6 is a graphical representation of the Piqua system's 
sensitivity to various fuel prices. 

Summary 
The concept of district heating through power plant 

retrofit was found to be technically feasible and to 
accrue economic benefits to the community of Piqua, 
Ohio. The concept appears especially promising for 
implementation by municipal electric generating 
systems due to decreased legal, institutional and 
financing problems, but may also be promising for 
other types of urban power generating stations. Wide
spread implementation of the concept on a national 
scale will require substantial financial commitment, 
acceptance of temporary construction and retrofit 
inconvenience, and a changing of energy use patterns. 
The benefits of district heating through power plant 
retrofit include more efficient use of primary energy 
resources, stabilization of energy prices, and decreased 
dependence on scarce fuel sources. 
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Packaged heating/cooling systems reported to save on 
initial installed cost and require less floor space than 
comparable field-erected components. Shop-fabricated 
and assembled including heat exchangers, internal 
valves and piping, controls and instrumentation, 
mounted on structural steel base, pre-shipment tested. 
Uses plant steam as primary heat source. 
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