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FOREWORD 

The Department of Energy (DOE) and the Department of Housing and 
Urbart Development (HUD) are jointly initiating a new program to stimulate 
the development of district heating systems in a number of U.S. cities. 
The program is intended to promote district heating in combination with 
cogeneration and use of domestic fuels to conserve energy and save 
scarce fuels. 

A number of cities already have district heating systems, but many 
of the systems are old and in danger of being abandoned due to high 
fuel costs and system inefficiencies. The creditability of modern 
district heating in this country requires that the old systems be 
upgraded and expanded to demonstrate their utility and economic viability. 
Prior to initiation of the anticipated new program in 1980, HUD has 
instructed the Oak Ridge National Laboratory (ORNL) to provide direct 
assistance for cities and utilities interested in rescuing their old 
district systems. ORNL has formed a team of staff and distinguished 
consultants to provide technical and financial advice for at least 
four cities with distressed systems. Oak Ridge National Laboratory will 
prepare a written report on each city which may be used in applying 
for an Urban Development Action Grant from HUD, hiring an engineering 
finn, or taking other actions necessary to revitalize the district 
heating system. 

xi 





ABSTRACT 

The district heating system a.f Rochester, New York was founded in 

1889 and prospered for the first seventy years. The steam system grew .,, 
in conjunction with the electrical service and became accepted as the 
preferred service for new buildings in downtown Rochester. In 1963, 
the system was the fourth largest in the U.S. and had a peak hourly 
sendout of 390 MW(t). The system served 621 customers and was growing 
steadily. Since 1963 there has been a loss of about 320 customers and 
the system's peak sendout has been reduced to 275 MW(t) in 1979. The 
loss. of customers appears to be a combined result of a massive urban 
renewal program and the high price of steam. The urban renewal program 
removed many of former steam customers which have not been replaced. 
The increased cost of steam can be attributed to the increased cost of 
oi.l, the system's prime fuel. The system was originally designed, 
constructed, and operated on coal until the early 1970's. With federal 
legislation on emission and air quality regulations, Rochester Gas and 
Electric (RG&E) converted the pulverized coal-fired boilers to oil and 
natural gas. The system is presently earning a very low rate of return 
and there is the possibility of abandonment of the business. 

Three options have been proposed to assist in making the system 
viable in order to serve the city and also to make it an attractive 
business venture. Two options represent potential short-term solutions: 
(1) conversion of a coal-fired unit to cogeneration and (2) building a 
municipal incinerator operated on refuse derived fuel. Both options 
would lessen the district heating system's dependence upon oil and 
scarce fuels. The third option is a long range strategy to develop hot 
water heat islands adjacent to the downtown system. The successful 
development of heat islands would represent the first growth nodes for a 
major new. district heating system in Rochester. The Department of 
Housing and Urban Development Action Grant funds could possibly be used 
to assist in implementing the three options. All of the options demon­
strate potentially significant scarce fuel savings. 

xiii 





1 . INTRODUCTION 

Our society puts a high priority on the heating of our buildings 
and homes, and demands that the space heating energy be available. There 
is also a strong desire to maintain a stable price. Currently, space 
and water heating combined accounts for about 20% of the total U.S. 
energy demand. Furthermore, over 90% of these requirements are supplied 
by oil and natural gas, fuels which are subject to rapid escalation. In 
addition, our increasing dependence on foreign oil threatens our national 
security and economic stability and adds significantly to the U.S. 
international trade deficit. District heating, which can use more 
plentiful domestic fuels, can result in more stable prices and greater 
national self-sufficiency. 

District heating is a process in which thermal energy from a 
central source is distributed to conmercial, industrial, and residential 
consumers for space heating and domestic water needs. The heat energy 
is distributed from a central plant to individual buildings by either 
steam or hot water pipelines. Buildings connected to the district 
heating system extract thermal energy from it rather than use fuel 
directly in boilers located in each building. Plants can be built 
for a district heating system that can use a variety of available 
domestic fuels including coal, nuclear energy, and refuse. There is 
also the possibility of thermal energy being supplied from industrial 
waste heat, solar energy, and geothermal sources. 

The Department of Energy (DOE) and the Department of Housing and 
Urban Development (HUD) are jointly initiating a new program to stimulate 
the development of district heating systems in a number of U.S. cities. 
Both departments recognize that modern forms of district heating can 
bring about major social, economic, environmental, and energy benefits 
to many U.S. cities. Analytical investigations indicate that district 
heating is a viable concept capable of serving the thermal energy needs 
of a significant portion of the county. From a national energy perspec­
tive, district heating appears to be the most practical alternative 
for converting the existing heating systems of a vast number of urban 
buildings to more plentiful domestic fuels and renewable energy sources. 

1-1 
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Recognizing the need to conserve scarce fuels, reduce the importa­
tion of foreign oil, and provide a means for upgrading and assisting in 
the restoration of existing cities, the Department of Housing and Urban 
Development has instructed the Oak Ridge National Laboratory to provide 
direct assistance for cities and utilities interested in rescuing their 
old district heating systems. The Department of Housing and Urban 
Development views the restoration of district heating systems as a 
strategy for revitalizing many distressed urban areas. District heating 
offers the long range potential for supplying the energy needs of com­
mercial and retail establishments, thus maintaining the value and 
desirability of existing buildings in metropolitan areas. District 
heating offers the advantage of providing the urban business community 
with a competitive edge on space heating utility rates. With the 
expectation of ever increasing cost and uncertainty of fuel supplies, 
a viable and economically competitive district heating system could 
serve to draw commercial businesses back into urban core areas with a 
minimum of physical disruption and change to the central cities. 

1.1 District Heating History and Current Status 

District heating is not a new technology. The concept was first 
used in Lockport, New York over 100 years ago. 1 The first systems were 
designed around heat-only boilers that supplied steam for space heating. 
During the early part of the 20th century, the first small cogeneration/ 
district heating plants came into existence. These systems used the 
exhaust steam from small dual-purpose power plants to heat buildings in 
the nearby business districts. As a result, district heating combined 
with cogeneration was widely accepted. During the late 1940's, the 
situation changed when the introduction of inexpensive oil and natural 
gas for space heating reduced the rapid growth of district heating. At 
about the same time, utilities were introducing large condensing 
electric power plants remotely located from urban areas. It was not 
economical to transport steam over such long distances. As the smaller, 
older cogeneration units were retired, sources for the steam district 

heating system were eliminated and the costs of supplying steam from 
boilers escalated; making district heating even less attractive. 
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Many U.S. steam district heating businesses were not profitable due 
to inadequate rates or the lack of proper metering devices. For 
example, as the costs increased during the transition from the use of 
exhaust steam to prime steam, rates were kept low by regulation. As a 
resu1t, utilities shut down many small district heating systems because 
they were not profitable. Current statistics from the International 
District Heating Association (IDHA) indicate a total utility steam sale 
of 80 x 1012 Btu, in 1979. 2 It is estimated that non-utility district 
heating systems (government institutions and coll~ge campuses) use a 
total quantity of steam about equal to that of utilities. District 
heating thus satisfies approximately 1% of the demand for heating in the 
United States. 

One of the remaining successful U.S. steam district heating 
businesses is in Milwaukee, Wisconsin where Wisconsin Electric owns and 
operates a steam system that dates back to the turn of the century. 3 

The company has continually made investments to maintain and improve 
the system. The Wisconsin Electric system is profitable and at the 
same time sells thermal energy 20-25% lower than the most competitive 
space heating option, natural gas. Steam energy is presently being 
sold to consumers in the range of $4-5/106 Btu. 

The Milwaukee system serves an area of approximately 2 square miles 
in the heart of the city. Of three cogeneration units that supply 
thermal energy to the system, the largest is a coal-fired unit. It was 
completed in 1968 and has a capacity of 280 MW(e) and 470 MW(t) (1.6 x 
109 Btu/hour). This fuel flexibility feature is the single most important 
advantage of the concept of district heating. It allows the opportunity 
for competitive space heating energy prices. The Milwaukee system is a 
good example of how the United States can utilize its more plentiful 
fuel (in this case coal) for space heating. 

European district heating history 

The history of district heating in Europe is somewhat different 
from that in the United States. The development of district heating 
networks in northern and eastern Europe started in the early 1950's. 
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Hot water, rather than steam, was used as a transport media and for large 
systems hot water has proven to be more economical. European systems 
tend to have larger service areas than those in the United States. They 
serve lower heat load density regions and use remotely located cogen­
eration power plants. The aggregated annual growth rate of district 
heating in these countries is about 20%/yr. 

The dramatic surge in the use of district heating occurred in the 
past twenty-five years. Figures 1.1 and 1.2 show this growth from 1960 
to 1975. As can be seen, the district heating capacity of Germany has 
more than quadrupled between 1960 and 1975 from 5000 to over 20,000 MW(t). 
In Eastern Europe, the Czechoslovakian district heating capacity rose 
from less than 5000 MW(t) in 1965 to approximately 35,000 MW(t) in 1975. 

Sweden, a country with a population of 8. l million, has been one of 
the leaders in the development of modern district heating systems. 4 

Approximately 3 million Swedes live or work in premises served by 
district heating. About 40% of the total energy consumed in Sweden is 
for space heating, and at present more than 25% of the heat demand is 
supplied by means of district heating. The country has an installed 
capacity of 12,000 MW(t) and by the year 2000 expects an installed 
capacity of 30,000 MW(t). A rough estimation of the potential for 
district heating in the United States can be made by multiplying the 
Swedish numbers by a factor of 10. This factor is based on segmenting 
our northern tier areas into 10 population regions roughly the size of 
S1t1eden. All of the larger Swedish systems use combined .heat/electric 
power stations which operate at high thermal efficiencies and .contribute 
to the country's fuel conservation effort. 

An example of a modern hot water district heating system is the 
city of Uppsala, with a population of 110,000 people. 5 Uppsala, a 
university city 40 miles north of Stockholm, started district heating in 
the beginning of the 1960's. The city dates back to the 12th century 
and many problems had to be solved to introduce district heating in such 
an old city. A parliamentary committee of politicians and technicians 
studied the system feasibility for Uppsala. The study results showed 
that during the next 10 years Uppsala would have a large heating load 
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with a heating density even higher than other Swedish towns that had 
successful district heating systems. 

In 1961, the first district heating service (using transportable 
boilers) was initiated in the middle of Uppsala to a new building. The 
first permanent hot water boiler plant began operation in the new part of 
the city of Uppsala in 1962. After two years, there were about 10 
customers all satisfied with the heating system. The system had proven 
reliable, and through satisfied customers and public relations an 
increasing amount of building owners became interested in district 
heating. 

The standard design for the Uppsala system are as follows: the 
system pressure is 250 psig, the hot water supply temperature is a 
minimum of 175°F and maximum 250°F, the return temperature is between 
130°F and 170°F. The variation of forward and return water temperature 
and flow in relationship to outside temperature is given in Fig. 1.3 . . 
The Uppsala system grew very rapidly and by 1978 had a connected load 
of 800 MW(t) (Fig. 1.4). The system presently covers 75% of the total 
heat demand in the area and the objective is to cover 95% by the middle 
of the 1980 1 s. The system has approximately 4000 customers with about 
140 miles of main transmission line. 

In 1974, a cogeneration plant was put into operation. The plant 
can deliver simultaneously 200 MW of electricity and 340 MW of hot water 
energy. The Uppsala cogeneration plant uses oil, however, the Uppsala 
system is a modern efficient distribution system (approximately 90% 
efficient) and the consumer's main alternative is also imported oil. 
The cogeneration/conservation effect of the district heating system allows 
the utility to sell the space heating energy at a much lower price than 
the consumer could produc_e the energy through an individual boiler-only 
plant. 

A total of $95 million had been spent on the district heating system 
by the end of 1978. The main problem is their dependence on oil. To 
lessen this dependence on oil, they are investigating the feasibility 
of burning wood in a new hot water boiler, and using reject heat from a 
nuclear plant 44 miles north of Uppsala. The fuel flexibility advantage 
of district heating allows these options to the considered. 
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1 .2 District Heating - The Advantages for the Consumers 

A district heating system has the potential to offer the consumers 
four major advantages over operating their own building boiler. They 
include: (1) competitive space heating energy costs, (2) lower maintenance 
costs and higher reliability, (3) improved air quality in the community, 
and (4) lower initial captal costs for new buildings. The most important 
advantage to the consumer is clearly the economic advantage. This 
advantage is usually achieved through the fuel flexibility aspect of 
district heating and the conservation potential of cogeneration. The 
steam district heating system in Milwaukee successfully competes with 
the natural gas space heating fuel by using both the fuel flexibility 
and the cogeneration conservation features. The system in Uppsala, 
Sweden competes with oil and is successful due only to the cogeneration 
con_servation aspects. By far, the single most important item to the 
consumer is the cost of the space heating energy. In Rochester, as in 
numerous other cities in the United States, a building .system using natural 
gas is the alternative to district heating. The only way that a district 
heating system can compete is through the fuel flexibility feature 
available to district heating systems which implies the need to use a 
relatively inexpensive fuel such as coal. 

Another consumer advantage is the lower maintenance cost and the 
high reliability. These advantages are due to the simplicity of the 
consumers equipment. The main component of this equipment is a series 
of heat exchangers which are similar to car radiators. The heat exchangers 
seldom need maintenance and there is no need for a boiler operator. 

The district heating system also has the potential for improving 
air quality in a community. Emissions from one stack at a central 
power plant replaces emissions from many low-level space heating stacks. 
More effective controls can be put on the central stack than on the many 
low level stacks. However, the overall effect of district heating on 
air quality depends to a large extent on the type of fuels being 
replaced in the individual units. 

The developers of new buildings that connect directly to a district 

heating system have lower capital costs because the cost .of a heat 
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exchanger is much lower than that of a boiler. Also, there is additional 
floor space because a boiler room is not required. The consumer advantages 
are summarized in Table 1. 1. 

Table 1.1. Advantages for consumers that are 
cqnnected to a district heating system 

• Competitive space heating energy costs 
a. Fuel flexibility 
b. Cogeneration/conservation 

• Lower maintenance costs and higher reliability for consumers 
• Improved air quality in the community 
• Lower capital costs for new buildings 

1.3 Steam Versus Hot Water District Heating 

A new hot water district heating system has many advantages over a 
steam system. A hot water system has lower energy transport costs that 
result in economical distribution over larger distances than is typical 
for steam systems. Thermal energy transported by steam is limited to 
a maximum distance of about 5 miles, whereas a hot water system can 
transport energy economically and with low energy losses for up to 
50 miles. 7 Another significant advantage is that hot water can be 
produced more cheaply. A modified or new cogeneration plant does not 
sacrifice as much electricity when producing 250°F hot water as when 
producing steam (75 to 150 psig) for a district heating system. The 
lower electricity sacrifice means lower thermal energy costs. Also, a 
hot water distribution system is more flexible than a steam system. Hot 
water from various sources can be used and new pumping stations can be 
added to extend the system. As a result, a hot water system is more 
adaptable to meeting the changing needs of a community. 

A majority of modern buildings are now constructed with internal 
hot water distribution systems. These systems allow for more effective 
control of the heating system, and do so with considerably less noise. 
The modern heating and ventilation systems are compatible with the hot 
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water district heating system. These buildings could be heated with a 
steam district heating system, but losses are incurred in the use of 
pressure reducing equipment. 

1.4 Urban Development Action Grants 

The Urban Development Action Grant program (UDAG) was created by 
the Housing and Conmunity Development Act of 1977 (P.L.95-128) to provide 
grants for "severly distressed cities and urban counties to help alleviate 
physical and economicdeterioration." The UDAG program was designed to 
improve the physical condition of cities by assisting in the redevelopment 
of underutilized property; by building or rehabilitating housing, 
factories, offices, and stores; and by building access roads, sewers, 
and utility facilities. 

A significant difference between UDAG and earlier federal urban 
redevelopment programs is the necessity for firm financial commitments 
from the private sector. It is not the intent of the program to supplant 
private capital but rather to make otherwise economically unattractive 
projects desirable undertakings for private investment. It is an underlying 
goal of the program to support projects that improve the economic 
climate to favqr further private investment in an area. 

Major advantages of the UDAG program are inherent flexibility and 
an expeditious review process. Funds are awarded to local governments, 
which can then lend or grant them to private or municipal developers. 
Flexibility in management of funds is designed to promote stronger 
working relationships among local government, the conmercial and industrial 
sectors, and the public in overcoming development problems. The assurance 
of a rapid review process is another positive aspect of the UDAG program. 
Applicants can reasonably expect a decision on their proposal within two 
months of its submission. The review process is further enhanced by 
having four separate dates each year for filing applications. The 
annual schedule for the application process is presented in Table 1.2 
for metropolitan and small cities. 



Table 1.2. Calendar of the application process for Urban Development 
Action Grant programs 

Determination of 
eligibility (pre- Application Review Decision application; SF-424) period period date to be submitted by 

Metro November 30 January 1 - 31 February 1 - March 31 
cities March 31 

February 28 April 1 - 30 May 1 - June 30 
June 30 

May 31 July 1 - 31 August 1 - September 30 
September 30 ..... 

October 1 - 31 November 1 - December 31 
I 

August 31 ..... 
December 31 

N 

Small December 31 February 1 - 28 March 1 - April 30 
cities April 30 

March 31 May 1 - 31 June 1 July 31 
July 31 

June 30 August 1 - 31 September l - October 31 
October 31 

September 30 November 1 - .30 December 1 - January 31 
January 31 
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Applicant eli gibility requirements 

Action Grant projects are selected on the basis of a national 
competition. The first major eligibility criterium is the necessity to 
acquire firm financial commitments from the private sector. The program 
is meant to catalyze increased investment in distressed communities by 
private sector involvement .so that such investments must be firm before 
a grant can be approved. An appropriate measure of economic viability 
would be a committment of $2.50 private for each dollar of UDAG funding. 

The second major requirement of the applicant is determination of 
the level of economic and physical distress in the community. HUD 
periodically publishes minimum standards of distress which metropolitan 
cities, urban counties, small cities, and unique locations (pockets of 
poverty) must meet. Factors such as age and condition of housing stock 
(including residential abandonment), per capita income, population out­
migration, unemployment and others are used to indicate distress. 

In addition to the appropriate distress factors, applicants are 
judged based upon sixteen other factors delineated in the regulations. 
Factors such as impact upon employment in the community, affect on the tax 
base, likelihood that the proposed project will be completed upon 
schedule and within budget, applicants housing and development record, 
relocations needs, and participation by and benefits to various groups 
within the community. The final criterium is intended to demonstrate 
the applicants history of providing housing for persons of low and 
moderate income and in providing equal opportunity for low and moderate 
income persons and minority groups. 

Energy Urban Development Action Grants 

The Department of Housing and Development has recently proposed an 
amendment to the UDAG program which would give more favorable considera­
tion in the selection of applicants for energy conservation and alterna­
tive energy supply projects (Appendix A). The purpose of the energy 
UDAG is to improve the physical and economic viability of urban areas 
by supporting projects which are designed to conserve scarce fuels and 
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result in direct energy cost savings to the public, municipal governments, 
private commerce, and industry. HUD recognizes that many proven and 
valuable energy conservation practices and alternative supply tech­
nologies may have difficulty in obtaining 100% private financing. Even 
projects with the potential for conserving significant amounts of energy 
or scarce fuels may have difficulty attracting private investment because 
of an insufficient rate of return. Energy UDAG 1 s are intended to be 
used to make otherwise infeasible projects desirable undertakings for 
private developers. It is not, however, the purpose of the Action Grant 
Program to fund research, development or demonstration projects which 
lack commercial viability. 

The current set of energy conservation and alternative supply 
technologies that HUD has defined as appropriate for energy UDAG con­
sideration include: 

• district heating 
• geothermal systems 
• small-scale hydroelectric systems 
• cogeneration systems (industrial, commercial, municipal) 
• modular integrated utility systems (MIUS) 
• alcohol fuels production systems 
• wind power systems 
• energy conversion from wastes 
• solar thermal systems 
• low and medium Btu gasification facilities 
• loan/grant pools for building conservation 
• recycling or reclaimation facilities 
• photovoltaic manufacturing facilities 

The application, processing, and eligibility requirements for 
participation in an energy UDAG are essentially those necessary to compete 
for another Action Grant project. Energy projects, however, are favored 
to the extent that they conserve scarce fuels or increase energy effi­
ciency. In comparisons among energy UDAG applicants, those from 
communities that have adopted plans or programs to conserve energy or 
provide alternative sources of supply on a community-wide basis will be 
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favored over conmunities making no effort in this regard, all other 
factors being equal. 

Energy Action Grant applicants are required to submit some additional 
infonnation to become eligible for funds. The following information 
should accompany the energy UDAG application: 

• a _technical and economic feasibility study; 
• evidence that the project does not provide an undue energy subsidy 

to any customer or class of customers; 
• the ratio of scarce fuels saved to the amount of UDAG funds requested; 

and 
• a description of any community-wide energy conservation plan or 

program undertaken by the applicant, and the relationship, if any, 
of the project to such plan or program. 

The recent origi.n of the Energy Action Grant program provides 1 ittle 
indication of the time that may be required to review each application. 
The two month rapid review process characteristic of the conventional 
Action Grant p~ogram could be extended to accommodate the additional 
engineering and economic reviews required for an· energy project. 
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2. DESCRIPTION OF ROCHESTER, NEW YORK 

2. 1 History 

Rochester is located in the western region of New York state on 
the southern shore of Lake Ontario. The city developed along the shores 
of the Genesee River where four consecutive waterfalls provided power 
for an early local flour-milling industry. The falls formed the focus 
of the city's early industrial and commercial development by providing 
hydroelectric power for manufacturing. A variety of different industries 
rapidly established Rochester as a regional center for both commerce 
and manufacturing. Establishment of the photographic and optical 
industries during the early part of the twentieth century continued the 
tradition of specialized industrial and technologir.al development which 
characterized early Rochester. The city has continued to enhance its 
heritage by maintaining many different centers of scientific and indus­
trial research. With such an innovative history, it is difficult to 
imagine that Rochester is confronting many of the problems which are so 
typical of the older industrialized cities in the northeast. The poor, 
the elderly, the poorly educated, and minority groups constitute an 
increasingly large share of the city's population. Many physical 
characteristics of the city - the housing stock, co1T111ercial and indus­
trial buildings, public utilities, and the transportation network - are 
either outmoded or inadequate. The result of these many factors is a 
continually shrinking tax base combined.with the prospect of ever 
increasing costs of municipal services. The city has recognized the 
need to resolve these problems and has taken action to develop both 
short and long range economic plans. This chapter will focus upon selec­
tive problems of Rochester and attempt to define those factors which may 
significantly affect the growth and development of the city. 

2.2 Population Characteristics 

Po pulation 

Rochester is the third largest city in New York State with an esti­
mated population of 256,285 in 1977. As indicated in Table 2.1, there 
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Table 2. 1. Population changes in the city of 
Rochester and Monroe County, New York 

between 1950 and 1977 

Monroe City of 
County Rochester 

1950 487,632 332,488 
1960 586,387 318,611 
1970 711,917 296,233 
1975 708,400 267,,163 
1976 710,500 262,766 
1977 706,500 256,285 
% of change 
1950-1960 20.25 (4.17} 
1960-1970 21.41 (7.02) 
1970-1977 (0.76) (13.49) 

has been a population loss of approximately 76,000 since the estimated 
peak of 330,448 in 1950. Results of the 1980 census will indicate 
whether or not the population continues to decline. Although the popula­
tion has fallen sharply since 1960, age composition has not changed 
significantly (Table 2.2). 1 In the 1970 census, approximately 35% of 
the city's population was nineteen years of age or younger. Nearly 
one-half of the population fell between the 20-59 year age bracket and 
those 60 years or older constituted 18% of the total city population. 
It should be noted that the proportion of the Rochester population 65 or 
older (18.3%) remains relatively stable even though these estimates are 
higher than those for New York State (14.11%) and almost twice as high 
as their representation in the general U.S. population (10.7%). 

Race 

Census data indicate that the county's minority population resides 
predominantly within the city limits of Rochester (Table 2.3). Popula­
tion estimates prepared in 1970 indicate that white outmigration is 
continuing from the city and that the total number and percentage of 
minorities have continued to increase. 1 It is also believed that the 
1970 census significantly undercounted the members of the city's Spanish 
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Table 2.2. Composition of city of Rochester 
population by age 

Age groups l 960 l 970 l 975 1977 

Less than 20 32.3% 34.5% 33.3% 32.9% 
20-39 24.7% 27.0% 27.0% 27.0% 
40-64 29.4% 25.1% 26.2% 26.5% 

65 or older 13.6% 13.4% 13. 5% 13.6% 

100.0% l 00. 0% 100.0% 100.0% 

Table 2.3. Racial mix in the city of Rochester 
and Monroe County, New York 

Black Spanish White and 
speaking other 

Total % Total % Total 

Monroe County 52,218 7.3 10,680 1. 5 649,019 
City of Rochester (1970) 49,647 16. 8 8,255 2.7 238,331 

speaking population. It is therefore likely that the difference in 
racial composition between the city and its suburbs is even greater 
than projected. 

Labor and employment 

% 

91.2 
80.5 

Because of the number and character of the local industries, the 
Rochester area has a highly technical and diversified work force. As 
indicated in Table 2.4, professional, technical, managerial, administra­
tive, and craft categories represent 40% of the total labor force. The 
labor force in the Rochester area was estimated in 1978 at approximately 
330,000 of which 42% (140,467) resided within the city. The New York 
State labor department has estimated that during 1978 unemployment rates 
in Rochester averaged 7.1% of the civilian labor force. The city antic­
ipates the unemployment rate to be higher than that proposed by the state 
given the number of layoffs, plant closings, and departure of a signifi­
cant portion of the middle class from downtown Rochester. 



Table 2.4. Occupational employment by major occupations in the Rochester, New York area 1 

Change 1976-1978 
Occupation % 1976 % 1978 

Net Percent 

Professional, technical, and 19.8 77,000 19.8 79, l 00 + 2, l 00 +2.7 
kindred workers 

Managers and administrators 7.4 28,800 7.4 29,600 + 800 +2.6 

Sales workers 6.9 26,700 6.9 27,600 + 900 +3.0 

Clerical workers 20. 1 77,900 20.0 79,900 + 2,000 +2.6 
N 

Craftsmen and kindred workers 12.8 49.700 12.8 51,000 + 1,300 +2.5 I 
~ 

Operatives (except 14.8 57,500 14.8 58,800 + 1,300 +2.2 
transportation) 

Transportation operatives 2.7 10,400 2.7 10,600 + 200 +1.7 

Laborers 3.2 12,400 3.2 12,700 + 300 +2.6 
Service workers 12.3 47,900 12.4 49,500 + 1,600 +3.4 

-- --
Totals 99.7 388,300 100.0 398,800 +10,500 
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2.3 Residential Sector 

Rochester is a city that was established around the falls of the 
Genesse River. Subsequently, the neighborhoods and suburbs of Rochester 
have evolved in response to the industrial development which is spread 
from the rivers and along the main arteries of transport. Although 
highly industrialized, the dominant form of housing in Rochester is low 
to medium density residential housing. Of the estimated 104,866 homes in 
Rochester, almost 45% are owner operated and 55% are rental units. The 
most salient characteristic of the housing stock is its age and lack 
of multi-unit development. More than 79% of the housing stock was built 
before 1940, with the median age of the housing being approximately 
60 years old. 

Another aspect of the housing stock is its restricted potential for 
growth. Very few vacant tracts of land remain within the city .to serve 
as a base for residential construction. Vacant lands that are available 
for building are also highly desirable for industrial applications. With 
less than 5% of the land available to support new housfng stock, the 
housing market can expand only at the expense of the existing stock. 
Demolition or rezoning of housing is not a desirable alternative for the 
city of Rochester. The city has proposed investing approximately 
$75 million into neighborhood activities and improvements over the next 
3 years. The neighborhood improvement programs would offer a new 
dimension in the way of home ownership, to the residential programs 
now being offered, such as the City's Home Improvement Loan Program 
(HILP), Residential UDAG Program (HIP), and Street Beautification/ 
Improvement Program. The various community improvement programs to 
restore the neighborhoods and the condition of undesirable housing to 
former levels is an important factor in stabilizing the declining housing 
market. The loss in both single family and residential housing has been 
dramatic in the last 20 years. 2 Since 1960, the number of single family 
houses in .Rochester has decreased by approximately 14% from a high of 
53,251 in 1960 to a current estimated level of 45,948. As the single 
family housing market has continued to decline, the demand has been met 
by conversion of houses to rental units and by the construction of rental 
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properties. In 1960, the number of rental units in the city numbered 
52,819 and had expanded by 11.5% to an estimated 58,922 units in 1980. 
The loss in single family dwellings can be attributed to demolition of 
abandoned or distressed structures and the conversion to different uses 
within the community. Although the rental units have increased dramatically 
in the last 20 years, the total housing stock continues to decline. Of 
the estimated 106,070 housing units available in 1960, only 104,866 are 
available today. 

The most dramatic change in residential housing within the city 
occurred in the Central Business District. In 1960, over 6255 units 
were reported. By 1975 that number have decreased to 2820. An active 
building program and multi-family housing has increased the number of 
residential units in the central business district by 728, thus bringing 
the total to 3548 units in the downtown area. Of the total, only 87 
units are privately owned. The remainder, 3461, are rental units. 

2.4 Comnercial Sector 

Central Business District (CBD ) 

The majority of Rochester's commercial activity is focused in the 
downtown Central Business District (CBD). The Central Business District 
of Rochester is a major center of activity for business, finance, and 
government in western New York State. The CBD has, until relatively 
recently, been an established center for retailing, cultural, conven­
tion, and entertainment activity for the region. During the past 
several decades, downtown Rochester has changed significantly. Financial 
and administrative institutions have increased in importance while 
residential, public institutions, and business establishments have 
declined markedly. 

Retail 

Downtown Rochester is still the largest shopping area in the region. 
There are over three million square feet of retail space in use in the 
downtown area. Retail sales in the Central Business District declined 
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sharply between 1967 and 1972. Although the most current business 
statistics are not available in the downtown area, data presented in 
Table 2.5 indicate the general magnitude and brevity of lost sales 
revenue. 

Table 2. 5. Central Business District retail sales, 1967-19721 

CBD % of all CBD sales 
Kind of business sales reta i1 sa 1 es as% of 

(x 1000) in CBD city sales 

1967 1972 1967 1972 1967 1972 

Building materials $ 695 462 0.3 0.2 2.5 2.0 
General merchandise 87,197 75,732 40.5 36.4 66.6 56.8 
Department store 81,698 70,337 37.9 33.8 70.5 57.9 
Food 6,544 6,633 3.0 3.2 4.6 4.8 
Automotive and gasoline· 42,596 54",446 19.8 26.2 24.0 28. 1 
Apparel 32,022 26,864 14.9 12.9 67 .6 8.3 
Furniture 13,049 6,993 6. 1 3.4 28.3 16.9 
Eating and drinking 12,209 12,471 5.6 6.0 20.6 20.8 
Pharmaceuticals 3,099 3,502 1.4 1.6 13.0 12.0 
Miscellaneous 18,045 20,929 8.4 10.1 34.8 28.0 

$215,456 $208,038 

Office space 

Approximately 7.5 million square feet of office space exists in 
downtown Rochester. The downtown space represents approximately 70% of 
the total area in the entire metropolitan statistical area. 3 First 
class buildings are estimated at 96% occupancy with an overall office 
space of 88%. The relatively low overall occupancy rate in office space 
can be attributed to the development of new office space which has not 
been accompanied by an equal expansion in employment. A recent survey 
of office vacancy indicates that while the newly constructed office 
space has finally reached capacity, high vacancy rates still exist in 

older buildings. 
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Residential 

Urban renewal activities in the late 50's and early 60 1 s effectively 
removed many older residential buildings from the central city. Replace­
ment of residential building stock has been relatively insignificant 
until the recent past when over 1000 building units were installed in 
the Central Business District. A projected demand for up to 1800 units 
of new or rehabilitated housing has been estimated for the next ten 
years. The housing will probably be medium density, low- and mid-rise 
design taking into account the strong local preferences for such housing. 
Demand for high density, high-rise housing is not anticipated unless it 
is part of a mixed-use plan of development incorporating a variety of 
uses including offices, shopping, entertainment, and dining. 

Industrial demand 

Analysis of industrial space demand in the downtown area indicates 
that no additional space is either needed or feasible. Relocation of 
manufacturing and warehousing firms from older loft type buildings located 
in the Central Business Ditrict to more efficient one-story facilities 
in the outlying areas is anticipated to continue. 

Hotel and convention industry 

In recent years, the tourism industry has also played an important 
role in the area's economy. Rochester currently ranks as the second 
major convention center in the state of New York. In 1975, an estimated 
33,500 delegates stayed in downtown hotels. This represents 68% of 
the areas total convention business and gener~ted annual revenues of 
approximately $4.5 million. In recent years, hotels in downtown 
Rochester have not done well in relation to those in suburban locations. 
Downtown hotels operate at low occupancy rates despite recent closing of 
older hotels which have reduced the competition for rooms. The major 
factor in the reduction of convention business appears to be in the 
development of convention centers in such closely associated cities as 
Buffalo, Niagara Falls, and Albany. The competition for regional 
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conventions in these areas is making it increasingly difficult for 
Rochester to recruit convention business. 

2.5 Industrial Sector 

Rochester is a highly industrialized community with many manufacturing 
firms operating within the city. Such Rochester based firms as Eastman 
Kodak, Sybron, Gannett, and Xerox (currently headquartered in Connecticut) 
have developed from local manufacturing companies into major national or 
multi-national corporations. Manufacturing accounts for more than 
87,000 jobs, 38.5% of the cities employment, and 60% of such jobs within 
the metropolitan area (1977 base year). 4 

Between 1970 and 1977, 82 industrial firms have either located or 
expanded within Rochester. The companies added about 2,700 jobs, absorbed 
237 acres of land, and constructed 3.4 mill1on square feet of industrial 
floor space. The city has encouraged real estate development through 
local assistance efforts which have resulted in the expansion of 
R. F. Communications, Ragu Foods, Taylor Instruments, Great Lak~s Press, 
and other industries. 

During the same seven year period, however, 71 industrial firms 
either discontinued operation or relocated from the city with the sub­
sequent loss of approximate 15,000 jobs. The most critical factors in 
the loss of manufacturing firms were unprofitability (in some cases 
bankruptcy) attributed to product obsolescence, competition, plant 
obsolescence, or site problems. The majority (87%} of the job losses 
were in four industries: food, apparal, machinery, and electrical 
machinery. Projected manufacturing employment is expected to remain 
relatively stable at 87,000 jobs through 1980 with modest increases up 
to 91,000 during 1981 through 1985. 

A principal weakness in Rochester's industrial sector is the age 
and growing obsolescence of the building stock. During the last two 
decades, the city urban renewal and community development programs 
have been directed at improving the city's residential neighborhoods 
and its Central Business District. Until recently, deteriorating indus­

trial properties were removed and the land converted to non-industrial 
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uses with no provision for replacement. At present, there are approxi­
mately 45 million square feet of industrial floor space {including 
administrative office space) in Rochester. By the end of 1985, almost 
4.7 million square feet will be either demolished or converted to other 
uses. Anticipated demand for industrial floor space during the same 
period is estimated at 8.5 million square feet. As illustrated in 
Table 2.6, 3.3 million square feet will be required to replace inadequate 
facilities and 5.5 million square feet will be needed for additional 
expansion. 

Table 2.6. Anticipated demand and availability of industrial 
floor space in Rochester through 19854 

Floor space 
(106 ft 2 ) 

A. Total potential demand through 8.4 
1985 

B. Total building space to accom­
modate demand through 1985 
1. Existing vacant space 
2. Anticipated turnover in 

space 
C. Potential demand which cannot be 

accommodated in existing space 
1. Anticipated expansion - same 

or adjacent site 
2. Anticipated expansion - new 

sites 
D. Potential new industrial space 

on land available for industrial 
development 

E. Potential demand which cannot be 
accommodated either in existing 
space or in new space on available 
vacant industrial land 

1.9 

1.4 

0.5 

6.5 

3.25 

3.25 

4.5 

2.0 

Acreage 
required 

163 

224 

260 

127 

Some of the demand for industrial floor space will be met by existing 
vacant space and through turnover in the existing building stock. In 
June of 1978, there existed approximately 2.8 million square feet of 



2-11 

vacant industrial floor space in Rochester. Of the available floor 
space, 850,000 square feet (30%) has a high potential for continued indus­
trial use, 1.1 million square feet (40%) has a moderate potential, and 
850,000 square feet {30%) has a low potential. Approximately 1.4 million 
of the 2.8 million square feet of vacant space is expected to be occupied 
by the end of 1985. The balance, 1.4 million, will be either converted 
to other uses or demolished. The amount of industrial space that may 
become available through turnover has been estimated to be approximately 
500,000 square feet. Utilization of vacant space and turnover can be 
expected to contribute almost 1.9 million square feet to the anticipated 
demand for industrial floor space. 

Additional industrial floor space can be made available in new 
space constructed on vacant or readily buildable industrial land. At 
present, Rochester's industrial space is located either in manufacturing 
nodes .or corridors. The industrial nodes are usually independent sites 
or small complexes located in older residential neighborhoods, adjacent 
to railroad lines. Most of Rochester's industrial parks and major 
plant sites are located along five industrial corridors (Fig. 2.1). A 
majority of the manufacturing is restricted to three major locations. 
Corridor No. 3 is occupied exclusively by Eastman Kodak. Corridors l and 
2 have mixed uses; principally machinery, electrical machinery, food and 
fabricated metal industries. Corridors 4 and 5 are significantly smaller 
than the three preceeding and are considered minor manufacturing areas. 

The entire city of Rochester was surveyed in 1978 to determine the 
amount of vacant land for industrial development. Analyses of the survey 
data indicate that of the 852 acres of vacant land, only 17 parcels 
totaling 181 acres have high potential for industrial development. 1 Most 
of the major vacant land areas are located on the west side of the city, 
in or adjacent to, existing industrial corridors. Figure 2.2 illustrates 
the location and configuration and the three most suitable areas for 
industrial development: McKee Road (33.6 acres), Ferrano Street-Western 
Gateway (72.4 acres), and LaGrange Avenue {67.2 acres). 

Based upon the projected turnover in existing floor space, the 
inventory of vacant floor space, and available vacant land, the city can 
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accommodate about 6.4 million square feet of industrial floor space 
requirements through 1985. Rochester will need an additional 2.0 million 
square feet (approximately 127 acres) of floor space in order to satisfy 
the anticipated market demand through the same period. To meet the 
anticipated demand for industrial space, the city has undertaken a three 
year program, "Rochester Economic Development Program 1980-1983. 11 The 
program is aimed at improving the marketability of the few remaining 
tracks of land suitable for industrial development and planning the 
redevelopment of deteriorating areas within the city for industrial use. 
The city has targeted the McKee Road, Ferreno Street-Western Gateway, 
and LaGrange Avenue sites for active redevelopment. 

Four areas of mixed land use have been identified, outside of the 
central business district, as potential sites for gradual redevelopment 
or conversion to industrial property. The areas are referred to as 
Dutchtown, Lyell-Broad, East Main-University, and Hudson Avenue districts 
(Fig. 2.3). The Dutchtown and Lyell-Broad districts are located between 
the Central Business District and the west side industrial park with 
these sites encompassing 275 and 300 acres, respectively. The areas 
contain extensively under-utilized railroad property, vacant residential 
lots, and obsolete industrial buildings. The East Main-University District 
contains approximately 275 acres on the east side of the city. The Penn 
Central Railroad yard represents the core of this district which also 
contains dilapidated industrial structures, vacant and under-utilized 
industrial complexes, vacant residential lots, and abandoned housing. 
The Hudson Avenue district is predominantly a residential area, but one 
which has the highest housing abandonment rate in the city. Of the 
approximately 180 acres in the district, about one-third is municipally 
owned. Successful redevelopment of the four target areas would provide 
over 800 acres of property for potential industrial development in 
Rochester. 

2.6 Urban Redevelopment Strategies 

Two major and interrelated strategies have been proposed to direct 

the redevelopment activities of Rochester. The first strategy entitled 
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Fig. 2.3. Location of industrial lands targeted for redevelopment. 
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"Economic Development Program Strategy, 1980-83, 11 represents a compre­
hensive planning approach to a continued economic revitalization of 
the city. The second strategy, "Downtown Development Plan 1977-87, 11 

was prepared by the city's Department of Conmunity Development and 
represents a guide for the future growth of Rochester's major commercial 
district. 

Downtown Development Plan 1977-87 

As its name implies, Downtown Development Plan is specific to the 
area known as the Central Business District (CBD). The CBD and most of 
the downtown area is surrounded by the interloop expressway. As described 
earlier, the CBD is composed mainly of retail commercial, office, and 
public buildings. The changes that have occurred in the downtown district 
in the last twenty years have not been desirable or conducive to the 
long term economic success of this area. The ten-year development plan 
was prepared in response to the existing conditions in downtown Rochester 
and proposes strategies for changing the environment in this area. The 
plan was developed to give positive guidance and direction to the 
investments that will be made so as to encourage confidence in the down­
town area while at the same time preserving and protecting existing 
investments. The development proposals concentrate on the public and 
private construction that will help make the downtown a comfortable, 
attractive, and efficient place to work, shop, live, and find 
entertainment. 

The Development Plan contains many different objectives which are 
considered important in the revitalization of this area. The major 
objectives of the ten-year plan are: 

1. Improving the circulation system to upgrade the quality of 
pedestrain environment and clarify transit and automobile movement. 

2. Upgrading the overall physical appearance of downtown to eliminate 
areas of blight and deterioration which presently impede private 
investment and reinvestment in downtown. 

3. Conserving existing viable activities and encouraging new 
opportunities for private and office investment downtown. 
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4. Providing opportunities for in-town housing with related facilities 
which are competitive in the regional market place. 

5. Expanding the cultural and entertainment role of downtown; making 
it an attractive and exciting place in the evening as well as in 
the daytime. 

6. Exploiting the potential that exists for increased tourist and 
convention business. 

7. Stabilizing the retail core and fostering those adjustments 
necessary to strengthen the drawing power of downtown as a com­
petitive retail center. 

8. Improving and providing additional landscape areas to capitalize 
on the aesthetic potential of the Genesee River, 

9. Stabilize and expand the city's tax base downtown. 
10. Pro vi ding_ oppcirtuni ti es for expanded employment recognizing that 

downtown is an accessable and convenient location for city and 
many urban residents. 

Many of the projects are interrelated and will require the coordinated 
efforts of both the public and private sector. With a total estimated 
capital cost of over $61 mil 1 ion for the ten-year period, the projects 
represent a major commitment to the future of downtown. 

Economic Development Program Strategy : 1980-83 

The three year economic development program represents a composite 
of objectives and related long and short term strategies designed to 
achieve three major economic development goals. The three major goals 
are: 

1. Create job and business opportunities and strengthen the tax base 
through: 
a. Industrial retention, expansion, and relocation, 
b. Creation of new businesses, 
c. Redevelopment of the Central Business District, 
d. Capitalization of Rochester's role as a convention center, and 
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e. Development of human potential through job training, vocational 
education, higher education, etc., to insure that the jobs 
created address the city's long-term unemployment problem 
in industry's skilled labor shortages. 

2. Revitalize neighborhood commercial areas. 
3. Improve the city's long-range economic development planning and 

implementation capacity. 

The first major objective of the three year economic development 
program is to retain and create industrial jobs to stabilize and 
strengthen the industrial tax base. The city intends to achieve this 
objective by (a) improving the marketability of the few remaining 
tracts of vacant land suitable for industrial development, (b) planning 
the redevelopment of four deteriorating areas which have potential for 
industrial development, and (c) exploring the possiblity of creating or 
using an existing local non-profit or quasi-public corporation to 
implement the first two recommendations. The city also proposes to 
provide ongoing technical assistance to both areas targeted for indus­
trial redevelopment and those outside of the target areas. As a 
support for the target area programs and to enhance ongoing economic 
development efforts, the following additional programs are in the 
planning or implementation stages. These programs are: 

1. Improved business access to loan funds. 
2. Develop non-financial programs to assist small business, especially 

those operated by minorities or handicapped persons. 
3. Promote the city as an industrial center. 
4. Continue to assist businesses to determine their security needs 

to the ongoing Business Security Program. 
5. Develop additional means to further encourage the reuse of vacant 

or under-utilized buildings, especially in the four major proposed 
redevelopment areas. 

6. Continue to advise businesses adversely affected by imports. 

The program goal of retaining and creating non-industrial jobs and 
stabilizing and strengthening the commercial tax base in the central 
business district can be achieved by; 
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1. Re-establishment of downtown Rochester as a cultural center, 
2. Improving traffic circulation and access to downtown activity 

centers, 
3. Encouraging retention and expansion of existing downtown businesses, 
4. Attracting non-industrial businesses into downtown to create jobs, 
5. Redeveloping and rehabilitate downtown buildings for new development, 
6. Revitalization of deteriorating commercial areas, and 
7. Upgrading the physical appearance of downtown and improving the 

pedestrain environment. 

The second strategy for retaining and creating non-industrial jobs 
is to capitalize on Rochester's role as a convention center. This can 
be accomplished by the development of a major convention and conference 
center in conjunction with the American Hotel and the Holiday Inn in 
downtown Rochester. Secondly, development of an industrial exhibit 
center and the capitalization on highly successful downtown festivals 
should increase tourist traffic. 

This third goal of the program is improvement of neighborhood 
business areas. Two major strategies for improving the neighborhood 
business areas are upgrading the physical appearance of neighborhood 
centers and encouraging the expansion of businesses for small 
entrepreneurs. 

The objective of developing hunan potential will require the crea­
tion of facilities, mechanisms, and programs to insure the participation 
of all residents in the corrvnunity's economic growth. The strategy for 
developing the human potential relies heavily upon the development and 
implementation of programs which not only provide technical training 
and skills to a large number of potential employees, but also encourage 
the coordination of existing agencies to improve job placement efforts 
and to detennine additional training needs. 

The final economic development goal of improving the city's long 
range planning and implementation capacity relies upon three related 
strategies. The first is to develop procedures for maintaining records 
on tax exempt property. The second requires systematization of the 
available data on local firms and industries for use in connection 
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with technical assistance efforts. Thirdly, develop a mechanism to 
monitor and update business trends and characteristics of the city. 
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3. ROCHESTER DISTRICT HEATING SYSTEM 

3.1 History of Rochester Steam District Heating System 

The district heating story1 in Rochester began in the year 1889. 
At that time, Rochester became the third community in the nation to 
install a central steam system. The steam system was the outgrowth of 
Rochester Gas & Electric Corporation's (RG&E) desire to sell electricity 
in the downtown area. Many of RG&E's prospective electric customers were 
already producing their own electricity on site with small coal-fired 
steam turbines. The exhaust steam from the turbines was used to heat 
buildings and provide process heat. Purchasing electricity from the 
utility would require building owners to not only abandon their own 
facilities, but to seek alternative ·sources of space heating and process 
steam. To overcome these obstacles to electrical sales, RG&E offered to 
deliver steam to their initial electric customers. The steam system grew 
in conjunction with the electrical service and became accepted as the 
desired service for new buildings in downtown Rochester. 

In 1963, the system was the fourth largest in the United States and 
had a peak hourly send-out of 390 MW(t) (1331 x 106 Btu/hr). 1 The system 
served 621 customers and was growing steadily. Si nee 1963 there has been 
a loss of about 320 customers, and the systems ~eak send-out has been 
reduced to 275 MW(t) (937 x 106 Btu/hr) in 1979. The loss of customers 
appears to be the combined result of a massive urban renewal program and 
the high price of steam • . The urban renewal program removed many steam­
served buildings which have not been replaced. The increased cost of 
steam can be attributed to the rapid escalation in the price of oil, the 
system's prime fuel. Even with the loss of one-half of its customers, 
the RG&E system is still the sixth largest in the United States. The 
minor reduction in standing of the RG&E system reflects the general con­
dition of steam sales throughout the entire steam district heating industry. 

Currently, the RG&E district heating business is made of two separate 
and distinct systems, the downtown and the industrial district systems 
(Fig. 3.1). The Downtown system is where the district heating 
business started and which now serves predominantly conmercial space 
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heating and hot water loads (Fig. 3.2). At present, 275 customers are con­
nected to the Downtown system with a total annual sales of 1710 x 109 Btu 
in 1979 (assumes 1000 Btu= l lb of steam). Steam is supplied to the 
downtown area from Station #8 and Station #3. The Rochester District 
Heating System originated in the area surrounding Station #8, which 
initially served as a cogeneration facility for 15 psig sendout steam. 
Station #8 is now primarily used as a heat only station, to supply sup­
plemental steam to Station #3 during winter peaking days. Station #3 
(Bee Bee Station) is primarily a cogeneration plant which supplies steam 
to the district heating system from the exhaust of two topping turbines. 

The industrial district system is on the west side of Rochester and 
is referred to as the Station #9 system (Fig. 3.3). The steam district was 
fanned in the mid-twenties with the construction of Station #9 to supply 
high pressure steam to the soon-to-be industrialized west side of Rochester. 
It serves approximately 25 industrial customers with a total annual sales 
of 1080 x 109 Btu in 1979. 

3.2 Description of the Cogeneration Facilities and 
Other District Heating Steam Stations 

All three stations and their district heating system were designed 
and operated on coal~ In the early 1970s, with promulgation of federal 
emission and air quality regulations, RG&E converted the pulverized, coal­
fired boilers to oil and natural gas. Station #3 has six operating boilers 
with a continuous capacity rating of 398 MW(t} (1360 x 106 Btu/hr). 2 Most 
of the boilers (Table 3.1) in Station #3 were built by Combustion Engineer­
ing between 1936 and 1947; the turbines were supplied by General Electric. 
The turbine arrangement and statistics are given in Fig. 3.4 and Table 3.2 
for Station #3. Station #3 is a cogeneration plant that has a conunon high 
pressure header of 660 psig. There are three main operating ~odes: 
(1) 660 psig steam is supplied to the topping turbines 8 and 9 and exhausted 
at 200 psig which is supplied to the district heating system, {2) during 
peak days 660 psig prime steam is fed into part of the district heating 
system, and (3) during peak electrical demand, 660 psig steam is also sup­
plied to condensing turbines 6, 10, and 11. Bottoming turbines 1, 2, 
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Fig. 3.3. Rochester Gas and Electric Station #9 district heating 
station (industrial system). 
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Table 3.1. Rochester Gas and Electric Corporation boiler plant statistics 

Steam Sta. Boiler Rated Operating Rated MaximLlll Continuous 
district No. No. Make Year pressure pressure temp. capacity capacity Notes 

PSIG PSIG fO M-lb./hr. M-lb./hr. 

3 
1 C.E. 1936 750 660 750 240 190 Converted to oil 6/72 
2 C.E. 1937 750 660 750 240 190 Converted to oil 12/71 

DowntOWfl 3 C.E. 1938 750 660 750 240 190 Converted to ·oil 3/73 
System 4 C.E. 1940 750 660 750 240 190 Converted to oil 4/73 

7 C.E. 1947 750 660 825 400 400 Converted to oil 8/73 
8 C.E. 1942 750 660 825 300 250 Converted to oil 9/72 

Coincident station capacity 
1360 M-lb./hr. net, continuous 
1410 M-lb./hr. net-4 hrs. 

12 1959 1800 1080 505 Coal (electric-only unit) w 
I 

8 °' 
1 B.H. 1926 375 350 560 130 
2 B.H. 1926 375 350 560 130 280 Rebuilt in 1938, converted to gas 

9/70 
3 C.E. 1927 375 350 560 130 Coincident station capacity 

180 M-lb./hr. net 

9 IA Riley 12/68 350 350 550 200 175 Gas 
2 B.H. 1927 375 350 500 120 60 Convert to gas 8/72 
3 C.E. 3/48 385 350 560 175 150 Converted to oil 1/73 

Station 4 C.E. 1954 385 350 560 200 175 Converted to oil 6/73 
9 5 Riley 1/65 350 350 500 100 100 Gas 
System Coincident station capacity 

500 M-lb./hr. net 
( degasifier) 
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Table 3.2. Rochester Gas and Electric-boiler and 
turbine data 

Station #3 - Boiler a:nd turbine data 

Year 
Boiler #1 1936 
Boiler #2 1937 
Boiler #3 1938 
Boiler #4 1940 
Boiler #7 1947 
Boiler #8 1942 

Topping turbine #8 
Topping turbine #9 
Total capacity 
Less sta. auxiliaries 
Available to steam 

system 

Condensing turbine #6 
Condensing turbine #10 
Condensing turbine #11 

Condensing turbine #1 
Condensing turbine #2 
Condensing turbine #3 

Operating Rated Continuous 
pressure temp. capacity 

PSIG OF lbs./hr. 
660 750 210,000 
660 750 210,000 
660 750 210,000 
660 750 210,000 
660 825 400,000 
660 825 400,000 

Total continuous capacity 1,640,000 
Less losses 180,000 

Net continuous capacity 1,410,000 

Exhaust 
capacity 
lbs./hr,. 

Operating 

210,000 
210,000 
420,000 
40,000 

380,000 

Exhaust 
PSIG 

200 
200 

PSIG Teme. 
660 750 
660 750 

Full Operating 
capacity 
lbs./hr. PSIG· 
200,000 660 
275,000 660 
275,000 660 

Retirement considered 
Retired 
Retirement considered 

Teme, OF 

825 
825 
825 

OF 

Fuel 
Oil 
Qi 1 
Oil 
Oil 
Oil 

Elec. 
generation 

6 MWH 
6 MWH 

Elec. 
generation 

18 MWH 
28 MWH 
28 MWH 

Boiler capacity available to east side tie-line at full turbine 
capacity at 660 psig, 240,000 pounds per hour. 
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Table 3.2 (Continued) 

Station #8 - Boiler and turbine data 

Operating Rated Continuous 
pressure temp. capacity 

Year PSIG OF lbs.Lhr. Fuel 
Boiler #1 1926 350 560 180 Gas 
Boiler #2 1926 350 560 Gas 
Boiler #3 1927 350 560 Gas 

Exhaust Operating 
capacity Exhaust Elec. 
1 bs. /hr. PSIG PSIG Tem12. OF generation 

Topping turbine 80,000 15 350 560 3 MWH 
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and 3 are seldom used. In the same facility, but physically detached 
from the other units, is Boiler #12 and Unit #12. This unit is dedicated 
to electrical generation and currently cannot provide steam to the dis­
trict heating system. It is a 75 MW(e) fully condensing unit manufactured 
by General Electrical that was put into operation in 1959 and is the only 
unit that is still coal-fired. Unit #12 has an operating pressure of 
1800 psig, which necessitates the need for demineralized feed water. 

Station #3 is in daily operation and has a total manpower require­
ment of 150 employees. For a typical mild winter or fall day, the station 
might have two boilers in operation generating electricity with topping 
turbines #8 and #9 [6 MW(e) each]. Exhaust steam from the two turbines 
is supplied to the district heating system at pressures between 195 and 
215 psig, depending upon the system load. For cold winter days, when 
the system load is extremely high, other boilers are put into operation 
and high pressure steam (660 psig) is put into the east side tie-line 
(Fig. 3.5). In addition, during the high load days, Station #8 is put 
into service. 

Station #8 has three boilers that were constructed during the mid-
1920s. The plant has one 3 MW(e) topping turbine that exhausts steam at 
15 psig and is seldom used. For all practical considerations, Station #8 
is a boiler-only plant. The boilers were originally designed for coal 
and were converted to gas in 1970. Conversion of the boilers back to 
coal is unrealistic, given Station 3's location in downtown Rochester 
(transportation of coal and current space limitations). 

Station #9 (the west side industrial district) is for all practical 
purposes a boiler-only plant. The station contains only one small topping 
turbine that exhausts 15 psig, low pressure steam. Steam is distributed 
from Station #9 at one of three pressures, either 335, 180, or 15 psig. 
The plant has five boilers, one of which dates back to the original con­
struction in the mid-1920s. The three oldest boilers were converted from 
coal to gas and oil in the early 1970s. The two newest boilers, installed 
in the 1960s, were designed to operate on natural gas. Station #9 has a 
net capacity of 150 MW(t) (500 x 106 Btu/hr). The station has a staff of 
22 employees. 
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3.3 Description of the Steam Distribution System 

The downtown steam distribution system began as a 15 psig, low 
pressure system and gradually evolved into the present 200 psig high 
pressure system. Most of the changes in the pressure rating of the 
system occurred after World War II. Increasing steam sales placed a 
strain on Station #8 and a high pressure transmission line from Station 
#3 to supplement Station #8 was constructed in 1946. An additional line 
was installed in 1950. Gradually, Station #3 became the main steam 
generating station of the whole downtown area, and Station #8 became a 
peaking plant. A simplified schematic, depicting the relationship between 
the two systems, is presented in Fig. 3.4. The last improvements in the 
system were made in 1978 to pennit additional interconnection of Station 
#8 and Station #3. The improvement increased the cogeneration output of 
Station #3 from 20,000 MWh/yr to over 40,000 MWh/yr. 

The physical condition of both distribution systems, including 
piping, steam traps, and valving is reported to be in good operating 
condition. An indication of the systems overall condition is the un­
accounted for steam loss. A recent IDHA report indicated that the 
Rochester system had an unaccountable steam loss of 8.1%, one of the 
lowest values of any system without condensate return.3 Inefficiencies 
in the distribution system are not the result of operation or maintenance 
but are due to a design which does not have condensate return. Lack of 
condensate return is not unique to the Rochester system. Most district 
heating systems in the United States do not have condensate return. 
Steam systems equipped with condensate return can obtain distribution 
efficiencies approaching 90%, while even well-maintained systems without 
condensate return can only achieve 75% distribution efficiencies. 

RG&E has long realized that the consumers in the Downtown system do 
not need 200 psig steam. Most are space heating customers and only need 
low pressure steam. High pressures are required, however, to transport 
the steam over the relatively large distances to the distribution system. 
To meet steam demands during peaking winter days, portions of the trans­
mission system must also be operated at its maximum (660 psig) pressure, 
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while the distribution system pressure may be as high as 250 psig. For 
milder days, RG&E has been gradually lowering the pressure, on an experi­
mental basis, down to the range of 150 psig. 
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4. STATUS OF RG&E STEAM DISTRICT HEATING BUSINESS 

4.1 The Decline of the Steam District Heating Business 

The Rochester District Heating System was a dynamic growing system 
during the 1950's and early 1960's. New liries were constructed from 
Station #3 which gradually assumed the responsibility of Station #8 and 
supplied service to most of the downtown area. The number of steam 
customers grew steadily until a peak was reached of 621 in 1963. The 
system was earning a respectable rate of return and the outlook for 
continued growth was extremely positive. In the mid-1960 1 s, the city of 
Rochester undertook a major urban renewal program. The first major 
project. in the urban renewal program was to clear out a two block area 
of the city which contained 52 steam.customers. As urban renewal 
progressed, there was continual demolition of buildings and the loss of 
customers. During that · time RG&E was also required to reroute, at its 
own expense, several steam lines in the urban·renewal areas. On the 
east side of the river, a section of 650 psig transmission lines and a 
major 8-inch distribution line had to be relocated. Relocation expenses 
were added into the rate base and increased the price of steam witho1,1t 
improving service to the customer. 

The urban renewal program was perceived by both the city and the 
utility company as being mutually beneficial. The intent of urban 
renewal was to remove slums and other blighted property within the city. 
The cleared land could then be redeveloped in an organized manner, more 
consistent with the anticipated future needs of the city. It was the 
cities goal to replace numerous antiquated, low-level buildings, with 
fewer more modern multi-story convnercial structures. The new buildings 
would have a higher assessment evaluation, therefore providing a larger 
tax base for the city. 

The RG&E district heating system was also expected to benefit from 
the urban renewal program. The utility recognized that most of the 

older, low-level buildings that were currently being supplied with steam 
would be removed from the system. During the time of renewal, the n.ew 
heat load would be somewhat s,potty but overall steam sales were 

4-1 



4-2 

anticipated to increase with the redevelopment of the downtown area. 
The building demolition phase of tne urban redevelopment program is now 

over but the city has been only partially successful in developing new 

multi-story conmercial buildings in the downtown area. The lack of 
anticipated conmercial redevelopment has prevented the district heating 

system from attaining its former level of sales. The district heating 

system can be anticipated to operate well below its capacity until 
new customers are added to the system. Without new customers, operation 
of the system will continue to be marginal and the loss of each addi­
tional customer will become more critical to the long term economic 

viability of the Downtown system. 

The second major event that contributed to the decline of the 
district heating business was the decision, in the early 1970 1 s, to convert 

the existing coal-fired boilers to operation on either natural gas or oil. 

The conversion to the cleaner burning oil and natural gas fuels was in 
direct response to new federal air quality and emission regulations for 
generating facilities. RG&E concluded that conversion to these cleaner 

burning fuels was preferable to the installation of stack-gas cleanup 

equipment. Shortly after the stations were converted from coal to No. 6 
oil, the United States was confronted with the 1973 Arab Oil Embargo. 
The cost of oil escalated dramatically from approximately $0.80/106 Btu 

to a recent high of approximately $3.60/106 Btu (FigL 4.1),l The 

dramatic increase in the price of fuel has resulted in an corresponding 
increase in the cost of delivered steam. The price of delivered steam 

is now more expensive than that of natural gas. Faced with the prospect 
of ever increasing steam costs, many district heating customers have 
either converted to natural gas directly or purchase steam intermittently. 

At the most recent steam rate hearing before the New York State Public 

Service Conmission, RG&E was asked to respond to several questions con­
cerning the loss of these steam customers. 2 RG&E responded to these 

questions of customer loss by providing data presented in Table 4.1 to 

support their contention that customers were initially lost due to 
urban renewal and demolition of owner buildings. They further stated 

that in recent years the losses were attributable to the increasing 
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Table 4. ·1. Reasons for consumers leaving the Rochester steam 
district heating system (New York Public Service 

Commission Rate Case 27566) 

Losses to Losses due to Losses due to Other demolition demolition Gains conversion urban renewal building owners losses 

1970 3 8 2 l 1 

1971 2 10 9 0 4 

1972 2 9 8 0 5 

1973 0 2 10 l 0 

1974 2 5 5 l 2 

1975 2 8 5 2 6 

1976 5 2 5 2 3 

1977 10 4 2 5 l 
1978 12 1 7 4 1 

1979 17 2 l 3 0 

1980 6 1 0 1 0 

Total 61 52 54 20 23 

cost of fuel and subsequently steam. The details of the answer to the 
question on the loss of customers is presented in Appendix B. The concern 
that was expressed by the New York State Public Service Commission over 
the loss of customers does not indicate the magnitude of the problem. The 
50% decrease in the number of customers is not as an important factor as 
the annual steam sales. Steam sales reached a high of 4.0 x 1012 Btu/yr 
in 1972 and subsequently dropped to 2.8 x 101 2 Btu/yr in 1979, this reduc­
tion of approximately 30% of the annual steam sales is significant to 
the continued viability of the steam system. 

In summary, two problems must be addressed at the present time in 
order to assure the long term stability of the district heating system. 
The most immediate problem confronting the district heating system is the 
necessity to convert from oil and natural gas to a less expensive fuel 
such as coal. If conversion to less expensive fuel is possible, this 
could reduce or at least stabilize the cost of steam. Once steam prices 
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become competitive with other energy sources, there would be no economic 
incentive for customers to disconnect from the system. In the current 
and future· environment of unstable fuel costs and availability, the 
prospect of a competitively priced and reliable energy source should be 
a positive inducement for both old and new customers to reconnect to the 
district heating system. 

The second major problem that confronts the long term economic 
viability of the district heating system is a question of heat load 
density. The initial impact of urban redevelopment in downtown Rochester 
has had a major adverse effect on the steam system. The impact has not 
been lethal and the system still remains marginally . viable. If the 
trend in customer losses and declined steam sales cannot be offset by 
the acquisition of new customers, it is unlikely that the Downtown steam 
system will remain active. 

In addition, during the 80 1 s all utilities will be faced with the 
impact of energy conservation. This will cause a definite deterioration 
in heat load density. Electric and gas distribution systems will also be 
affected in a similar manner. The only way to deal with energy conserva­
tion is to improve the efficiency of steam generation and distribution. 

4.2 Financial Status 

The 1979 Corporate Financial Statement prepared by RG&E reported an 
operating income of $260,000 from the district heating business on total 
revenues of approximately $20 million (Table 4.2). The operating income 
represents a rate of return of only 1.5%. The Rochester district heating 
system 1 s rate of return is very low in comparison to other utilities 
which normally expect returns to range between 10% and 14%. 

The single largest operating expense for both systems was the cost 
of fuel. Fuel costs constituted approximately 79% of the total operating 
.expense at the Downtown system and 58% for Station #9. The fuel cost 
numbers, however, can be somewhat misleading. For the Station #9 system, 
which is essentially a boiler-only plant, fuel costs relate directly 
to the price paid for the oil and gas. The O&M expenses include operation 
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Table 4.2. Rochester Gas & Electric steam department 
cost of service in 1979 

Station Station Total 3 & 8 9 

Total revenue $12,393,604 $7,593,877 $19,987,481 
Operating expense-

Fuel 9,824,084 4,229,934 14,054,081 
Other O&M 1,180,489 1,513,650 2,694,139 
Depreciation 328,403 262,618 591,021 
Tax excl. fit. 1,404,755 l, 151,572 2,556,327 
Fed. inc. (265,340) 97,505 (167,835) 

Total operating expense $12,472,392 $7,255,279 $19,727,671 
Operating income $ (78,788) $ 338,598 $ 259,816 

Rate base $10,941,238 $6,260,955 $17,202,193 
Rate of return (0.7%) 5.4% 1.5% 
Steam delivered M lbs 2,001,780 1,126,229 3,127,989a 
Steam sales M lbs 1,710,348 1,081,823 2,792,171 
Op. cost/ M lb sold $7.29 $6. 71 $7.07 
Revenue/ M lb sold 7.25 7.02 7.16 
Cogeneration M lb sold 1,529,790 329,240 1,859,030 

(Sta. 3 only) 

a59% of total per RG&E. 

of the system and the plant. The Downtown system has a more complicated 
procedure for determining the fuel cost. In the Downtown system, O&M is 
only for the distribution system and Station #8. Station #3 is in the 
electric rate base and steam is sold to the district heating system. 
The Station #3 O&M charges are included in the steam transfer rate, 
therefore, the fuel cost of $9.5 million listed on Table 4.2 does not 
relate directly to the cost of oil. 

RG&E has a steam transfer rate that allocates the cost of steam 
delivered to Station #3. First, they determine the price of the high 
pressure steam (660 psig) including the cost of fuel and other operation 
and maintenance charges. The low pressure steam for district heating 
is then charged 90% of the high pressure steam rate. A cost breakdown 
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as of mid-1980 is given in Table 4.3. Station #3 1 s capital charges are 
all in the electric departments rate base. This transfer rate only 
includes fuel and other production costs. By mid-1980 the cost of steam 
to the consumer is about $11/106 Btu of which $6.47 was the fee charged 
to the steam department at the gate of Station #3. The difference 
between these two numbers includes the capital and operating costs of 
the distribution system. The most recent cost of #6 oil is $3.60/106 Btu 
compared to an average in 1979 of $2.79/106 Btu. The cost of cogenera­
tion electricity from topping turbines 8 and 9, when assuming a heat 
rate of 4000 Btu/kWh, is estimated to be in the range of 2-3¢/kWh. 3 

Table 4.3. Cost breakdown as of mid-1980 for the 
Downtown steam system 

Fuel and O&M for high pressure 
steam (660 psig) 

Transfer charge for low pressure 
district heating system (90%) 

Mid-1980 cost of steam to the 
customer 

Cost of #6 oil 
Cost of electricity produced from 

station #3 1 s topping units 
($7.19/103 lb ) x 10% X 4000 Btu/kWh 

1375 Btu/lb - 1250 Btu/lb 

$/103 lb or $/106 Btu 

7. 19 

6.47 

11.00 

3.50 

= $0.023/kWh 

The transfer rate on a thermodynamic enthalpy basis .is technically 
justifiable. The RG&E allocation scheme is one of many acknowledged 
methods for allocating cogeneration cost. In theory and usually practice, 
cogeneration provides cost benefits for both products. When selling two 
products from one plant there are an infinite number of cost combinations 
that can produce the equivalent required revenue. The cogeneration 
revenue requirement line on Fig. 4.2a shows a benefit can be achieved 
for both products if the line falls in the range lower than the cost of 
electricity from a condensing plant and lower than cost of steam from a 
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boiler-only plant. However, the present situation in Rochester is 
somewhat unusual. The cogeneration revenue requirement line (Fig. 4.2b} 
indicates that cogeneration is a borderline situation in comparison to 
the cost benefits over separately produced products. This results from 
the high price of oil and inherent characteristics of the Station #3 
cogeneration concept. The high oil and operating costs of Station #3 
move the revenue requirement line upward and further to the right. The 
steep slope of the revenue line results from the high extraction pres­
sure (200 psig) which reduces the electrical generating capacity. 
Therefore, even if the price of electricity is increased drastically (by 
2-3f/kWh), only a slight reduction in the cost of thermal energy would 
occur. 

Station #3, except for Unit 12, is considered to be an electric 
peaking power plant and is needed to serve the peak load to downtown 
Rochester through the mid-80 1 s. At that time, planned modification to 
the electric grid will alleviate the need for peaking power in the 

downtown area. Station #3 is presently staffed in accordance with require­
ments for a peaking electric generation station. 

The steam produced from Station #3 for district heating is higher 
than the cost of steam from a boiler-only oil fueled plant (Fig. 4.2b, 
high range for district heating boiler-only steam). A specific example 
of this is the cost of boiler-only steam produced at Station #9. The 
plant uses $3.50/106 Btu oil, with a boiler efficiency of 85%, to pro­
duce steam for approximately $4/10 6 Btu. Adding on only the plant O&M, 
depreciation, and taxes would bring the cost up to approximately 
$6.00/106 Btu. The cost of cogenerated steam from Unit 3 is $6.47/106 

Btu. This analysis is not rigorous in detail, however, it does point to 
some clues that could help resolve the problem. One questions that has 
to be asked: Can the Rochester district heating customer afford the 
luxury of cogeneration from Station #3? 

One approach that RG&E might attempt in answering this question is 
to separate Station #3 into a district heating boiler plant operation 
and a peaking electric-only plant operation. For example, the plant 
could be separated so that three of the boilers on the 660 psig common 
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header would be sold to the district heating system and their capital 
cost put into the district heating rate base. The same number of people 
could run this new operation that now run the Station #9 operation. 
This type of operation could lower the price for steam sold to the steam 
department, because cogenerated steam would have to be sold at an 
equivalent or lower price. The cost of electrical generation at Station 
#3 would increase because little electricity is produced by this plant 
(approximately 40,000 MWh/yr). One solution might be to separate the two 
businesses rather than cogeneration at Station #3. 

If Station #3 were to be split into two businesses it would only 
have a minor impact on the rate of return of the Downtown system. It 
could boost the rate of return to the Station #9 system's rate of 
return, 5.4%. This certainly is not the factor that will allow the 
system to earn a respectable rate of return of about 12%. The mechanism 
for doing this, as stated before, is to reduce the dependence on oil. 

4.3 Decommissioning the Downtown Steam System 

RG&E has verbally indicated that they are not ready to discontinue 
the district heating business. They are, however, hesitant about making 
a major investment . . If the customer base continued to erode, and this 
is likely without some major changes, the business could be terminated. 
The Downtown system probably would be abandoned first. The financial 
status of the Station #9 is better than the Downtown system and the 
customers are less likely to abandon steam service. The large industrial 
customers on the Station #9 system cannot convert to natural gas and 
are also quite hesitant about making a major initial investment in new 
coal boiler equipment. For the near future, it is the Downtown system 
that i.s in jeopardy of abandonm,ent. This section will attempt to 
outline but not quantify a few of the possible impacts of the abandonment 
of the system on the city and on the utility - RG&E. 
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The city of Rochester has the most to lose if the steam system is 
abandoned. Loss of taxes generated by the steam system is the most 
immediate impact. The balance sheets for 1979 show a tax revenue to the 
city from the Downtown steam system of over a million dollars (Table 4.2). 
The immediate loss in taxes would cause an extra . burden on the city. 
This would come at the same time that the city would have to raise 
capital for the conversion to gas of the municipal buildings. The city 
has many structures in the downtown area and the initial cost of 
conversion could amount to several million dollars. A secondary impact 
on the city is loss of businesses located in marginal building structures 
where the initial cost of conversion to gas is not justifiable. This 
would be another stimulus in the trend of outmigration from the city 
to the suburbs. 

The abandonment of the Downtown system by RG&E would mean justifying 
the loss of an $11 million business (the amount in the rate base as 
indicated on Table 4.2) to the stockholder's. However, the major impact 
would be on the gas distribution business. The majority of customers on 
the steam system would connect to the gas system, requiring major 
investments in the gas distribution system. Another impact would be on 
the purchase of new gas at marginal cost to supply these new customers. 
This would be spread across the whole customer base.of the RG&E gas 
distribution system and all gas customers would suffer due to the 
failure of the steam district heating business. The city would then be 
totally dependent on natural gas and face increased cost as Federal 
deregulation becomes fully implemented in 1985. Natural gas costs are 
expected to undergo the same type of rapid escalation over the next 
decade as oil did during the later half of the 1970's. There is also no 
reason to believe that the state regulatory climate will change, there­
fore there will continue to be a regulatory time lag as scarce fuels 
prices escalate. The natural gas business might face the same low rates 
of return that are presently jeopardizing the steam business. 

There are only minor differences between the steam business and the 
natural gas business. Natural gas can serve a lower heat load density, 
therefore serve a much larger area and is not as susceptible to poor 
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economic conditions in one isolated area of a city. The modern hot 

water district heating systems in northern Europe enjoy the same flexi­
bility as natural gas systems. The advantage of the district heating 
business over the natural gas business is the fuel flexibility aspect. 
The local utility has control over the energy source that produces the 
steam. The natural gas system is dependent on a pipeline supplier. It 
does not take a sophisticated analysis to determine that steam produced 
from a coal cogeneration facility will be less expensive than synthetic 
high-Btu gas. The main reason is a cogeneration facility can operate 
at a thermal efficiency between 80-90% as compared to a high-Btu 
gasification plant efficiency of 60-70%. The northern European hot 
water cogeneration facilities are experiencing seasonal thermal 
efficiencies of 80%. 

The district heating business and the natural gas distribution 
business are very similar and both will suffer during periods of 
rapidly escalating fuel cost. However, RG&E may use the two businesses 
to balance each other. If the district heating business were viable 
and had the potential to expand with hot water, it could be used to 
alleviate the need to purchase marginal gas from the pipeline supplier. 
By having the two system, the utility would have more control and could 
better manage the rapid cost escalation of scarce fuels. Therefore, 
they are more likely to earn a better rate of return. 
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5. POSSIBLE OPTIONS TO IMPROVE THE EARNINGS POTENTIAL 
OF THE ROCHESTER DISTRICT HEATING BUSINESS 

5. 1 Options for Modifying the Status of the 
Rochester District Heating System 

Three options have been proposed to demonstrate the potential 
alternatives that exist for sustaining and improving the Rochester dis­
trict heating system. The proposed options represent only a few of the 
available alternatives that could be applied to revitalize Rochester's 
district heating system. Many other options could accomplish the same 
goals, and there are a multitude of variations of these options. Among 
the options that were proposed, two represent potential short-tenn solu­
tions and the third, an overall strategy for long-tenn viability. All 
three options indicate a potential for large, scarce-fuel savings, one 
of the requirements for applying for an energy UDAG grant. No attempt 
has been made to conduct an economic analysis of any of the alternatives. 
It is acknowledged that before a final evaluation of any option a thorough 
economic analysis must be conducted. 

The two near-term options are attempts to reduce the steam system's 
dependence on oil. The first option is conversion of the coal-fueled 
Unit #12 at Station #3 to cogeneration. The steam supplied from Unit #12 
cogeneration could reduce oil consumption by at least 10% and possibly by 
as much as 30%. Because fuel cost is the primary expense to the district 
heating system, steam produced from low cost coal offers the opportunity 
to stabilize or even lower the price of steam to the customer. The second 
option involves generating and marketing steam produced from municipal 
refuse incineration. Small modular incinerators with heat recovery systems 
could be installed at both Station #3 and #9. High quality refuse derived 
fuel (RDF) could be supplied from the Monroe County Resource Recovery Plant. 
Depending upon the quality and availability of RDF, oil savings from 
municipal incineration could amount to 20%. Successful implementation of 
both options could result in up to a 50% reduction in current oil consumption. 

5-1 
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The third option is a long-range strategy to develop hot water heat 
islands adjacent to the Downtown system. A hot water district heating 
system is analogous to a natural gas distribution system; they can eco­
nomically serve a lower heat load density over a longer distance than 
steam. The greater flexibility of hot water enables the district heating 
system to extend service across the community, increase the number of 
customers, and change with community redevelopment patterns. Hot water 
systems can utilize a larger range of energy sources including industrial 
waste heat, cogeneration from coal (Russell Station), cogeneration from 
nuclear power (Ginna Station), and the existing steam district heating 
plants. Development of a successful heat island could represent the first 
growth node for a major 1200 MW(t) district heating system in Rochester 
[existing steam system is 275 MW(t)]. 

The immediate and long-term economic viability of the Rochester 
district heating system requires aggressive and coordinated interaction 
between both the city and the utility. Recognizing the differences 
between the objectives, concerns, and operating practices of the city 
and the utility represents the first major consideration in the selection 
and development of options. Of the proposed options, the city appears 
best suited to take the lead role on refuse incineration, RG&E on the 
conversion of Unit #12, and a combination of utility and city efforts 
on hot water heat island development. 

The following sections will present more detail on the specific 
development of each option. 

5.2 Conversion of Coal Unit #12 at Station #3 to Cogeneration 

Conversion of Unit #12 to cogeneration has already been considered 
by RG&E but rejected due to the loss of electrical production from 
Unit #12 and the dramatic increase required in the amount of demineralized 
water. As a condensing unit, the system operates in a closed loop and 
only makeup demineralized water is required. Conversion to cogeneration 
and connection to the district heating system would open the loop, a 
great deal of condensate would not come back to the unit, and the require­
ment for additional demineralized water would be greatly increased. 
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Steam Pressure and Enthal phy 

The conversion of Unit #12 would drastically reduce the production 
of electricity. To minimize electrical production losses, steam district 
heating supply pressures should be reduced. With lower steam pressures, 
the thermodynamics of cogeneration become more attractive. Presently, 
the district heating system is supplied by exhaust steam from topping 
turbines and steam cost is allocated at a rate of 90% of the cost on 
high pressure steam. Conversion of Unit #12 should supply steam at a 
low pressure and enthalpy, to significantly reduce the cost allocation 
percentage. An extreme example of minimal impact of cogeneration of 
electrical production is an extraction machine that is used to produce 
250°F hot water for a hot water district heating system. The steam 
would be extracted at 20 psig, and this would give a cost allocation 
percentage of about 25%. For the Rochester system, the more realistic 
low pressures are in the range of 100-150 psig. 

A system pressure flow study is needed to determine how much the 
steam supply pressure can be lowered from the existing 170-200 psig range. 
The study would establish the range of supply pressures required for 
different heat load conditions. Computer simulation models of the steam 
system would compliment the investigation by assessing the systems 
response to further reductions in supply pressure. Highly sophisti­
cated computer programs have been developed to determine balanced, steady 
state pressure flow relationships for steam networks. 1 An example of a 
computer analysis of a municipal steam distribution network is given in 
Appendix C. The example code was originally developed for natural gas 
distribution systems, but the Baltimore Gas and Electric Company has 
modified and validated the code for use on their steam system. The com­
puter code is currently being used by many other steam systems in the 
northeast. 

An attempt should be made to determine the requirements of operating 
the steam system at a supply pressure of 100 psig for a large portion of 
the year. Total annual operation at 100 psig is impractical due to the 
need for high pressure steam in the tie-line during periods of peak demand 

(Fig. 3.4). However, operation of the steam system at this lower pressure 
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for most of the year should result in significant reductions in the 
amount of fuel oil. Peak system demands can be met as usual by the use 
of 660 psig headers steam, which is supplied directly from oil-fired 
boilers. Lowering the pressure in the distribution system should permit 
a greater utilization of the available steam from converted Unit #12, 
minimize changes to the distribution system, and reduce the impact on 
the electrical generating capacity. A system pressure flow study could 
address many of the distribution system questions. 

Turbine 

RG&E Unit #12 consists of a General Electric turbine generator and 
a Combustion Engineering boiler. The turbine generator is a 75,000 KW 
machine with tandem compound, double-flow reheat turbine, and a hydrogen 
cooled generator. The Combustion Engineering boiler is a controlled cir­
culation, reheat-type·steam generator. The unit is designed for a main 
steam flow at the superheater outlet of 560,000 lb/hr at 1825 psig and 
1055°F, and a reheat steam flow of 441,000 lb/hr with reheat to 1005°F. 
The turbine consists of high, intermediate, and double-flow low pressure 
sections. Unit #12 is located in Station #3 but isolated from the other 
existing units. Currently, Unit #12 is the only coal-fired unit operating 
in the vicinity of the Downtown district heating system. Conversion of 
the existing turbine to cogeneration can be extremely complex. If the 
goal were to extract steam to produce 250°F hot water, the retrofit would 
be significantly easier. Retrofitting a single case machine to allow 
steam extraction in the range of 100-150 psig is extremely difficult. A 
preliminary heat balance and other technical details of conversion are 
presented in Appendix D. 2 The preliminary heat balance proposed extract­
ing steam at 96 psig from Stage 15 of the intermediate pressure section 
(Fig. D.l, Appendix D). It is not obvious if a suitable flow rate can 
be obtained by extracting steam at 96 psig; this is a question that has 
to be answered by the turbine manufacturer. Adequate flow rate is 
extremely critical since Unit #12 steam would be used as base load to 
the Downtown system. If 150,000 lb/hr (150 x 106 Btu/hr) could be 
extracted from converted Unit #12 for district heating, 47% 
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-(900 x 109 Btu/yr or 165,000 bbl of oil equivalent) of the oil used for 
cogeneration of the Downtown system could be displaced. Translated across 
the total steam system, conversion could reduce dependence upon scarce 
fuels by 30%. Due to the turbine design of Unit #12, it might only be 
feasible to achieve a flow rate of 50,000 lb/hr (50 x 106 Btu/hr) or an 
annual production of 300 x 109 Btu/year. Even with less steam production, 
Unit #12 could displace approximately 16% (55,000 bbl of oil equivalent) 
of the oil used in the Downtown system or a 10% scarce-fuel savings 
between both systems. 

Reheat boiler 

The steam extracted from Unit #12 turbine could flow into a reheat 
boiler (Fig. 5.1). A reheat boiler is essentially a steam-to.;.steam heat 
exchanger that interfaces between the exhaust demineralized vapor of the 
turbine and the lower quality vapor sent out to the district heating 
system. The steam flowing from the turbine is on the primary side of 
the heat exchanger and the water that is being converted to steam for 
the district heating system is on the secondary side. There is a signi­
ficant pressure drop·across the heat exchanger and the steam being sent 
out to the district heating system is at approximately 80 psig. The 
reheat boiler has a significant disadvantage of lowering the pressure; 
however, it relieves the requirement for vastly increased amounts of 
demineralized water. The lowering of the distribution system supply 
pressure to 80 psig is probably unrealistic. Therefore, the reheat 
boiler using this preliminary heat balance is probably not feasible. 
There are two ·options: {1) to extract steam at 96 psig at Stage 15 and 
send it directly to the district heating system or (2) extract steam at 
the cold reheat, 308 psig,·630°F, and use a reheat boiler. The first 
option, without the reheat boiler, has the advantage of minimizing the 
impact on electric production, allowing a lower cost allocation percentage 
for the district heating system. It has the disadvantage of a more 
complicated turbine retrofit and the increased requirement for demineral1zed 
water. The option of using the cold reheat steam and a reheat boiler 
means a higher sacrifice in electricity. It is recommended that the 
economics of both options be investigated. 
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The thermodynamics of the cost allocation calculation for the option 
without a reheat boiler (Stage 15 extraction) show an exhaust steam 
charge of 62% of the high pressure steam charge (Appendix D). RG&E is 
presently using $1.50/106 Btu for coal in Unit #12, and it is estimated 
that the high pressure steam cost is in the range of $3-4/106 Btu. 
Steam generated from the coal-fired Unit #12 could be sold to the 
district heating system in the range of $1.90-$2.50/106 Btu. A capital 
charge of at l~ast $2.00/106 Btu could be applied for conversion of 
Unit #12. The capital charge would increase steam cost to approximately 
$4.50/106 Bt4, significantly below the $6.50/106 Btu currently being 
charged for exhaust heat from the cogeneration units at Station #3. 

There are many variations to the options on the conversion of 
Unit #12. Before the best variations can be identified, there definitely 
has to be an interaction between any system pressure flow investigation 
and the investigation of the turbine manufacturer. Due to all the possible 
variations, there is a definite need for innovation in detennining the most 
appropriate configuration and operational procedures for utilizing the full 
potential of Unit #12 cogeneration. 

5.3 Refuse Incineration with Heat Recovery 

The city of Rochester and the conrnunities of Monroe County have his­
torically depended upon landfilling as the primary means of municipal 
solid waste disposal. By the late 1960s, most of the available landfill 
sites had been exhausted and acceptable new locations could not be found 
to meet the ever increasing supply of municipal solid waste. The lack of 
acceptable disposal sites was brought into focus in a 1960 engineering 
study of Monroe County which predicted that the generation of solid waste 
would approach 2000 tons/day by the end of the decade. The study also 
indicated that public dissatisfaction with the landfilling concept was 
growing throughout the areas. 

Faced with the prospect of increased solid waste generation and a 
lack of available landfill sites, Monroe County initiated a long range 
solid waste management program in the early 1970s. The long range program 
was designed to fulfill future disposal needs and ultimately to reduce 
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and/or eliminate the county's need for landfill sites. A comprehensive 
resource recovery plan was determined to be the most appropriate strategy 
for achieving the long range goals. Hercules, Inc., was commissioned to 
design a basic resource recovery system and to conduct a detailed market 
analysis of the system for the county·. Results of the study indicate a 
strong local market potential for the products recovered by the system. 
Markets were located for ferrous and nonferrous metals, glass, sand, and 
refuse derived fuel (RDF). 

In 1975, the county negotiated a· three-phase contract with Raytheon 
Service Company. The services to be performed under each phase of the 
contract were: Phase I - design and construction supervision, Phase II -
start-up, and Phase III - operations. Actual construction of the Monroe 
County Resource Recovery Facility (MCRRF) began in the fall of 1976. 
All of the major construction phases of the operation have been completed 
and the faci 1 ity is _undergoing startup_ and shakedown test runs. The 
facility will become fully operational by the spring of 1981. 

RDF Facility 

The Monroe County Resource Recovery Facility (MCRRF) is located on 
approximately 11 acres of land in the southwest corner of Rochester.3 
As indicated in Fig. 5.2, the MCRRF is located approximately 2.5 miles 
from RG&E's Station #9 and approximately 5 miles from .Station #3. 

The facility is designed to process municipal, conunercial, and 
light industr-ial waste at a rate of approximately 140 tons/hr= 1000 tons/ 
day or 520,000 tons/year of solid waste. The facility is expected to 
operate on a two-shift, 16-hour, 5-day/week basis. Additional solid 
waste processing capacity can be achieved by the operation of a daily 
third shift and a Saturday shift. 

Monroe County has contracted with Rochester to accept the city's 
municipal waste. Rochester's residential, commercial, and light indus­
trial solid wastes are collected and transported to municipal transfer 
stations for storage. The county periodically transfers the Rochester 
municipal waste to the resource recovery facility. The facility accepts 
refuse from packer trucks, transfer trailers, or open trucks and trailers. 
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Fig. 5.2. Relative location of the Monroe County 
Resource Recovery Facility. 

All incoming vehicles are automatically weighed before proceeding to the 
tipping room area and backed into one of ten, 25-ft-wide tipping bays. 
Solid waste is discharged into a storage area that is 12-ft deep and 
capable of storing 2000 tons. The solid waste is transferred from the 
storage bays into the processing plant by front-end loaders. 

The Monroe County resource recovery pl ant consists ·of four subsystems: 
baseline process, residue recovery, ferrous refining, and· nonferrous 
refining (Fig. 5.3). The baseline process handles all the incoming waste 
in two identical and parallel lines. The four major subsystems in the 
process line ate: refuse derived fuel (RDF), ferrous scrap, heavy com­
bustibles, and a residua,l fraction. The residue recovery system receives 
the residual fraction and separates it into mixed-colored glass, sand, 
mixed nonferrous metals, and light waste. · The ferrous refining subsystem 
cleans and densifies the ferrous scrap. the nonferrous subsystem recovers 
aluminum and nonferrous metals as separate products. 
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The baseline process consists of twelve fundamental steps: 

1. Primary shredder - reduces the incoming waste to less than 12 in. 
in size. 

2. Skim classifier - removes the initial small quantity (15%) of light 
combustible materials (paper, plastic, and dust) from the coarse 
shredded refuse and controls dust from the primary shredder. 

3. Primary air classifier - separates shredded feed material into 
light and heavy fractions. 

4. Magnetic separator - removes ferrous metals from the air classifier 
heavy fraction. 

5. Rotary trammel screen - removes a glass-rich fraction from the non­
magnetic discharge of the magnetic separator. 

6. Secondary shredder - reduces the rotary screen oversized material 
to approximately 2-in. particle size. 

7. Secondary air classifier - separates the light combustible materials 
liberated by secondary shredding. 

8. Magnetic separator - removes the weakly magnetic materials from the 
secondary air classifier heavy fraction. 

9. Nonferrous metal separator - removes nonferrous metals from the 
heavy combustible materials. 

10. Screen - removes fine glass, grit, and dirt from the light fraction 
of the air classifiers. 

11. Combustible shredder - fine shreds the screen oversize from 
screen (10) to 90% (<3/4 in.}, discharges refuse derived fuel 
for storage and loading. 

12. Dust collector - removes dust from the processed air. Dust is 
added to light combustibles, becoming part of the RDF fraction. 

The principal resources recovered by the facility are, by percentage 
of weight: RDF (60%), heavy combustibles (5%}, ferrous metals (7%), 
aluminum (0.35%}, heavy nonferrous metals (0.05%), mixed-colored glass 
(9%), sand (3%}, and a residual product for disposal (9%). A description 
and product specification of the refuse derived fuel is presented in Table 
5.1 and Table 5.2. 
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Table 5.1. Composition and characteristics of refuse-derived 
fuel (RDF) produced by the Monroe County 

Composition: 

Characteristics: 

Resource Recovery Facility 

Paper, plastics, textiles, organics, and other 
low density materials that have been air classi­
fied from coarse shredded municipal waste, 
screened to remove grit and dirt, and shredded 
to a fine particle size. 

Moisture content (as received) 
Ash (as recieved) 
Calorific value (as received) 
Particle size (dry) 
Density (as received) 

13-25% 
17% approx. 
5000-7000 Btu/lb 
90% minus 3/4-in. 
2-7 lb/ft 3 

Table 5.2. Description of the principal materials obtained 
from 2000 ton/day operation at the Monroe County 

Resource Recovery Facility 

Material % by weight Weight (tons/day) 

Refuse derived fuel 66.0 1320 
Heavy combustibles 5.0 100 
Ferrous metals 7.0 140 
Aluminum 0.35 7 
Heavy nonferrous metals 0.05 l 
Mixed color glass 9.0 180 
Sand 3.0 60 
Residual 9.0 180 

Total 99.4% 1988 
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Modular Incineration 

Approximately one-half, 600 tons per day, of the RDF will be sold 
to RG&E for combination with coal at the Russell Station power plant. 
The remaining quantity of RDF will be deposited in sanitary landfills 
until a market can be found. The approximately 600 tons per day of 
excess RDF represents a potential low cost heat source which is substi­
tutable for scarce fuels in the Rochester district heating system. The 
municipality should consider studying modular incineration at Station #3 
and #9. Preliminary estimates indicate that RDF from the resource recovery 
facility could supply approximately 50 x 106 Btu/hr (50,000 lb/hr) of steam 
at each site. 

Currently, a number of municipalities are investigating the possi­
bility of employing municipal RDF in modular incinerators to supply 
industrial customers. 4 The siting of a refuse incinerator at Station #9 
system or the Downtown system has many advantages over serving a single 
industrial customer. The Rochester district heating load is very large, 
predictable, and capable of accepting all the steam produced from the 
two package incinerators. Supplying a portion of the district system 1 s 
base load by refuse incineration would make the project more economically 
attractive since steam sales would constitute a source of revenue. 

' 
Another major advantage of modular incineration is the possibility of 
negotiating with RG&E or other companies with boiler handling experience 
to manage the installations. Additionally, the cost differential between 
supplying steam to the district heating system from RDF versus that of 
oil should not be overlooked. 

Modular incineration has received increasing attention from municipal 
governments as a means of acceptably reducing the volume of municipal solid 
waste while simultaneously producing marketable energy products, steam, or 
hot water. The modular design allows increased flexibility over conven­
tional municipal incinerators in siting, pollution control, and operation 
requirements. The capability to expand incineration capacity, by inte­
grating additional modules, permits the system to acconmodate future growth 
in the solid waste supply. Factory fabrication permits cost savings and 
increases system reliability. 
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Most modular incinerators used for municipal solid waste employ a 
multichamber design. 5 Multichamber incinerators consist of a primary 
burning chamber, a low-velocity settling section, and a reaction chamber 
(Fig. 5.4). The municipal waste is placed and burned in the primary 
chamber, frequently with the assistance of an auxiliary burner and with 
a minimum amount of air. The floor and the primary chamber may be cast 
iron grates or a refractory hearth. The hearth is claimed to be less 
susceptible to fouling by noncombustibles. Gases and particulates from 
the primary combustion chamber pass to a low velocity transmission section 
where particulates are allowed to settle out by gravity. In the reaction 
section, the gases are completely oxidized by maintaining the temperature 
at approximately 1600°F, employing an auxiliary burner, and by the 
addition of excess air for combustion. 

l 
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Marketable steam (or hot water) is produced by heat exchangers 
located in the secondary combustion chamber (Fig. 5.5). During steam 
production, feedwater is pumped into the heat exchanger tubes, converted 
into steam, and passed into the steam separator drum. The steam pressure 
available for delivery is a function of steam generation rate and the 
system pressure. 

Stations #3 and #9 are logical sites for the installation of modular 
incinerators. Both sites offer the advantages of available land area, 
short connection distances, and high quality service roads from the RDF 
facility. A typical incinerator complex located at Station #3 and at 
Station #9 may contain three incinerators, each capable of burning 
50 tons/day of RDF. Assuming that the municipal RDF has a caloric value 
of 7000 Btu/lb, each unit within the modular incinerator is capable of 
producing 16 x 106 Btu/hr of steam. The incinerator complex at each 
station would have the capability of burning 150 tons of RDF per day, 
supplying approximately 50 x 106 Btu/hr {50,000 lb/hr) of steam to the 
district systems. Assuming a 55% energy burn recovery efficiency and a 
steam output of 150 psig, each unit could produce approximately 
300 x 109 Btu/yr of steam. A module at Station #9 would displace 
approximately 20% of th.e oil currently being consumed and a module at 
Station #3 would displace approximately 16% ~f the oil. RDF has the 
potential ~o displace approximately 20% of the oil currently being used 
throughout the total Rochester district heating system. 

Many of the problems which have traditionally plagued municipal 
incinerators can be accorrunodated with the new improved technology of 
modular incinerators and the superior quality of the RDF from the Monroe 
County Resource Recovery Facility. The modular incinerators have a rela­
tively successful track record for the combustion of municipal solid 
waste. Numerous modular units have been constructed across the country 
and have operated successfully over the past three or four years. The 
major problems with modular incineration are difficulties associated with 
handling and loading of municipal solid waste, maintenance, and labor 
costs. The smaller incinerator units are typically batch fed, which 
leads to high labor cost and uneven burning. The larger units have 
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attempted to overcome these problems by installing automatic feed systems, 
but, unfortunately, automatic feed systems have encountered their own 
difficulty in jamming and bridging of municipal solid waste. The major 
maintenance requirement for modular incinerators is replacement of the 
refractory hearth lining. Replacement is required from 3-8 years after 
initial startup, depending on the quantity and composition of municipal 
solid waste. Many of the problems associated with operating modular 
incinerators on municipal solid waste might be overcome by the quality 
of RDF available from the resource recovery center. The high degree of 
processing that municipal solid waste receives at the recovery center 
removes many of the hazards associated with handling, combustion, and 
storage of solid waste. Highly combustible materials, glass and soil 
fractions, ferrous and nonferrous metals, and large unmanageable objects 
are removed. The high quality RDF from the Monroe County facility could 
be transported over short distances from the treatment facility to the 
incinerators, reducing both on-site storage, odor, and vector control 
requirements. The uniformity of the RDF also lends itself to handling 
by automatic equipment, such as automatic feed equipment, so that deliveries 
could be made directly from the Monroe County facility to an incinerator 
holding hopper. The cost of labor and the time involved in handling the 
material can be reduced. The uniformity and relatively low moisture con­
tent of the RDF make it a desirable fuel for uniform steam production with 
a minimum of potential air pollution. 

The other significant advantage of employing RDF in combination with 
modular incineration to supply the Rochester district heating system is 
RDF's competitive price with oil. The initial cost of steam sold to 
utilities could be approximately $4/106 Btu as compared with the current 
cost of $6.50/106 Btu for producing steam. The cost differential between 
the two energy sources and the potential savings for the steam customers 
should be apparent. Although steam derived from RDF is not the same 
quality as that provided from combustion of residual oil, there are many 
potential uses for this low pressure steam. 
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5.4 Development of Hot Water Heat Islands 

To justify the investment for conversion to coal and new refuse 
incinerators, there will be the requirement of additional revenue. 
Portions of the revenue can be derived from reconnecting old customers 
and connecting new customers in the present steam district heating service 
area. There will also be the need to connect new cust001ers that are out­
side the present service area. The service to these customers should be 
the starting point of a modern hot water district heating system. The 
development of several hot water heat islands at the extremes of the 
present steam system could be the beginning of an efficient new system 
not restricted to the downtown core area. 6 Modern northern European hot 
water systems stretch across the community almost to the same degree as 
our natural gas distribution systems. The new hot water system would 
have the flexibility to change as the community changes. 

If a hot water heat island can be developed near one of the energy 
sources then the drastic improvement in efficieny can be achieved immedi­
ately. A hot water distribution system can achieve annual efficiencies 
of 90%, and it will be desirable to achieve this as early as possible. 
If the new heat island is on the tip of the existing steam distribution 
system, then the heat sources have to have excess capacity to compensate 
for the losses in a steam system. The hot water heat island would have 
an efficiency of 90%; however, the steam system that is serving the heat 
exchanger of the hot water distribution system has an efficiency of only 
75%. The benefit of the hot water system would only be achieved when a 
number of these heat islands are connected directly to the energy source. 
This could possibly take as long as five years. The major drawback of 
initiating these heat islands is the cost of heat exchangers and water 
pumping equipment. The additional cost of this equipment has to be 
justified on the long-term potential efficiency improvements of the new 
hot water district heating system. Additional costs might be covered by 

a UDAG grant because the hot water system can be classified as a long-term 
infrastructure investment. 

The City of Rochester is comparable to Uppsala, Sweden, which 
presently has an 800 MW(t) hot water district heating system. Uppsala 
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has a population of 140,000 and the district heating system serves 80% 
of the potential space heating load. The downtown multi-story area of 
Uppsala has a thermal density between 50-70 MW/km2 , and the remainder of 
the city core area has a heat load density between 20-50 MW/km2. The 
heat load density in Rochester is approximately equivalent to Uppsala's. 
Extrapolation between the sizes of the two cities indicates that 
Rochester has the potential for a 1200 MW(t) district heating system. 
The existing system is 275 MW and the additional growth of 900 MW would 
cost approximately $250 million (1980 dollars). Development of the hot 
water system might require 12-20 years for completion. Upon completion, 
strong consideration should be given to replacing the steam system. 

The preeminent energy source for the hot water system will be 
thermally cogenerated energy from RG&E's Russell Station. The Russell 
Station units could be retrofitted to provide 400 MW(t) of 250°P hot 
water [there is about 1.5 x 260 MW(e) = 400 MW(t) of thermal energy 
potential]. This would be sufficient to serve 45% of the capacity ~nd 
approximately 80% of the annual energy. The Russell Station is 7 miles 
from the center of downtown Rochester {Fig. 5.6) and such a Tong pipe­
line would not be justifiable until about 500 MW(t) of the load has been 
developed. Therefore, energy sources that are closer in must be found 
and used for the development of the new system. The potential sources 
include: spare capacity at Station #3, reject industrial waste heat, 
and new permanent coal-fired boilers that cascade energy first to 
industrial customers and then to the district heating system. The Ginna 
Nuclear Station is another retrofit candidate to provide cogenerated 
tttermal energy. In Sweden, there is serious considerations for retro­
fitting the Forsmark Nuclear Plant and transporting the thermal energy 
80 miles to the city of Stockholm. The Ginna Station is only 15 miles 
from downtown Rochester. 

The first phase of the new system is the development of hot water 
heat islands. An initial feasibility study that examines the potential 
of 5-6 heat islands is recommended. The results of the study should 
identify the prime target areas and also a strategy for interconnection. 
Selection of market areas is not an exact science, but the following 

principles can be used as guidelines in assessing candidate areas: 
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• Areas to be served should have a high thermal load density. Each 
heat island must be segmented and estimates must be made of the 
thermal heat load density. The thennal load density of an area 
is determined by the thennal load per unit of building flood space, 
the number of stories in the building, and a number of buildings 
within the area. 

• The heat islands should be as close as possible to the thermal 
source. Often the best approach is to begin selecting the most 
energy intensive area until the available thennal capacity is 
entirely allocated. Close proximity between the thermal loads 
and the source reduces capital costs . 

• Areas of new development or redevelopment are often excellent 
targets for initial heat islands. Areas of new construction and 
redevelopment offer the advantages of reduced cost of piping 
installation in streets and reduced costs to the building developer 
due to the elimination of buying boiler equipment. 

• Groups of buildings under single ownership should be given special 
consideration. This includes university campuses, medical complexes, 
and other high he.at load factor complexes. This does not include 
civic centers and sports arenas, which have highly cyclic load 
factors. 

In many cases, the most attractive service areas for a new heat 
island will become obvious from the consideration and principles just 
mentioned. However, for large cities such as Rochester, there might be 
several other alternatives. 

The initial heat island feasibility study should concentrate on the 
potential market with a secondary emphasis on the distribution system and 
the energy sources. The results of this study should identify the two or 
three prime heat island targets for follow-up detailed conceptual design 
and economic feasibility studies. 

The long-tenn viability of district heating in Rochester is directly 
linked to the initiation of a new hot water distribution system around 
the present system. This new distribution medium can serve the customer 
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efficiently throughout a period of enhanced conservation. It can utilize 
the cogeneration conservation concept to its fullest extreme, which relates 
to a minimal sacrifice in the production of electricity. The European 
design, thin pipe wall construction and shallow burial, has reduced the 
distribution system capital costs to a point where economic feasibility 
can be achieved. This is not implying that building a hot water system 
or a hot water heat island can be done in a haphazard manner. However, 
with careful planning and a great deal of innovation, a hot water system 
is a real possibility for Rochester. 

5.5 Applications for an Energy UDAG for 
One or More Proposed Options 

The purpose of the energy UDAG program is to improve the physical 
and economic viability of urban areas by supporting projects which are 
designed to conserve energy and develop alternative energy supplies. 
The program was de.signed to permit conmunities seeking the most equitable 
use of their existing resources to plan their energy futures. The energy 
UDAG is intended to facilitate urban redevelopment in a time of uncertain 
and costly energy supplies. By requiring a minimum of $2.50 of private 
sector investment to each $1.00 of federal funds, the UDAG program 
insures community cooperation and interaction in the planning process. 

The city of Rochester may seek an energy UDAG grant to revitalize 
RG&E's district heating system. Development of an economically viable 
and price-competitive district system would benefit the city directly 
by lowering the operating (heating and hot water )cost of municipal build­
ings. Improved steam sales and relocation of business into the downtown 
area also benefit the city. The potentially positive impacts of retain­
ing the district heating system should motivate the city to apply for an 
energy UDAG. The energy UDAG program is designed to promote energy con­
servation and alternative energy supply projects with long-range potential 
for improving urban viability. Preference is given to applications which 
can indicate sustained community benefits from energy UDAG projects. The 
two proposed short-term options, municipal incineration and Unit #12 
cogeneration, are intermediate measures designed to reestablish the 
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economic viability of the Rochester district heating system. Both options 
appear to meet the energy UDAG prerequisites of scarce fuel savings, tech­
nical feasibility, and economic feasibility. Neither short-term option 
can be expected to support a major, sustained revitalization of Rochester. 

The third option is a long-range strategy to develop hot water heat 
islands adjacent to the existing steam district heating system. The 
increased flexibility of hot water distribution enables the system to 
expand into the community, increase the number and types of customers, 
and utilize a greater number of local heat sources. Hot water systems 
could permit .increased scarce fuel savings, increase employment, and pro­
vide a reliable energy source at competitive rates. The third option can 
have a significant and lasting impact upon the growth and revitalization 
of Rochester. 

Before Rochester can submit an application for an energy UDAG, the 
city and the utility must more thoroughly investigate the technical and 
economic viability of the proposed options. The combination of feasi­
bility studies and an energy strategy will enable the city to develop a 
long-range plan (which may incorporate one or more of the proposed options) 
to apply for an energy UDAG. Because all UDAG's are competitive awards, 
any application submitted by Rochester that demonstrates a continual and 
long-range impact would have a higher probability of acceptance. If the 
longer range considerations are ignored, the possibility of a successful 
UDAG award could be significantly reduced. 
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6. SUMMARY AND CONCLUSIONS 

The Rochester district heating system is typical of other U.S. 
steam district heating systems. Many of the systems are not profitable 
or earn a relatively low rate of return. The Rochester district heating 
business is in the latter category but could easily become a business 
with substantial losses. To avoid this possibility, there is a need to 
address the immediate problem and to examine the long~term outlook for 
the business. The two are not independent; a major investment to resolve 
the short-term problem cannot be made without an estimate of the future 
potential of the business. 

The immediate problem is to reduce the system's dependence on oil; 
however, the most significant problem is the business's limited service 
area in the redeveloped inner city of Rochester. The district heating 
business has deterior~ted over the last decade because it could not 
-reach beyond this limited service area. The electric business has also 
suffered some revenue loss in the central business area; however, it is 
much more diverse and has had the flexibility to follow the outmigration 
to the suburbs. The steam technology has constrained the district 
heating business to this small pocket. Low and medium pressure steam 
can be transported only a short distance and a system with no condensate 
return can only serve extremely high heat load densities. Therefore, 
there is a perceived risk in making an investment in an area with such a 
limited market. 

The district heating business in Rochester is worth saving. It has 
the potential, using the modern hot water district heating technology, 
to become a large successful business venture. It could serve the whole 
city in a manner similar to the natural gas distribution business. 

The city of Rochester and not RG&E would be the most severely affected 
by the loss of steam service to the downtown area. The most immediate 
impact would be the loss in municipal taxes generated by the steam system. 
The substantial revenues lost from steam sales and other municipal taxes 
could force curtailment of municipal services or increase local prop.erty 
taxes. Simultaneously, the city would be faced with the prospect of 

6-1 
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raising substantial amounts of capital to convert all the downtown 
municipal buildings to natural gas. The city would then be totally 
dependent upon natural gas. A secondary effect of abandoning the 
district heating system is the potential loss of marginal business from 
the downtown area. Businesses incapable of meeting the initial conver­
sion costs to natural gas may close or relocate. Conversion costs would 
be another stimulus to accelerate the current trend of retail migration 
from the city to the suburbs. 

For RG&E, abandoning the Downsteam steam business would result in 
an irrmediate impact upon the natural gas business. Most of the former 
steam customers would expect or even demand service from the gas system. 
The utility would then be faced with the prospect of making an invest­
ment in the downtown gas distribution system. Also, to meet the increased 
demand for natural gas, RG&E would be required to purchase new gas at 
marginal cost. The increased cost of new gas would be distributed among 
all of the natural gas customers. Natural gas is being deregulated and 
will undergo a rapid cost escalation over the next decade, similar to 
the cost escalation of steam during the latter half of the 1970s. 
During periods of rapidly escalating fuel costs, both the gas and 
district heating businesses face the possibility of low rates of return 
on their investment. Regulators cannot politically pass along rate 
increases required to cover utility costs. The major advantage of 
district heating during periods of fuel escalation is the inherent 
flexibility to switch fuel supplies. RG&E and the community have control 
over the energy source that produces steam for the district heating 
system. Coal, refuse derived fuel, or industrial waste heat could be 
incorporated into the Downtown district heating system, thus maintaining 
or lowering the cost of delivered steam. 

To sustain a viable gas business in the downtown area, RG&E should 
use the two businesses to balance each other. If the district heating 
business were revitalized and had the potential to expand to hot water, 

it could alleviate the need for the purchase of marginal gas from the 
pipeline supplier. By having the two systems, the utility could have 
more control and could better manage the rapid cost escalation of scarce 
fuels. Both businesses could then expect to earn a better rate of 

return. 
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Three options have been proposed to demonstrate the potential 
alternatives that exist for sustaining and improving the Rochester dis­
trict heating system. The proposed options represent only a few of the 
available alternatives that could apply to revitalizing the Rochester 
district heating business. Among the options that were proposed, two 
represent potential short-term solutions and the third an overall strategy 
for long-term viability. All three options indicate a potential for large 
scarce-fuel savings, one of the requirements for applying for an energy 
UDAG grant. 

The two near-term options are attempts to reduce the steam system's 
dependence on oil. The first option is conversion of the existing coal­
fired Unit #12 in downtown Rochester to cogeneration. The steam supplied 
from Unit #12 cogeneration would reduce oil consumption by at least 10% 
and possibly by as much as 30%. Because fuel costs are the primary expense 
of the district heating system, steam produced from low cost coal offers 
the opportunity to stabilize or even lower the price of steam to the cus­
tomer. The second option involves generating steam produced from municipal 
refuse incineration. A small modular incinerator with heat recovery 
capability could be installed at both Station #3 and Station #9. High 
quality refuse derived fuel (RDF) would be supplied from the Monroe 
County Resource Recovery Plant and, depending upon the supply, oil savings 
from municipal incineration could amount to 20%. 

The third option is a long-range strategy to develop hot water heat 
·islands adjacent to the Downtown system. A hot water district heating 
system has many of the characteristics of a natural gas distribution 
system. Both systems can economically serve a lower heat load density 
over a longer distance than steam. The greater flexibility of hot water 
enables the district heating system to extend service across the com~unity. 
The development of a successful hot water heat island would represent the 
first growth node of a major new district heating system in Rochester. 

The immediate and long-term economic viability of the Rochester 
district heating system requires aggressive and coordinated interaction 
between both the city and the utility. Recognizing the differences 
between the objectives, concerns, and operating practices of the city 
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and the utility represents the first consideration in the selection and 
development of options. Of the proposed options, the city appears best 
suited to take the lead role on the refuse incineration, RG&E on the 
conversion of Unit #12, and a combination of utility and city effort is 
needed for hot water heat island development. 

The option that looks the most promising is modular incineration 
using RDF fuel. Incineration is rated above conversion of Unit #12 due 
to the complex technical issues involved with retrofitting an existing 
single-case steam turbine. However, both options deserve immediate and 
thorough investigation. Announcing a commitment to pursue either or 
both of these options would have a psychological impact on the existing 
steam consumers. Existing customers would be given the option to defer 
for a year or two a decision to switch to another fuel. If the customers 
felt that in the near future the system would again be cost competitive, 
steam sales would be stabilized and the eroding customer base could be 
solidified. 

Justifying the investment to convert Unit #12 or to purchase modular 
refuse incinerators will require additional sources of revenue. Portions 
of the revenue can be derived from reconnecting old customers and connect­
ing new customers in the present steam district heating service area. The 
need also exists to connect new customers that are outside the present 
service area. The service to these customers should be the starting point 
of a modern hot water district heating system. The development of several 
hot water heat islands at the extremes of the present steam system would 
be the beginning of an efficient new system that would not be restricted 
to the downtown core area. The new system would have the flexibility to 
change as the community changes. The long-term viability of district 
heating in Rochester is directly linked to the initiation of a new hot 
water distribution system around the present system. This new distribu­
tion media can serve the customer efficiently throughout a period of 
enhanced conservation. It can utilize the cogeneration conservation 
concept to its fullest extreme, which relates directly to a minimal sacri­
fice in the production of electricity. The Rochester district heating 
system could be made viable with careful planning and a great deal of 

innovation. 
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The guidelines contained herein indicate (a) the kinds of energy projects 
for which UDAG funding is suitable and (b) additional information required 
for a UDAG energy project application. 

C Distribution: w-3-1, R-l, R-2, R-3, R-3-1 (CPD), R-4, R-5, R-5-1, 048 

Pnmou1 Editions Are Obsolete 

A-3 

HUD 21Bl3.SOI 
GPO,,, eoz 



A-4 

I I I I 
Guidelines for Soliciting .Mditional. Infcn:matian for UDAG 

Applications for Energy COnseJ:vation or Alternative Energy SUppl y Proj ects 

I. INl'HDJCl'ICN 

Action Grants can be used for energy conservation or alternative 
energy supply projects which are technically feasible and have suffi­
cient eex>nanic viability to attract· the private investment required. 
under the UI»\G program. The mi.rwnum is $2.5 private to $1 Action Grant, 
but the higher the ratio of private investment to UDAG re:iuested, the 
m::,re oanpetitive the application will be. As in other Action Grant 
applications, a government guaranteed loan or a revenue J:x:>nd (but not 
a local goverment general obligation bond) can qualify as private 
investment. 

HUD recognizes that many valuable and proven energy conservation or 
alternative energy supply technologies, w.ch can help the nation con­
serve scarce fuel and inprove the econanic viability of urban areas, 
may have difficulty in obtaining 100% private f.inanci.ng. For sane 
projects, even though the energy cc:nservation effect is significant, 
the rates of retmn may be insufficient to call forth the total am:ront 
of private investment required. In others, a lack of operating expe­
rience may be the major barrier. In either 'caSe, the 1\ction Grant can 
help qualified energy projects fill the financing gap. 

These guidelines address a specific set of.energy conservation or 
supply technologies, nanely: district heating, geother:mal systems, 
S!lall scale hydro, co-generation, m:xiula.r integrated utility systems, 
alcohol fuel production plants, wind power systans, waste-to-energy 
projects, recycling or reclamation facilities, solar themial energy 
syte;ns, photovoltaic manufacturing facilities, low ard medium BIU 
gasification facilities, and loan/grant pools to finance biiJdjng 
conservation or alternative energy resource measures in buildings. Ht.In 
believes that all of these systems are technically feasible. ?J'..any 
cxmnunities have already· initiated projects in one or m:>re of these 
areas. This list of project categories, however, in no way precludes 
a di.stressed city, county, or pocket of poverty ccmnunity £ran applying 
for~ other energy conservation or alternative resource measure which 
conserves scarce fuels or increases energy efficiency, adapting the 
guidelines set forth herein to the circumstances. Fran time to time, 
the list of project categories will be expanded to reflect new project 
categories. For assistance in applying these guidelines to technologies 
not listed in this notice Christine llcElligott, Mary Allman, or 
fl.ark Williams of the UDAG staff in Washington may be contacted at 
202-472-3947. 
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II. APPL.ICATICN ProcEDURE 

An energy UDAG application shall be applied for and prcx:essed in 
the sane manner as any othar UDAG. It shall be evaluated against all 
other UDAG applications received for a particular large city or small 
city round and all normal_ UDAG selection criteria shall apply. Energy 
projects, however, are favored to the extent they conserve scarce fuel 
or increase energy efficiency. The method by which the scarce fuel 
savings shallbe measured is described below. In addition, .as between 
energy UDAG applications .in any given round, those fran cxmnunities 
which have adopted plans or program; to conserve energy or provide 
altemative sources of supply on a ·ccrtm.mity-wide basis .shall be favored, 
all other factors be.ing equal, over a:mmmities making no effort in 
this regard. 

The following additional data soould be submitted with an applica­
tion for an energy UDAG: 

A. A technical and ecorxmi.c feasibility study; 

B. Evidence that the project does not provide an undue energy 
subsidy to any custarer or class of custaners; 

c. The {JDAG cost of scarce fuel saved; 

D. A description of any cxmnunity-wide energy oonservatiat plan 
or program undertaken by the applicant, and the relationship, if arr:/, 
of the project to such plan or program. 

The .information requested .in Band C can be .included as part of the 
technical and econanic feasibility study. 

A. The Technical and Econanic Feasibility Study 

A UDAG application for an energy conservation or alternative 
energy supply project must be supported by a technical and eoonani.c 
feasibility study prepared by a oanpetent ·professional. For each pro­
ject type, HUD will have an expert either at Hu"D, OOE, or one of the 
national lal:oratories review and evaluate the study, and in particular, 
the cost and market estimates. 

Separate appendices are attached indicating factors which the 
study for each project type should address. The factors listed do not 
cover all elenents that should be contained in a c:acprehensive feasi­
bility stmy, but do set forth the factors deemed critical by the HUD 
and DOE technical advisors. The term "internal rate of retunl" as used 
in the appendices means the interest rate at which the presei1t value of 
the net cash flow for the proje:::t is zero. r.ach appendix contains the 
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II. APPLIC'ATICN PIDCEDURE 

An energy u1lAG application shall be applied for and processed in 
the sane manner as any other UDAG. It shall be evaluated against all 
other UDAG applications received for a particular large city or small 
city round and all normal UDAG selection criteria shall apply. Energy 
projects, however, are favored to the extent they conserve scarce fuel 
or increase energy efficiency. The method by which the scarce fuel 
savings $hall.be measured is described below. In addition, as between 
energy UDAG applications in any given round, those fran cxmaunities 
which have adopted plans or programs to oonserve energy or provide 
alternative sources of supply on a CC1trmmity-wide basis shall be favored, 
all other factors being equal, over cxmnunities making no effort in 
this regard. 

'lt'.e follo,nng additional data should be sul::mitted with an applica­
tion for an energy UDAG: 

A. A technical and econcmic feasibility study; 

B. Evidence that the project does not provide an undue energy 
subsidy to any custaner or class of custaners; 

c. The tJ"'DAG cost of scarce fuel saved; 

D. A description of any carmunity-wide energy conservation plan 
or program undertaken by the applicant, and the relationship, if any, 
of th:! project to such plan or program. 

'!'he information requested in Band C can be included as part of the 
technical. and eoonanic feasibility stu:ly. 

A. The Technical and Econanic Feasibility Study 

A UDAG application for an energy conservation or alternative 
energy supply project nust be supported by a technical and econanic 
feasibility stu:ly prepared by a canpetent professional. For each pro­
ject type, HUD will have an expert either at HlJ"D, OOE, or one of the 
national laooratories review and evaluate the stu:ly, and in particular, 
the cost and market estimates. 

Separate appendices are attached indicating factors which the 
study for ea.ch project type should address. The factors listed do not 
rover all elarents that sh:>uld be oontaine:1 in a canprehensive feasi­
bility stlrly, but do set forth the factors deemed critical by the HUD 
and DOE teclmical advisors. The tenn "internal rate of retum" as used 
in the appendices means the interest rate at which the present value of 
the net cash flow for the project is zero. F.ach appendix oontains the 
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name, address, and telephone number of one or nore of the technical 
advisors for each type of project, who may be called for advice by HUD 
staff in the Central Office, regional officesu area offices, or person­
nel with the applicant city or urban county. These appendices will be 
revised and supplarented fran time to time to reflect new energy project 
categories where advice or guidance may be needed. 

Project Type 

District heating, either with or 
without~ plan ro-generation, 
except for geothennal systans 

Geothennal systems 

Small scale hydro power systems 

co-generation systems 

M::ldular integrated utility systems 
(M.I.U.S.) 

Alcohol fuels production systems 

IDan/grant pools for J:uilding conser­
vation or alternative resource maasures 

Wind ~ systems 

Waste-to-energy syst.ans 

Recycling or reclamation facilities 
or systems 

Solar thermal energy systems 

Photovoltaic manufacturing facilities 

l/:JW and medium BTU gasification facilities 

B. Evidence of No Undue Energy Subsidy 

Appendix 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

The arrount of any .11ction Grant should be no nore than the mini­
mum arrount required to cause private investrrent to take place and under 
any circumstance no nore than the arrount necessary to achieve the mini­
mum leverage ratio of $2.5 private to $1 UDAG. In the case ·Of energy 
projects with lower than nonnal rates of return, the arrount of an 
appropriate Action Grant w:::>uld be the mi.niirmt arroi.mt required to bring 
the estimated rate of return of the project to a level sufficient to 
induce private investment. 
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In the case of enercn' r:rojects wt1ich provide heat or electrical 

services to custarers, m.1ch as district heating or small scale hydro 
facilities, the rate of return, and thus the arrount of 1.J"DAG needed if 
the rate is un&Lly low, will depend on the prioas charged for energy 
to custal'ers of the system. 'l'his price to customr:?rs should not be so 
low as to constitute iJl effect an energy subsidy, as described below, 
because under tho:::.e ci rcmnstar.ces tl:,e anom:.t of ·t;;.e UD.Z\.G requestc<l will 
be :rrore than required to cause private bwestxreut to occur. 

HUD recognizes that the viability of a oonservation or alterna­
tive energy project may depend upon selling energy at a price below the 
price of available scarce fuels to induce custorrers to convert to the 
new system. This price incentive should be no nore than is required 
to obtain conversions, nor, under any circumstance, unreasonably large. 

It is not possible to specify any precise fonnula or pricing 
system which will satisfy this requirem:mt but this issue should be 
addressed in the technical and economic feasibility study. 

C. t.JTIAG Cost of Scarce Fuel Saved 

Energ-1 conservation or alternative energy supply UDAG applica­
tions should indicate how many UDAG dollars will be required to save one 
barrel of crude oil per year, usually for the first year of project opera­
tion. Applicants should calculate this cost in the following manner: 

Step 1 

A surcmary analysis should be sul:mitted which derronstrates that 
the proposed project results in a greater reduction in tlie consumption 
of scarce fuel (s) (oil or gas) than alternative methods available for 
satisfying the sane service demand. The overall reduction expected can 
take place directly on-site if the facility has its own p:,wer generating 
capability, or it rna.y be canputed as an i.rrlirect reduction in scarce 
fuel usage in a renote power facility, i.e., displacing oil or gas used 
to generate electricity by a utility corrpany which services the project. 
It is expected that an applicant will be able to prepare this required 
surrmary analysis fran energy data available from the technical and fea­
sibility stud.y to be subnitted in conformance with the relevant appendix. 

Step 2 

The arrount of scarce fuel savings calculated in Step 1 should 
then be translated into barrels of crude oil equivalent saved per year. 
HUD recognizes "t;hat applicants rna.y be \\Orking with different fuels and 
that actual savings in a given project may not be in barrels of crude 
oil but in another fuel type. For purposes of standardized infonnation 
which HUD will use in its decision making, the savings should l::e pre­
sented as barrels of crude oil equivalent saved per year. The conversion 
equivalences in the following Table should be used in preparing this 
figure: 
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Energy Equivalences 

General 

Q1e million = M 

British Themal Unit (BTU) = a unit of heat; the quantity of heat needed 
to raie the temperature of one pound of water one degree Fahrenheit 

Petroleum 

1 barrel (bbl) of crude oil = 5.8 M BTU 
l bbl of residual oil = 6. 3 M BTU 
1 bbl of distillate fuel = 5. 8 M BTU 
l bbl of gasoline = 5. 3 M BTU 

Gas 

1 cubic foot (ft3) of dry natural gas = 1,020 mu 
5,700 ft3 of dry natural gas = l bbl of crude oil 

l short ton bitum.i.oous = 22. 4 M B'IU 
l sh::>rt ton anthracite = 23.5 M BTU 
.26 short tons bitmti.nous = l bbl of crooe oil 
.25 short tons anthracite= l bbl of crude oil 

Electricity 

l .kwhr solar(l) 
1 kwhr fossil 
1 kwhr hydropower (2) 
1 kwhr geotheuna1.Cl) (2) 
558 kwhr fossil 
558 kwhr hydropower (2) 
558 .kwhr geothermal.Cl) (2) 

Units of Measure 
Weight 

= 10,400 BTU 
= 10,400 BTU 
= 10,400 BTU 
= 10,400 BTU 
= 1 bbl of crooe oil 
= 1 bbl of crude oil 
= 1 bbl of crooe oil 

1 metric ton oontains 1,000 kilograms or 2,204.62 pounds 
1 long ton contains 2,240 pounds 
1 short ton contains 2000 pounds 

o:>nversion factor for crude oil (average gravity) 
1 barrel contains 42 gallons 

(1) I f solar or geothermal displaces fossil fuel blrned onsite 
in a cx:mnercial or residential building, then, assuming the onsite 
boiler or fw:nace has a seasonal efficiency of 50%, 1 kwhr solar or 
geothermal equals 6800 BTU. 

(2) There is no generally accepted practice for measuring hydro­
p:,wer and geothennal power to thenral conversion rates. For the dis­
placem&it of crude oil the conversion factor is assumed equal to the 
heat rate factor of a fossil fuel steam electric po..,er plant. 
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Step 3 

The arrount of barrels of oil equivalent sava:i per year calcu­
lata:i in Step 2 sb::>uld then be divided into the anount of tnJ\G dollars 
requesta:i to give the tJDAG cost per barrel of crude oil saved. This 
figure will be usa:i as one measure of the project's acceptability an3. 
o:::rrpetitiveness. Generally, the fewer u"DAG dollars requira:i for ead1 
barrel saved, the greater the project's ocrcparative chances for funding. 

_ UDAG dollars r equested 
UDAG Cost of Scarce Fuel Saved - Ban;els of crude oil to be saved per year 

Nonnally, the UDAG cost of scarce fuel saved will be based on 
the first year of the proposed project's operation. If the project is 
expecta:i to result in scarce fuel savings significantly greater in sub­
sequent years than in~ first, an average UDAG cost of scarce fuel 
saved may be calculata:i and presenta:i by dividing the average anount of 
barrels of crude oil saved per year into the UDAG dollars requesta:i. 

For exanple, a large district heating system may not rreet its 
full potential for scarce fuel savings until 10 to 15 years into its 
operating life. The applicant, therefore, could calculate the different 
scarce fuel savings in barrels of oil equivalent to be a.ccarplished each 
year for the full life span of the project, say 30 years. The 30-year 
c:urm.llative savings \\U\lld be presented as an average scarce fuel savings 
per year. This w::>uld then be divided into the total UDAG dollars being 
requesta:i for the UDAG cost of scarce fuel saved. 

UDAG dollars r equesta:i 
. . CUmulative barrels of crude oil to 

Average Scarce Fuel Savl.llgs Ratio= be saved over project's fuel saving 
life· span 
Number of years in project ' s fuel 
saving life span 
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D. Description of Camnmity Energy Conservation Plan or Programs 

If an applicant ccrcmunity has undertaken the process of deter­
mining \I.here and how energy use can be made m:>re efficient and less 
\IBSteful, or has made legal and insµtutional changes to bring about 
greater energy efficiency or scarce fuel savings, these actions should 
be described. '!'he relationship of the project itself, if. any, to a 
local or ocmnunity-wide energy conservation plan or l)r99ram should be 
provided. The developnent of a camv.mity-wide energy conservation plan 
or program is not .a requirement for :the sul:mission of an Action Grant 
application; however, applications for energy tmGs fran camv.mities 
which have tmdertaken such efforts will be m:>re favorably regarded over 
tlx>se fran ooatrunities making no efforts in this respect. 

I 

In addition, the eoonanic feasibility and true worth of certain 
energy conservation projects may reguire an analysis of the costs and 
design of the system in relation to other energy conservation measures 
available to the camumity. For ex.anple, the oost effectiveness of a 
district heatirg systan may require analysis of the reduction in bane 
and business energy danand and the relative cost thereof, that could 
be achieved through building conservation meamires. It is possible ~t 
a district ~ting system, in the interest of cost and energy efficiency, 
should be designed to permit the hookup of themal energy fran sources· 
such as industrial co-generation plants or solid waste incinerators. 
This kind of project specific analysis should be part of the feasil::>ility 
stooy. . 
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APPENDIX A 

DISTRICT HEATING 

1. Project Description 

I 

Provide a description of the camuni:ty in teims of its existing 
and projected land use mix and zoning. The description should incl\Xle a 
space heating market study of the building stock and related heating 
systems in the proposed service area. There should be maps that show 
the heat. load density arx1 significant detail on potential large custo­
mers within the service area. Finally, t:h&'e should J::e a discussion of 
the utility service that exists within the area with specific enphasis 
on how currently the space heating load is served. 

2. Developnent Plan 

Provide a tiJTle-phased integrated devel.optent plan for all phases 
of the project with key milestones identified. 

(a) Engineering Design 

The design should include all aspects of the district 
heating systan, the piping systan, the energy source, and conversion of 
the b.lilding heating systans. The expansion potential of the system 
without Federal financing subsidies and the scarce fuel savings beyond 
the segment for which f\mding is sought soould be estimated. 

(b) F.conanic Feasibility 

Plans for financing the proposed district heating system 
should J::e outlined including anounts, sources, and timing. The econanic 
feasibility assessment should include all project CX>Sts and estimating 
assunptions, ca.sh flow, capital anortization, ·arxl intemal rate of re­
t:um, l:::oth with and without the UDAG requested. The applicant should 
sul:mit letters of intent fran building owners to convert to the system 
at the energy prices used in the feasibility stooy as an indication of 
the project's econanic viability. The awlicant should also address 
the long tenn supply stability of the energy source of the proposed 
system. 

3. Environmental and Legal 

The project may be .subject .to local, .oounty, or state environ­
mental statutes and/or the national environmental protection laws. Pro­
vide an assessment of the applicable environmental regulations for the 
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proposed system. Include in the developne.nt plan all task and key mile­
stones denoting the successful canpletion of environmental associated 
requirements. There should also be evidence that all legal requirements 
have been met or are sche::1ule::1 and integrated into the developuent plan. 

4. Technical Consul tan ts 

Michael Karnitz 
Oak Ridge National Latoratory 
P.O. Box X 
Oak Ridge, Tennessee 37830 
(615) 574-5178 
(FI'S) 624-5178 

James o. Kolb 
Oak Ridge National I.al:oratory 
P. O. Box X 
Oak Ridge, Tennessee 37830 
(615) 574-5179 
(FI'S) 624-5179 

Jerone Rothenberg, Program Manager 
Utility and Energy Systans 
Department of Housing and Urban Develoµnent 
Division of Energy, Building and Teclmology Standards 
451 7th Street, N.W., Fs:x:>rn 8158 
Washington, D.C. 20410 
(202) 755-8154 
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APPENDIX B 

GEOI'HERMAL SYSTEMS 

1. Project Description 

Provide a description of the geothermal resource and the pro­
posed utilization project. Describe the existing geothermal resource 
or evidence of a developable resource and any further planned develop­
ment of the resource. Describe how the geothermal energy will be used 
(i.e., generate electricity, provide space heating, etc.) and the magni-
tude of the project (i.e., total electric power generated; number; type, 
and size of buildings to :be heated). The canpatibility of the geothermal 
resource and the proposed utilization should be discussed. Include 
tenperature and peak power requirements of the application and flow, 
t:arperature, and reservoir life estimates for the geothermal resource. 

2. Develoµrent Plan 

Provide a time-phased integrated developrent plan for all phases 
of the project with key milestones. The develo?'(lent plan should cover 
all aspects .of the project including investigations arrl field operations 
to further explore and define the geothennal resource, drilling, and 
testing of production and injection wells, construction of all surface 
plants, equiprent procurerrent, pipelines, and utilization facilities. 
Tasks and milestones should also be established for catpletion of asso­
ciated phases of the project such as carpletion of an Enviromental 
~t Staterrent (if required), resource leasing, water rights, etc. a.,d 
their integration into the construction schedule. The expansion poten­
tial of the systan without Federal financial subsidies and the scarce 
fuel savings, beyond the segment for which UDAG funding is sought should 
be estimated. 

3. Resource Data 

Provide data sufficient to describe the geothennal resource and 
cx::xrpatibility with the project. If the resource is not in prcduction 
or wells drilled, provide a developrent plan. This includes geological, 
geophysical, and geochemical evaluation of the site as well as the 
reservoir arrl well data. 

4. Engineering Design 

A carplete engineering design of the geothermal systan including 
all subsystems for geothennal fluid extraction and reinjection, energy 
conversion and/or transfer, transport, and application. 
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5. Environmental Assessrrent 

A project may be subject to local, county, or state environ­
mental statutes and/or the National Enviromental Protection laws. 
Provide an assessment of the applic~le environrental regulat.i,ons for 
the proi;x:,sed site al1d utilization. Include in the developnent plan all 
tasks and key milestones denoting the successful canpletion of environ­
mantally associate:l .reqi.tj.r~ts. 

6. regal Requirarents 

Provide substantiation that all legal requirerrents have been 
met or are scheduled and integrated into the developnent plan. These 
include, but are not limited to, resource rights, water rights, local 
and state licensing, disi;x:,sal permits, and other regulato:r:y permits 
required for the specific project application. 

7. F.conomic Feasibility Assessnent 

Provide an econc:mic feasibility assessment which includes all 
project costs and estimating assumptions, cash flow, capital anortiza­
tion, and internal rate of return, :t::oth with and without the~ re­
quested. The econanic feasibility shou,ld include a ~ket study for the 
end product of the project. The market stu:iy should address such itans 
as the product unit cost, price and de.rnand, carpared to, ot11;er energy 
sources. The infonnation and letters of intent describl:?d .:i,.n Items l 
~ 2 of Appendix A should be included. 

8. Technical Consultant 

Eric Peterson, Program Manager 
Department of Energy RA/DGRM 
12th and Pennsylvania Avenue, N.W. 
R:>oin 7119 
Washington, D.C. 20461 
(202) 633-8760 
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APPENDIX C 

1. Project Description 

The project descripticn should include a narrative description 
of the prop::,sed site, providing the dil'cension, general configuration, 
c:xrrp:>sition, age, and condition of the dams, spillways, penstocks, 
por,.,!rb:)Use, or other structures; stream characteristics: and capacity 
potential and average annual energy generation. 

2. Developrent Plan 

Provide a t:il'le-phased integrated developnent plan for the pro­
ject with key milestones. 

3. Financial 

Provide estimates of the following: 

(a) Annual kilowatt hours (Kwh) of electricity produced. 

(b) Itemized project costs, inclu:H.ng costs resulting fran 
issues described in Part 4 below. 

(c) Cost per Kwh of electricity produced. 

(d) Revenue fran electricity sold based on a market survey, 
letter of intent, or electricity sales contract. The assmpti.ons con­
cerning projected increase in the value of the output sh:>uld be 
explicitly stated. 

l 

(e) Projected internal rate of return over a 20-30 year period, 
bJth with and with:mt the UDAG assistance requested. 

(f) Benefit/cost ratio for the project over a 20-30 year period. 

4. Enviro:nrcental and Legal 

Provide an environnental and legal review of the project to 
identify potential enviromrental and legal issues such as historic 
restorations, fish passages, and water rights. Costs associated with 
resolving these issues should be listed as non-hydro project costs in 
the above financial calculations. 
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5. Permit and Licensing 

Provide the status of all Federal, state, am local licensing. 

6. Technical Consultants 

R>be.rt Grubenmann 
Snall Scale Hydro Office 
Department of Energy 
12th and Pennsylvania Avenue, N .w. 
R:x:m 1433 
Washington, o.c. 20461 
(202) 633-8828 

Charles Gillrore 
Chief, Advanced Technology Branch 
Idaho ~ations Office 
Department of Enei:gy 
550 Second Street 
Idaho Falls, Idaho 83401 
(208) 526-1808 
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APPENDIX D 

1. Introduction 

OJ-generation is the canbined p?:Oduction of electricity or 
mechanical p:,wer and heat energy. Briefly, fuel is burned to produce 
high t:enperature steam or liquids which are expan3ed through a turbine 
to generate electricity. After passin;J through the turbine, the reject 
steam or hot liquid is then used as pJ:OOess heat energy. '1'tle total 
fuel required to produce both power and process heat in cme system is 
less than the total fuel required, to produce the same mrcunt of power 

I 

and heat in separate systsns. Co-generation systems inclme dual purpose 
power plants, 'WclSte heat utilizaticn systeTls, certain types of district­
heating systems, and total energy systems. 

2. Project Description 

A narrative description of the oo-generatioo project should be 
subnitted. The applicant should fully discuss the proposed nethOd of 
co-generation and the use to which the energy will be put. '!be size of 
the energy project in tei:ms of total heat steam and electricity gener­
ated, the size of the buildings or systems to be supplied with ·the 
energy product should be covered. If either excess energy is pr:cduoed 
or supplenentary energy supplies are necessaey, the applicant should 
described how these will be dealt with. In addition, the description 
should outline why a WAG is necessary for the co-generation project. 
Infomiation on alternatives to the project considered by the applicant 
shculd be provided. 

3. Developnent Plan 

Provide a time-phased integrated develq:mmt plan for all phases 
of the project with key milestones identified. The expansion potential 
of the system should be discussed.. 

4. Engineering Design 

Acanplete engineering design of the co-generation system should 
be sulmitted. 

5. Enviramental and legal 

A project may be subject to local county or state environmental 
statutes and/or national envirormmtal protection laws. An assesSl'l&lt 
of the applicable environmental regulations should be made. Evidence 
that all legal requirements have been met or are scheduled and integra­
ted into the develc,immt plan shJu1d be p.rO\Ti.ded. 'lbese inclme but are 
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rx>t limited to local and state licensing, zoning, and other such 
regu].atmy peDllits required for the project's inplenerrt:aticn ani 
operation. 

6. F.conanic Feasibility Assessrent 

Provide an econcrnic feasibility assessment which includes a11 
project costs and estimating assumptions, cash fiCM, capital am::>rtiza­
ti.on, and internal. rate of return, both with and without the UDAG 
requested. If the project is to supply energy to an outside custarer, 
an analysis of the market demand should be presented. The :rrarket study 
s1'Duld address such items as the product unit cost, price and demand, 
oarpared to other energy sources. Evidence of the piqlOSed custarer' s 
camdtment to reoeive the energy pJXXluct should be presented. 

7. Technical Consultants 

William Mixon 
Oak Ridge National Lab:>ratory 
P.O. Box X 
Oak Ridge, Tennessee 37830 
(615)576-7323 
(Fl'S) 624-7324 

Michael Kamitz 
Oak Ridge National Laboratoi:y 
P.O. Box X 
Oak Ridge, Tennessee 37830 
(615)574-5178 
(Fl'S) 624-5178 

I 
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APPENDIX E 

MODULAR INTEGRATED UTILITY SYSTEMS 

1. Introduction 

A Modular Integrated Utility System (MIUS) is a 
system that provides all of the basic utility services for 
the needs of a community on-site in an integrated system. 
A MIUS provides electricity, heating and cooling, as wei1 
as liquid waste processing, solid waste processing, and/or 
potable water ·supply. The primary fuel source can be fossil 
(oil~ gas, or coal) for diesel engines, boilers, or turbines 
or renewable sources, such as solar (solar-total energy). 
A MIUS utilizes rejected heat from the power generation, 
which can be supplemented by the energy content of the 
onsite trash, sewage sludge, as well as solar, geothermal, 
wind, bio-mass, or any other available, renewable source. 

2. Pro j ect Description 

Provide a description of the proposed site in terms 
of its existing and projected land use mix and zoning. 
Describe the number of residential dwelling units and the 
content of commercial/institutional space to be served by 
the Modular Integrated Utility System (M.I.U.S.) and the 
approximate size of the facility that is required. Finally, 
discuss the present availability of conventional utilities 
to serve this site and describe the benefits of M.I.u.s. 
as an alternative. 

3. Development Plan 

Provide a time-phased integrated development plan 
for all phases of the project with key milestones identified. 

(a) Technic·a1 

This plan should.cover all aspects of the M.I.u.s. 
application and should include estimates of site utility 
needs on a typical peak monthly basis. In addition, the 
plan should include a conceptual design of the M.I.u.s., 
including a list of major equipment items and their respec­
tive sizes, subsystem interfacing, and load/capacity 
factors for all subsystems. The ·potential for system 
expansion to accommodate site growth should be addressed. 
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(b) Economic 

Plans for financing the proposed M.I.U.S. 
should be outlined including amounts, sources, and timing• 
An economic feasibility assessment which i.ncludes all 
project costs and estimating assumptions, cash flow, capital 
amortization, and internal rate of return, both with and 
without the UDAG funds requested, should be provided. In 
addition, estimates of the following must be submitted: 

(i) itemized project costs, including con­
struction, capital with the resolution of environmental 
legal issues should be included. 

(ii) average cost of utility services including 
electricity (S/Kwh), wastewater treatment ($/103 gallons), 
and solid waste management ($/ton). 

(iii) net scarce fuel savings, if the prime 
mover selected uses oil or gas. 

4. Environmental Assessments 

A project may be subject to local, county, or state 
environmental statutes and/or the national environmental· 
protection laws. Provide an assessment of the applicable 
environmental regulations for the proposed site and 
utilization. Include in the development plan all tasks 
and key milestones denoting the successful completion of 
environnientally associated requirements. 

5. ~egal Req uirements 

Provide substantiation that all legal requirements 
have been met or are scheduled and integrated into the 
development plan. These include, but are not limited to, 
resources rights, water rights, local and state licensing, 
disposal permits, and other regulatory permits required for 
the specific project application. 

6. Technical Consultant 

Jerome Rothenberg, Program Manager 
Utility and Energy Systems 
Department of Housing and Urban Development 
Division of Energy, Building and Technology Standards 
451 7th Street, s.w., Room 8158 
Washington, D.C. 20410 
(20·2) 755-8154 
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APPENDIX F 

AU.."'OHOL FUELS PIODUCl'ION SYSTEMS 

1. Proj ect Description 

Provide a narrative description of the proposed project. Pro­
vide a description of the site, the production plant, integration with 
other technologies in teIITis of process heat use (i.e., co-generation), 
and other non-cawentional fuels, feedstock availability, treatment of 
stillage and other wastes generated £ran the alcohol production (i.e., 
fusel oils, mash, co2, etc.) and storage plans. 

2. Developnent Plan 

Provide a time-phased integrated developnent plan for the pro­
ject with key milestones. 

3. Net Energy 

Discuss energy (BTUs) used in the alcohol production vs. energy 
(BTUs) produced (which can include aloohol and by products) • 

4. :Econanic Feasiliility 

Provide an econanic feasiliility assessment which includes all 
project costs and estimating assmptions, cash flow, capital arrortiza­
tion, and intemal rate of return, l::oth with and witlx)ut the UDAG re­
quested. ~ econani.c feasibility should include a market stmy for 
the em products. The market study should address such items as the 
p:rcduct unit oost, selling price, and demand cxrapared to other energy 
SJurces. The econanic feasibility assessment should also include an 
analysis of the stability of the feedstock supply (grain, potatoes, 
processing wastes) in terms of the project's continuing operation and 
payback. 

S. Legal and Environmental 

(a) Evidence of applicaticn for Bureau of Alcohol, Tabacco, 
and Fireanns pennit must be enclosed. 

(b) Evidence of applications for storage permit fran Health 
Depart:nent must be enclosed along with all other state and local permits. 

(c) Discuss the environmental consequences and potential 
issues relative to plant operation and waste disposition. 
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6. Technical Consultants 

Ted Tarr, Acting Director 
Financial Incentives Program 
Office of Alcohol Fuels 
Department of Energy 
Forrestal Building 
Washington, D.C. 20585 
(202)252-9487 

M. David Feld 
Farmers Home Administration 
Environmental and Technology Staff 
u.s. Department of Agriculture 
Washington, D.C. 20250 
(202)447-3394 

(Below 3 million gallons per year) 

Scott Sklar 

I 

National Center for Appropriate Technology 
815 15th Street, N.W. 
Suite 624 
Washington, D.C. 20005 
(202)347-20005 

DOE toll free alcoholfuels information number: 800-525-5555 
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APPENDIX G 

GRANI'/IDAN Fu'NDS FOR BUILDING ENEffiY 
~SERVATIOO OR AL~IVE ENEroY SYST01S 

I. INTRJDUCTION 

Action Grants can be used to help establish grant/loan funds to pro­
vide lower than market rate loans or grants for building owners or tenants 
who will invest in energy co~ation or alternative resource measures. 

Measures for energy conservation can include weatherstripping or 
cau.lk.i.ng, .ini>rovanents to the building envelope - insulation, sto:rm 
windows or storm doors - or equiprent to increase efficiency, such as 
clock t.herm::>stats, blnl.er controls, heat pumps, or thennal storage mu.ts • 
.f.Easures for alternative energy supply can include solar hot water 
heaters, '1ltXXi burning stoves, or heat exchangers to be connected with 
a district heating facility. 

Private leroers must ccmnit to fund a loan/grant pool in an anount 
which meets the mininun UDAG leverage requirement: $2 1/2 private to 
$1 Action Grant. A higher leverage ratio will make an ai;plication nore 
canpetitive. 

Applications JruSt be accanpanierl by a feasibility study which pro­
vides details of the city program for administering the loan pool. The 
program may include loan programs for different building types or per­
s:ms in different incare classes: e.g., ccmnercial, industrial, multi­
family low-inccme. 

Applicants can also sul:Jnit a program canponent which involves energy 
al.Xlits only for a class of buildings. Experience has shown that an audit 
alone will often induce building owners to make investnents in energy 
conserving measures because the audit reveals that such investments are 
oost effective. This kind of straight audit program is probably m::>st 
relevant to cx:mnercial, industrial, or multi-family structures. For 
UDA.G purp:>ses, the applicant m.ist produce evidence that users of the 
audit service will ccmnit to invest a minimum dollar anount in retrofit 
:neasures which will produce a satisfactory leverage ratio. 

Up to 5% of the tJmG for a loan/pool grant may be used for adminis­
trative expenses and up to an additional 5% may be used for education 
and marketing. 

The loan pool program may be directed primarily toward housing re­
habilitation; hc:Jwever, rehab loan pools funded with Action Grants m.ist 
in::x>rp::,rate an energy conservation carp:,nent as explained below. 



A-25 

I I I 
In addition to the info:onation on scarce fuel. savings, m no urdue 

energy subsidy, and an cxmnunity energy mana.gerent efforts required by the 
guidelines, the following additional infoxmatian should also be provided: 

II. PRlJECT DE.SCRIPTION 

The applicant should describe in sane detail the nature of the city 
program, who will administer it, the proposed use of the mw;, wtw a 
grant or subsidy is needed, the timing of the~ of urw; funds in 
the project, l>that Education and marketing efforts will be undertaken, 
who will l:e responsible for perfoDlli.ng audits, initial and final inspe­
tions, loan origination and servicing, preparat.i.on -Oi w:>rk specifica­
tions, security required for loans, each separate class of bniJdings to 
be targeted, eligibility criteria for bon:owers, the time period for 
project oarpletion, an estimate of the size of individual loans, the 
typical retrofit measures for particular classes of udJdi.ngs and 
lx>rrowers anticipated to be financed, · and data conceming the selection, 
availability, and m:>nitoring of oontractors. The applicant m.ist also 
provide evidence of its capacity to run the program, which may be based 
en. a record of successful administration of a housing rehabilitation 
program. 

III. ARRANGEMENT w"'ITH FINANCIAL INSTITCJl'ICNS OR LEHlERS 

For each separate leniing program, the applicant lll1St specify. the 
private lender or landers involved, the arrount and teJ:ms of the private 
lender ccmnitmmt (rate, terms, security}, and the way the Action Grant 
will be used to reduce the effective interest rate (principal write down, 
lending institution requires a lump sum draw down of the mw;, additional 
banks s&Vices to be provided mist be soown to justify such a lunp Sl.l1l 

draw. letters of intent fran each lender nust be incluied. 

'IV. EVIDENCE OF ~ I»WID 

Where UDAG funds will be used to write down interest rates for 
loans for single-family and owner-occupie:3. structures, there must be a 
datiand analysis based on an adeQuate sanple. For irwestor~ proper­
ty, the application must include a cxmnitnSlt letter fnxn each owner 
under which he cxmni.ts to lx>rrow the invesment the audit shows to be 
oost effective or an am:runt negotiated with the city. If he does not 
invest at least 2 1/2 times tbe oost of the audit, the investor-owner 
nust also ocmit to pay for the audit. 

V. STAND Alam AUDIT PR::>GlW'5 

Where urw; funds are being used for an energy audit program only, 
each owner of a building targeted for audit .rust enter into an agree­
~t to invest at least 2 1/2 times the oost of the audit in energy 
conservation measures or to pay the oost of the audit. 
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If the anount of energy conservation measures recarmended by the 

audit is less than 2 1/2 times the cost of the audit, and the owner does 
not invest that ariount, the owner will also re.imburse the city for so 
mich of the audit cost up to the total cost such that the ratio of the 
investment cx:mni tted to the cost of the audit at a minimum will always 
be 2 1/2 to 1. The city should estimate the anount of the invesbnent 
~ch it believes the audit program will produce and Illlst include letters 
of intent fran targeted building owners to participate on the tenns 
descril:ed al.eve. 

VI. IDAL'l/GRANI' PCX>L FOR BtIILDING REHABILI'mTICN 

Any loan/grant pool application designe:l primarily to provide low­
interest rate financing for the rehabilitation of blildings shall in­
clooe an energy-conservation acxrponent, which shall _require an energy 
aooit of any structure to be rehabilitated, inclusion of all cost­
effective energy conservation weasures and adherance to HUD's cost 
effective energy standards, as part of the rehabilitation loan. 

VII. CONSULTANT 

Christine McElligott 
Department of Housing and Urban Developrent 
451 7th Street, S.W. 
Washington, D.C. 20410 
(202) 755-0268 
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APPENDIX H 

1. Proj ect Description 

The project description should incluie a narrative description 
of the prq:osed site, incluiiDJ top::,graphy, climate, and physical environ­
ment surr:ounding and imne:Hately adjacent to the proposed installation. 

2. Wind Resource 

The best available data on the wini resources,incluiing to the 
extent possible, inforrration on daily, nonthly, and armual velocity dis­
tribution, as ~11 as data on the characteristics of the collection 
stations and instrunentation should be subnitted. 

3. !Dad Data 

!Dad data for the specific application or the electric ~ 
systsn, to which the machine(s) will be intertied should be provided, 
including: 

diw:nal and seasonal load p:r:ofiles; 

generation capacity mix by plant size and fuel type; and 

current capacity expansion plans including plant size, 
type, -and capital and fuel cost. 

4. Wim Power F.quipnent 

The application should incluie a discussion of the size and 
number of wini pcM:!r systems considered and manufacturers or distribu­
tors who will p:rovide the equipnant. 

5. Developrent Plan 

Provide a time-phased integrated develo:i;:rrent plan for the project 
with key milestones. · 

6. Financial 

Provide estimates of the following: project cost; annual and/or 
nonthly energy produ:::tion; .life-cycle oost of energy prcxiuced; projected 
revenues £ran electricity sold,based on a market survey; letter of intent 
or sales contract; and internal rate of return over the anticipated life of 
the equipnent, both with and with::>ut UDAG assistance. 
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7. Envirannental and Legal 

Provide an envirorunental and legal review of the project to 
identify potential enviraimental and legal issues inclu:lin3': zoning, 
noise, '1V interferences, safety, and State utility o:mnission regulaticn. 

8. Permi. t and Licensing 

Provide the status of all Federal, state, and local licensing. 

9. 'l'echnical O,nsultants 

(Systems greater than 100 kw) 

Ron Th:mas 
National Aeronautics and Space ldninistration 
21000 Broo]q)ark ~ 
Cleveland, Ohio 44135 
(216) 433-4000 (Ext. 6134) 

Ted Ankrum 
Director, Rescurces .Manag~t 
Office of O,nservatian and Solar 
Depart:nent. of Energy 
Washington, o.c. 20585 
(202) 252-9258 

(Systems less than 100 kw capacity) 

Terry Healy 
B:x:kwell International 
1o:ky Flats Plant 
P.O. Box 464 
Golden, 0,lorado 80401 
(303) 441-1300 
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APPENDIX I 

1. Proj ect Description 

A narrative description of the nature arrl t~ of proposed pro­
ject, i.e., lan:lfill to methane gas, waste to refuse derived fuels (RDF), 
or direct energy production fran waste should be provided. Describe the 
method to be used to generate the energy, i.e., bioconversion, canbustion, 
pyrolysis, etc. and how the energy produced will be used. The magnitude 
of the project in tenns of total~ generated, number, type, and siz~ 
of buildings serviced srould be described. The ocmpatibility of the 
waste resources to the proposed conversion and utilization objectives 
should be addressed. Alternatives to the project, such as recycling 
centers, source reduction, landfills, or ocean dunping srould be discussed. 

2. Develapnent Plan 

Provide an integrated developrent plan for all phases of the 
project, with tasks an1· key milestones identified. The plan slioul.d cover 
all aspects of the project including all work related to the constrilction 
of surface plants, equi~t procurement, pipelines, and facilities for 
the utilization of energy prcxiuced, 'T'ne plan• s schedule of tasks and mile­
stones should also include projected ocmpletion of all local, state, and. 
Federal envirorrnental requirements and ocmpletion of Mr:f necessaxy re­
source leasing, water rights, and auxiliary landfill arrangerrents. 

The ~sion potential of the system without Federal financi,al 
subsidies and the scarce fuel savings beyond the segrcent for which UDAG 
funding is sought should be estilnat.ed. In addition, the developnent plan 
should include infcmnation on the control of an adequate waste stream 
supply an1 on oontractual obligations as well as other institutional re­
quirements pertinent to the project's successful inplenentation. 

3. Resource Data 

Particular emphasis srould be place::!. on providing info:rnation on 
the nature of the waste stream and the adequacy of supply for successful 
project operation in the long term. 

4. Engineering Design 

Catplete engineering design and feasibility materials on all 
cx,nponents of the waste-to-energy system, including all subsystems for 
energy conversion and/or transfer, transport, and application, sl:Duld 
be sulmitted. 
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5. Environmental Assessrcent 

A project may be subject to local, county, state, and/or national 
environmental statutes. Provide an assessment of the applicable environ­
nental regulations for the proposed site and utilization. The su:cessful 
canpletion of all applicable environnental requirements sh:>uld be specified 
as tasks and milestones in the overall project developnent plan. 

6. Legal Requirerents 

Provide substantiation that all legal requirements have been met 
or are scherluled and integraterl into the developnent plan. These include, 
but are not limited to, resource rights, water rights, zoning regulations, 
local and state licensing, disposal permits, local noise abatement require­
nents, and other such regulatory permits or certifications necessary for 
the project's :inplementation and operation. 

7. Ecoranic Feasibility Assessnent 

A.'1 ec:onani.c feasibility assessment of the project which includes 
all project costs and estimating assurrptions, cash flow, capital artorti­
zation, internal rate of return, discounted cash flow, b:>th with and 
without the UDAG funds requeste::1, should be subnitted. '!he assessment 
should also inclu:ie a market study for the end p:roduct of the project. 
'!he market stooy sh:>uld address such items as the project unit cost and 
price and danand caypared to other energy sources. Infonnation on 
building stock and relate:l heating systems to be serviced by the energy 
end product should be provided. letters of intent or similar evidence 
that custaners in the proposed and p:roduct service area will use the 
new enei:gy supply at the marketing study prices swul.d be sul::mitted to 
indicate that the project is econanically viable. 

8. Technical consultants 

Charlotte Rines, Program Manager 
Department of Energy 
Forrestal Building 
Roan 1F069 
washington, o.c. 20585 
(202) 252-9397 

Ibnald K. Walter, Chief 
Departrrent of Energy 
Forrestal Building 
Roan 1F088 
washington, o.c. 20585 
(202) 252-9397 
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APPENDIX J 

Recycling or Reclamation Facilities or Systems 

l. Proj ect Description 

Describe the proposed recycling or reclamation sys-
tem including a description of the site, the facilities and 
equipment: and the method of collection and subsequent process­
ing of the recovered materials as well as the transportation 
system to be utilized in moving the materials to market. 
In addition, the description should provide an overview of 
the benefits to be derived by the community including 
energy savings, employment potential ~d materials recovered. 
The description should explain how the proposed project is 
related to the overall materials management plan for the 
community. 

2. Development Plan 

Provide a time-phased integrated development plan 
for all phases of the project with key milestones iqentified. 
The expansion potential of the system should be discussed. 

3. Economic Feasibility Assessment 

Provide an economic feasibility assessment which 
includes all project costs and estimating assumptions, cash 
flow, capital amortization, and internal rate of return, 
both with and without the UDAG requested. Since the project 
is dependent on the marketability of the materials 
recovered, analysis of the market demand shall be presented. 

4. Environmental Assessment 

A project may be subject to local, county or state 
environmental statutes and/or the national environmental 
protection laws. Provide assessment of the applicable 
environmental regulations for the proposed facility and or 
program. Include in the development plan all tasks and key 
milestones denoting the successful completion of environ­
mentally associated requirements. 

5. Legal Requirements 

Provide substantiation that all legal requirements 
have been met or are scheduled and integrated into the 
development plan. These include but are ~ot limited to 
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local and state requirements, including but not limited to, 
licensing, zoning and other such regulatory permits neces­
sary for the projects' implementation and operation. 

6. Technical Consultant 

Dr. Harvey Yakowitz 
Office of Recycled Materials 
National Bureau of Standards 
Department of Commerce 
Washington, o.c. 20234 
(202)921-2621. 

I 
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APPENDIX K 

Solar Thermal Energy Systems 

l. Introduction 

Solar thermal energy systems collect or concentrate 
heat from the sun to produce hot water or steam. The basic 
types are flat plate, parabolic trough, disk, and central 
receiv~r collectors. The conunercial applications which 
appear most feasible at present are community district 
heating systems and process heat applications in industries 
such as food processing, chemicals, enhanced oil recovery, 
brick, clay, and glass manufacturing, textitle manufacturing, 
and laundries which use large volumes of heated water or 
steam. 

2. Proj ect Description 

Provide a description of the solar thermal resource, 
the proposed utilization project, how the solar thermal 
energy will be used (i.e., generate steam, space heating, 
etc.) and the magnitude of the project (i.e., total steam 
power (psi) generated1 number, type, size of industrial 
process). The compatibility of the solar thermal resource 
and the proposed utilization should be discussed and should 
include temperature, peak power requirements of the appli­
cation, and flow, temperature, and capacity estimates for 
the solar thermal resource. 

3. Development Plan 

Provide a time-phased integrated development plan 
for all phases of the project with key milestones. The 
development plan should cover all aspects of the project .. 
including investigations and field operations to further 
explore and define the solar thermal resource, construction 
of all surface plants, equipment procurement, pipelines, 
and utilization facilities. Tasks and milestones should 
also be establiahedfor completion of associated .phases of 
the project such as completion of an Environmental Impact 
statement (if required), and their integration into the 
construction schedule. The expansion potential of the 
system without Federal financial subsidies and the s~arce 
fuel savings~ beyond the segment for which UDAG funding 
is sought, should be estimated. 
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4. Resource Data 

Provide data sufficient to describe the solar 
thermal resource and compatibility with the project. 
Systems must be sized according to the best match between 
energy requirements and systems capacity at peak demand. 

5. Environmental Assessment 

A project may be subject to local, county, or state 
environmental statutes and/or the National Environmental 
Protection laws. Provide an assessment of the applicable 
environmental regulations for the proposed site and utili­
zation. Include in the development plan all tasks and key 
milestones denoting the successful completion of environ­
mentally associated requirements. 

6. Legal Requirements 

Provide substantiation that all legal requirements 
have been met or are·integrated into the development plan. 
These include, but are not limited to appropriate . zoning1 
compatibility with existing zoning, including access to 
sunlight; regulatory requirements; permits, licenses and 
approvals required. 

7. Economic Feasibility Assessment 

Provide an economic feasibility assessment which 
includes all project cost and estimating assumptions, cash 
flow, capital amortization, and internal rate of return, 
both with and without the UDAG requested. The economic 
feasibil~ty should include a market study for the end 
product of the project. The market study should address 
such items as the product unit cost, price and demand, 
compared to other energy sources. For purposes of -consis­
tency, economic feasibility assessments must· be based 

I 

upon the Dickenson methodology.*· In addition, the 
feasibility assessment should include a comparison of life­
cycle cost between one standard site, i.e., Albuquerque, 
N.M., and the proposed site. Subsystems cost estimates 
are also required, including collectQrs, structure, piping, 
mechnical and electrical components, controls, instrumen­
tation, and site preparation. 

*Dickenson, w.c. and K.c. Brown, Economic· Analysi.s o·f Solar 
Industrial Process Heat s y stems, Lawrence Levermore Labora­
tory, VCRL 52814, August 17, 1979. 
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8. Technical Consultants 

David Moore 
Program Manager 

Solar Heating & Cooling 
Demonstration Program 

Office of Policy Development 
and Research 

Department of Housing & Urban 
Development 

451 7th Street, s.w. 
Washington, D.C. 20410 
(202)755-6900 

Walter Schimmel 
Systems Analysis Division 4723 
Sandia National Laboratories 
Albuquerque, New Mexico 87185 
(505)844-9904 



I 
A-36 

I I I 
APPENDIX L 

Photovoltaic Manufacturing: Facilities 

1. Introduction 

Photovoltaic energy systems involve the direct 
conversion of sunlight into electricity, silently and with 
no internal moving .parts. At present, the two approaches 
that have established technical feasibility are flat plate 
arrays and concentrating collectors. While technical fea­
sibility is a demonstrated fact, the current high cost of 
systems confines their use to small-scale, remote applica­
tions. To achieve significant fuel displacement, photovol­
taic systems must be capable of producing electricity at a 
cost competitive with utility-generated electricity from 
conventional sources. 

The objective of the Department of Energy is to 
reduce system costs to a competitive level in both distri­
buted and centralized grid connected applications. DOE's 
current module price goais for commercially available 
hardware in 1980 dollars for both flat plate and concentra­
ting modules are: 

Module Price (1980 $) 

$2.80/peak watt 
$0.70/peak watt 
$0.15-0.40/peak watt 

Commercially Ready 

1982 
1986 
1990 

HUD is interested in organizations which will build 
photovoltaic manufacturing facilities in distressed cities, 
counties, or pockets of poverty. DOE will support HUD in 
the evaluation of submitted proposals and is particularly 
interested in organizations that can meet or exceed these 
price goals. 

2. Pro j ect Desc·r·ip tion 

A narrative description of the manufacturing process 
should be submitted. The applicant should fully discuss 
the input material; the output product in terms of size, 
power, module efficiency, quantity, price per module and 
price per watt; the initial plan characteristics in terms 
of size, land area, manufacturing area, facilities cost and 
equipment costs; and the operating plant characteristics. 
The description should explain why a UDAG is necessary for 
the project. 
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3. Development Plan 

Provide a time phased, integrated development plan 
for all phases of the project with key milestones identified. 
The expansion potential of the facility should be discussed. 

4. Engineering Design 

A complete engineering design of the plan.t should be 
submittf1!d. in a form suitable for evaluation.by the Solar 
Array Manufacturing Industry Costing Standard (SAMICS), 
available through the Jet Propulsion Laboratory for flat 
plate and Sandia Laboratories for concentrator modules. 

s. Environmental , Occupational Health and Safety, Legal 

The proj,ot may be subject to local, county, state, 
or Federal environmental-and worker occupational health 
and safety statutes. An assessment of applicable environ­
men.tal and occupational health and safety regulations should 
be made. Evid~nce that all legal requirements have been 
inet or are scheduled and integrated into the development plan· 
should be.provided. These include but are not limited to 
local and.state licensing, zoning, and other such regulatory 
permits required for the project's implementation and 
operation. 

6. Economic Feasibility Assessment 

Provide an economic feasibility assessment which 
includes all facility cost and estimating assumptions, cash 
flow, capital amortization, and internal rate of return, 
both with and without the UDAG requested. A business plan, 
including an analysis of the market demand should be 
presented. The market study should address such items as 
the product unit cost, price and demand, compared to other 
energy sources. 

7. Technical Consultants 

Dr. William Callaghan 
Jet Propulsion Laboratories 
4800 Oak Grove Drive 
Pasadena, California 91003 
(213)577-9517 
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Dr. Donald Schueler 
Sandia Laboratories 
Albuquerque, New Mexico 87115 
(505)264-4041 

Dr. Leonard Magid 
Department of Energy 
600 E Street, N.W. 
Washington, D.C. 20585 
(202)376-1958 
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APPENDIX M 

IDil AND MEDIUM BTU CASIFICATION FACILITIES 

1. Introduction 

row and rredium BTU gasification involves the generation of 
cx:mbustable gas using heat processes fran a variety of fuels such as 
ooal, agricultural wastes, timber wastes, urban refuse and other organic 
materials. 11:Jw BTU gasification systems are relatively sinple in design 
and maintenance and produce gas with a heating value of less than 200 
BTU per cubic f(X)t. Medium BTU processes are m::>re expensive and 
carplex and produce gases with heating values between 200 and 600 BTU 
per cubic f(X)t. 

2. Proj ect Description 

The project description shall be a narrative discussion of the 
project including the backgrormd, current activities, future plans and 
IX)tential as relevant to the project. The· project description shall 
be ccnplete to the extent that, without supporting material, the. 
reader will be knowledgeable about the project. 

3. Developrent Plan 

SUfficient infanta.tion shall be presented to detemine the 
technological feasibility of the proposed project. The assessment shall 
provide a rationale for the process selection and analyze the uncer­
tainties surrounding the camercial application of the process. Included 
in this section should be the following info.mation: 

a process flow diagram; 
energy and mass balances; 
major equiprent requirerrent; 
site layouts; 
supporting raw material resources (ie: fuel, water, power); 
design, procurerrent and construction schedule. 

4. F.conanic and Financial Analysis 

This section should analyse the financial and econani.c feasibi­
lity of the proposed project to prcxiuce synthetic gas at carg;:,etitive 
prices. The analysis ~uld be expected to inclooe: total capital 
requirements including appropriate breakout of the capital ~ts; 
incane and cash flow projections; risk analysis of the ecaianic 
incentives affecting all technical, oost, environmental, timing and 
raJN material estimates; and a sensitivity an~ysis of the project 
econanics to changes.in the various major factors of the project 
(ie: project size, feedstock ex>st, CCF', interest rates, capital require-

ments, etc.) · 



A-40 

I I 
5. Market ~ ysis 

The analysis sb::Juld typically include market CXl!p)Sitial, size 
and the pertinent c:r::mpetitive market factors, b:>th cwrent and future, 
that are important to the project. 

6. Siting 

An analysis of ratj.anale for the selected site sh:>uld be 
incluied. 

7. Environmental, Health, Safety and Socioeopncmic Assessment 

An examination of those issues that are likely to have the 
J'IDst iirpact on the pemitting and scheduling of the p%Cp0sed facility 
should be inclmed. Specifically, the effort sh:Juld result in being 
able to: (1). detetmine whether the proposed facility can llB!t and 
on what time schedule, Federal, State and local statutory and regula­
tory requirenents1 (2) identify the principal regialal. and local 
ooncerns which might arise if· the facility were ccnstructed1 (3) ~e 
that environmental, health, safety, and·socioeccnanic consideraticms 
are an integral carponent of all subsequent planning and.decisiais. 

R. Technical Q:msultants 

Coal Gasification 

Mr. ~ c. Lutey 
U.S. Department of Energy 
Resource Applications 
Off ice of IDw/Mediun B'lU Coal Gasification 
12th & Permsylvania Avenue, N.W. 
Mail Stop 3344, Rcan 3446 
Washington, D.C. 20461 
(202)633-9195 

Bianass Gasification 

Mr. Golly Schiefelbein 
Pacific No~st Lalx>rato:cy 
Box 999 
Richland, washingtan 99352 
(509)375-2140 

I 
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ROCHESTER GAS AND ELECTRIC .CORPORATION RESPONSE TO STAFF 
QUESTIONS PURSUANT TO CCJ!1M1SSION ORDER IN CASE 27566 

B-1 





·aoc:hester Gas and Electric:· Corporation 

Response to Staff Questions Pursuant 
to Commission Order in Case 27566 

o. l Why has the steam system lost so many customers? 

(a) Did they go out of business? 

(b) Did they shift to alternate fuels? 

(Fuel type and cost of conversion) 

(c) Rave the uptown and downtown systems beeri affected 

similarly? 

B-3 
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Rochester Gas and Electric Coipot~tlon 

Response to Staff ouestior.s Pursuant 
to Co~mission Order in Case 27566 

A. l (a) The attached four lists of customer losses and one 
of customer gains over the period July 1970 
through March 1980, will provide an answer as to 
the reasons the number of steam customers has 
decreased from 472 to 308 over this decade. 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1S78 

1979 

1980 

TOT.AL 

During the early 1970's the primary loss of custom­
ers was due to demolition by urban renewal and 
building owners, whereas in the more recent years 
the losses are due to the increasing costs of 
steam. Certain of the demolitions resulted in new 
customers coming on the system such as-Lincoln 
First Tower. In the Southeast Loop and South 
Avenue Ramp Garage demolition areas, only one new 
customer was gained, this being Manhattan Square 
Park with an annual use of 374 •M•. Many owners 
of old, uninsulated buildings faced with the cost 
of upgrading the structure and heating system 
found using the land for automobi:le parkir.g lots 
more lucrative. Some owners cannot afford demo­
lition and are unable to sell or rent their 
buildings. such buildings stand vacant. A resume 
of losses follows, 

LO$SES DUE 'lO LOSSES DUE tO 
LOSSES 'lO DEMOLITION DEMOLITION OntU 

CONVERSIONS UR.BAH RENEWAL BUILDING OVNER.S LOSSES 

3 8 2 1 

2 10 9 0 

2 9 8 0 

0 2 10 1 

2 5 5 1 

2 8 s 2 

5 2 s 2 

10 4 2 5 

12 1 7 4 

17 2 1 3 

6 .1. .0 l 

61 5% S4 20 

~ 

1 

4 

s 
0 

2 

6 

3 

1 

1 

0 

0 

23 
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Steam Customers Converted to Other Fue 1 s 

Annual 
Customer Address Date "H" l.:bs. Corr.rnent 

Women's Ed. & Ind. Uni on 86 North ·St. 6/70 530 Gas 

Molly l·latlow 354 State St. 10/70 190 Gas 

ft.~eric~n ~xcelsior * 8 Cairn St. 10/70 610 Gas 

North Arneri can Molding * 325 Mt. Read Blvd. 1/71 720 Gas 

Vern & Nels Restaurant 454 Main St. W. 5/71 90 Gas 

J. Antonelli Stores 291 East Ave. 1/72 2,800 Gas 

Silver Ory Cleaners 350 State St. 8/72 125 Oil 

D. Schiano 442 Main St. W. 11/74 140 Unknown 

Midtown Holdings 77 Chestnut St. 12/74 100,000 Converted air cond. 
to electric drive 

133 East Ave. Corp. 133 East Ave. 3/75 700 Oil 

Asphaltic Concrete Co.* 155 McKee Rd. 3/75 1,400 Oil 

Mccurdy & Co. 285 Main St; E. 1/76 43,500 Oil - converted to 
gas 2/78 

National Casket Co. 142 Exchange St. 2/76 1,800 Oil 

D.G.& S. Realty 250 Mill St. 2/76 1,500 Oi.1 

Dixie Wig 170 Main St. E. 3/76 90 Electric 

Hannin Jewelers 172 Main St. E. 4/76 98 Electric 

Perticone & Kaplan 241 Alexander St. 1/77 i,546 Oil 

Frank Pert i co.ne 253 Alexander St. 3/77 6,796 Oil 

Oencor Dev. Corp. 8 Prince St. 4/77 4,310 Oil 

Staub Cleaners 951 Main St. E. 4/77 8,880 Oil - has applied 
for gas 

384 East Ave. Inc. 384 East Ave. 7/77 1,612 Oil 

J. B. Davie Co. 178 l{ater St. N. 9/77 816 Oil 
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Steam !ustomers Converted to Other Fuels 

Annual 
Customer Address Date IIMII Lbs. Co:r:nent 

Shantz Assoc.* 20 Symington Place 9/77 858 Oil 

Halpar Tool* 20 Symington Place 9/77 1,077 Oil 

castwood :-ssoc. 111 Clinton Ave. N. 11/77 513 Electric Heat Pump 

J. E. Kennedy 30 Scio St. 11/77 882 Oil 

111 East Ave. Inc. 111 East Ave. 1/78 12,000 Oil - has applied 
for gas 

R. Gordon (Reynolds) 16 Main St. E. 2/78 5,948 Oil - has applied 
for gas 

50 Chestnut Plaza 50 Chestnut St. 3/78 11,500 Oil - has applied 
for gas 

Arcade Sandwich Shop 16 Main St. E. 4/78 288 Electric I-later Heater 

Gt, G Cheese 107 North St. 5/78 35 Gas 

Kaplan and Perticone 237 Alexander St. 5/78 493 Oil 

Tom Izzo 21 Stiilson St. 5/78 260 Electric 

~ario Cerame 80 Main St. W. 6/78 1,140 Gas 

Jewish Veteran's 
Memorial Home 70 Grove St. 7/78 661 Gas 

Joseph F. Consul 21 Stone St. 9/78 51 Gas 

Wm. Eastwood & Sons, Co. 29 East Ave. 9/78 168 Gas 

Oonatel li, inc. 23 Sti 11 son St. 9/78 222 Electric 

Hauser Machine Co. 117 Platt St. 1/79 455 Gas 

Hoffend Rochester 
Decorators 186 N. Water St. 1/79 230 Gas 

U of R Eastman School 
of Music 26 Gibbs St. 3/79 21,205 Gas & Oil 

Jasco Tools, Inc. 195 St. Paul St. 4/79 446 Gas 

Rich Coffee * 20 Symington Place 4/79 221 Gas 

!Jhlen Carriage Co. 416 St. Paul St. 4/79 386 Gas 



8-7 

Page 3 of 3 

S'team -~·"s tome rs Converted to Other Fuels 

Ann11al 
Customer Address Date "II" Lbs. Conment 

City of Rochester 78 Browns Race 5/79 783 Electric 

J. Gukey Assoc. 146 Broad St. W. 5/79 154 Gas 

Farash Const. Co. 155 Broad St. W. 9/79 4,371 Gas 

Rochester Chamber of Comm. 55 St. Paul St. 9/79 6,574 Gas 

Caldwell Manufacturing 64 Commercial St. 10/79 1,761 Gas 

Walblatter 418 St. Paul St. 11/79 1,209 Gas 

Rochester Drugs 320 Goodman St. N. 11/79 3,585 Gas 

Genesee Valley Club 421 East Avenue 11/79 4,744 Gas 

Bonds 10 Gibbs St. 12/79 2,370 Gas 

Bethel Full Gospel 339 East Avenue 12/79 4,910 Gas 

Gurell Associates 233 Alexander St. 12/79 538. Gas 

Association for Blind 422 Clinton Ave. s. 1/80 3.128 Gas 

Builders Exchanae 65 Colleae Ave. 1/80 1.063 Gas 

Monroe High School 164 Alexander St. 2/80 24,445 Gas 

Norry Co. 370 East Ave. 2/80 2,497 Gas 

Marc Four Bowling * 588 ~Jest Ave. 3/80 491 Gas 

Monroe Laundromat 270 Monroe Ave, 3/80 566 Gas 

*Station 9 district. All others are Station 3 & 8 district. 
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Customers Lost to Urban Renewal and U.D.C. Activities 
(All Station 3 & 8 district) 

Annual 
Last Custcmer Address Q!tt "H" Lbs. Conrnents 

'.·lorri s Epstein 36 Monroe Avenue 2/70 2,770 Demolition Southeast Loop 

Louis J. Ca~arella 40 Monroe Avenue 2/70 180 Demolition Southeast Loop 

Lew Vick 16 Monroe Avenue 8/70 300 Demolition Southea,t Loop 

.Jerry Apple 22 Monroe Avenue 9/70 725 Demolition Scuthe.ast Loop 

S.E. Loop Field Office 276 Clinton Ave. s. 10/70 1,745 Demolition Southeast Loop 

S.£. Loop Urban Renewal 215 Clinton Ave. s. 10/70 4,250 Demolition Southeast Loop 

Securit;y Trust Company 103 Hain Street£. 12/70 4,100 Building vacant. 

Security Trust Company 43 S. Water Street 12/70 950 Building vacant 

S.E. Loop Urban Renewal 225 Chestnut St. 3/71 1,700 Demolition Southeast Loop 

S.£. Loop Urban Renewal 202 Chestnut St. 3/71 1,300 Demolition Southeast Loop 

3 Hour Laundry 200 Clinton Ave. s. 5/71 2,750 Demolition Southeast Loop 

Jick's 43 Restaurant 43 Stone Street 5/71 240 Demolition South Ave. Ramp 

I. Gordon Realty Corp. 39 Stone Street 5/71 510 Demolition South Ave. Ramp 

:iizabeth Clark 26 South Avenue 5/71 450 Demolition South Ave. Ramp 

John C, Moore 67 Stone Street 5/71 2,550 Demolition South Ave. Ramp 

Qyan & Mcintee, Inc. 207 Chestnut St. 9/71 400 Demolition Southeast Loop 

Roch. Iron & Metal 309 St. Paul St. 9/71 700 Demo11tio~ UppeP' Falls U.R. 

Artco Covera 11 395 St. Paul St. 10/71 6,200 Demolition Upper Falls U.R. 

John Lenzi 12 Saratoga 2/72 2,760 Demolition Brown Square 

Lee Mor Stores, Inc. 113 Hain St. E. 3/72 260 Vac. - Canal Town Cause 

jhlen Carriage 18 Ward Street 3/72 570 Demolitfpn Upper Falls U.R. 

City of Roch. (Firehouse) 165 Chestnut St. 4/72 870 Demolition Southeast Loop 

i"atchen Post, Inc. 185 Chestnut St. 5/72 230 Demolition Southeast Loop 

~ollycroft Apts. 400 Broad St. E. 7/72 2.200 Demolition Southeast Loop 

C~esterfield Apts. 393 Broad St. E. 8/72 6,125 Demolition Southeast Loop 
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C.istor:1ers Lost to Urban Renewal and U,D.C, Activities 

Last Customer 

Inez Wishman 

L i1 clC 1,.aund ry 
. . 

City of Rochester · 

City of Rochester . 

Auto· Club of Roch, 

City of Rochester. 

City of Rochester 

City of Rochester 

City of Rochester 

Marfil Pro;:i., Inc. 

Thomas Haney 

!issi Kerxhal 1 i 

F. R. Sheehan 

Lourie· Realty 

_our 1 c Realty 

.Sausch & Lomb Co. 

Bausch & Lomb Co. 

Executors of Roch. 

City of Rochester 

Address 

211 East Avenue 

l Cork sireet 

137 Chestnut St. 

143 Chestnut St. 

190 Chestnut St. 

1B5 East Avenue 

205 East Avenue 

158 Clinton Ave. S. 

2 Broadway 

237 East Avenue 

235 East Avenue 

241 East Avenue 

253 ~ast Avenue 

105 Main St. E. 

15 South Avenue 

47 .Bausch Street 

635 St. Paul St. 

245 East Avenue 

229 East Avenue 

Rudolph Schmidt. & . Co. 33 South Avenue 

Willsea Works 371 St. Paul St. 

Action for a Better 255 East Avenue 
Community, Inc. 

:-1onroe lioard of Elec. 140 Fitzhugh St. N. 

Columbia Bank & Loan 426 Main St. East 

Scio Swan Corp~ 455 1.~ain St. East 

City of Rochester 191 East Ave. 

~t. Vincent Press 136 North St. 

~ 

12/72 

1/72 

7/73 

7/73 

2/74 

6/74 

6/74 

6/74 

10/74 

. 2/75 

8/75 

8/75 

9/75 

9/75 

9/75 

10/75 

12n5 

4/76 

5/76 

1/77 

5/77 

10/77 

11/77 

5/78 

1/79 

6/79 

3/80 

.· AAnual 
·~t" · Lbs. 

1,280 

9,700 

1,400 

925 

615 

425 

500 

2,100 

1,500 

250 

zoo 
350 

225 

450 

450 

5,500 

206,000 

337 

768 

722 

2,138 

646 

0 

1,564 

1,647 

1,470 

272 
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Comnents · 

Demo 1i t ion sciutheas t Looi:,s 

Fire .. Oemoli tion U.F .U.R. 

Demolition Southeast Loop 

Demo 1 it ion Southeast Loop 

Demolition Southeast Loop 

Demolition Southeast Loop 

Demolition Southeast Loop 

Demolition Southeast Loop 

Demolition Southeast Loop 

Demolition Southeast Locip 

Demolition Sot.itheast Loop 

Demolition Southeast Loop 

Demolition Southeist Loop 

UJ\occupfed Caused by Canal 
Town Inde~ision · 

Unoccupied Ca11sed by Canal 
Town Indecision 

Partial Demolition u.o~c. 
Vacant 

Demolftion Soutlieast Loop 

Demolition s~theast Loop 

Demolition/Canal Town 

Vacant Upper Falls 

Vacant - To be demolished 

Demo - New City Ha 11 

C of R Cultural Center 
Development . 
Vacant Cultural Dist. 

Demo - Sputheast Loop 

Vacant Cultural Dist. 



CUSTOMER 

?, Pizzingr;Jli 

Suss Leaf State Cor. 

A.B.C. Billiards 

S. Y.G. Corp. 

City of Rochester 

269 Lye 11 Realty 

City of Rochester 

35 East Avenue Corp. 

~ochester Stationery 

~rno ld Kol val sky 

M&M Stathz Bldg . 

Dorhelmar Corp. 

City of Rochester 

Odd Fellows Union 

Weston 

Toth Cleaners * 

Axtec 

City of Rochester 

Bond Stores 

Hickey-rreeman 

B-10 

STEAM CUSTOMERS TERMINATED 
VARIETY REASOHS 

Page 1 of 1 

ADDRESS DATE •M" lbs. COMMEtlTS 

l~ St. Paul St. 6/70 513 Building vacant 

39 State St. 11/73 4,700 Building vacant 

373 Main St. E. 10/74 525 Building, tenant moved 

72 Franklin Street 4/75 1,000 Building vacant 

67 Mortimer St. 8/75 925 Ramp Garage - Now Unheated 

165 St. Paul St. 8/76 783 Building vacant 

1 Falls Street 10/76 8,431 Building vacant 

35 East Avenue 5/77 434 Building vacant 

497 State St. 6/77 1,430 Buildinq vacant 

184 St. Paul St. 6/77 306 Building vacant 

163 St. Paul St. 9/77 1.650 Building vacant 

67 South Avenue 12/77 1,687 Building vacant 

250 South Avenue 4/78 3,075 Building vacant 

11 Clinton Ave. N. 5/78 727 Building vacant 

53 Canal St. 5/78 640 Building vacant 

545 West Avenue 6/78 453 Building, tenant moved 

175 St. Paul St. 6/79 183 Building vacant 

225 Clinton Ave. S. 11/79 5,332 Building vacant 

288 Martin St. 12/79 30,663 Factory vacant 

90 Canal St. 1/80 3,230 Building, tenant moved 

TOTAL-TO-DATE 65,688 

*Station 9 district. All others are Station J & 8 district. 
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steam Served Buildings Demolished by o~iners 

Customer Address Date "M" Lbs. Corrment 

Rol-Sal Restaurant 19 Clinton Ave. N. 6/73 240 Parking lot 

Eastman Kodak Company 19 Otsego St. 6/73 1.900 Parking lot 

Eastman Kodak Company 21 Otsego St. 6/73 365 Parking lot 

First National City Bank 381 Main St. E. 7/73 775 Parking lot 

Regent Theatre 65 East Avenue 10/73 2.000 Parking Lot 

Eastman Kodak Company 232 Mill Street 1/74 225 New Holley Pump 

Martina & Paramount 35 Clinton Ave. N. 1/74 2.000 Parking Lot 

Bryan Drug House 92 Main St. W. 3/74 280 Fire - Vacant Lot 

Roscoe Realty 95 Frankfort St. 10/74 425 Fire 

Bourjois. Inc. 33 Capron St. 11/74 6,900 Parking Lot 

Clinton Avenue Restuarant 29 Clinton Ave. N. 4/75 200 Parking Lot 

Wax-Rite Products 116 Fitzhugh St. N. 5/75 950 New City Hall 

Rochester Stationery 8. Jay St. 8/75 3,500 Parking Lot 

Croci Ippolito 93 Jay St. 9/75 300 Parking. Lot 

Clintstone Properties 47 Clinton Ave. s. 11/75 1.200 Parking Lot 

R.LT. 55 Plymouth Ave. S. 1/76 3,831 Demo-Rebuf 1 t-Gas 

Powers Ramp Garage 20 Fitzhugh St. N. 7/76 752 Parking Lot 

Mill Street Parking 255 Mill St. 9/76 110 Parking Lot 

Afoslow Apts. 56 Chestnut St. 10/76 3,252 Parking Lot 

Rochester Jobs, Inc. 61 Jay Street 12/76 242 Parking Lot 

Chamberlain Rubber 53 Scio St. 1/77 2,271 Fire - Vacant Lot 

Edwin Cohen 71 State St. 11/77 600 Parking Lot 

Gunther Kranz 104 Cl in ton Ave. N. 1/78 246 Fire 

Elbow Room 252 State Street 2/78 765 Fire - Parking Lot 

Fladd-Luig Co. 30 Platt Street 5/78 304 Vacant to be dem. 

Mt.J Rubens 103 State St. 7/78 375 Parking Lot 
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Steam Served Bui ldi nqs Demolished b[ Owners 

(All Station 3 & 8 district) 
Annual Cust0o11er Address .Qili. "M" Lbs • COl!lllent 

lw:arine Midland 33 Exchange St. 6/70 z.100 Parking lot 
Sams Valet 127 Clinton Ave. s. 10/70 80 Parking lot 
Central Trust 21 Clinton Ave. s. 3/71 2,850 For Lincoln First 
:.loolworth 211 Main St. E. 3/71 3,010 For Lincoln Ffrst 
Three Sisters 219 Main St. E. 3/71 835 For Lincoln First 
W. H. Gorsline 385 Main St. E. 6/71 575 For Lincoln First 
133 S. Clinton Corp. 133 Clinton Ave. s. 11/71 3,350 Parking lot 
Monroe City Jail 180 Exchange St. 12/71 6,000 Parking lot 
Monroe City Garage 160 Exchange St. 12/71 1,660 Parking lot 
Monroe City Garage 168 Exchange St. 12/71 3,600 Parking lot 
Mcfarlin Clothing 195 Main St. E. 4/71 3,125 For Lincoln First 
Inez Wishman 202 Court St. 5/72 900 Parking lot 
Inez Grassi 149 Clinton Ave. N. 7/72 4,450 Fire - Vacant Lot 
Levfs Music Store 412 Main St. E. 8/72 655 Parking lot 
School of Holy Childhood 215 Andrews St. 9/72 1.100 Parking lot 
Jewelery & Diamond 90 East Ave. 9/72 135 Parking lot. 
First Nati.onal City Bank 80 East Ave. 11/72 210 Parking lot 
First National City Bank 11 Gibbs St. 11/72 1,100 Parking lot 

Horton Headquarters 66 East Ave. 11/72 0 Parking lot 
Michael Crandal 84 East Ave. 6/73 50 Parking lot 

George Perrotta 7 Gibbs St. 6/73 90 Parking lot 

2nd Church Christ Scientist 88 East Ave. 6/73 120 Parking lot 

W. H. Gorsline 72 East Ave. 6/73 780 Parking lot 

Wilson Sinclair Co. 182 Conmercial St. 6/73 800 Parking lot 



B-13 

CUSTOriER GAINS 

Customer · Address 

Holiday Inn 120 Main Stre~t E; 

Am~rican Laundry Mach. * 70 Glide St • • Bldg . . A3N 

•. * 70 Glide St., Bldg; 2 

S; C. Toth* · 545 West Avenue 

A~tco Laundry · 331 Main St. W. 

Cl1ntstorie Properties 31 Clinton Ave. S. 

City of Rochester 305 Monroe Ave. 

McFarlins Store 26 CHnton Ave. s. 
Central Triist Bank 20 Clinton Ave . S. 
. . 

. General Ser. Admin. 100 State St. 

Lipani Bakery 522 Plymouth Ave! N. 

Rochester Area TV 280 State St. 

Shepherd Showcase 12 Commercf al St •. 

Crossroads Apartments 125 St. Paul S.t. 

Corpus Christi Church 864 Main St. E. 

Manhattan .Squai'1! Park 130 Chestnut. St. 

Medical Associates l Strathallen 

General Plating 850 St. Paul St. 

Yilmaz Baris 48 St •. Paul S~. 

1st Feder.al Sav~ & Loan 38 Main St. £. 

Lincoln First Bank 26 Clinton Ave . S. 

Genesee Brewing Co. 587 $t. Paul St. 

Mixing Equipment Co. 69 Cascade St. 

• Date 

9/70 

1/71 

1/71 

4/71 

8/71 

2/72 

3/72 

4/72 

6/72 

11/7?. 

. 6/74 

10/74 

4/75 

5/75 

9/75 

9/75 

10/75 

12/75 

l/76 

11/76 

12/76 

12/77 

1/78 

*Station 9 district. All others are Statfcn 3 & 8 district. 

Page lof l 

Annwal 
"I'll". Lbs • 

22,9~ 

, .5.804 

13 ~.727 

453 

7,582 

32.,592 

1,979 

5.44 

760 

13,809 

1,666 

1,432 

295 

27,355 

2,026 

37.4 

499 

2.,648 

395 

12,051 

7,470 

4,0B3 

812 
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Page 3 of 3 
Steam S!!rved 6uildings Demolished by Owners 

Customer Address Date "M" Lbs, Conment 

Eastman Kodak Co. 395 State St. 8/78 467 Vacant Lot 

Eastman Kodak Co. 407 State St. 8/78 997 Vacant Lot 

OHW Properties, Inc. 116 North St. 11/78 336 Vacant to be dem. 

St. Patricks Church 453 Plymouth Ave. N. 7/79 816 Parking lot 
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Rochester Gas and Electric Corporation 

Response to Staff Questions Pursuant 
to Commission Order in Case 27566 

A. 1. (B) Fuel type of conversion is answered under reply given in 1 (A). A list of 
some recent costs of conversions follows. It is noted that we experienced 
some reluctance by customers/owners to divulge cost data. Also, costs 
include, in certain instances, other work on the building heating systems. 
For instance conversion of Caldwell Manufacturing includes changing from a 
steam to a hot water heating system. A breakdown of this cost is not 
available. 

APPROXIMATE 
AN?-.'UAL USE DATE OF COST OF 

CUSTOliER "M" LBS. CONVERSION CONVERSION 

J. J. Cukey Associates, Inc. 154 5/79 $ 3,500 
146 Broad Street East 

Farash Construction 4,371 9/79 $ 75,000 
155 Broad Street East 

Rochester Chamber of Co111111erce 6,574 9/79 $ 55,000 
55 St. Paul Street 

caldwell Manufacturing Co. 1,761 10/79 $ 68,000 
64 Commercial Street 

Rochester Drugs 3,585 11/79 $ 25,000 
320 Goodman Street.North 

Genesee Valley Club 4,744 11/79 $ SS,000 
421 East Avenue 

Guy Bondi 2,370 12/79 $ 20.000 
10 Gibbs Street 

Bethel Full Gospel Church 4,910 12/79 $ 22,000 
339 East .Avenue 

Gurell Associates 538 12/79 $ 7,500 
233 Alexander Street 

Association for the Blind 3,128 1/80 $ 28,000 
422 Clinton Avenue South 

Builders Exchange 1,063 1/80 $ 18,000 
65 College Avenue 

Monroe High School 24,445 2/80 $240,000 
164 Alexander Street 

Norry Company 2,497 2/80 $ 25,000 
370 EaH Avenue 

Marc Four Builders 491 3/80 $ 8,000 
583 West Avenue 

Monroe Laundromat 566 3/80 $ 5,800 
270 Monroe Avenue 
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Appendix C 

C()IPUTER SIMULATION PROGRAM TO .MODEL THE PRESSURE~FLOW 
RELATIONSHIP OF STEAM DISTRIBUTION SYSTEMS 

(Stoner Associates, Inc.~ Carlisle, Pennsylvania) 

C-1 





Users Guide 

GAS STEADY STATE 
{GASSS) 

PREFACE 

This publication provides a detailed description of the Gas Steady-State Piping System Program (GASSSI. 
GASSS is a digital computer program which can be used to determine the balanced steady-state prasSt!l'e· 
flow relationship for an isothermal gas network system composed of pipelines, compressors; and regulators. 
The program was designed using modern equation-solving techniques to provide fast convergence of the 
anodel equations. resultii,g in a low,cost simulation. 

Thk edition of the GASSS Users Guide superHdas and c,bsoletes all previous editions. 

GASSS is a gas network analysis program develoPtd by Stoner Associates. Inc., Box 86. Carlisle, Pennsyl­
vania 17013. 

Neither National CSS. Inc., nor Stoner Associates, Inc .• assu~es responsibility for any errors that may 
occur during the operation of this program, or errors·in interpreting the results of this program. 

Trademarks 

VP/CSS. VP, and CSS are trademarks of National CSS, Inc. 
GASSS is a trademark of Stoner Associates, Inc. 

NATIONAL CSS, INC., 187 DANBURY ROAD, WILTON. CONNECTICUT 06897 
Fo,m939 2 Prirued by Special Permission August 1978 

©197111914 Stoner Associates, Inc., Carlisle, Pennsyl11ania Printed in the United States of America 
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FUNDAMENTAL FLOW-STEAM 

Because th, equation of state has been Included in the Integration, this equation should he valid for the flow 
of dry, saturated steam having any pressure drop, or any length of pipeline. 

In the evaluation of the friction factor, Reynold's Number Is computed from the following equation: 

a 
Reynold's Number • 

3.14 75 D l 

The viscosity of the steam should bt read as a system variable on the fifth line of system 1tariable input. An 
average value for the viscosity of dry saturated steam in the 100·300 psi range is .0000137 pour,ds/ft.·sec. 

Association of variables with NCE input positions: 

X1 pipeline diameter. 
X2 pipeline length in feet or miles. 
X3 D1rcy,W1isbach friction factor. default value can be used, 
X4 pipe roughness in inches, default value can be used. 
XS equivalent length multiplier 

If the Moody diagram switch of line 5 of the inp~t data is on, the friction factor wili be computed n a func· 
tion of R~nold's Number and rtlative roughness. If the switch is off, then the friction factor read through 
the X3 variable will be used throughout dte flow balancing compUtation. When using the GASSS program 
for the solution of steam problems, the fourth line of the data file should contain SUPOFF. On the fifth 
line, only the base pressure, default friction factor, default roughness. viscosity and Moody switi:h are effect· 
ive. An example steam system analysis is included in Section 8. 



FUNDAMENTAL FLOW - STEAM 

MUNICiPAL STEAM SYSTEM EQUATl()N 

A pressur•:fli;,w equalion has been provided for the analysis of municipal steam systems in which the flow 
unit is pounds of steam per hour or tho~;ands of pounds ofsteam per hour; When this equation is used, 
the flow unit designatc,r of LB/HR or MLB/"4 R, respectively, should be used on line 2 of the input data 
file along with I prl!HUre unit o.f f'SIG. · · · 

The equation used is developed from the flow equation for I compressible gas Ir, which the gas is assumed 
to be dry, saturate~ .steam, where . the relationship betwnn 4enlity and pressure is of the fQllowing form: 

The basic dif.ferential fiow equation is as follows: 

, p v2 

dP+ 20 dx•O 

which, when combi.ned wi~h the m~ss· flow rate equation O • pAV resuiu in a differential equation of the 
following form: . . . . . 

J . . . 
. pdP + • . . . f Q dx 5280;. . . _ 

(32.2)(3S00. 1 J2,0A1 (144.) .· 

If the relationship for density fr6m the above equation of state is used, and the equation integrated with 
respee·t 10 P and x, a flow eQuation of the. following form results: .· · · 

a • 01,s (32.21(3600.1 I (2.)(9.881 ----- . -·----------·-
I 1.9461(343.AH 16.U 144)( 12.)(L)(5280.I 

. . 

"' ste~m flow rate in pounds/t\our. 
• diameter of the pipe in inches. 
= length of the pipe in miles. 
• pressure at ~he upstream point, p~ia. 

• pressure at the downstrea~ point, psia. 

P0t46 . ·,' .946 
~.:.. :::.z._; _ 

.f 

• tt:e Oarcy-Weisbach fric:tion fictor, determined from a Re_y!'old's Number 
relative roughness equation. 
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ANALYSIS OF A STEAM DISTRIBUTION NElWORK 

EXAMPLE 4 - ANALYSIS OF A STEAM DISTRIBUTION NElWORK 

GASSS is useful for analyzing the steady-state pressure-flow relationship for a municipal steam system. The 
following example shows the use of the Fundamental Steam Equation, the use of the Fisher Regulator to 
determine a valve sizing constant, and the use of this element as a control valve. The Fundamental Steam 
Equation is a friction factor type equation with a Darcy-Weisbach friction factor determined as a function of 
Reynold's Number. The equation of state for dry saturated steam is used in this flow equation. The example 
also uses the GASSS load generator to establish the loads. on the network. 

The following schematic depicts the sample steam system. There are three supply points to the system, nodes 
SF10, T300 and TSOU. The sources of steam at these three nodes have l! pressure of 300 pounds, 275 pounds, 
and 325 pounds, respectively. 

P=300. 

id 
I 

in 
N 
rt -

Lengths are miles. 

P=-200. 

8.12-6. 

.; 
I 

N 
(Ji 

8.12" - 8. 

in ,: 
in 
N 
N -

6.06" - 3.25 
P=275. 

Control 
Valve 
c,= 100 
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ANALYSIS OF A STEAM DISTRIBUTION NElWORK 

The core of this system is a lower pressure limited system. The pressure at node 050 must be set at 200 pounds. 
This pressure is controlled through the regulator from node TlOO to DSO. Also a control valve from node TB9 to 
C62 cuts the pressure from the TSOU source. The pipeline diameters and lengths are given on the schematic. For 
a given loading condition described later, it is desired to know what will be the pressures in the distribution system 
and the quantity of steam required from each of the three sources as well as the regulator sizing coefficient for the 
regulator from TlOO to 050. The problem file, or input data file, for this problem is shown below. The loads are 
not shown as these will be provided by the load generator. 

10.50.30 pr1ntf stsampl data tl 

SA~PLE STEAM SYSTEM -- MULTIPLE FEECl REGULATOR AN~ CONTROL VALVE 
t-lLO/Hfl PS I (i· 

f.11 LES 
SU POFF 
14. 73,520., .6, 500., 1.,. 02,. 0006,. 0000137, o, 
.1~ .1,. 05, 10., 5.,. 1 
20 
1,1,1, 
SFlO SF12 FS 
SF12 TlOO FS 
TlOO T210 FS 
T300 T210 FS 
TlOO 050 Fl S 

nso 015 r-s 
075 0140 FS 

Cll40 0120 FS 
n120 050 FS 
0120 D10 FS 

010 C62 FS 
'1140 C62 FS 

T89 C62 Fl 
TSOU T89 FS 
zzzz 
SFlO 
SF 12 
TlOO 

D50 
fl75 

OHO 
0120 
T210 
T300 

010 
Cfi2 
T89 

300., o.,s 
500.,S 
400.,S 
200., 
200.,S 
,s 

12.25,5., 
12.25,6., 
12.25,i.., 
12.25,4.5, 
5000.,32.,20. 
8.12,6. 
8.12,4. 
8.12,8. 
10.1,10. 
6.06 6.55 
6.06 3.25 
6.06 4.3 
100. 32. 10. 
8.12 s.s 

TSOU 
zzzz 

200.,s 
500.,S 
275., o,s 
200. S 
20-0. S 
300. S 
325. 100. S 
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ANALYSIS OF A STE~M DISTRIBUTION NETWORK 

The loads for this problem are to be generated using the GASSS load generator. The supplementary lo;.:t 
file that accompanies the above problem file is shown below. This is the file STSAMPL LOADS. 

10.56.18 flrlntf stsampl lo arts 

I.OJ\n Fl LE FOR SAMPLE STEAM NETWORK 
STEAM LOADS ARE tlLB/tlR 

COL 1 WINTER nASE LOAn 
COL 2 WINTER LOAO/OEG FflR TEIIP REI.OW 65 l'lEG· F 
COL 3 LOM J\T EACH NOOE TO J\CCOUIIT FOR CONOENSATE REtmVJ\l 
COL 4 SUMMER BASE LOAO 
COL 5 SUl·ll-1ER LOAD/DEG FOR TEMP ABOVE 65 nEF F ( .I\ IR CONI") 

SF12 5.0 0.15 1.20 3.0 0.30 o.o o.o o.o o.o 
T210 8.0 0.18 1. 30 4. 0 0.25 o.o o.n o.o o.n 
TlOO 4.0 o.os 2.00 2.0 0.10 o.o o.o o.o o.o 

050 o.o 0.01 0.50 o.o 0.05 o.o o.o o.o o,o 
075 16.0 0.21 o.ao 10. 0 0.50 o.o o.o o.o o.o 

n120 
0140 

010 
C62 
T89 

12. 0 0.15 0.90 6.0 o.~5 o.o o.o o.o o.o 
8,0 0.11 0.60 3,0 0.25 o.o 0,0 o.o n.n 

10.0 0.09 o.ao 5.0 0.40 o.o o.o o.n o.o 
4.0 0.12 0.50 2.0 0. 311 o.o o.o o.o 0.,, 
o.o o.o 2.00 o.o o.o o.o o.o o.n o.o 

The first seven lines of this file are title information in which it is convenient to describe the contents of each 
column. In this case, a very simphi use of the load generator is envisioned and by using only five of the 
possible ten c;olumns, both winter and summer loads can be generated. In this sample, only the first three 
columns will be used to generate a winter loading condition for a 60 degree dav condition. Column 3 is a con­
stant load at each node to account for condensate removal from the drip at each node. Column 1 is a winter• 
time base or firm load. To establish the load for a 60 degree day, it is necessary to multiply column 2 by 60 
and add the result of that multiplication to column 1 plus column 3. To generate a summertime load, the 

o.o 
o.o 
o.o 
o.o 
0.0 
o.o 
o.o 
o.o 
o.o 
o.o 

user would multiply column 5 by some number of degrees and sum column 3, 4, and the result of a multiplica· 
tion of column 5 to obtain the load. The following terminal session shows the above-mentioned use of the 
load generator and the solution of the problem. 
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\NAL YSIS OF A STEAM DISTRIBUTION NETWORK 11oan ~--------~gao 

GASSS ATTACttEn AS 192, (T) 
11.09.51 attach Rasss ~ l 
CASSSV3 5/06/7r. Rml ON 0~/20/7r. 1------ AttacllCASSSandrequetllheediior. 

t10NITOR COMMAND ??edl t ..,. ________ _,_ 

EDITOR FOR GASSS FILES 
INPUT HI FT s ts amp I ---------------­
loads 

LOAD GENERATOR FOR GASSS 
INPUT FN FT stsampl loads 

LOAD FILE FOR SAMPLE STEAM NETWORK 
STEAJ.1 LOAOS ARE IILB/Hlt 
cot 1 WINTER BAS.E LOAD 
COL 2 Iii NTER LOAO/DEG FOR TEMP BELOW 65 DEC F 
COL 3 LOAD AT EACH NODE TO ACCOUNT FOR CONOENSATE 
COL r. SUMMER RASE LOAO 

£.lit lhe IUc STSAMPL (filctype or 
DATAaawaed). . 
Enter the load genera1or. 

Request tlw Ole STSAMPL LOADS. 

nue infonnatlon prlnu ar111 the lite 
llu been read. 

COL S SUMt~ER LOAD/DEG FOR TEMP ABOVE 65 '>EF F (AIR 

REMOVAL 

COND) 

COLUf.ltl 6 IS THE FIRST COLUMN WITH All ZERO VALUES. 
THERE ARE 10 NODES I ti THE LOJ\fl Fl LE . 

L c2 .. c2•60. : 
L q=cl+c2+c3 
L .<l.!!!!L 

Multiply COiumn ·2 bJ 60 degrees. 

--------------------- Sum columns 1,2,andJ to produce 
the loadL Me,.e the load generator 

FOLLOWING HOOE NAMES ARE IN THE PRORLEM FILE UST BUT 
ARE tlOT IN THE LOAO FILE LIST 

11 SF10 11 

11T 30 O'' 

WCIOr into the problem file vector QN. 

l g_------------------------- Rcttani to the node environment. 
RETURNING TO NOOE ENVIRONMENT 

p 20 
SFlO 
SF12 
TlOO 

flS 0 
1'175 

OHO 
Ol20 
T210 
noo 
rno 
C62 
Ta9 

TSOU 
f 11 e 

300.0 
500.0 S 
400.0 S 
200.0 
200.0 S 

o.o s 
200.0 S 
500,0 S 
275.0 
200.0 S 
200.0 S 
300.0 S 
325. 0 

stmtemp bin 

o.o 
-15.20 
-9.00 
-1.10 

-29.40 
-15.20 
,.21. 90 
-20.10 

o.o 
-16.20 
-11. 70 
-2.00 

100.0Q 

s o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o~o 

s o.o 
o.o 
o.o 
o.o 

s o.o 

o. 
o. 
o. 
o. 
o. 
0. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

frlnl a su(flcient number or nodes to 
Hamine the gen~rated load. 

------------------ Fik! the problem lileto STMTEMP BIN. 
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ANALYSIS OF A STEAM DISTRIBUTION NETWORK 

~10N I TOR COr11.\ANO ?? !.Y.!l. ·~----------­

GAS STEADY STATE. 

INPUT FILE? stmtemp bin ~----------

OUTPUT FILE? out 

PROBLEM Tl TLE: 

RcqUftl lhe Solulian Prapam. 

Input file Is STMTEMP BIN. 

SAflPLE STEAM SYSTEM -- MULTIPLE FEEO REGULATOR Min r.OMTP.Ol VAi.VE 

RUM ON: 05/20/74 AT 11.13.36 

SYS Tm IS TI ED TOGETHER AS ONE UN IT 

••• PROBLEM SUMMARY••• 

13 HOl'lES 
14 tlCES 

1 UNKtlOWH t~CES 
9 lJtlKMOl·ltl PRES 
3 UNKNOW!! F LO\.,S 

BALANCIMG STARTED 

SOUJTION COt-tPLETEO IN 14 1TERATIONS 

OUTPUT SEGflENT: Cot1MANfl REAflY SYf1110L .. 

Salucian has been campleied. Produce 
* 50 u r a lis1ing af Che source nodes on lhe 

uses·scerminal. 

SOURCE NODES FOR: 
SAIIPLE STEAM SYSTEl1 -- tlUL TI PLE FEE!l REGULATOR AND COtlTROL VALVE 
RUtl ON 05/20/74 AT 11.13.36 

tlOOE 
noo 
SF10 
TS.OU 

rRESSURE 
275.00 
300.00 
325.00 

FLOW<t1LB/H) 
li8.35 S 
63.}2 S 
30 .13 S 
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~A~NA~ L~YMS~IS~O~F~A~S~T~E~AM= O~IS~T~Rl~B=UJ~l=ON~ N=EM_._.O=R=K~·--------------aQQQ 
QOlJ 
OD 

•fu 11 ---------------- Request rull output at the user's terminal. 

FULL HCE RESULTS FOR: 
SAMPLE STEAM SYSTEH -- HULTIPLE FEED REGULATOR AHO CONTROL VALVE 
RUN ON 05/20/74 AT 11.13.36 

FRO!~ TO F-P T-P TYPE f11B/H PJ\ RM!. RF.HARKS 
£'120 010 121.S 89.S FS 6.29 6.060 RN• 321955.F•0.0157 
D120 050 121. S 200. FS -36. 9 3 10.100 Rf'lo 1133452.F•0.0132 
0140 Dl20 105.S 121.S FS -8.75 8 .120 RNa 3331192.Fs0.0153 
0140 cs"2 105.S 126.S FS -6.52 6. 060 RN• 333616.F•0.0157 
SFlO SF12 300. 275.S FS 63.32 12.250 RN• 1602174,F=0.0126 
SF12 TlOO 275.S 256.S FS 48.12 12.250 RM= 1217586, fa0 .• 0129 
TSOU T89 325. 275.S FS 30,13 8.120 RH"' 1150062,F•0.0135 
TlOO T210 256.S 261. S FS -28.25 12.250 RN• 714742,Fa0.0136 
noo 050 256.S 200. FIS 6 7. 37 332.0 
noo r210 275. 261. S FS 48. 35 12.250 RM= 1223307,F•0.0129 

n10 C62 89. S 126.S FS -9. 91 6. 060 RN= 506687.F•0.0150 
050 075 200. 105.S FS 29. 34 8.120 Rt-I= 1119779.F=O.OlJS 
075 01160 105.S 105.S FS -o. 1' 7 8,120 RtJ:a 18101.F=0.0269 
189 C62 275. S 126.S Fl 28.13 100.0 

UOOE I NFORt-lAT I ON 
MOOE PRESSURE FLOUCMLB/H) 
0120 121.49 S -21.90 
D 11'0 105.10 S -15.20 
SF 10 300.00 63. 32 s 
SF12 275.02 s -15.20 
TSOU 325.00 30.13 S 
TlOO 255,96 s -9. 00 
T210 260. 70 s -20.10 
no.o 275.00 48.35 s 

r.62 126. 37 s -11. 70 
[)10 88.63 s -16.20 
050 200.00 -1.10 
r, 75 105.05 s -29.40 
T8!J 2 74. 6 3 s -2.00 

*Q 

OUTPUT COMPLETED FOR: 
SAIIPLE STEi\1·1 SYSTrn -- MULTIPLE FEED REGULATOR ANO CONTROL VALVE 

In the above simulation results, RN is the Reynold's Number of flow in each particular pipe. F stands for the 
friction factor. N.ote tliat the regulator sizing coefficient is 332 and that the control valve T89 to C62 is 
passing 28 MLB/HR. 





Appendix D 

PRELIMINARY·HEAT BALANCE FOR RETROFITTING 
UNIT #12 TURBINE FOR COGENERATION 

(C. H. Thiele, ORNL Consultant) 
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Rochester Gas and Electric Company Retrofit of Unit #12 

The turbine-generator is a General Electric, 75,000 KW machine with 
a tandem compound, double flow reheat turbine and a hydrogen cooled 
generator. Turbine auxiliaries include a 45,000 sq ft surface condenser, 
two circulating water pumps, three condensate pumps and a two element, 
two stage steam jet air ejector for removal of noncondensibles from the 
condenser. 

Steam for the turbine is supplied by a Combustion Engineering, Inc., 
controlled circulation reheat-type steam generator. The unit is designed 
for a main steam flow of 560,000 lb/hr of steam at 1825 psig and 1055°F 
at the super heater outlet, and a reheater flow of 441,000 lb/hr of steam 
with reheat of l005°F. Auxiliaries consist of three mills and feeders, 
one forced draft fan, two regenerative air preheaters, electrical pre­
cipitator, one induced draft fan, one constant speed and one variable 
speed boiler feed pump, Bailey meter pneumatic combustion control, and 
a 234 ft exhaust stack. 

Unit #12 is wholly separate from the existing units in the station 
as to steam, feedwater, and condensate piping systems of the main turbine 
cycle. The unit system being rigidly followed and cycle interconnections 
omitted. The three high pressure closed feedwater heaters are located in 
the cycle after the boiler feed pumps with the last high pressure heater 
taking its extraction before the turbine crossover. The three low pressure 
heaters are in one divided shell and mounted in the condenser neck. The 
system does not include an extraction stage deaerating heater. Deaeration 
of the condensate is done in the condenser. 

The turbine consists of a high pressure section, an intermediate 
section, and a double-flow low pressure section. Extracting heating steam 
from the high pressure or intermediate sections could cause an unbalance 
in the tandem arrangement. There is no problem in the balanced divided 
flow of the low pressure section. 

Steam expansion takes place in successive pressure stages, each stage 
being comprised of stationary nozzles carried in a diaphragm and a row of 
buckets secured to the rotor. There are ten stages in the high pressure 
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element, eleven stages in the intennediate pressure element, and four 
stages in each section of the low pressure element. Steam for feedwater 
heating is extracted from stages 6, 10, 15, 18, 21, and 23. 

The condenser has a steam capability of 371,000 lb/hr with a heat 
rejection of 988 Btu/lb of steam with 36,300 gpm circulating water at 
53.7°F and exhaust pressure of 1.05 in. Hg, absolute. 

Steam Extraction for Process or Heating 

Unit #12 cogeneration could be provided for at one of the following 
steam sources: 

1. Throttle steam 500,500 lb/hr 1815 psia 1050°F 
2. Hot reheat 395,629 lb/hr 291. 1 psia l000°F 
3. Cold reheat 395,629 lb/hr 323.5 psia 630°F 
4. Stage 6 35,285 lb/hr 626.7 psia 776°F 
5. Stage 10 44,391 lb/hr 323.5 psia 630°F 
6. Stage 15 20,683 lb/hr 111 . 0 psi a 730°F 

Stage 10 and the cold reheat are the same. The throttle steam and 
hot reheat with temperatures at 1000°F or above would require heat 
exchangers with costlier materials suitable for the high temperatures. 

For the conditions of stage 15, assuming a suitable flow could be 
obtained and consolidating main steam and reheat flow into throttle flow 
for simplification, the following heat balance diagram and calculation 
show the apportionment of one pound of steam between electric and steam 
{Fig. 0.1). 

A. 100% electric generation Btu/lb 

l. Steam to turbine 1665.0 
[500,000 (1510.9-472.53) + 395,629 (1525.47-1330.5)] 

+ 500,500 + 472.53 
2. Loss to condenser (1043.4 - 59. 7) 983.7 

3. Used by the turbine 681.3 
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Fig. D.1. Heat balance for the cogeneration option for Unit #12. 



D-6 

B. Electric and steam Btu/lb 

1. Steam to turbine 1665.0 
2. Available to electric 681.3 
3. Available used by electric (1665 - 1406.9) 258. 1 
4. Available used by steam (681.3 - 258.l) 423.2 
5. Percent available used by electric (258.1 + 681.3) 37.9 
6. Percent available by steam (423.2 + 681.3) 62.1 
7. Condenser loss charged to electric (983.7 x .379) 372.8 
8. Condenser loss charged to steam (983.7 x .621) 610.9 
9. Total charged to steam (62%) 1034.l 

10. Total charged to electric (38%) 630.9 

Cogeneration reduced the cost of both electric and steam by recovering 
the steam send out that would be lost in 100% electric generation. There 
is some sacrifice in electric generating capacity, but substantial energy 
conservation. 
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