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This report was prepared by Burns and Roe Company in the course of 
performing work contracted for and sponsored by Development Downtown, Inc" 
the Ci ty of Buffa Lo and the New York State £ne;~gy Research and Devillop­
ment Authority (hereafter the "Sponsors"). The opinions expressed in this 
report do not necessari ly reflect those of the Sponsors or the State of New 
York and reference to any specific product, service, process or method does 
not necessari ly constitute an implied or expressed recommendation or 
endorsement of same. Further, the Sponsol's and the State of New York make 
no warranties or representations, expressed or implied, as to the fitness 
for particular purpose, merchantabi l ity of any product, apparatus or 
servi ce or the usefulness, completeness or accuracy of any processes, 
methods or other information contained, described, disclosed or referred 
to in this report. The Sponsors and the State of New York and the 
contractor make no representation that the use of any product, apparatus, 
process, method or other information will not ilifringe privately owned 
rights and will assume no liability for any loss, injury, or damage result­
ing from, or occurring in connection with, the use of information 
contained, described, disclosed, or referred to in this report. 
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ABSTRACT 

This report addresses the introduction of district heating in Buffalo, N.Y. 
from feasibility study to implementation. The reemergence of district 
heating in the U.S. and associated advantages are reviewed. Advanced piping 
technology which has enabled district heating to compete economically with 
alternative technologies is summarized. Identification and analysis of the 
customer heat load considered in downtown Buffalo for the pilot system and 
future expansion ;s discussed. Various options for initiating construction 
of a district heating system were considered as exemplified by the 
configuration for the pilot system which was selected to serve five downtown 
buildings. A conceptual plan is presented which permits the system to expand 
in an economically viable manner. The report concludes with an economic 
analysis which simulates the operation and expansion of the system. 
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SUMMARY 

DISTRICT HEATING IN BUFFALO 

A phase II study of district heating was authorized 'in April of 1986 to 
expand on the previous study and plan for construction of a pilot project. 
Options for phased implementation were conceived to provide gradual expansion 
recognizing immediate needs and the future development for the city. The 
scope of the pilot project included five downtown buildings in the vicinity 
of Niagara Square. Construction of the pilot system began in September 1986 
with startup in January 1987. 

DISTRICT HEATING TECHNOLOGY AND ITS ADVANTAGES 

District heating has reemerged in this country as a viable energy conserva­
tion alternative, having recognized its inherent operating efficiency, 
advanced technology and new piping products. The benefits of centralized 
thermal production include reduced installed capaCity for the same heating 
load furnished by individual systems, improved fuel utilization efficiencies, 
attentive maintenance and safety programs and better adaptability to alter­
nate fuel sources. The enhanced operating efficiencies translate to a favor­
able environmental impact. The success of hot water district heating has 
been established through European experience where advanced products have 
been developed to reduce cost and improve reliability. This is particularly 
evident in the superiority of underground piping technology which features 
prefabriated sections, shallow burial, leak detection systems and a technique 
to control thermal expansion without piping offsets or expansion jOints. 
These features substantially reduce costs associated with excavation, under­
ground interferences and system fabrication in the field. 
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HEAT LOAD ASSESSMENT 

The immediate downtown in the vicinity of Niagara Square was selected for a 
heat load assessment based on the high thermal load and density in this area. 
Additional potential customers were identified along Eagle Street and 
Delaware Avenue from Niagara Square to Gates Circle. Information to support 
the load analysis was collected primarily by on-site surveys and included 
fuel consumption, indoor temperature settings and building use 
characteristics. On-site visits also enabled an evaluation of the compati­
bility of existing building systems to a hot water district heating system. 
Steam systems are particularly attractive candidates for conv·ersion due to 
inherent inefficiencies including steam traps and inflexible control. 

IMPLEMENTATION STRATEGY 

The overall approach for implementation in Buffalo was based on establishing 
a pilot system in the vicinity of Niagara Square with provisions to expand 
along Eagle Street and Delaware Avenue. Five customers anchored the pilot 
system and were supplied from a new central plant located in the existing 
Fire Headquarters building. Several options were evaluated for the central 
plant, however, the selected version demonstrated the most flexibility to 
meet schedule and future expansion plans. 

THE PILOT SYSTEM 

To provide rapid implementation, a conventional heating plant consisting of 
a steam boiler and hot water generators were installed for the pilot project 
with sufficient capaCity to enable expansion of the system. One 500 hp steam 
boiler was selected to fulfill the heating requirements of City Hall while 
two 800 hp hot water generators served the other customers. A four-pipe 
system was installed between Fire Headquarters and City Hall, two pipes 
carry; ng steam to the City Hall and two pi pes carry; ng hot water to remain; n9 
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customers. Distribution piping was routed through basement areas to evade 
additional excavation and reduce cost. 

ECONOMIC ANALYSIS 

The economic analysis was perfonned using the required revenue approach. The 
magnitude of the economic advantage is measured through the detennination of 
the unit cost of district heating by weighing thenmal sales against the 
annual carry1ng charge associated with capital investments and the 
expenditures dedicated to the operation and maintenance of system facilities. 
The resulting required price is compared to heating costs of1ndividual 
building owners. After startup of the pilot project in January, 1987, 
customers connected to the system have experienced significant reductions in 
energy costs owed to improved operating efficiencies and the lower cost of 
fuel secured over individual buildings. 
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Section 1 

INTRODUCTION 

DISTRICT HEATING IN BUFFALO 

The City of Buffalo, New York, has joined the growing number of corrmunities in the 
United States that enjoy the advantages of hot water district heating. After 
completion of the Phase II feasibility assessment which confirmed the applicabi­
lity of district heating in Buffalo, the project culminated with construction of a 
pilot system which interconnected five downtown buildings. 

The purpose of this report is to present the results of the Phase II study and 
pilot project for a district heating system in downtown Buffalo, New York. The 
objectives of the Phase II project included verifying the Phase I district 
heating study, and expanding this previous work by designing and supervising 
construction of an early-start district heating pilot project. Also considered in 
this study was an investigation of future strategies for expansion of district 
heating. in Buffalo. 

The Buffalo district heating project began in August 1983 with a feasibility study 
sponsored by the New York State Energy Research and Development Authority Energy 
Authority. After the favorable results of this initial study, Development 
Downtown, Inc., and the Energy Authority, in cooperation with the Mayor's Office 
and the Department of Public Works, contracted with Burns and Roe in April 1986 to 
expand on the initial findings and plan for implementation of a pilot project. 

Options for phased implementation were conceived to provide gradual expansion 
recognizing irrmediate needs and the future development picture for the city. An 
initial development prospect defined the scope of the pilot project and was con­
sidered in the vicinity of City Hall, which represented a substantial heating load 
and required replacement of its central boiler plant after 60 years of service. 
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Four nearby buildings were also considered as prospective customers for a district 
heating system including the City-owned New City Court and Fire Headquarters and 
the privately owned Buffalo Athletic Club and Old City Court Building. Additional 
expansion strategies were investigated for future construction tncluding incor­
poration of the three Erie County buildings located along W. Eagle Street and 
expansi~n north along Delaware Avenue to cOincide with street repairs. Construc­
tion of the pllot system began in September 1986 with startup in January 1987. 
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Section 2 

DISTRICT HEATING TECHNOLOGY AND ITS ADVANTAGES 

THE REEMERGENCE OF DISTRICT HEATING 

District heating is an energy conservation measure characterized by centralized 
thermal production and distribution to customer buildings in the surrounding area. 
District heating is noted for increased thenmal efficiency which 1s reflected in 
energy savings to connected customers. District heating displays other advantages 
including improved air quality. reduced end-user maintenance costs and elimination 
of fuel handling and storage. Many cities are pursuing this technology to comple­
ment ongoing rehabilitation and modernization efforts of downtown properties. 

Historically, district heating has been used since 1877. An inventor 1n nearby 
Lockport, New York, designed and constructed the first known commercial district 
heating system. The system used steam made at a boiler in the inventor's home. 
and transported the steam to a nearby neighbor. From this modest start, the use 
of district heating and cooling systems has expanded to include some city wide 
systems in places such as Moscow, Helsinki, and other European capitals; large 
systems such as Consolidated Edison's in New York City, and downtown systems in 
Baltimore, Maryland; Rochester and Jamestown, New York, St. Paul. Minnesota, 
Trenton, New Jersey and numerous others. 

Recently, there has been a renewed interest in district heating in cities in the 
United States. This 1s partially due to the increase in fuel costs over the last 
10 to 12 years, the positive experience of many European countries. and the use of 
modern insulating materials in the distribution piping systems. Most of the 
district heating systems being planned and installed are seriously investigating 
the use of hot water (150°-250°F) as opposed to steam for distribution. There are 
technical advantages associated with hot water in tenms of reduced heat loss, 
lower maintenance, and better reliability that generally offset the reduced 

Digitized by the New York State Library from the Library's collections 



energy-carrying capacity of the media. Additionally, the piping distribution 
system for hot water is less costly, easier to install. and requires substantially 
less maintenance than steam piping systems. 

Since World War II, the European countries, particularly in Scandanavia. have 
refined the use of hot water systems •. It has only been in the last few years that 
utilities and engineers in the United States have begun to adopt these lower tem­
perature systems and technologies. Previously. steam had been the standard in the 
United States. 

Also during the past few years, the federal government has been increasingly 
conscious of the potential of modern district heating and cooling systems. The 
federal government1s interest had also encouraged the States of New York, 
Minnesota, and Michigan, among others, to develop state programs to encourage 
development. The assessment in Buffalo is being sponsored by the Energy Authority 
under such an assessment program. 

ADVANTAGES OF CENTRALIZED THERMAL PRODUCTION 

Centralized production of thermal energy has many advantages over individual 
systems. They include improved fuel utilization efficiencies and more attentive 
maintenance and safety programs. Installation practices employed in construction 
of centralized plants contribute to added reliability and long life. 

Total installed heating capacity required for the district heating system ;s less 
than the sunmation of peak thermal demands of individual customers. This obser­
vation, referred to as load diversity, has been confirmed by operating experience 
and tends to reduce the installed cost of central equipment to the benefit of con­
nected customers. 

Effic·;ent operating performance, however, is the primary characterization of a 
district heating system. Inefficiency, apart from poor maintenance procedures is 
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attributable to part-load operation, using equipment at conditions other than 
design. Proper dispatch of centralized plant equipment enables operation over a 
wide range of load without loss of performance. Reduction in fuel combustion 
efficiencies is pronounced in individual boiler installations which are subject to 
cyclic operation, and many experience losses of 15% to 30% below rated design 
efficiencies. Since the thermal load handled by the DHC system ;s composed of the 
requirements of many buildings, a higher, more leve11zed demand results, reducing 
the effects of partial loading. 

Energy transfer from the district heating system to individual buildings is 100% 

efficient in that the consumer pays only for the energy extracted from the system. 
For individual conventional systems, the customer purchases a quantity of energy 
which exceeds his actual needs by an amount measured by the inefficiency of his 
equipment. The centralized facllity also benefits from a lower initial cost of 
fuel than can be obtained by individual customers based on large quantities of 
fuel usage. 

Since thermal energy - not fuel - is the conmodity being distributed, the district 
heating system can use more than one fuel source for energy_ BOilers, waste heat 
recovered from other processes, cogeneration (heat recovery from the generation of 
electricity). incineration of municipal solid waste. or any other method of pro­
duction of thermal energy can be used at the central plant and provide energy to 
the distribution system. Coal, 011, natural gas, WOOd, solar, geothermal and 
energy from heat pumps can all be used as system inputs. Some are more practical 
than others depending on availability, environmental conSiderations, cost of com­
modities, and cost of conversion to usable energy. 

District heating will prosper in the future. offering flexibility in planning and 
utilization of future available energy supplies. With emphasis on reducing con­
sumption of conventional fuel sources (gas and otl), the practical alternatives 
include relatively inexpensive coal, surplus heat (industrial and cogenerative) 
and refuse incineration. Only district heating can be employed to satisfy the 
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thenmal requirements of individual buildings while utilizing these sources and 
attaining environmental acceptance. 

ENVIRONMENTAL EFFECT 

The environmental impact of a hot water district heating system will be favorable 
as a result of operating a new central heating source and retiring dispersed 
heating sources in customer buildings. For Buffalo in particular, natural gas ;s 
the primary fuel imply; ng that ret; rement of any ol1-fi red boll ers in the servi ce 
area would result in decreased sulfur emisSions, notably S02" Regardless of fuel, 
repeated startup and shutdown of individual boilers reduce efficiency as a result 
of incomplete fuel combustion as fire box temperatures fluctuate. The more effi­
cient and continuous operation of a central district heating plant reduces area 
carbon monoxide and hydrocarbon emissions characteristic of incomplete combustion. 

ADVANCES IN DISTRIBUTION PRACTICES 

The success of hot water district heating is readily documented by the modern 
thermal distribution practices introduced and flourishing in European cities. 
Generally, the most conspicuous engineering and capital-intensive priority of a 
district heating system is the installation of the underground piping system. To 
best serve the economics of a modern hot water heating system, a primary objective 
is the utilization of low-temperature hot water as the thermal heating medium. 
This alternative is characterized by a maximum distribution temperature of 250°F 
penm1tting the employment of lower cost and very reliable piping components not 
generally suited to system designs with higher temperature constraints. It allows 
direct application of underground piping technology successfully implemented in 
Europe consisting of a thin-wall carbon steel carrier surrounded by polyurethane 
insulation and encased with a polyethylene jacket. Piping construction features 
shallow burial. drastically reducing installed cost portraying excellent 
reSistance to groundwater infiltration, the major cause of piping failure. 
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The effects of accelerated corrosion of carbon steel piping in the 200°F range 
require that the supply piping be physically protected against outside water con­
tact. Equally important, the pipe insulation must be protected from mOisture 
penetration that would increase the thermal conductivity of the insulation. The 
insulation must also be protected against mechanical abuse, ultraviolet degrada­
tion, erosion and other environmental hazards. The polyurethane foam insulation 
must be protected against mechanical damage from weathering, handling abuse, field 
bending, casing pressures, water pressure, saddle-bearing forces, ground movement 
and damage in storage. The most economic and reliable method for providing the 
piping system with protection against the above problems is to use a shop­
fabricated conduit design with a polyethylene casing. 

A shop-fabricated conduit system can be fully shop tested, is less expensive to 
install, is faster to install causing less disruption of the district heating 
site, and can be manufactured with a high degree of quality control resulting in a 
product of high reliability. 

Polyethylene is the preferred casing material because it will not corrode in the 
underground enVironment, has excellent water-resisting properties, 1s easy and 
cost effective to install, and 1s lightweight and easy to repair if physically 
damaged. 

Polyurethane ~oam is preferred because of its low thermal conductivity (0.18 

Btu/in./hr/ft 1°F) which provides excellent thermal efficiency of the conduit 
system. During manufacture of the conduit, the foam is poured between the carrier 
pipe and the casing 1n a liquid form and expands to occupy the space between the 
carrier pipe and the casing. The foam bonds itself to the pipe and casing walls, 
providing a structurally stable insulation that will not shift, settle or shrink 
with time to create voids. The conduit requires no special hardware for fastening 
the insulation in place. 

The conduit ;s manufactured and shipped to the field in lengths of 20 ft. All 
fittings and valves are also preinsulated and shipped in the fann of a finished 
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conduit section. Figure 2-1 shows the conduit design. The small customer 
branches are conduits of the same design, with flexible copper carrier pipe 
delivered in c011s. Such conduit has the advantages of being flexible and 
requiring few~r joints. 

Onceburied, maintenance costs are controlled since the piping system is equipped 
with an integral leak deteGt10n and alarm system which not only detects leakage 
but enables operators to accurately locate the fault. The alarm system consists 
of two c~pper wires molded into the foam insulationdur1ng manufacture of the 
conduit. As the conduit sections are installed, the wires are connected, forming 
a continuous circuit through the piping system. The copper wires are connected to 
alarm/control boxes at central or remote locations. The wires carry a low voltage 
current. When moisture enters the piping system, it completes the circuit between 
the two wires and triggers an alarm. The alarm system not only detects the leak 
but, by measuring resistance, locates it. 

The proposed technique is to install the supply and return piping side by side 1n 
a single trench within street right-of-ways. The trenches w111 usually be less 
than 5 feet deep, and require no shoring. The conduit 1s laid directly in the 
trench on a 4-1nch sand bed. The excavation provides for a clearance of at least 
6 inches between conduits and 6 inches between the conduit and trench wall. The 
conduit is covered with at least 18 inches of homogeneous stone-free sand. The 
street bed and pavement or sidewalk are installed directly over this sand. Proper 
backfilling of the conduit is very important. Table 2-1 shows the conduit 
diameter and required trench size for different size carrier pipes. Figure 2-2 
shows the recommended conduit installation for the street and sidewalk installa­
tions required 1n Buffalo. 

Piping installation features a technique to compensate for thermal growth of the 
piping system during operation without expansion loops which substantially reduces 
costs associated w1th excavation, underground interferences and piping system 
fabrication. To minimize the cost of expansion provisions, the steel piping 
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DIS TRJCT HEA TING CONDUIT 

I. CARBON STEEL CARRIER PIPE 

2.. POLYURETHANE INSULATION 

3. POLYETHYLENE CASING 

4. ALARM WIRES 

Figure 2-1. District Heating Conduit 
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Table 2-1 

CONIJU IT INSTALLATION DIMENSIONS 

I ns tall at ion 
Pipe Size Condui t Di ameter Envelope (wxh) 
Inches Inches Inches 

3/4 4 24 x 4 

1 4 24 x 4 

1-1/4 ~ 26 x !:> 

1-1/2 5 28 x 5 

2 6 30 x 6 

2-1/2 6 30 x 6 

3 7 32 x 7 

4 ~ 36 x 9 

!:> 10 38 x 10 

6 11 40 x 11 

8 14 46 x 14 

10 18 54 x 18 
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DISTRICT HEA TING 
CONDUIT INST ALLA TIONS 

A. STREET INSTALLATION 
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Fi gure 2-2. Di stri ct Heati ng Conduit 
Installations 
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system is accommodated by a European technique utilizing the mechanical elasticity 
of the pipe at stress ranges up to the elastic limits. The steel pipe is anchored 
at one end. and heated from the installation temperature of 65°F to about 120°F. 
The pipe ;s then anchored at the oPPosite end; this does not change the physical 
state of the pipe, and the tension in the steel will be zero. When the tem­
perature of the pipe is increased to the operating temperature of 250°F, a 
compressive stress will be generated in the steel pipe within allowable structural 
limits. When the temperature is reduced, a tensile stress within the allowable 
limits will be generated. Special pipe fittings allow the system to be installed 
in accordance with this procedure. 

The piping system selected for installation in Buffalo was of the latest European 
design. According to the manufacturer, Buffalo was the first city in which this 
particular piping system was used in the United States. The system is as 
described above with the exception of the method in which the joints are covered. 
The joint cover is refe~red to as a band muff. The band muff is anou~er casing 
made of the same material as the pipe casing. The band muff is placed over the 
pipe jOint and it is fusion welded to the pipe casing. This ensures a 10ng­
lasting and leakproof seal. Insulation is then poured through holes in the band 
muff which are later sealed. 
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Section 3 

HEAT LOAD ASSESSMENT 

SERVICE AREA DEVELOPMENT 

A district heating program implies the establishment of a central thermal source 
distributing heating to customer facilities 1n a surrounding service area. To 
properly estimate the size and cost of the central plant and associated 
distribution system, an evaluation of the thermal load 1n the designated service 
area must be conducted. Major factors in a heat load assessment are the area 
thermal load density and the proximity of the load to the thermal source. Based 
on the high density of buildings in the immediate downtown, this area was selected 
for a comprehensive heat load analysis. Thermal loads in the immediate downtown 
near City Hall had been analyzed 1n the previous Phase I study and were reviewed 
as part of this study. Additional customers were identified along Delaware Avenue 
from Niagara Square to Gates Circle. 

Information to support the heat load assessment was obtained primarily by on-site 
surveys. Customers selected would serve to "anchor" the system, characterized by 
a thermal usage sufficient to permit the construction of a district heating system 
in an economically viable fashion. The purpose of the site visits was intended to 
collect information regarding technical aspects of installed heating systems, fuel 
consumption and cost and maintenance expenditures. Copies of engineering 
drawings, where available, were made and equipment/systems data was collected, as 
necessary. to provide a basis for developing a retrofit design and conversion cost 
estimate. The following discussion reviews the calculation method employed to 
determine heat1ng demand from annual fuel consumption and site specific parameters 
pertinent to Buffalo. 
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HEATING LOAD CALCULATION METHODOLOGY 

Quantifying the heating demand for each building was based primarily on a method­
ology based upon actual fuel consumption records and weather data. This method­
ology analyzes fuel consumption data in conjunction with site-specific parameters 
in lieu of the method requiring detailed information on construction types, U­
values, wall and roof areas, fenestration, etc. Site-specific parameters include 
heating degree days (HOD). number of days in the heating season. and average out­
door air temperature during the heating season. Based on fuel consumption records 
during a 12 month period. both average annual and peak hourly district heating 
loads were detenm1ned for comfort heating and internal uses such as domestic hot 
water and process systems. 

Of particular 1mportanceto the accuracy of the heating load methodology are the 
following building parameters for the 12 month period 1n which fuel records have 
been obtained: 

a indoor design temperature setting during normal hours 
o indoor design temperature setting during setback hours 
o indoor temperature gain due to internal heat sources (lighting, 

peop 1 e ,equ 1 pment • etc,.) 
o indoor design temperature gain due to internal heat sources during 

setback hours 
o average number of nonnal hours per week 
o average number of setback hours per week 

A tabulation of this data for each building is presented in Table 3-1. 

Other parameters specific to the individual building operation required for this 
methodology are: 

o Annual fuel consumption dedicated to comfort heating or internal uses 
such as domestic hot water. 
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Building 

CHy Hall 

New City Court 

Buffalo Athletic Club 

Old City Court 

Fire Headquarters 

Rath Building 
(Erie County) 

25 Delaware Avenue 
and Old County Hall 
(Erie County) 

120/134 W. Eagle Street 
(Erie County) 

Table 3-1 

BUILDING PARAMETERS 

Indoor 
Temp 
Normal 
1°F) 

70 

70 

70 

70 

70 

68 

68 

68 

Indoor 
Temp 
Setback 
(OF) 

60 

60 

60 

60 

65 

50 

68 

68 

Internal 
Gain 
Normal 
(oF) 

3 

4 

5 

0 

1 

2 

2 

1 

Internal 
Gain 

Setback 
(oF) 

0 

0 

0 

0 

0 

1 

0 

0 

Nonnal 
Hours 
(hr/wk) 

50 

50 

50 

50 

70 

50 

50 

50 

Setback 
Hours 
(hr/w~ 

118 

118 

118 

118 

98 

118 

118 

118 
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o Annual bailer/system efficiency which is estimated based on age, 
heating medium, distribution design and load variation. It;s an 
overall annual efficiency accounting for losses associated with 
cyclic boiler operation during below-peak heating modes and/or 
summer operation. 

The comfort heating loads determined for all buildings are based on a 3°F outdoor 
design temperature which ;s conservative since ASHRAE defines the design tem­
perature as 6°F for Buffalo, N.Vo Estimated heat usage rates for purposes other 
than comfort heating (i.e., domestic hot water, process) were assumed c-onstant 
throughout the year and for the most part occur during normal hours only. This 
internal heat use rate was determined based on fuel consumption in summer months 
judged to reflect non-comfort heating use throughout the year. Peak heat loads 
for comfort heating were determined based on knowing the heating degree days for 
the heating season in which fuel records have been obtained with adjustments to 
account for the site-specific parameters noted above. Results of this. analysis 
for buildings in the pilot project area are listed in Table 3-2. 
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Building 

Ci ty Hall· 

Buffalo Athletic Club 

New City Court 

Fire Headquarters 

Old City Court 

Rath Building 
(Erie County) 

25 Delaware Avenue 
and Old County Hall 
(Erie County) 

120/134 W. Eagle St. 
(Er1e County) 

Total 

Table 3-2 

BUILDING HEAT LOAD ASSESSMENT SUMMARY 

Peak Heat 
Demand 

(MMBtu/hr) 

10 

5.1 

5 

2.3 

1.5 

6.7 

4.2 

10.7 

45.5 

Annual Heat 
Load 

(MMBTU/hr) 

19,000 

8,900 

6,700 

3,500 

840 

9,900 

9,400 

22,200 

80,440 

Digitized by the New York State Library from the Library's collections 



BUILDING HEATING~SYSTEM RETROFIT ANALYSIS 

The topic of heat load has been discussed in the generic sense, customers being 
end users of a district heating product without distinguishing characteristics of 
individual building systems. It must be recognized that buildings include a 
variety of designs. produce different thenmal media and have distinct thenmal 
requirements, all of which impact the conversion to district heating. This sec­
tion has been included in the report to indicate some of the considerations per­
taining to customer retrofits to district heating. Descriptions of existing 
building heating systems as well as the conceptual retrofit designs for the 
buildings incorporated in the pilot project and those of Erie County have been 
included in Appendix A. 

Having selected low-temperature hot water as the heating medium for the district 
heating system, modifications to customer heati~g systems are naturally required 
to properly utilize the product. 

The adaptability of buildings' internal process and domestic hot water systems to 
hot water district heating ;s evaluated. These systems remain in their present 
configuration in cases such as when minimal hot water demands do not justify asso­
ciated retrofit costs (i.e., heat exchanger, extensive piping runs), or when pro­
cess system requirements cannot be met due to high temperature or extensive 
retrofit requirements. 

Due to the high temperatures and pressures in the district heating system distri­
bution network, plate-type heat exchanger(s) are utilized in each building to 
safely transfer heat from the district heating water supply to the building distri­
bution system for comfort heating and internal uses (domestic hot water, process, 
etc.). Existing control methods are evaluated for all building systems to deter~ 
mine appropriateness to the hot water district heating system. Controls are 
revised when necessary to optimize system temperatures and to adapt to the hot 
water district heating operating characteristics. Building systems' operating 
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temperatures are selected to optimize size of system components while providing 
for the lowest possible district heating water return temperatures and maximum 
differential temperatures. The district heating water supply temperature varies 
according to outdoor temperature from a maximum of 250°F on the design day (3°F 
outdoor temperature) to approximately 170°F during the summer months. 
Consequently. the building heating system distribution temperature must also be 
reset from the outdoor temperature to satisfy the heating load as it varies with 
outdoor temperature. 

Although steam systems command a h1gh retrofit cost relative to other system 
types, several incentives encourage building owners to convert to hot water for 
long-tenm benefits. Energy savings are the primary advantage, recovered from the 
inherent inefficiencies 1n steam systems, particularly associated with trap losses 
and inflexible control. Faulty steam traps waste a substantial quantity of steam. 
Passing directly into the condensate system, live steam liberates its latent heat 
(which accounts for about 80% of the steam1s energy content) without effective 
utilization. Obviously any steam leaks to the surroundings are detrimental. since 
in addition to unused latent heat, makeup water to the boiler must be chemically 
treated and preheated to the steam temperature in the boiler. 

Steam boilers operate by maintaining a pre-set pressure (and a corresponding 
temperature) and consequently are not flexible to adjust sendout temperature as a 
function of ambient conditions. With hot water heating, an indoor-outdoor tem­
perature controller resets water temperature to match seasonal variations in 
heating demand. This temperature modulation minimizes losses and provides more 
unlfonm heating to building areas, making people feel more comfortable as well as 
saving energy. 

Existing central and tenm1nal comfort heating equipment are evaluated for perfor­
mance and adaptability when being changed from steam to hot water service. Since 
the majority of present building heating systems are steam. converting tenninal 
heating units to hot water service constitutes a significant portion of the 
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overall conversion work. Generally, terminal unit retrofits involve removal of 
steam-related accessories which interfere with continuous water circulation. Cast 
iron and ffn-tube radiators require removal of steam traps and the installation of 
a thermostatic radiator valve and air vent. Existing steam supply valves should 
also be replaced with thermostatic radiator valves to ensure positive shutoff. 
Cabinet and unit heaters require removal of the steam trap and installation of a 
balancing valve, air vent, and an automatic shutoff valve where not previously 
installed. The automatic shutoff valve prevents circulation through the unit when 
it is shut off either manually or in response to room thermostat. Air handling 
units with steam coils require removal of steam traps and installation of an air 
vent and balancing valve. Existing steam shutoff and control valves should be 
replaced with valves designed for hot water service. In addition, if the coil is 
subject to outside a1r, freeze protection must be provided with a small cir­
culation pump. If the coil 1s not serpentine then the performance with hot water 
will probably not be adequate and coil replacement is necessary. 
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Section 4 

IMPLEMENTATION STRATEGY 

THE STRATEGY OF PHASED EXPANSION 

This section presents the implementation strategy employed in Buffalo for district 
heating development. The overall approach is based on a system targeted for the 
Niagara Square vicinity, characterized by a high concentration of thermal load. 
Several options which were available for the design and construction of the 
district heating boiler plant and distribution system shall be reviewed. All the 
options considered by Burns and Roe were based on construction of an early-start 
pilot project in the area of Niagara Square. System development relied on 
installation of conventional boilers since the lower installed cost, rapid erec­
tion schedule and high degree of reliability suited the immediate requirements of 
the service area. Five customers came to represent the "anchors" for ~he pilot· 
system and include City Hall, Buffalo Athletic Club, Old City Court, New City 
Court and Fire Headquarters. All the options considered require installation of 
boilers in Fire Headquarters selected for its proximity to Niagara Square and 
interior space available for such a boiler plant. The building is also owned by 
the City of Buffalo, owners of the district heating system. 

To provide rapid implementation of a pilot system, a conventional heating plant 
consisting of boilers exhibit simplicity of design and installation in contrast to 
more elaborate cogeneration options which require a greater degree of design and 
political effort. Since the proposed plant incorporates conventional technologies 
and use fuel (oil/gas) available to individual customers, this option poses no 
unusual regulatory or environmental constraints which could represent scheduling 
delays. This short-term planning suggests establishment of a boiler plant for a 
limited group of facilities. A gradual expansion through interconnection of addi­
tional buildingsis~proposed to difuse the impact of new capital investments over 
several years. 
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A gradual expansion has several advantages. Planned expansion insures customer 
confidence in the system as it grows which will produce a reputation consistent 
with a sound operating record and continued energy savings. With a large 
integrated system established, construction of innovative central sources such as 
a cogeneration plant would enhance operating strategies and flexibility. The ori­
ginal equipment installed would be retained within the system to serve as peaking 
stations, satisfying thenmal requirements above base load operation of a cogenera­
tion facility •. In addition, they would reinforce the reliability of the overall 
system by providing a readily available source of backup energy. 

OPTIONS FOR PILOT SYSTEM DEVELOPMENT 

Selection of a design option had to recognize the constraints imposed by schedule 
and available funding. Funding had to be allocated among the construction priori­
ties of the district heating system including central boiler plant, distribution 
piping and building retrofits. Three primary design options were considered for 
the project which proposed alternatives for each engineering aspect of district 
heating development to obtain the greatest advantage for short and long tenm 
plannlng strategiese Since schedule was of prime importance, the engineering 
effort had to be limited in the initial construction phase while preserving the 
technical principles which mark the advantages of hot water district heating. 
Each option represents an attempt to negotiate these project constraints to 
achieve a meaningful solution to balance short tenm needs. with flexibility for 
future operating strategies and expansion. The third option was ultimately 

.selected, demonstrating the best combination of technical innovations to meet 
these objectives. 

Option #1 

Option #1 considers the distribution of only hot water which is preferred since 
transmission costs are reduced and there are fewer requirements associated with 
corrosion and chemical treatment as compared with a steam system. It should be 
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noted that steam to hot water building retrofits would be required for City Hall, 
the Buffalo Athletic Club, and the Old Court buildings. Initial estimates 
included two 800 hp hot water boilers, one main piping loop for hot water with 12" 
from Fire Headquarters to City Hall and 10" from City Hall to the balance of the 
customers. This option was not selected because of the time constraints required 
to perform the steam to hot water retrofit of City Hall. This retrofit would 
require several weeks to hydrotest and collect data, more time to design the 
system and finally construct the conversion. 

Option #2 

Option #2 considers supplying steam from Fire Headquarters to City Hall. Some of 
this steam would be used for space heating and domestic hot water production at 
City Hall. Steam also would be converted to hot water in City Hall and 
distributed to the other pilot project buildings. Preliminary analysis showed 
that two 800 hp steam boilers are required along w1th the necessary chemical 
treatment and condensate collection systems. Other major pieces of equipment 
required will be an oxygen elimination system, an expansion tank and water 
circulating pumps. Ten-inch piping was selected for the hot water circulating 
pipes. A 12" pipe was selected for the steam distribution and a 4" pipe for 
condensate return. It should be noted that the steam supply piping was sized 
based on 150 lb steame This option was rejected s1nce future expansion would be 
limited by the steam supply pipe size and condensate return pipe s1zeo 

Option #3 

The third alternative included the installation of both steam and hot water 
boilers 1n Fire Headquarters. This requires the installation of both steam and 
hot water piping to City Hall and only hot water piping to the other pilot project 
buildings. 

This option is Similar to option #2 except that hot water is generated and 
distributed from the Fire Headquarters rather than at City Hall and each heating 
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medium is independent. This alternative appears attractive and ;s more flexible 
than option #2 because hot water is generated and distributed from a system 
entirely independent from the steam system. 

This option meets the scheduling requirements of the pilot project by avoiding the 
immediate hot water conversion of City Hall and facilitating expansion of the 
system in the future by consolidating thenmal distribution from Fire Headquarters. 
A detailed discussion of this option and the pilot system is the topic of Section 
5. 

SYSTEM GROWTH AFTER THE PILOT SYSTEM 

Excess boiler capacity installed at Fire Headquarters during pilot system 
develoment shall enable expansion of the system in the first phases without 
additional investment in the central boiler plant. 

STEAM TO HOT WATER CONVERSION OF CITY HALL AND FIRE HEADQUARTERS 

The first expansion calls for converting City Hall and Fire Headquarters from 
steam to hot water heating. When City Hall is converted to hot water heating, the 
new 500 hp steam boiler will be converted to a hot water boiler and incorporated 
into the district hot water system. The 500 hp steam boiler has been purchased 
with appropriate connections to allow for conversion to hot water generation. The 
existing boiler room steam piping will be integrated into the hot water system by 
increasing the condensate line capacity and elimination of steam traps. Also, the 
steam piping will be tied into the hot water circulating system through a common 
header. 

The condensate inlet to the boiler will be capped off and the hot water return 
will be piped into the top of the boiler which will incorporate a blend pump. The 
existing flue piping and economizer will be used, but the condensate tank will be 
abandonede 
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It is also anticipated that the Fire Headquarters building will be converted from 
steam to hot water heating in conjunction with the City Hall conversion to hot 
water heating. The Fire Headquarters is currently heated by two new 100 hp steam 
boilers. After the Fire Headquarters is supplied by district heating these 
boilers will be available for incorporation into the district heating system. 
Based upon our preliminary investigation these boilers cannot be converted to hot 
water production and meet our pressure requirements safely. In order to incor­
porate the Fire Headquarters boilers into the district heating system it will be 
necessary to use a steam convertor. 

Final engineering design work and hydrotesting will have to be perfonmed before 
the conversion of City Hall, the Fire Headquarters and the steam distribution 
system to hot water service can be accomplished. 

WEST EAGLE STREET EXPANSION 

Additional district heating expansion includes incorporation of the three Erie 
County buildings located along W. Eagle Street into the hot water district heating 
system. Heat load data collected for these buildings are shown in Table 3-2. The 
average annual heat load for major "anchor" buildings at this stage of expansion 
is expected at approximately 80,000 MMBtu. 

DELAWARE AVENUE EXPANSION 

This expansion regards construction of a new distribution line north approximately 
3/4 mile along Delaware Avenue and interconnected to piping emanating from the 
central heating plant. This option is particularly attractive since repair to 
underground utilities shall necessitate street excavations presenting a unique 
opportunity to implant district heating piping during the scheduled time period. 
The expected minimum annual heat load for this expansion is expected to be an 
additional 30,000 MRBtu/yr in the first year, interconnecting major anchor 
customers. Other loads will be added along this route over time and may include 
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expansion further north along Delaware Avenue to Gates Circle which ;s 
approximately 2-1/2 miles from City Hall. 

The pilot system and future phases of district heating development are illustrated 
in Figure 4-1. Corresponding numerical infonmation is summarized in Table 4-1, 
indicating growth of the thenmal load and accompanying expansion of the central 
heat source. It should be recognized that substantial system growth can occur 
with the excess capacity already constructed at the pilot project's central plant. 
Additional thenmal capacity is based on satisfying an expanding demand while main­
taining adequate backup capacitys When analyzing the cumulative peak heat load of 
customers, it has been demonstrated by experience that the summation of individual 
peak loads, tends to overestimate the peak capacity required at the central plant. 
A simple summation implies that all peaks occur simultaneously; however, 1n 
practice, there is a diversity between the occurrence of peaks. A diversity 
factor 1s generally applied to the total load to more accurately predict system 
behavior. 

This section presented a strategy of phased implementation of a district heating 
system characterized by expansion and integration of the service area over a 
period of several years0 It must be emphasized that the strategy presented here 
;s only one possible scenarioo Depending on the interest exhibited by potential 
customers, development could proceed differently. While other alternatives to 
continue district heating development are conceivable, the technical Illogic" 
established through this discussion is applicable regardless of where implemen­
tation is actually pursued. 

4-6 

Digitized by the New York State Library from the Library's collections 



.j:::> 
I 

-....J 

BUFF ALO DIS TRICT HEA TING PR00ECT 

• PLOT PlANT 

~ PHASE D 

Figure 4-1. Phased Development of District Heating 
in Buffalo 
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Table 4-1 

DISTRICT HEATING IMPLEMENTATION PLAN 

System Di vers ifi ed Installed Annual 
Heat Load Heat Load Capacity Heat Load 

Phase lMMBtu/hr} (MMBtu/hr} {MMBtu/hr} {MMBtu} 

Pi 1 at Project 24 19 70 (Pil at) 39,000 

Phase II - West Eagle Street 56 48 70 90,000 
7 (Fire HQ) 

77 

Phase II - Delaware Ave. 81 69 77 131,000 
27 (New) 

104 

Phase IV - Delaware 100 85 104 160,000 
Ave. Extension 27 (New) m· 
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Section 5 

THE PILOT SYSTEM 

Central plant design for the pilot system was formalized having selected Option #3 
for construction. After assessing the specific heating requirements of the 
customers comprising the pilot system, calculations proceeded to size major plant 
components. Compilation of heating load information permitted determination of 
annual and peak system loads which would be imposed on the central plant. 
Independent systems were devised for export of the two thermal media, steam and 
hot water, from the plant. One 500 hp gas-fired steam boiler was selected to 
fulfill the heating requirements of City Hall. The new boiler supplies 50 psig 
steam, imitating the existing installation at City Hall. Two 800 hp gas-fired hot 
water generators were chosen for hot water distribution to the remaining customers 
including the Buffalo Athletic Club and New and Old City Court buildings. Fire 
Headquarters would continue to utilize steam heating supplied by their two 
existing 100 hp boilers. Excess thermal capacity was designed into the plant for 
future expansion. Newly installed capacity totals 2100 hp while peak simultaneous 
system demand of the pilot system is approximately 700 hp. 

A four-pipe system would be installed between Fire Headquarters and City Hall, two 
pipes dedicated solely to the City Hall steam requirements while the other two 
supplied hot water to remaining customers. Distribution piping was routed through 
basement areas of City Hall and City Court to evade additional street excavation 
and reduce cost. 

Anticipating conversion of City Hall to hot water, the new steam and condensate 
lines which would supply City Hall from Fire Headquarters were recognized as 
future carriers of hot water. This eventuality was considered at the design stage 
and two 12-inch lines were provided to initially supply steam and return conden­
sate with the understanding of future use as a hot water distribution header for 
City Hall and other expansion activity. 
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The hot water district heating piping size was detenmined by a heat load 
reflecting a fully developed system and the water temperature drop in the system. 
A large temperature drop between supply and return lines reduces the flow rate of 
circulating water. piping size and pumping power. The Buffalo system is designed 
for a peak supply temperature of 250°F and return temperature of 140°F. Control 
of the heat supply is achieved with a central temperature control system which 
varys the temperature in the supply network at the central plant as a function of 
outdoor temperature. 

With an outdoor temperature of JOF or below. the supply temperature will be 250°F. 
At an outdoor temperature of 40°F and above, the supply water temperature will be 
170°F. The supply water temperature will vary linearly between 250°F and 170°F 
when the outdoor temperature is between 3°F and 40 0 Ft as shown in Figure 5-1. 

Three 15 hp pumps rated at 300 gpm and 80 ft head were selected to circulate the 
hot water in the pilot systemc Two larger variable-speed pumps are planned to 
accommodate future loads. Other items wh1ch comprise the boiler plant include a 
4.000-ga110n expansion tank, a make-up water softener system, and a chemical 
treatment system for the steam boiler. The breechings of the new boilers were 
combined to a common flue employing the existing chimney. 

A cost breakdown which reflects figures used during the actual construction of the 
pilot project is presented 1n Table 5-1. 
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DISTRICT· HEATING SUPPL Y WATER 
TEMPERA TURE VARIA TION BASED 
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Figure 5-1. District Heating Supply Water 
Temperature Variation Based on 
Outdoor Air Temperature 
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Table 5-1 

PILOT SYSTEM COST ESTIMATE 

District Heating Central Plant 

Two (2) 800 HP Hot Water Generators 

One (1) 500 HP Steam Boiler 

Three (3) 15 HP District Heating Pumps 

One (1) 4000-Gal10n Expansion Tank with 
nitrogen system 

One (1) Water Softener Package 

Central Control System 

Electrical Service 

Miscellaneous Plant Equipment 
(including receiver tank, miSC. valves. controls 
and platforms) 

Mechanical Contractor (installation including balance 
of plant equipment and components) 

City of Buffalo (masonry and electrical work) 

Subtotal 

Distribution 

Underground Piping 

Btu Meters 

Mechanical Contractor (installation including 
interconnecting piping. misc. equipment and 
components) 

Subtotal 

Grand Total 

5-4 

Approximate 
Cost 

$165,000 

$ 70.000 

$ 13,000 

$ 8.000 

$ 5.000 

$ 12.000 

$ 70 •. 000 

$ 30,000 

$330,000 

$100.000 

$130.000 

$ 8,000 

$460,000 

$803,000 

$598.000 

$1,401.000 
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Section 6 

ECONOMIC ANALYSIS 

The basis for proceeding with any district heating project is the comparison of 
anticipated system costs versus expected revenues and the subsequent margin be­
tween a reasonable value for the district service and the cost which can be 
achieved by building owners through individual systems. The magnitude of the eco­
nomic advantage is measured through the determination of the unit cost of saleable 
district heating by weighing thermal sales against the annual carrying charge 
associated with capital investments and the expenditures dedicated to the opera­
tion and maintenance of system facilities. The analysis uses the required revenue 
approach to determine the necessary charges for district heating. Total system 
costs are comprised of fixed and operating expenses. System revenues achieved 
through the sale of the thermal product must breakeven or exceed these costs for 
profitable operation. The required price, calculated from this procedure is then 
directly compared to costs of heating experienced by individual building owners, 
the energy savings devoted to the payback of incurred retrofit costs during 
building conversions to district heating. 

The economic analysis of hot water district heating in Buffalo was performed from 
the viewpoint of ownership by the City of Buffalo. Consequently, the annual 
carrying charges were derived recognizing the tax status and financing available 
to a municipality. Funding for the project was based on 100% debt financing with 
a municipal bond rate of 7%. Capital costs were estimated in 1987 dollars and 
then escalated to the year of expenditure at a general escalation rate of 4%. The 
capital costs include all direct and indirect costs associated with the central 
heating plant retrofit and the piping system. Other parameters which were 
employed in the carrying charge computation include a zero income and property 
tax rate, an insurance rate of 0.5% and a 30-year book life. 

6-1 

Digitized by the New York State Library from the Library's collections 



While this accounts for the capital component of total system costs through calcu­
lation of the annual carrying charge, annual operating expenses must be added to 
complete the analysis. The operating expenses for the district system are 
comprised of fuel and electric consumption costs, pumping costs, operating and 
maintenance manpower and operating and maintenance materials. Refer to Table 6-1 
for a tabulation of equipment operating parameters employed during the evaluation 
of annual expenditures. For the annual heating loads anticipated for the system, 
estimated quantities and costs of fuel consumed by hot water generators and steam 
generators and electricity consumed by auxiliaries and district heating pumps were 
based on an estimate of annual operating hours. Annual maintenance material is 
assumed at 1.7% of the initial capital investment. A general escalation of 4% ;s 
applied to all costs. 

The summation of the operating expenses devoted to fuel, electricity, and main­
tenance materials and labor plus the carrying charge for the capital investment 
amounts to the total revenues required to support the particular system. The unit 
cost of district heating is derived by dividing total required revenues by the 
annual heat load anticipated for each phase of expansion and represents breakeven 
operation. The calculated unit cost is then compared to energy expenses (fuel and 
maintenance) incurred by the customer. Results are presented in Table 6-2. After 
startup of the pilot project as of January 1987, customers connected to the 
system have experienced significant reductions in energy cost in the range of 20 
to 40 percent. This reflects the improved operating efficiency of the central 
boiler plant and the lower cost of fuel secured over individual buildings. 
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Table 6-1 

DISTRICT HEATING SYSTEM OPERATING PARAMETERS 

Pilot 
Project Phase II Phase III Phase IV 

Total Peak Customer Demand 24 56 81 100 
Heating (MMBtu/hr) 

Total Annual Customer Demand 39,000 90,000 131,000 160,000 
Heating (MMBtu) 

Total Annual Energy Input 

Natural Gas-Boilers (MMBtu) 46,000 107,000 . 156,000 190,000 
Electricity-Pumps (MWhr) 50 75 100 125 

Total Annual O&M Expenses 

Assumed Labor Force (men) 1 2 2 2 
Materials (% of Capital Cost) 1.7 1.7 1.7 1.7 
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Table 6-2 

DISTRICT HEATING SYSTEM INVESTMENT SUMMARY 

Phase EX2ansion Central Plant Underground P;~ing Total 

I Pil ot Project $800,000 $600,000 $1,400,000 

I I Eagle Street $400,000 $400,000 

III Delaware Ave. to $300,000 $400,000 $700,000 
Chippewa St. 

IV Delaware Ave. to $300,000 $1,300,000 $1,600,000 
Gates Circle 
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InvntMRt 

------------------------------
Initiil Oplfitiaa 1987 
Cost IHis 1987 
Capital Cost - 11000 '1,100 
Sen. Escilition - 4.01 
Escalation - 11000 0 
AfDC - SlOOO 0 
TOtil Cost - 11000 1100 
Start of EVillation 1987 

Table 6-3 (Sh. 1 of 6) 

ECONO"IC ANALYSIS 

BUFFALO DISTRICT HEATINB PROJECT 

ANNUAL CARRYING CHARGES 

EcGHeic Fictars 
------------------------------------""'--------
Pnflrrn Stoct Rltio 0 Book Li fit - Yn 30 
Return an Prtflfrtd Stock - 1 0 IncOII Taa Rite - 1 0 
CalIon Stock Ratio 0 r a. Credit - 1 0 
Rtturn on COIIICiI1 Stoe k - 1 0 r IX Lif. - Yrs 30 
hilt Rltia I Acclleratn Til DepreciAtion () 

DIIIt Ceit - 1 7 Praperty Ta - t 0 
InlUrllCt Rlt, - 1 0.5 

liIithttd Cast of Capital - 1 7.00 

---------------------------------------------------------------------------------------------------------------------------
Year 1987 1988 1989 1990 1"1 1m 19'93 1"4 1m 1996 

---------------------------------------------------------------------------------------------------------------------------------
ReHining Book Vahae 1100 1063 1027 99O 953 917 Il80 843 807 770 
Return on Prtferre4 Stock 0 0 0 0 0 0 0 0 0 0 
Return on CoaIon Stock 0 0 0 0 0 0 0 '0 0 0 
Intertlt 77 74 72 69 67 64 62 59 56 54 
Boak Depreciation 37 37 37 37 37 37 37 37 37 37 
T.u Depnciaticn 403 403 403 403 403 403 403 403 403 403 
Inc08I riXH 0 0 0 0 0 0 0 0 0 0 
Deflf'rM ral" 0 0 0 0 0 0 0 0 0 0 
Property riX 0 0 0 0 0 0 0 0 0 0 
Insuranct 6 6 6 6 6 6 6 6 6 6 

Annual Carrying Charges 119 117 114 lit 109 106 104 101 " 96 

------------------------------------------------~-. --------------------_._------------------
Ye.,. 1997 1998 1"' 2000 2001 2002 2003 2004 200S 2006 

---------------------------------------------------------------------------------------------------------------------------------
Reliining Book Valli 733 697 ~ 623 587 SSt 513 477 44O 403 
Return on Prritrrtd Stock 0 0 0 0 0 0 0 0 0 0 
Return on COIIUA Stock 0 0 0 0 0 0 • 0 0 0 
lnhrest 51 49 46 44 41 39 31; 33 31 211 
Book Depreciation 37 37 31 37 37 37 37 31 37 37 
Tax DeprKiation 403 403 403 403 403 403 403 403 403 403 
Incoll TUII 0 0 0 0 0 0 0 • 0 0 
Deferrld TUH 0 0 0 0 0 0 0 0 0 0 
PrOPlfty Tax 0 0 0 0 0 0 0 0 0 0 
Insurailct II 6 II II 6 II 6 II 6 6 

Annual Carrying Charges 94 91 88 86 83 81 78 76 73 70 
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InvHt_t 2 
-------------------
Initial Optrltian I. 
Cast Illis 1987 
CApitll Colt - .1000 $400 

.... Escilitia- 4.0'& 
[stll.tt. - .1000 0 
AFIIC - $10G0 0 
Total ealt - 81000 400 
Stitt of EVII •• tial 1987 

Table 6-3 (Sh. 2 of 6) 

ECONO"IC ANALYSIS 

BUFFALO DISTRICT HEATING PROJECT 

ANNUAL CARRYING CHAR&ES 

E'DlHie FactDrI ----
PrllfwrH Stack laU 0 0 8aoIl LUI - Yrs 
Rtt.,.. a !'rtfarr. Stack - 1 0 IncOll Til lat' - 1 
Callan Stack latio 0 Ta Crtdit - " 
Rtt..... 01 CGIIICII Stock - I 0 Ta. lift - Yn 

-------
30 
0 
0 

30 
_ Dt~t R.Uo 1 AEell.,lt .. TI. te,rlCiltiDi 0 

.... t COlt - " 7 Pr .... ty Tu -" 0 
I_incl latl - 1 0.5 

lIIi_ttd Calt of Capital - 1 7.00 

----------------------------------------------------------------------------------------------------------------------------------V ... 1987 1988 1989 1m 1991 1992 1993 1994 1m I"' 
----------------------------------------------------------------------------------------------------------------------------------
Rillinin, look Valut 0 400 317 m 360 347 m 320 307 2'f3 
Rltllf'n • Prilftrrtd Stack 0 • 0 • 0 0 0 0 0 0 
Retun III CaMaIt Steck 0 0 0 0 0 0 0 0 0 0 
IRttrnt 0 21 27 26 25 24 23 22 21 21 
loR "'tciAtian 0 13 13 13 13 13 13 13 13 13 
Ta IIfrteiltian 0 53 53 '3 53 53 53 53 53 53 
Inc_ Tutl 0 0 0 0 0 0 0 0 0 0 
Otferrtd Tutl • 0 t • • 0 0 0 0 0 
Praptrty Ta 0 • 0 • 0 0 0 0 0 0 
hi_lICe 0 2 2 2 2 2 2 2 2 2 

.... 1 Clrryillt CIa ..... 0 41 42 41 41 40 3. 31 37 36 

-------------- ------- ------------------------
VI .. 1997 1991 lm 2000 2001 2002 2003 .. 2005 2006 

---------------------------... -- -----------~---------

Itllini" ... VII. a 267 m 24f 227 213 2tO 187 173 160 
Return III Preftrr. Stack • • 0 0 0 0 0 0 0 0 
Rtturn on Callan Stack 0 0 • 0 0 0 0 0 0 0 
InttrHt 20 19 18 17 16 15 14 13 12 11 
Iaok .leiahan 13 13 13 13 13 13 13 13 13 13 
Tix ..,nciltilll 53 53 53 53 '3 53 53 53 53 53 
Inc .. TUII 0 0 0 0 0 0 0 0 0 0 

Dlferrld TUH 0 • 0 0 0 0 0 0 0 0 
Praptrty Tu 0 0 0 0 0 0 0 0 0 0 

JnsunDCt 2 2 2 2 2 2 2 2 2 2 

Annuli Carryi", Claar", ~ 34 II 32 31 ~ 24f 21 27 27 
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Invest_t 3 

------------------------------
Initial OperitiOl 1989 
Cost lilil lCf87 
t.,ital Colt - 11000 .700 
&eft. Escalation - 4.01 
Escalation - 11000 ~1 
AFDC - $1000 26 
Total Cast - 11000 783 
Stitt of EVllUltion 1987 

Table 6-3 (Sh. 3 of 6) 

ECONOMIC ANALYSIS 

BUFFALO DISTRICT HEATING PROJECT 

ANNUAL CARRYING CHARGES 

ECGflIcWc Fitton 
------------------------------------------------... -
Prtflrrli Stock Rltio 0 Boot Lift - Vn 30 
Return • PrtflfrM Stock - 1 0 IncOil TaJ Rat. - 1 0 
CoIIaft Stack Ratio 0 Tn Credit - 1 0 
R.t,ra on CalIon Stact - 1 0 hi lift -Vn 30 
Dtttt Ratia 1 AccellWatl4l Tu De,rKiitiOft 0 
hbt tost - 1 7 Prllilert., Til - 1 0 

InlUriICl Rlt, 0 1 0.5 
ltIi"tld tnt of CijJi tal - 1 7.00 

---------------------------------------------------------- ------------------------------------
Year 1987 1988 1989 1990 1991 1m 1993 1"4 lrm 194J6 _______ a __________________________________________ 

--------------------~--------------------------------
Reaaining ~ Yalu. 0 0 183 1'J1 711 705 679 il53 627 600 
bturn OR Preferr" Stack 0 0 0 0 0 0 0 0 0 0 
Return Oft CoIICII Stock 0 0 0 0 0 0 0 0 0 0 
lnterllt 0 0 55 53 51 49 48 46 44 42 
Boot .Kiltion 0 0 26 26 2i1 26 26 26 26 2& 
TaJ Dt,reciltion 0 0 204 204 204 204 204 204 204 204 
IncCIII Tun 0 0 0 0 0 0 0 0 0 0 
DeferrlCl TUII 0 0 0 0 0 0 0 0 0 0 
Pra,trty Tu 0 0 0 0 0 0 0 0 0 0 
Inlurallu 0 0 4 4 4 4 4 4 4 4 

Annuli CifryiR9 DI.,,5 0 0 IS 83 81 7' 78 76 74 72 

--------------- ~ ------- ----------------------------------
YII1 1"7 I'M 1999 2000 2001 2002 2003 2004 2005 ~OOl! ____________________________________________________________ ~ _____________________________ c _____________________________________ 

ft@.aining Boat Vilu. 574 548 522 496 470 444 418 392 365 339 
Return on Preferred Stack 0 0 0 0 0 0 0 0 I) 0 
Rlturn on CallOR Stack 0 0 0 0 0 0 0 0 0 0 
lnternt 40 38 31 35 33 31 29 27 26 24 
Boak DeprlciatiGft 26 26 26 26 26 26 26 26 26 26 
ril DeprlCiition 204 204 204 204 204 204 204 204 204 204 
Inca. TUls 0 0 0 0 0 0 0 0 0 0 
Deferrtd Tlln 0 0 0 0 0 0 0 0 0 0 
PrOPlf'ty Tu 0 0 0 0 0 0 0 4) 0 0 

• 4 4 4 4 4 4 4 4 4 4 

Annull Cltrying Chattes 70 68 67 05 63 U 59 57 56 54 
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InvntNftt 4 
------------------------------
Initial Operation 1990 
CO$t h~i!i 19S7 
Capital COit - .1000 $1,600 
~ft. Escalation - 4.01 
Escalation - $1000 . 200 
AfOC - $1000 &2 
Total Cost - $1000 1862 
Stift of Evaluation 1987 

Table 6-3 (Sh. 4 of 6) 

ECONOMIC ANALYSIS 

BUFFALO DISTRICT HEATING PROJECT 

ANNUAL CARRYING CHARGES 

EcOftoai c Faden 
--------------------------------------------------
Pnhrfn Stock Ratio ·0 But lift - Vn 30 
Returll @It Prrilf'red Stock - % 0 IncCII TAi Rate - 1 0 
CoaIon Stock Ratio 0 Til! CrHit - 1 0 
Retun! em ~ Stack - % 0 T,u life - Vn 30 
hbt Ratio 1 Acclllfatt4 Taz ~tciaticn 0 
DOt Cnt - % 7 PrOPlf'ty Tu - t 0 

InsuriftCt Rate - 1 0.5 
leaiglltn CMt of ~ital - % 7.00 

_______________________________________________________________________________ 0 ___ .--_____________________________________ 4 ______ 

VIiii' 1997 19&1 1989 1990 1991 1"2 1"3 1"4 1m 19% 
_______________________________________________________________ 0 ____________ G_~ _______________________ Q __________________________ 

R~Giinint look Valu. e 0 I) 1862 1000 1738 1676 1613 1551 14M 
~turn Oft Prtferr~ Stcck I) I) 0 (I I) I) I) 0 I) I) 

htwn 1m ~ Stotk (I e I) (I 0 I) I) I) I) 0 
InhrHt I) I) I) 130 126 122 117 -113 10' 104 
hat Il!PflC i AU on I) I) I) 62 62 62 62 62 62 02 
Till Depr IIC i ah 0l'I I) I) I) "55 1155 1155 1135 1155 Ii" 1155 
IncNt TUH I) I) I) I) I) I) 0 I) I) I) 

hferrffl TIIIH 0 0 I) I) I) 0 I) 0 I) I) 

PI' !If/t!f't Y T u 0 I) (I I) I) I) I) I) I) I) 

htHfillCi 0 I) I) , 9 9 9 9 9 " 
Mmail Cwryittt Oiw9i!l I) I) 0 202 197 193 la9 114 UlO 176 

-------------------------------------------------------------------_ ..... _------
VI .. '"7 1991 1m 2_ 

2001 2002 2003 ~ 2005 2006 
---------------------------------------------------------_ ... _--------.... -----------------
Rt6linin, Boak Valut 1427 l~ U03 1241 U79 1117 1m "3 931 869 
Return on Pnferrn Stlllf:k 0 I) 0 0 t 0 0 0 0 I) 

Rlturn Oft ~ Stack 0 0 0 0 0 0 0 0 0 0 
lnterelt 100 'I' 91 81 IJ3 7. 74 70 65 '1 
!)oak hprKiatioo 62 62 62 &2 62 112 42 62 62 62 
Tax hjlnc i ati Oft 1155 1155 1155 U55 1155 1155 1155 U55 U5!S 1155 
IncMC! Tilln 0 0 0 0 0 I) 0 0 0 0 
~ferrtd TUH 0 0 0 0 0 0 0 0 I) 0 
Property Tax 0 0 0 I) 0 0 0 0 0 0 
Insufallu 'I , , , 'I If , , , If 

Annual Carryilllj Charg" 171 167 163 lSi 154 1~ 145 141 131 132 
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Tabie 6-3 (Sh. 5 of 6) 

ECONOMIC ANALYSIS 

BUFFALO DISTRICT HEATING PROJECT 

UNIT COST OF THERMAL ENERGY 

Start of Evaluation 1997 
----------------------------------------------------------------------------------------------------------------------------------
Unit Costs 1987 Escalation Htlt Source - 80 I LER PLAtIT Book life - Vrs 30 
---------------- --------- Heat Rate - BtIllKa ItA incD8I Tax Rite - 1 0 
El eet. Purch. - S/PIWh 50.00 4.0 Plak Electric Output - KW 0 Till Credit - 1 0 
Eleet. Sold - ./nMh 0.00 4.0 PeAk OM o.tput - RIt 30 Till life - Vrs 30 
alA'LAbor -./RanYr 27,000 4.0 Peak CW Output - Tanl 0 lleeel. Til hprK. 0 
aLA Niterials-l Cost 1.7 4.0 Boiler Efficiency - 1 84.01 Property Tu - 1 0 
Property TixH - 1 0 2.5 Insuranc. Rat. - 1 0.5 
Fuel - S/mu ' 3.4 4.0 east of Capi til - 1 7.00 
------------------------------------------------------------------------------------

Year 1987 1988 1989 1990 1"1 1"2 194/3 194/4 1m 194/(, 

--------------------------------------------------------------------------------------------------------------------------------
A. Annuli lDintitit! 

1. District Kelt - ftbtu/yr 39,000 90,000 131,000 160,000 160,000 160,000 160,000 160,000 160,000 160,000 
2. Chilled W.ter - ~tu/yr 0 0 0 0 0 0 0 0 0 0 
3. Po.er Sen.ntect - ItIII/yr 0 0 0 0 0 0 0 0 0 0 
4. Auxili.ry Pouer - ~r/yr 0 0 0 0 0 0 0 0 0 0 
5. P~ing Po.er -. Nlhrlyr 50 75 100 125 125 125 125 125 125 125 
6. PGtItf Said - _Iyr 0 0 0 0 0 0 0 0 0 0 
7. PIMItr Purchased - IIiIIr/yr 50 75 100 125 125 125 125 125 125 125 
8. OM Libar - "-Yr /yr 1 2 2 2 2 2 2 2 2 2 
9. O~ "Iterial-1 Iny.st. 1.701 1.701 1.701 1.701 1.701 1.701 1.701 1.701 1.701 1.701 

10. Fu.l - Kltu/yr 46,42' 107,143 155,n2 190,476 190,476 190,476 190,476 190,476 190,476 190,476 

B. Unit Cosh 
so. 00 52.00 54.08 57.26 5'.55 61.'3 67.95 70.67 73.49 76.43 

2. POItr Sold - ./RIh 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3. OM Labar - .1000/I'llnVr 27 28 2' 30 32 33 34 36 37 38 
4. Fuel - .,"ltu 3.40 3.54 3.68 3.82 3.98 4.14 4.30 4.47 4.65 4.84 

C. CArrying Chlft!S - .1000fyr 1t9 160 241 438 428 418 40' 3" 389 380 

D. Operating Expenses - flooO/yr 
I. POIIer Purchlled 3 4 5 7 7 8 8 9 9 10 
2. 0'" 46 76 79 82 85 88 '2 '6 " 103 
3. Fuel Cost 158 37' 574 728 758 788 819 852 1186 922 

Sui- Total 206 458 658 817 850 884 920 957 995 1035 

E. POWtr Sold - .1COO/yr 0 0 0 0 0 0 0 0 0 0 

F. Rtqui rid RlyenUfI- .1000/yr 325 618 "' 125S 1278 1302 1329 1330 1384 1414 

S. Unit Cost o. Heat - ""ltu 
I. Fixed Expenses fl. 06 ".78 '1.84 12.74 '2.67 .2.61 f2.55 12.49 '2.43 12.37 
2. Q , " ExpIRies fl.24 '0.88 $0.04 SO. 56 '0.58 $0.60 SO. 63 $0.65 $0.68 to.71 
3. Fuel .... 05 .... 21 '4.38 '4.55 .... 74 "'.92 15.12 15.33 '5.54 15.76 

Total $8.34 SO. 87 ".86 '7.84 $7.99 sa. 14 sa. 30 sa.47 sa. 65 se.84 
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Start of Ey~luatiOA 1987 

Table 6-3 (Sh. 6 of 6) 

ECONOMIC ANALYSIS 

BUFFALO DISTRICT HEATING PROJECT 

UNIT COST OF THER~AL ENERGY 

-------------------------------------------------~----------------------------______________________ c-___________________________ _ 

Eltct. Purcn.- S/~ 
Ehd. Sold - S/IWII 
~H labGf -§/~Yr 
0." Rittiials-l Cost 
Prllfllfty Till" .. 1 
Fu@l - $/RMu 

1'ffi7 

so. 00 
0.00 

21,000 
1.7 

o 
3.4 

4,(1 

4.0 
4.0 
4,0 
2.5 
4.0 

----------------------
1"1 

Kilt SGwcu - IlQIlER IIt.MT 
Hlat Rate - itu/KIII M 
Piak EliCtric Output - KW 0 
Peak DM Output - ~ 30 
PeAk tV Illit.,ut - T Mil 0 
Builer Effititacy - 1 84.01 

2003 

8Gct li fe - Vn 
l~~ TAl Rate - 1 
Ta. Crldit - '& 
Tal! life - Yn 
Acctti. Tu • .,nc. 
Pr.,ty Til - 1 
iftSUfinCI Rate - I 
Colt of ~ital - 1 

2005 

30 
o 
o 

30 
o 
o 

0.5 
7.00 

-----------' ---_ .... _------_ .... ---------------------------------_:..._---
A. Aliollal Olsillti ti" 

1. District ~at - ~tl/yr 

2. Chilled Uatur - Rbtu/yr 
3. Po.er Generated - Hlh/yr 
4. Awti liuy Poaer - "/)11" 
5. PlUllJiR9 plIIi!Il!f - ""yr 
6. PfMr Said - _/yr 
7. P~ Pvclla~" - ItIIIir /yr 
8. Olft llAlor - It_ VI" I yr 
9. ~ RateriAi-l Inyest. 

10. Fuel - nltu/Yf 

2. POIIf Said - $/~ 
3. 1M LiIler- tlOOOJIluYr 
4. FUEl - ./nltu 

C. Carrying CharfiS - flOOO/yr 

D. Operatiftg Expenses - ~lOOOI 
1. Poem Purchased 
2. Ol" 
3. Fuel Cod 

Suli- Total 

E. Ilmtvr Sold - UOOO/yr 

ti. Utit Colt of Heat - S/mil 
1. Fixed EXlllmlti 

2. a , fI ElpaSEs 
3. Futl 

Total 

160,000 
o 
I) 

o 
125 

o 
125 

2 
1.70l 

190,476 

1076 

o 

1446 

$1.31 
SO.7l 
$5." 

160,000 
o 
o 
o 

125 
o 

125 
2 

1.101 
190,416 

82.67 
0.00 

42 
5.23 

10 
112 
m 

lU9 

o 

1479 

$2.25 
$0.76 
$6.23 

.'.25 

160,000 
o 
o 
o 

125 
o 

125 
2 

1.701 
1,o,476 

11 
116 

1031 

o 

1515 

n.l' 
~.7' 
f6.48 

.11.47 

160,000 
o 
I) 

o 
125 

o 
125 

2 
1.10% 

190,416 

11 
m 

1078 

1211 

o 

15S1 

$2.13 
.0.13 
SO.74 

6-10 

160,000 
o 
o 
o 

125 
o 

125 
2 

1.701 
190,416 

331 

12 
126 

1121 

S2.07 
$0.86 
S1.01 

14»0,000 

° o 
o 

125 
o 

125 
2 

1.7ot 
190,476 

96.71 
0.00 

4' 
6.12 

322 

12 
131 

1166 

o 

1631 

160,000 
o 
I) 

o 
i2S 

o 
125 

2 
1.701 

190,476 

100.51 
0.00 

51 
6.37 

312 

13 
136 

1213 

o 

1674 

$2.01 f •• 95 
to." ".93 
f7.2' f7.58 

S10.19 $10.46 

1&0,000 
o 
• o 

125 
13 

125 
2 

1.70% 
190,476 

302 

13 
142 

1261 

o 

1718 

fl.89 
$0.97 
$7 •• 

'10.74 

160,000 
() 

o 
o 

125 
o 

125 
2 

1.70% 
190,476 

14 
147 

1312 

1413 

1765 

160,000 
o 
o 
o 

125 
o 

125 
2 

1.701 
190,4711 

m.14 
0.00 

57 
7.111 

283 

14 
153 

13M 

1532 

o 

1815 

§1.83 u.n 
81.01 $1.05 
$8.20· $8.53 

$11.03 $11.34 
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Appendix A 

BUILDING HEATING SYSTEMS AND PROPOSED CONVERSIONS TO DISTRICT HEATING 

CITY HALL 

Existing System 

Prior to construction of the pilot system, City Hall was heated by two gas-fired· 
steam boilers rated at 12 MMBtu/hr input each. There also are two other boilers 
on site which are not operational. The age and condition of the operational 
boilers indicated that replacement was necessary in the immediate future. The 
distribution system is a two-pipe low-pressure steam system with condensate vacuum 
pumps. Tenminal heating units are the original cast iron radiators with 
approximately 50% in use. There also are steam coils in the various building 
intake air ducts. The steam control is divided between two building sections each 
controlled by manually operated pneumatic control valves. One section serves the 
steam coils 1n the ventilation ducts while the other serves the building 
radiators. Typically the building operates with temperatures of about 70°F during 
the day and set back to 60°F at night and weekends. 

Installation of New Steam Boiler at Fire Headquarters 

Construction of the pilot system enabled retirement of existing boilers by 
supplying steam to City Hall from a new 500 hp steam boiler located 1n the Fire 
Headquarters. The addition of the new steam boiler ;s an interim remedy. the 
short construction schedule precluding conversion of City Hall to hot water 
heating. 

The steam and condensate each are transported through new 12" underground district 
heating pipes. The new steam line coming from Fire Headquarters is tied directly 
into the existing steam header at City Hall while using existing steam controls. 
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The new condensate return to the Fire Headquarters ;s piped directly into the City 
Hall condensate return tank so that existing pumps can be used. 

Conversion to Hot Water District Heating 

A peak comfort heating load of 13.2 MMBtu/hr was detenm1ned based on fuel consump­
tion records for the building and is the basis of the proposed retrofit design. 
The conversion to hot water district heating can be accomplished as follows: 

o Hydro test existing building piping to detennine condition. 
o Convert the new 500 hp steam boiler located in Fire Headquarters to 

hot water heating. 
o Modify the new underground steam distribution system to accept hot 

water. 
o Establish a minimum of three independent heating zones. one to serve 

the upper floors, another to serve the lower floors, and one to serve 
the ventilation heating. The ability to segregate the building 
piping into zones will establish operating pressures below the maxi­
mum allowable rating for most of the radiators, minimizing the 
number of replacement units. 

o Establish a primary hot water distribution system for supplying the 
individual heating zones. A new 100 percent capacity circulating 
pump will be required as well as an expansion tank and an air remov­
al system for each zone. 

o Install an indoor-outdoor temperature controller to control 
distribution supply water temperature to each zone. 

o Remove internals or eliminate all traps and modify existing steam 
and condensate lines as required to achieve zone separation and to 
establish the best distribution system arrangement. 

o Connect domestiC hot water service lines to the domestiC water heat 
exchanger. 

o Install a plate-type heat exchanger in the boiler room for each zone 
and the domestic hot water system. 
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NEW CITY COURT 

Existing System 

The City Court building was equipped with four 540 KW (three of which are 
operational) and one 420 KW electric hot water boilers for building heating. Two 
30 KW electric water heaters provided domestic hot water. The building is zoned 
for two heating sections, one for· finned-tubed radiation and the other for reheat 
coils in the air handling system. 

Conversion to Hot Water District Heating 

During pilot system construction, a single building heat exchanger with a capacity 
of 7 MMBtu/hr was installed to provide district heating to the building. Existing 
building controls were used except for addition of control valves which operate 
with the existing pneumatic control system. For the two separate domestic hot 
water systems, two heat exchangers, each with a capacity of 104,000 Btu/hr, pro­
vide a desirable increase in capacity from the original systems. 

The conversion to hot water district heating in New City Court was accomplished as 
follows: 

o Retired existing electric hot water boilers, to serve as backup only. 
o Installed a plate heat exchanger to replace the electric boilers. 
o Retrofitted the existing domestic hot water systems by retiring in 

place the existing tank heater and replacing it with a plate type 
heat exchanger. Each of the two independent domestic hot water 
systems is required to have its own heat exchanger. 

o Added appropriate district heating control valves and isolation 
valves. Retrofitted new controls int~ existing pneumatic control 
system. 

o Installed a single Btu meter for the building. 

A-3 

Digitized by the New York State Library from the Library's collections 



OLD CITY COURT 

Existing System 

The Old City Court building was a simple conversion to hot water district heating, 
since it currently has a heat pump system which circulates water for heating 
and/or cooling. Supplemental heat for the system was supplied by a gas-fired 
steam boiler which passes steam through a convertor that heats the circulating 
water. The domestic hot water 1s supplied by several small electric heaters and 
were not considered 1n the retrofit to district heating. 

Conversion to Hot Water District Heating 

A peak comfort heating load of 2.1 MMBtu/hr was detenn1ned based on current 
capacity and fuel consumption estimates supplied by the building engineers. The 
capacity of the district heating exchanger was increased to 2.8 MMBtu/hr based on 
future needs of currently unheated areas~ 

The conversion to hot water district heating was accomplished as follows: 

o Retired in place existing steam boiler and steam convertor and retain 
for backup. 

o Installed a plate heat exchanger to replace the retired boiler and 
steam converter. 

o Utilized the existing computerized building controls to operate the 
district heating control valves. 

o Installed a Btu meter. 
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BUFFALO ATHLETIC CLUB 

Existing System 

This is a twelve story office building which also houses the Buffalo Athletic 
Club. The present heating system is a two-pipe low-pressure steam system with two 
gas-fired boilers (one standby). The building is heated primarily by cast-iron 
steam radiators. There are also air handling systems with steam coils on the 
second and fifth floors and fan coil units on, the upper floors. 

The steam distribution system 1s served by several risers. One 8-inch riser 
supplies steam to a down feed two-pipe system which serves the 6th through 12th 
floors. There is also a single condensate return for the upper floors with con­
densate collected by the single pipe in a pipe chase located between the 5th and 
6th floors. Domestic hot water requirements for a restaurant and the Buffalo 
Athletic Club are supplied by their own gas-fired heaters, and w1ll be converted 
to district heating. The balance of the building's domestic water requirement is 
small and will not be converted. 

Conversion to Hot Water District Heating 

Analys1s of the fuel consumpt10n records indicates that the peak comfort 'heating 
load for the Buffalo Athlet1c Club bu1lding is 4.3 MMBtu/hr. The peak domestic 
demand for the restaurant and the athlet1c club combined 1s approximately 1.7 
MMBTU/hr. For building heat1ng, three heat exchangers are required (one for 
standby). Each 1s sized at 2.5 MMBtu/hr because of cost savings offered by 
manufacturing three identical units. These units also are capable of providing 
building heating with the existing steam boilers as the heat source, insuring 
standby heating capabi11ty. 
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The conversion to hot water district heating can be accomplished as follows: 

o Retire existing steam boilers to standby capability. Existing con­
densate collection system must be modified to allow for use of the 
plate heat exchangers for steam to hot water generator as standby. 

o Install three plate-type heat exchangers to sati~fy the building 
heating loads with standby capability. 

o Install separate domestic hot water heat exchangers for the 
restaurant and the Buffalo Athletic Club domestic water heating 
systems, along with separate Btu meters. 

o Install circulating pumps, expansion tanks, and air removal equip­
ment for each of the two building heating zones. 

o Provide supply temperature control in response to outdoor tem­
perature. 

o Retrofit individual radiators including removal of the steam trap 
internals, installation of a thermostatic radiator valve and 
installation of an air vent. 

o Replace steam coils in air handling equipment to accept hot water. 
o Provide isolation valves where required on the steam and condensate 

pip1ng. 
o Increase the upper loop condensate return line size to allow hot 

water circulation. 

FIRE HEADQUARTERS 

Existing System 

The Fire Headquarters build1ng and hose tower are heated through a two-pipe steam 
system with gas-fired steam boilers. There are two new 100 hp steam boilers to 
supply the building heating requirements, one of which is a backup unit. 

There are also several gas-fired space heaters located throughout the building. 
These were installed in designated areas that required constant temperatures 
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during periods when the majority of the building is set back at night and weekends. 
The domestic water load 1s supplied by the steam boilers during the heating season 
and by separate gas-fired water heaters during the summer months. 

Conversion to Hot Water District Heating 

Analysis of fuel consumption records indicates that the peak comfort heating load 
for the Fire Headquarters facility is 3.5 MMBtu/hr. 

The conversion to hot water district heating can be accomplished as follows: 

o Utilize existing steam boilers as standby and incorporate them into 
the district heating system. 

o Install a plate heat exchanger to replace the existing boilers. 
o Convert the steam distribution and condensate return system to hot 

water service. This requires that all steam trap internals be 
removed and that an expansion tank, an air separator, and two 100% 
capacity pumps be installed. 

o Existing radiators must be retrofitted for hot water service. This 
requires that steam trap internals be removed and a thermostatic 
radiator valve be installed. 

o Connect domestic hot water to a district heating heat exchanger. 
o Retire existing gas-fired unit heaters and allow for individual 

control in these areas. 

RATH BUILDING 

Existing System 

The'Rath Building, located on the corner of Franklin and W. Eagle Streets, is 
owned by Erie CountJ. It currently is heated by two electric hot water boilers 
each rated at 1800 kW output (one standby). 
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Domestic hot water is generated by chillers in the summer months and by the 
electric boilers during the winter months. 

Conversion to Hot Water District Heating 

The peak comfort heating load was detenmined to be 7 MMBtu/hr. Based upon pre­
liminary infonmation, a single heat exchanger can be installed into the existing 
hot water distribution system. The existing control system can be used, but 
district heating control valves have to be installed. 

The conversion to hot water district heating in the Rath Building can be 
accomplished as follows: 

o Retire existing electric hot water boilers to serve as backup only. 
o Install a plate-type heat exchanger to replace the electric boilers. 
o Retrofit the existing domestic hot water systems by installing 

plate-type heat exchangers. 
o Install district heating control valve and controls 

25 DELAWARE AVENUE AND OLD COUNTY COURT 

Existing System 

The Old County Court and 25 Delaware Avenue buildings are heated by two 150 hp 
steam boilerse The boilers have new dual-fuel burners allowing them to burn 
either gas or oil. 

The building at 25 Delaware Avenue generates hot water from steam using a steam 
convertore Hot water is then distributed to induction units and reheat coils in 
the air handling system. 
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The Old County Court building currently ;s heated by steam with cast-iron 
radiators and air handling un1ts. 

Conversion to Hot Water District Heating 

The conversion to hot water district heating can be accomplished at 25 Delaware 
Avenue as follows: 

o Retire ex1sting steam convertors to standby capability. 
o Install plate-type heat exchangers to satisfy the building heating 

load. The plate heat exchangers will replace the steam convertors 
for building heating. 

o Utilize existing hot water distribution and control system. 
o Install a new district heating control system. 
o Install a plate-type heat exchanger for domestic hot water 

production. 

The conversion to hot water district heating can be" accomplished for Old County 
Court as follows: 

o Install plate-type heat exchangers to satisfy the building heating 
load. 

o Install circulating pumps, expansion tanks, and air removal equip­
ment for each building heating zone. 

o Install a plate-type heat exchanger for domestic hot water produc­
tion. 

o Retrofit individual radiators including removal of the steam trap 
internals, installation of a thenmostatic radiator valve and 
installation of an air vent. 

o Retrofit or replace steam coils in air handling equipment to accept 
hot water: 

o Provide isolation valves where required on the steam and condensate 
piping. 
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For further information 
on NYSERDA reports or 
publications contact: 
Department of Communications 
NYS Energy Research and 

Development Authority 
Two Rockefeller Plaza 
Albany. N.Y. 12223 
(518) 465·6251 
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New York State Energy Research and Development Authority 
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