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FOREWORD

INTRODUCTION

District heating is generally defined as the distribution of thermal
energy from a central source for residential and commercial space heating.
The central source is usually a heat-only unit or a cogeneration dual-
purpose facility that produces both electricity and thermal energy. The
most significant advantage of cogeneration power plants compared to
conventional steam-electric generating stations is the improved fuel
utilization efficiency. Figure F.l shows graphically the comparative
efficiencies of both types of plants. The overall conversion efficiency
of an electric-only plant is about 33%. The remaining two-thirds of the

energy is rejected to the environment through once-through cooling
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Fig. F.1. Comparison of fuel utilization of electric-only and
cogeneration power plants.
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systems or cooling towers at about 35 to 40°C. -A cogeneration power
plant, on the other hand, can operate at an overall efficiency as high
as 85%, but this requires some sacrifice in electric output. To supply
thermal enmergy at a temperature level high enough for district heating
(e.g., 100°C), steam must be extracted from the power plant's turbine
before it has expanded to its full potential. Therefore, there is some
reduction in the power output of the turbine which, in turn, reduces the
quantity of electricity generated. However, for each unit of electric
energy sacrificed, 5 to 10 units of thermal energy are available for
district heating.

District heating has been in existence for approximately 100 years.
In 1877, a short underground steam pipe was installed in Lockport, New
York, to transport thermal energy from a central source to heat a group
of huildinga.1 However, it was not until the early part of the twentieth
century that cogeneration/district heating systems came into existence.
These systems utilized the exhaust steam from small, noncondensing steam—
electric power plants to heat buildings in nearby business districts.
After a period of rapid growth, the expansion of steam district heating
systems slowed in the late 1940s when inexpensive oil and natural gas
became available for heating purposes. At about the same time, utilities
were introducing large condensing steam-electric power plants remotely
located from urban areas. Transporting steam over such long distances
was not economical. As the smaller, older cogeneration units were retired,
sources for the steam district heating system were eliminated and the cost
of supplying steam escalated, making district heating even less attractive.
District heating technology is now being reassessed because of rapidly
escalating energy prices and the increasing dependence of the United
States on imported oil, Large hot water distriet heating systems have
the potential of providing consumers with space-heating energy at com-
petitive prices while substituting more plentiful domestic fuels, such as
coal and uranium, for heating needs currently supplied by oil and natural
gas.,

The history of district heating in Europe is somewhat different than
that of the United States.? Most of the development of large district
heating networks in Europe took place after World War II. This development
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has been due in large part to high energy prices and a scarcity of
alternative heating options, such as natural gas. These factors, although
new to the United States, have been strong motivation for the expansion

of district heating technology in Scandinavian and other northern

European countries. Their district heating technology uses hot water

as the distribution media. Hot water was chosen over steam for its
flexibility and adaptability to long-distance transport. Over the past

20 years, technology and hardware have been developed that successfully
provide large-scale hot water district heating.

TWIN CITIES DISTRICT HEATING STUDIES

Northern States Power Company (NSP), the Department of Energy (DOE),
the Minnesota Energy Agency (MEA), the Minnesota Gas Company, the
Minneapolis Central Heatlng Company, the University of Minnesota, and
other local governments and private organizations are cooperatively
performing an in-depth application study to determine the feasibility of
hot water district heating for a large U.S. metropolitan area — namely,
Minneapolis-St. Paul, Minnesota. The program to assess district heating
for the Twin Cities area consists of several coordinated studies focusing
on technical, econcomic, environmental, and institutional issues. A list
of the various studies is given in Table F.l. The stimulus for most of the
Twin Cities work has been the Overall Feasibility Study® done by Studsvik
Energiteknik AB, Sweden,

The objective of Studsvik's analysis was to determine the feasibility
of district heating for the Twin Cities, not to develop a detailed step-by-
step plan for the network nor to do detailed engineering and economic
calculations. The major efforts were concentrated in three areas:

(1) assessment of the heating loads that could be connected over a 20-year
period, (2) determination of a feasible implementation schedule to connect
the loads and to bring cogeneration plants and peak-load boilers on line,
and (3) examination of the overall economics based on alternative methods
of financing.
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Table F.1. Minneapolis-St. Paul district heating studies

Studies Sponsor

Distribution and bullding systems
Studsvik district heating study (overall feasibilicy
study outlining 20-year development) DOE

Building conversion study (deseriprtion of conversion
techniques and estimation of costs) DOE

Energy sources studies
Retrofiting an existing coal plant (description of
conversion techniques and costs for High Bridge
Power Plant in S5t. Paul) NSP and DOE

New coal/cogeneration plant assessment (investigation
of the possibility of locating a new coal-cogenerating
unit near or in the Twin Cities) DOE

Institutional issues
Ownership option and barriers (identification and
evaluation of nontechnical issues: ownership,
finaneing, regulation, and marketability) DOE

Environmental
Air-quality modeling (prediction of the effect of
cogeneration/district heating on Twin Cities air
qualicy) DOE and EPA

STUDSVIK DISTRICT HEATING STUDY

This study was a joint effort based on current Swedish district
heating technology and experience, adopted where necessary to U.S. condi-
tions. Participants in the United States supplied the basiec data and
economic criteria while Studsvik carried out the analysis. The results
presented here are excerpts from the Erecutive Summary of the Overall
Feasibility Study.?

The Twin Cities Area

The Twin Citles area encompasses two concentrated municipalities
about 11 km (7 miles) apart — one in Minneapolis and one in 5t. Paul
(Fig. F.2). These areas are surrounded by a region of industrial sites
and residential housing which links the areas into one continuous
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Fig. F.2, Heat-lecad densities in the Twin Cities area and possible
regional piping systems.

metropolitan region. The total metropolitan pepulation of over one
million includes 0.8 million within the two city boundaries. This dense
population, coupled with the cold climate (>8000 Fahrenheit degree-days),
creates a large heat demand.

There are two fairly large coal-fired electric penerating stations
within the city boundaries — High Bridge for St. Paul and Riverside for
Minneapolis (Fig. F.2). A third station, Black Dog, is located about 16 km
(10 miles) south of Minneapolis, and several newer coal-fired and nuclear
plants outside the metropolitan area exist). The closest of these plants,
King [27 km (17 miles) from downtown S5t. Paul], is also a possible site
for another new unit.

The Twin Cities area is a prime candidate for a regional district

heating system because of the following attributes:

1. & cold climate and a city structure with a large potential heat load
well adapted to district heating,



2. the present use of fuels that will become increasingly expensive and
scarce (natural gas and oil),

3. the existence of coal-fired generating stations mear the city with
units suitable for conversion to cogeneration,

4. some tradition of district heating and vet net so much that che
current steam distribution technology should strongly influence
the technology to be used in the future, and

5. dinterested and cooperative local authorities and utilities with a

desire to improve fuel usage and to reduce air pollutiom.

Scope of Study

Two levels of district heating implementation are discussed:

(1) Scenario A, which restricts district heating to the downtown and
industrial commercial areas and nearby residential districts and

(2) Scenarlo B, which also covers medium-density residential districts
with one- and two-family houses outside the central parts of the cities.
Over a 20-year period, these scenarios are estimated to involve a thermal
load of around 2600 and 4000 MW(t}, respectively, for the two scenarics
(Fig. F.3).

The 2600 MW(t) for Scenario A excludes the loads of the existing
district heating systems in Minneapolis and at the University of
Minnesota because more detailed studies on integration of these schemes
into the overall scheme are necessary. It also excludes the loads of
some large Industries that require more study and all loads for new
developments within the area. To tompensate for the conservatism of
these assumptions, it was assumed in the base case that all remaining
consumers within the area would subscribe to the service. The influence
of a lower effective subscription rate was evaluated separately. For
Scenario B, 70X of the potential additional consumers over and above those

of Scenario A were assumed to use the service.
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Fig. F.3. Assumed load connection rates for Scenarios A and B.

Principal Features of Proposed Concept

The proposed district heating concept functions as follows:

The base leoad is supplied by cogeneration plants that provide about
half the total peak-load capacity but nearly 90% of the annual heat
energy (Fig. F.4). Most of the thermal energy from cogeneration units
is provided by converting turbogenerators to pass-out machines at

two existing power stations — Riverside in Minneapolis and High
Bridge in 5t. Paul. As illustrated in Fig. F.5, this conversion
greatly improves fuel utilization. Toward the end of the peried,
these units would be complemented by new units. A new unit at
Riverside is assumed for Scenario A. For Scenario B, two larger

units about 27 km (17 miles) from the center of the city area are

propesed because it seems impractical to use the existing city
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power plants exclusively. The cogeneration plants replace large
quantities of oil and gas with small quantities of coal.

The peak-load and reserve capacity requirements are supplied by
oil-fired, heat-only bollers. These have a large total capacity

but supply only a small percentage of the annual heat energy. They
are located at various points of the supply area, thus reducing the
size of pipes necessary between the central cogeneration plant sites
and the supply areas.

The heat is transported from the production plants to the various
parts of the supply area by hot water mains in accordance with modern
European district heating technology. Large pipes run through tunnels
tor the parts of the area having adequate rock structure. Elsewhere,
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underground pipes protected by concrete culverts are used. The
transport systems are built up separately in Minneapolis and St. Paul
initially and then interconnected during the second half of the
period.

4. The heat 1s distributed from the regional system to individual
buildings and houses by a hot water distribution system that runs
under pavements, under streets, or, where possible, through cellars.
Prefabricated pipes complete with insulation and protection ducts are
used. For Scenario B, in addition to conventional piping systems,

a newer type of piping distribution system for low-heat-density
residential areas has been examined.

5. The heating systems of existing buildings are adapted so that they
can be connected to the district heating system through heat ex-
changers, Different conversions are used for builldings and houses
currently supplied by hot water, steam, or hot air.

6. The cooling loads were ignored in the analysis. However, in principle,
existing absorption chillers could be converted to operate on hot
water and could be supplied from the district heating system if
cerctain restrictions are placed on the lowest permissible temperatures

for hot water in the summer. The total capacity of such coolers is
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presently small; thus, the impact on the overall economics would be

minimal.

The system is built up progressively, starting with cthe densest
hear-lopad areas so that generation of maximum revenues is begun as soon
as possible. The heat loads of the two existing district heating systems
in central Minneapeclis as well as the heat loads of some large industries
have been ignored because more detailed studies are required before these

loads can be integrated into the owverall scheme.

Fuel Savings

The study shows that the district heating system would replace oil
and natural gas equivalent to 0.30 and 0.37 EJ (49 and 61 million barrels)
of oil for Scenarios A and B, respectively, over the 20-year period
studied (Fig. F.6). Without district heating, the amount of fuels used
for space heating with respect to the areas for Scenarios A and B is 0.35
and 0.44 EJ (57 and 72 million barrels). After correction for extra
coal consumption at the power plants, the net fuel savings are 0.19 and
0.24 EJ (31 and 39 million barrels) of oil respectively. Thus, very
substantial contributions to conservation of fuel — particularly the
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scarce fuels — are made. Because the system is developing from "ground
zero" during this 20-year period, the fuel savings in the following years
will be even greater. Almost as much fuel will be saved in the subsequent

10 years as In the first 20 vyears.

Economic Results

The total investment, including building conversion, is estimated at
625 million 1978 dollars for Scenario A and 1235 million 1978 dollars for
Scenario B. The economic calculation for Scenario A with municipal
financing shows that the net savings are negative in the initial years
but soon become positive (Fig. F.7). Over the entire period, there is an
accumulative net present work savings equivalent to 183 million 1978
dollars. With private utility financing, capital charges are higher, and
the accumulated net present worth savings is a negative §77 million over
the 20-year period. The sensitivity of the results to changes and
assumptions (e.g., fuel costs projections) is also illustrated. With
an intermediate financing system, private utility for the production
plants, and municipal financing for the piping systems, the net accumulated
savings would be only slightly smaller than with muniecipal financing.

Conclusions

The overall conclusion of the study is that distriect heating on a
regional basis in the Twin Cities area is technically feasible and that
large quantiries of the potentially scarce and expensive fuels (natural
gas and oil) can be saved. The economics are judged to be viable
provided a suitable method of financing is used for the transmission and
distribution systems.
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ABSTRACT

This report presents the results of a study of the costs and
techniques required teo convert existing buildings in Minneapelis and
St. Paul to use 150°C (300°F) hot water district heating. The buildings
and heating systems in the high density areas in both downtown Minneapolis
and 5t. Paul were surveyed, and & computer data base was assembled. A
total of 280 buildings was surveyed, representing a peak thermal load of
about 400 MW. The return-water temperature was selected for minimum
cost and maximum power yield at the cogeneration plant.

The cost of converting heating systems in existing buildings to
district heating was determined by two separate approaches: theoretical
cost studies of heating systems and engineering cost studies of heating
systems in existing buildings. In the first approach, cost estimates
were generated by designing conversion systems for a range of building
sizes for each of the major types of heating systems. In the second
approach, engineering cost studies were done for five buildings that
were representative of the buildings in the study area. The heating
system conversions of the five buildings were designed for three return-
water temperatures to determine the effect on conversion costs of
varying the water flow rate and the difference between the supply-water
temperature and return-water temperature. The conversion costs for the
three return-water temperatures can be used to estimate the optimum
return-water temperature. Conversion costs were determined from detailed
bids submitted by a heating, ventilating, and air conditioning contractor.



1. INTRODUCTION

A study of the costs and techniques required to convert the heating
systems in existing buildings in Minneapolis and St. Paul to use 150°C
(300°F) hot water district heating was conducted by the Minnesota Energy
Agency under contract with the Department of Energy. The objectives of

the study were as follow:

® determine the types of heating systems in the study area,

® classify the types of buildings and heating systems in the study

area by technical characteristies,

® determine the most economical methods for converting the different

types of buildings and heating systems to district heating,

® select specific representative bulldings for detailed conversion
cost studies and develop engineering specifications and costs for
conversion of these buildings to district heating,

® determine the applicability of the general conversion methods to
buildings in the ecity core and te a representative sample of build-
ings outside the city core,

® provide data on the conversion of existing heating systems and
conversion costs to Studsvik Energiteknik (formerly AB Atomenergi)
for use in the Twin Cities district heating feasibility study, and

® develop recommendations for future buildings to minimize costs of

conversion to district heating systems.

This study will aid in determining the feasibility of a large
cogeneration district heating system in the metropolitan Minneapolis and
St. Paul area. The feasibility of such a system depends on identifying
and defining the major thermal loads. In Minneapolis and St. Paul, the
heating loads of the large buildings in the commercial district are most
important. Detailed information on the characteristics of existing
buildings and their heating and cooling systems is required for this
evaluation. Estimates of the cost to convert the different types of



heating systems to use district heating are also needed. The conversion
of existing buildings from oil- and gas-fired boilers and steam systems

to a modern district heating system must be evaluated both technically
and economically before building owners will be willing to accept hot
water district heating. Standard heating system designs must be developed

to minimize the total cost of converting buildings considering the total
district heating system.

2. BUILDING AND HEATING SYSTEM CHARACTERISTICS

The design and cost of the systems needed to convert existing
building heating systems to use hot water district heating have a direct
effect on the economics of the district heating system. There are many
different types of heating systems in Twin Cities buildings. Steam is
used for heating in most large buildings built before the 1960s. Since
the 1960s, many new buildings have been designed with hot water heating.
Of course, a hot water heating system is more economical to convert to
district heating than is a steam heating system.

A feasibility study must identify the customers who could be con-
nected to the district heating system at reasonable cost. In general,
these would be owners of new buildings and existing buildings with hot
water or low-pressure steam heating systems. Thus, a thorough survey
and study of existing buildings and heating systems was conducted.

2.1 Buillding Classifications

The heating requirements and energy consumption of a building of a
given size are determined both by the activities within the building and
the type of construction. The energy use characteristics of buildings
can be described by the annual energy use (MWhr or Btu), the peak energy
demand or design load (kW or Btu/hr), or the utilization factor (hr/year).

The annual heating energy use is the amount of energy used during a
year for space heating, domestic hot water, and process heat. Peak
demand is the peak load on the heating system. The utilization factor
(U) relates the peak demand to the annual energy use!



annual use

s peak demand

= hours per year .

Each type of building has a characteristic energy utilization value
based on type of use. For this study five categories were considered:
industrial (U = 1100 hr), office (U = 1700 hr), hotel (U = 1600 hr),
apartment (U = 2000 hr), and others (U = 1700 hr). These utilization
hours are typical for Swedish buildings in the same categories.

Data from the buildings evaluated as part of this study indicate that
buildings in the Minneapolis-St. Paul area have about the same utiliza-
tion. In many cases, peak-load data 1s unavailable, and experience must
be used to estimate it from boiler capacity or district steam use. The
range of utilization values one would expect from a particular class of
buildings depends on the type of use. For instance, the utilization
value of industrial buildings would depend on the manufacturing opera-

tion involved.

2.2 Heating System Classes

Heating systems in existing buildings can be classified by heat
source and building internal distribution system (Table 1).

Table 1. Combination of heating systems

Building internal

Heat T
i distribution system

Hot water boiler Hot water
Steam boiler Steam
Steam district
heating Steam
Steam district
heating Hot water
Steam district
heating Forced air
Electric utility Electric resistance
coils and
radiators

Furnace gas or oil Forced air




These seven distinet combinations were useful in developing a
method to predict conversion costs and in developing a building and
heating system survey. However, many large buildings have more than one
type of heating system. For example, some buildings use mainly hot
water heating but use steam coils In the ventilation system. As builld-
ings are expanded or renovated, different heating systems are added. In
classifying the heating system of a building, it was necessary to con-
sider each of the components. If a building has a steam distribution
system, the extent of steam use within the building must be determined:
in the boiler room only, in mechanical equipment rooms throughout the
building, in all air handling units and induction units, and in the
radiators. It must also be determined if steam is used for chilled

water generation.

3. BUILDING AND HEATING SYSTEMS SURVEY

The survey portion (Appendix A) of the building conversion study
provided detailed information on the characteristics of existing bulld-
ings and their heating and cooling systems. A total of 280 buildings in
and immediately adjacent to the downtown central business districts of
Minneapolis and St. Paul was surveyed. Together, these buildings repre-
sent a 400-MW thermal load.

Each building inventoried was classified according to its major use
(industrial, office, apartment, hotel, or other). The volume, the
number of floors, and the total floor area were also recorded. Buillding
heating systems were classified by type of heating system and by the
source of heat, For example, the hot water heating system can have
either a hot water or steam boiler or steam district heating system as a
heat source. Data were collected on the type and extent of heat dis-
tribution systems within the building. To estimate the summer demand
for district heating, data were also collected on the size and type of
alr conditioning equipment in the building.

In Minneapolis, each building surveved was visited at least once.

The building manager or operating engineer was interviewed, and, where




possible, the boiler room and mechanical equipment rooms were inspected.
Records of fuel and electrical use were used for the survey. Im St. Paul,
much of this information had already been collected by Northern States
Power Company (NSP). Some buildings were visited to confirm the NSP

data. The survey was conducted by students majoring in heating, venti-
lating, and air conditioning (HVAC) from a local wvocational technical
institute. Before conducting the survey, the students were given instruc-
tion in the various types of HVAC equipment commonly found in the
buildings surveyed. This instruction included a test by a professional
engineer specializing in heating and ventilating equipment, who also
accompanied the students on initial surveys of boiler and mechanical
equipment in different buildings.

Several unexpected technical and administrative problems were
encountered. The technical problems generally related te the complexity
of some of the heating systems that had been developed in different
stages. Fuel use data in peak periods for domestic hot water heating
were difficult to separate from data for space heating and peak period
operation. Data for electrical energy used for pumps and resistance
heating were frequently difficult to separate from that for the energy
used for the general electrical lighting load. Also, many of the build-
ings have a mixture of air-handling equipment powered by a variety of
ENergy sources.

Administrative problems included delays in getting informationm,
the need to visit several people to get all the necessary information, and
multiple visits to a building to get information. In several cases,
building managers considered the interview and the information request to
be an invasion of privacy by a government agency.

In this survey, buildings were categorized into five classes by use
(Table 2). Each building class was divided into seven peak-demand
categories. For each peak-demand category, the number of buildings with
each type of heating system and average peak loads were determined. The
type of air conditioning (electrical or steam absorption) and the average
size were identified. Although only 46% of those buildings surveyed had
steam heating, they account for nearly 80% of the peak load (Table 3).




Tabla 2. Building and heating system survey resulis
Type of wystem
Hor air District steam Steam boller Alr conditioning
lioy water
Building 1T Bamal Steam Hot water Stoam Hot water boiler Electric Sream
type and
utilization Feak demand Average Average Average Average Mprage Average Average Average Averags
(hefyear) (kM Mo.” peak No. peak  Ne, peak Mo, peak Mo peak  No. ponk  Ho. peak  No. tons Mo, Lons
4000 1 4,05 2 1& 2 18,135 5 ]
3000 ro: 4000 [ PR 175 1
Tndustrial 2000 to 3000 1 2,834 1 15T 57
1500 vo 2000 1 1,191 |
{1 = 1100 he} 1000 to 1500 F 1,030 & 1,085 3 1
500 to 1000 z i ¥ 385 2 Thi 2 T44 T 57E: 7
“500 13 108 i L. 2
#000 [ ] 1.9%7 i 7.997 ] 1.587 fi 5
3000 Lo 4000 3 1,565 3 3.1 & 1
offbce 2000 to 3000 1 2,436 & 2,440 ] 2,188 9
1500 co 2000 i 1,660 1 1,782 i i 13%
(¢ = L700 hr) 1000 co 1500 L 1,238 5 1,152 8 %
§00 o' 1000 1 314 5 Bkl 3 &1l 2 611 iz
300 15 168 1 126 10 306 1 147 2
L0uo L] T.&a535 s
3000 to A000
Hotel 1000 to 000
1300 to 2000 L&7T
(U = 1600 he) 1000 eo 1500 x 1,20% 1
500 to 1000 i 583 S 713 |
4 500 i 150 & 134 1 110 3 J1K 2 118 4 1
4000 1 3.733 1
3000 to 4000
Apattment 1000 ta J0Q0 mr
1500 to 2000 1 1,893 1
(U = 2000 hr) 1000 to 13500 i 1,080 1 1,50
500 to 1000 i 540 2 Tad 2
<500 b 212 F 288 ]
4000 1 3,59 H bysa0 4 8,367 2 2
3000 to 4000 1 3,646 i 3,682 i | §
Other 2000 ce 1000 i 2,838 2 1.573 1 2,634 & 140 1 a50
1500 ‘to 2000 ;| 1,780 3
(U = 1700 he) 1000 vo L300 1 1,080 1
500 o 1000 1 574 3 605 3 603 1 1
3500 b 135 42 112 8 247 H 38 1 138 13 1
Total 11 117 55 2 75 11 ] 128 16

'Ihi.lﬂw in dowvmtown area.

b:uﬂ.dml in or close to downtown mrea surveyed In less detail.



Table 3. Distribution of types of building heating systems
by peak load and number
Peak load (kW) Number
Lead  Number of
System category (%) (%) Total Average buildings

Small buildings
Air heated 7 42 26,269 224 117
Large buildings
Air heated 6 4 21,921 1,993 11
Steam heated 79 46 309,643 2,383 L30
Hot water heated 8 B 32,725 1,488 22

Total 100 100 390,558 280
Buildings supplied by

district steam 39.8 20 155,485 2,728 57

Buildings with air heating systems represent 46% of the buildings
surveyed but account for only 13% of the peak load. The number of

buildings in each category with each type of heating system varied

(Table 4).

conditioning.
There were 117 smaller bulldings surveyed.
that smaller buildings are heated by air heating units, most of which

ing.

are gas-fired.

Only 10% of the buildings surveyed have steam absorption air
The remainder have electrical or no central air condition-
The survey indicated

Few of these buildings have central air conditioning.

Table &. Distribution of typas of building heating syatems for each class of building
Al Sceam Hot water Total
Functional
category Number Percent Humber Percent Number Farcent Number Fercent
Industrial 17 6.1 18 b.& & 1.4 19 13.9
Office 17 6.1 T 25.0 i 1.6 1 32.5
Hotel & 2.1 10 3.5 3 . 19 6.8
Apaztmant 36 12.9 7 2.5 o3 15.4
Othar al 15.86 32 11.4 & 1.4 835 1.4
Total 128 &45.8 130 LB.4 2 7.8 280 100




4, HEATING SYSTEM CONVERSION TECHNIQUES

One of the major concerns in developing the district heating system
is proper design of conversion systems for existing buildings. These
designs must consider the total district heating system. The importance
of designing for as low a return-water temperature as practical is pre-
sented in this section along with conversion techniques for each of the
types of heating systems. Recommendations of heating system design for
future buildings that would be converted to district heating are included
(Appendix B). The conversion schematics used were supplied by Erik
Wahlman of Theorell & Martin Energikonsulter AB, Sweden (Appendix C).

4,1 Importance of Return-Water Temperature

Each building heating conversion must be designed for the lowest
practical return-water temperature. The heat transferred from the
district heating water to the building's heating system is proportional
to the product of the water flow rate and the difference between the
supply-water temperature and return-water temperature. Lower return-
water temperatures require lower water flow rates and thus smaller water
pipes., Lower return-water temperatures minimize transmission and dis-
tribution pipe sizes and maximize power yield at the cogeneration plant.
Swedish experience has demonstrated that this principle results in
lower overall system costs.

To obtain low return-water temperatures, water from radiator cir-
cuits or ventilation units can be used to preheat the cold water to the
domestic hot water heat exchanger. If the heating system contains air-
handling units, lower return-water temperatures can be achieved by
changing the air-handling units. Return-water temperatures from properly
selected air-handling units can be as low as 38°C (100°F).

The conversion system must be designed so that all of the hot water
passes through the heat exchanger and none of it can bypass to return-
water lines. The proper arrangement of valves and bypass is presented

in Fig. 1. Water that bypasses the heat exchanger wastes energy.
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Fig, 1. Flow patterns through building heat exchangers.

4.2 Conversion of Hot Water Heating Systems

The simplest building to convert to hot water district heating is a
building with a hot water heating system. It is important to note that
the heat supplied to the existing hot water heating system can come
either from a steam district heating system or a steam or hot water
boiler within the building. The conversion to district heating consists
of replacing the heat source with heat exchangers. The flow of hot
water from the district heating system is regulated by valves responding
to heat requirements in the building heating system.

4.3 Conversion of Steam Heating Systems

District heating water at 150°C (300°F) can produce low-pressure
steam in a steam generator at about 135 kPa (5 psig) and 108°C (227°F).
Most of the buildings with steam heating systems that were surveyed were
designed for low-pressure steam in the heating system. Often the heat-
ing systems were designed for steam at a temperature and pressure
slightly higher than that produced by a steam generator supplied by
150°C (300°F) water. Frequently, the radiators and air-handling units
are oversized, and most will accommodate the heating load when operated
at the temperatures and pressures of the steam from a steam generator.
An air-handling unit or radiator designed for high-pressure steam must
be evaluated to determine if it is oversized. Often, units designed for
steam pressures as high as 240 kPa (20 psig) will operate satisfactorily
on 135 4Pa (5 psig) steam.
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Occasionally, high-pressure steam is used for turbine-driven air-
cooling equipment or two-stage, absorption air-cooling equipment. These
are expensive to convert to hot water district heating. As in the case
of the hot water system conversion, it is important that the return
water to a district heating system be at as low a temperature as prac-
tical. This is more difficult with a steam heating system because the
condensate return is about 77°C (170°F). When the conversion of a steam
system to district heating is planned, it is important to consider all
of the options to reduce the return-water temperature. Lower district
heating water temperatures can be obtained by including domestic water
heating. Portions of the steam heating system near the equipment rooms
often can be economically converted to hot water heating.

The conversion of a typical heating system in a large buillding to
district heating (Fig. 2) requires steam for the air-handling units and
hot water for radiators and ventilation units. A steam generator pro-
duces steam for the air-handling units, and the return water from the
steam generator preheats the water to the domestic hot water heater.

Hot water heat exchangers provide hot water for the radiators and venti-

lation undits.

4.4 Conversion of Hot Air Heating Systems

Conversion of existing hot air heating systems can be accomplished
by replacing the coils in the air heaters. When district heating becomes
common, it is likely that heaters designed to be operated on district
heating water will be available and can be substituted for an alr heater
that operates on natural gas or steam. This use would simplify the
conversion and probably reduce the cost,

4.5 Planning for New Buildings

The heating systems of new buildings should be designed so the cost
of the eventual conversion to hot water district heating will be minimal
(Fig. 3). This can be done by designing a heating system for hot water
and sizing each of the components so that they will provide the return-
water temperature desired for a district heating system (Table 5).
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Table 5. Recommended hot water temperatures
for district heating
Individual
District system building system
Supply Return Supply Return
l'-'c QF I:IG IF HC DF lc GF
Radiators 150 300 65 149 80 176 60 140
Alr-handling units
Preheater 150 300 45 113 BO 176 40 104
Reheater 140 280 50 122 65 144 45 113
Demestic hot water 140 280 25 77 55 131 5 41
heaters

5. ANALYSIS AND CORRELATION OF CONVERSION COSTS

To estimate the cost of comverting heating systems in existing
buildings to distriet heating, two separate approaches were used — first,
analytical studies of heating systems and second, engineering cost
studies of heating systems in existing buildings (see Appendix B). 1In
the first approach, costs were estimated by designing conversion systems
for a range of building sizes for each of the major types of heating

systems. In the second approach, engineering cost studies were done for
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five buildings that were representative of the buildings in the study
area. The results of these two studies were correlated to provide a
means of predicting the cost to convert buildings to hot water district
heating.

The relation of conversion cost to heating load for the seven
heating system schemes (Table 1) was first determined by an anmalytical
study of the heating systems of a hypothetical building. A building
configuration was first assumed. The location of a mechanical-equipment
room relative to the entrance of district heating supply pipes was
considered. The study considered the cost of removing the existing
equipment and installing the equipment required for the conversion to
district heating. The analysis included piping detail. Cost data was
obtained from the reference manual Means Building Construction Data for
1877 and from equipment manufacturers.

The costs developed in the analytical study are presented as cost
per kilowatt of peak load for steam and hot water systems (Fig. 4).
Steam heating systems for buildings are basically the same even though
they may have different heat sources, so conversion costs are essentially
the same. In a similar way different building hot water heating systems
are alike enough to have the same conversion costs (Table 1).

Engineering cost studies were done on five representative buildings
to better establish conversion costs (Table 6). The buildings were
selected by considering the type of heating system, the avallability of
heating system blueprints, and the size and type of building. Heating
system conversions to use 150°C (300°F) hot water from a district
heating system were designed for each building, and costs were obtained
from bids submitted by HVAC contractors.

The studies of the five buildings were done for three return-water
temperatures to determine the effect on conversion costs of varying the
water flow rate for the district heating system. The conversion costs
for the three return~water temperature levels can be used to estimate
the optimum system return-water temperature and the cost penalty for
designing to lower return-water temperatures. The three return-water
temperatures used were 93, B0, and 60°C (200, 176, and 140°F). For the
same heating load, this temperature range between the high and low
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Fig. 4. Heating system conversion cost.

temperatures [93 and 60°C (200 and 140°F)] represents a change of 50% in

district-heating-system water flow rate.

6. METHOD TO PREDICT CONVERSION COST

A method to predict the cost to convert existing heating systems to
district heating (Fig. 4) was developed by adjusting the trend of con-
version costs with building size from the analytical study to the cost
levels determined from the engineering cost studies for five representa-
tive buildings (Appendix D). A range was established within which it is
possible to predict heating system conversion costs for buildings with
steam and hot water heating systems (shaded curves on Fig, 4).



Table b.

Heating cost data for five representative bulldings

Building
Hennepin Eellogg Radisson, Chamber of Daytons,
County Square S5t. Paul Commerce S5t. Paul
Type Office Apartment Hotel Office Department
store
Heating system Hot water Steam™ Steam” Steam” Hot water
Gross area, me x 103 125 72 113 12 16
(fe? x 109) (1,350) (780) (1,217) {344) (388)
Gross volume, m' = 10° 664 400 480 113 154
(££3 x 10%) (23,452) (14,000} (17,032) {4,131) (5.432)
Annual energy use
MWhr 16,100 14,360 8,793 2,725 4,600
(Bru x 10%) {55,000} (49,000) (30,000 (9,300) {15,000)
kWhr/m? 128 200 78 BS 122
(Btu/fe?) (41) (63) (25) (27) (7
kWhr /m? 24 35 18 3 28
(Bru/ftd) (2.4) (3.5) (1.8) (2.3) (2.8)
Connected design load
kW 14,000 10,800 12,000 ] 2,000 5,900
(Btu/hr) (47.5 x 10%) (37 x 10%) (41 x 10%) (7 x 108) (20 x 10%)
Peak demand
kW 10,200 7,000 5,400 1,400 3, B00
(Bru/hr) {35 x 10%}) (24 = 108) (18.5 x 10°) (5 = 108) (13 x 108)
Use, hr 1,570 2,042 1,622 1,860 1,155
Conversion cost
!ntillteb
$ x 103 292 240 171 £3.4 102, 4
S5/kW 28,51 34.15 31.56 56.92 26.77

Elnu pressure.
b

For a 150°F return weter.

et
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The costs predicted by the analytical study are lower than the
costs from the engineering cost studies for two reasons. First, the
analytical study does not include the unique problems encountered in an
actual building. Second, the theoretical study was done for a high
return-water temperature while the engineering cost studies were done
for an optimum return-water temperature of 60°C (140°F).
It is recommended that the data from the analytical study be used
to predict conversion costs for buildings heated by hot air systems. An
engineering cost study was not done for a building heated by a hot air
system. The costs from the analytical study can apply to hot air systems
since these systems are the simplest to convert. The buildings heated
by hot air systems were only a small part of the heating load surveyed.
Additional data from engineering cost studies of the five representa-

tive buildings is presented below.

6.1 Hennepin County Government Center Building

® QOffice building

® Supplied by district steam
Hot water in the building

® Peak demand of 10,255 kW

® Annual use of 16,100 MWhr

This county center building ies a two-tower structure, 24 stories
high, with an open atrium dividing the administrative tower and court
tower. The building is used for offices, court rooms, and public ser-
vice. The present heating requirements include heating domestic water
from 4 to 60°C (40 to 140°F) and supplying the ventilation systems with
99°C (210°F) water from a closed-loop circulation system. The water
returns at 77°C (170°F). The heat for the hot water heating system is
provided by district steam at 1900 kPa (260 psig). Chilled water is
supplied for air conditioning from a district distribution system.

6.2 Kellogg Square Building

® Apartment building (554 apartment units, 19 townhouses, and some

commercial spaces)
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® Steam boiler

® Steam heating system

® Peak demand of 7030 kW

® Annual use of 14,360 MWhr

This 32-story apartment-townhouse complex, located in St. Paul, has
554 one- and two-bedroom apartments and 19 townhouses. The total area
of the building is 72,000 m? (780,000 ft?). The lower three floors are
used for commercial and office space.

The building is heated by low-pressure steam supplied from two
450 kW (600-hp) boilers in the main boiler room. The steam is distributed
to various parts of the building from the main steam header. It services
blast unit heaters for entrances, preheat ventilation coils, heating
coils, domestic hot water heat exchangers, and steam-to-water heat
exchangers for radiation rehéat and fan-coil systems, The summer load
is principally domestic hot water and reheat. Two centrifugal electric
chillers located in the boiler and equipment room generate 4700 kW
(1340 tons) of refrigeration. Chilled water is distributed to central

air unite and fan coils.

6.3 Radisson 5t. Paul

®* Hotel

® Supplied by district steam
® Steam system

® Peak demand of 8793 kW

& Annual use of 5,240 MWhr

This 23-story hotel, located in St. Paul, has a floor area of
113,000 m? (1,220,000 ft?) in a total building volume of 480,000 m3
(17,000,000 ft?). Five percent of the floor area is below grade. The
present heating system is low-pressure steam supplied to indirect hot
water heating exchangers, domestic water, and ventilation air units.
The building uses steam at 240 kPa (20 psig) and 127°C (260°F) from the
St. Paul district steam distribution system.
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6.4 Chamber of Commerce

® QDffice building

® Supplied by district steam

® Steam heating system

® Peak demand of 1465 kW

® Annual consumptiom 2,795 MWhy

This 12-story office building, located in Minneapolis, has
32,000 m? (344,000 £t?) of floor area and a volume of 113,000 m?
(4,000,000 ft¥). Three floors are below grade. The building is a
typical small office structure. The original construction, started in
1923, has been modified continually including conversion to a district
heating steam system in 1954. An indirect hot water system supplies
32°C (90°F) water to ventilation units. Three high-velocity air-handling
systems supply conditioned air to the basement and first five floors.
These systems receive steam, hot water, or chilled water. The sixth
through twelfth floors have individual equipment rooms housing multizone
fan units. Each unit receives chilled or hot water depending on seasonal

demand.

6.5 Daytons St. Paul

® Department store

® Hot water boiler

* Hot water system

® Peak demand of 3823 kW

® Annual consumption of 4,400 MWhr

This five-story merchandising department store has 36,000 m?
(390,000 £t?) of area and a volume of 154,000 m? (5,440,000 ft3). The
main mechanical equipment room is a penthouse. It houses two 400-hp
hot water boilers, each with a capacity of 2.5 m?/min (664 gal/min).

The penthouse equipment room also houses air-handling units, and domestic
water and snow-melting equipment.
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6.6 Discussion of Conversion Systems

Both the Hennepin County bullding and the Daytons St. Paul building
use hot water in their existing systems. In the design study, the
boilers in these two buildings were replaced with heat exchangers. The
design study was done for three return-water temperatures: 93, 80, and
60°C (200, 176, and 140°F). In the Hennepin County building it would
not be practical to reduce the return-water temperature below 60°C
(140°F), because that would require changing the coils in more than 100
air-handling units. This probably could not be economically justified.
The snow-melting system in the Daytons building Is designed to operate
with 54°C (130°F) inlet water and a return-water temperature of about
43°C (110°F). A more thorough study would determine 1f this system
could be operated at a lower return-water temperature without inter-
fering with the snow-melting operation.

The Kellogg Square, Radisson, and Chamber of Commerce buildings are
now heated with low-pressure steam. The conversion systems designed for
these buildings used a steam generator. The steam produced from the
steam generator is at about 135 kPa (5 psig) and 108°C (227°F). Some of
the air-handling units at the Radisson Hotel are designed for 240 kPa
(20 psig) steam at 125°C (257°F). These air-handling units are oversized
and would provide the required heat load at the lower temperature. For
instance, the connected design load at the Radisson is about 12 MW
(40 % 105 Btu/hr), and the peak demand is only about 6 MW (20 x 10% Btu/hr).

The conversion costs (Table 7), in the case of the Hennepin County
building, for a larger heat exchanger required for lowering return-water
temperature to 60°C (140°F) is more than compensated for by the lower
cost for piping. The cost penalty pald for converting to the lowest
return-water temperature is small in all five cases (Table 7).

Heat exchangers used in the design study are American made. These
heat exchangers are probably not sized and designed specifically for
district heating applications. It has been determined that Swedish heat
exchangers could be used at about half the price. When hot water dis-
trict heating becomes established in the United States, heat exchangers
designed for district heating should be available.



Table 7. Conversion costs ($/kW) for major cost categories in five
from the Twin Cities areas

representative buildings

Building
Hennepin
Company Kellogg Chamber of
huilding Square Radisson Commerce Daytons
(10,255) (7,030)2 (5,420)7 (1,465)7 (3,827
Return water, °C 100 A0 100 75 100 72 100 74 100 60
(°F) 212 140 212 168 212 162 212 166 212 140
Labor 3. 64 3.96 6.54 7:17 2.15 4.10 B.40 7.38 5.92 5.02
Heat exchangers 3.66 7.96 15.05 9.62 10.00 7.79 10. 36 11.20 4.13 4.18
Piping 7.16 4.34 3.29 3.91 5.55 7.47 15.59 12.35 4.76 4. 34
Demolition 1.32 1.33 1.71 1.84 .28 .98 8.63 B.63 3.14 3.14
Insulation 2.92 2.92 2.84 3.10 1.14 1.94 4.78 3.75 3.14 3.09
Temperature 5.18 4.43 4.78 5.41 3.83 5.60 8.60 7.51 4.33 3.51
contrel
Total 23.88 24.94 34.21 31.05 22,95 27.89 56.37 50.82 25.42 23.28
Mark up 3.47 3.57 3.41 3.10 2-73 3.67 6.76 6.10 3.82 3.49
Total price 27.35 28.51 37.62 34.15 25.70 31.56 63 56.92 29.25 26.77
New heat exchangers sized
from Swedish experience 4.00 5.00 4.00 6.00 2.20
Total price-adjusted heat
exchangers sized from
Swedish experience 24.50 29.53 27.77 51.72 24.79

“peak heating load (kW).

0z
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7. CONCLUSIONS

These studies indicate that a building heated by steam is more
expensive to convert to district heating than a building heated by hot
water. New buildings that will eventually be converted to district
heating should be designed for hot water heating systems. These heating
systems should be designed for as low a return-water temperature as
practical.

The design and cost studies of five representative buildings pro-
vided a significant amount of information on the cost and methods for
conversion to distriet heating. However, a larger sample is needed over
a larger range of building sizes and heating systems teo substantiate

cost predictions.



Appendix 4

BUILDING HEATING SURVEY FORM



Date

Firm or owner

MINNESOTA ENERGY AGENCY

DISTRICT HEATING SURVEY

Address of facility surveyed

Parson Interviewed

Interviewer

Fhona

A+ Bullding Data

aas
b.
Cs
d.
[
£.
B+
b
i.

1s

1. Type of Building b 3 2
Office Building % 3.
Industrial i b
Shopping Center R 5.
Storage ] 6y
Library % Te
Parking i1

8.
Schools x
Paost Office *
Hospital %
Hotel 3
Ocher =

k.

Floor area

Length Wideh

Volume

# of Stories

% Building Below Grade

% Surface glass
(Hormal 30%)

Double pane

Single pans

E-Y



A-4

Domestic Hot Wacer Heaters

Steam

Hot water
Gas fired
Elaceric
0il fired

Name Serial #

Capacity In

|

Alr Conditioning

l.

2a

DMirect expansion reciprocating compressor

Water chiller (reciprocating compressor)

Steam Absorpticn water chiller

Hot water absorption water chiller

Electric centrifugal water chillar

unable to get slze what is Model ¥ and Manufacturer

Heating

Size Iin Tons

———e e
—— .

Alr Conditionar

Hot Water

Alr Handling Equip.




D.

E.

F.

Type of Fual

01l Fuel #

A-5

Annual
Consumption

1976 1977

Steam

Gas

Electrical

Max. Hourly
Consumpeion

1]

Any other large uses for power which could be comverted to District Heating

Amount and Temp. needad

Degree (£°)

At wvhat temp. are the present bollers producing steam of hot water

Dagree o

Is there an outdoor temp. correction control?

Is there presently an energy conservation program or one planned?

I=s amy major remodeling planned?




I1.

Present Heating System (Please circle and £1ll in size. I

put % of each).

As

Ce

D.

Alr System

1. Gas fired furnace (inside)

2. 01l fired furnace (inside)

3. BHoof top unit (gas fired)

4» Roof top unit (oll fired)

5. HRoof top unit (electric coil)

6, BHoof top unit (steam coil)

7. BRoof top unit (hot water coil)

8. Air handling units (inside with steam colil)

9. Alr handling units (inside with hot water oil)
10. Air handling unlcs (inside with electric coil)

Steam System

l. Steam Boilers Boiler {H.P.)
as gas Fired # of bollers
b. gas fired Pressure (P.5.1.)

¢+ combination gas, oll fired
2. Steam Boilers Converted to Hot Water Boiler (H.P.)
for Radiation and Coils in Adr # of boilers
Handling Unitcs Fressure (P.5.I.)
3. Steam Boilers Comverted to Hot Water Bollec €H.P.)
for Radiation but using Steam In # of bollers
Coils for Air Handling Unit Pressure (P.5.1)

[ I .}
B
* &

4. Sceam Boilers using Steam for Radiacion Boiler (H.P.)

and Steam Coils for Air Handling Unirs # of boilers
Pressure {F-S- 1.}

Hot Water System
l. Hot Water Boiler using Hot Water Boiler (H.P.)
# of boilers
Pressure (P.5.1.)

Mserict Steam Syscem

l. Used Direct for.Steam Radfation and Coils
in Ay Handling Units

2. Comverted to Hoc Water for Radlators and Coils
in Air Hapdling Unit

3. Converted to Hot Wacer for Radiacion but using
Steam for Coils inm Air Handling Unics

NERlinl



Appendix B

A THEQRETICAL STUDY OF DISTRICT HEATING CONVERSION METHODS
AND COSTS FOR EXISTING BUILDINGS
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A THEORETICAL STUDY OF
DISTHICT HEATING COIVERSION
METHODS Al COSTS
FOR
EXISTING BUILDINGS

PART 1: HEATING SYSTEM CONVERSION TECHNIQUES

I hereby certify that this plan,
speclfication or report was prepared
by me or under my direct supervision
and that I am a duly Registered Fro-

fessional Engineer under the laws of

Date: - i = Reg. No. 3774



Heating System Claasification

Heutlng systems have been classified by existing heat source, type of existing heating system. type of existing alr
conditloning system, and type of existing domestic hot witer heating equipmerit, as follows:

HEATING DOMESTIC T WATER
CL. HEAT SOURCE SYSTEM EQULTMENT ATR CONDITIONING EQUTEMENT
1 Hot water boller Hot water Hot water heat exchanger Hot water absorption witer chiller
Gas Elsctric water chiller
Electrlc Electric direct expinsion
2 Steom boller Steim Steam heat exchanger Steam shsorption watter ohiller
Gas Electric water chiller
Eleotrie Electric direct expunsion
] Steam dlstrict )
henting Steam Steam heat exchanger Steum absorption water chiller
Gas Electric water chiller
Electric Electric direct exparsion
4 Steam distriot
heating Hot water Steam heat exchonger Stean absorption water chiller
Gas Electric water chiller
Electric Electric direct expunsion
5 Steam district
heating Forced alr Stewsn heat exchanger Steam absorption water chiller
Gas Electric witer chiller
Electric Electrie direct expunsion
& Electric utility Elec. resist Flectrie Electrie c¢hllled water
colls and rods Gas Electric direct expansion
7 Fumace Gas or 011 Forced alr Electric Electric direct expansion
s

011
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METHODS OF CONVERSION 260°F hot water (Minimum Cost to Building Owner)

Classification #1

Remove existing hot water heating boiler and install new water to water heat exchanger or
exchangers with connections to district high temperature water system,

Heating system conversion {26&"!" Hot Water)
The existing hot water heating circulation system gshall be utilized with connections made
to the low temperature side of the heat exchanger, A water temperature control on the heat
exchanger is to be provided to maintain water temperature consistent with the existing system.
If the existing circulation system has more than one zone, the temperature of the heat ex-
changer shall be maintained at a fixed temperature high enough to satisfy all zones. Indi-
vidual zone water temperatures are to be controlled by use of three-way mixing valves, In all
cases, for fail safe provisions, the control valves on the high temperature water and low
temporature water shall normally be closed to prevent overheating in the low temperature water
system in the event of central control air or electricity failure, Also, to prevent over-
heating, a high limit control should be located in the low temperature water system to bleed
off the control air line to the normally closed valves. In either single zone or multiple zone
systems, the low temperature water zones shall be provided with variable temperature controls
which respond to outdoor temperature which varies the low temperature water inversely with the
outdoor temperature in accordance with a set schedule,

Domestic water heater conversion (260°F Hot Water)
The existing gas fired or electric domestic water heaters are to be removed and replaced
with a water to water heat exchanger, directly connected to the district high temperature water
system, Temperature control of domestic hot water shall be maintained at the desired tempera-
ture by the use of a remote bulb transmitter located inside the drum of the heat exchanger, con-
nected the controlling receiver which in turn is connected to a normally closed control valve
on the district high temperature water supply.

In the event the domestic hot water is now heated by a water to water heat exchanger, it
probably can be reused with the addition of controls as explained above.
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Alir conditioning conversion (260°F Mot Water)
Conversion of an existing hot water ahsorption water chiller can be accomplished by discon-
necting the hot water supply to the absorption unit and reconnecting directly to the district
high temperature water supply. The existing controls would be reused. The existing cooling
tower will continue to be used.

Conversion of an existing electric water chiller will require complete removal of chiller

and a new hot water absorption unit installed in its place connected directly to district

high temperature water supply along with new controls on the hot water side. The existing
chilled water circulation system will be maintained and connected to the chilled water side

of the hot water absorption unit. The controls on the chilled water side are to be changed so
as to be compatable with the absorption unit control system. The existing cooling tower and
condenser water piping shall be removed and a new cooling tower and condenser water piping of
the capacity required for the absorption unit along with the new condenser water pump and
controls shall be installed.

Conversion of an electric direct expansion air conditioning system will reguire the removal of
the refrigeration compressor unit or units, the direct expansion cooling coils, the air cooled
condenser or cooling tower. A new hot water absorption unit will be installed and connected to
the district high temperature water supply system., MNew chilled water coils will be installed
in place of the direct expansion cooling coils connected to the new absorption unit by a new
chilled water circulation system including circulating pump and controls. A new cooling tower,
condenser water piping, pump and controls will be installed,

Classification #2 (260°F Mot Water)

Remove existing steam heating boller and install new water to steam heat exchanger or exchangers
with connections to district high temperature water system. It should be noted that the
maximum steam pressure obtained when using 260°F water in the exchanger will be approximately

3 P.8.1.G.

Heating system conversion (260°F Hot Water)
The existing steam heating piping system and radiation shall be utilized with a steam connec-
tion made to the steam supply connection on the heat exchanger. The condensate return connec-
ticn to the heat exchanger shall be made from the existing condensate pump, Pressure control
shall be provided to maintain the proper steam pressure at heat exchanger. The existing
temperature control system for the building can be used without any change. Control valves
installed on the district high temperature water system will be of the normally closed type to
prevent overheating in the event of central control air or electricity fallure.
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In some cases the 3 P.S.I.G, steam pressure will not be high enough to provide the proper
amount of steam to the radiation and steam coils in the ventilation system, If higher pres-
sure steam (5 P.5.I.G. to 12 P.5.1.G.) is required, a steam pressure booster pump shall be
provided in the steam supply system.

Domestic water heater conversion (260°F Hor Water)
1f the existing domestic water heater uses steam as the water heating medium of a pressure
compatible with the new water to steam heat exchanger, it shall be reused with the steam connec-
tion made to new heat exchanger. The existing steam regulating valve controlling domestic
water temperature will also be reused.

In the event that gas fired or electric water heaters are now used for domestic hot water, they
shall be removed and replaced with a water to water heat exchanger, directly connected to the
district high temperature water system. The controls for maintaining domestic water tempera-
ture are to be as explained under Classification #1.

Air conditioning conversion (260°F ot Water)
If the existing water chiller for the air conditioning system is a steam absorption water
chiller, the water chiller cannot operate on 3 P.S.I.G., steam as provided by the water to
steam heat exchanger. The existing steam absorption water chiller would have to be converted
to a hot water absorption unit. This conversion would be accomplished by certain modifications
to the chiller and then directly connected to the district high temperature water system, complete
with proper controls on the incoming hot water supply. The existing cooling tower and pump
will continue to be used. An alternate to the conversion above would bLe to install a steam
pressure booster pump to provide the proper steam pressure required for the operation of the
steam absorption unit,

Conversion of an existing electric water chiller or electric direct expansion air conditioning
gystem will be accomplished as explained under Classification #1.

Classification #3 (260°F Hot Water)

Conversion of a steam heated building served by a district high pressure steam system can be
accomplished by removing the existing steam pressure reducing valve assembly and converting
the system to the system explained under Classification #2 utilizing the existing condensate
return pumps to return the condensate to the new water to steam heat exchanger,

A



Domestic hot water conversion and air conditioning conversion shall be accomplished as ex-
plained in Classification §2,

Classification #4 (260°F Hot Water)

Conversion of a building heated by hot water served by a district high temperature steam
system can be accomplished by removing the existing steam pressure reducing valve assembly,
condensate pump and steam to hot water convertor, and converting the system as discribed in
Classification #1.

In some cases in & building served by district steam and heated by hot water, the coils in the
ventilation system are supplied with low pressure steam. 1In this case, a water to steam heat
exchanger shall be installed adjacent to the heat exchanger serving the hot water heating
system. The existing steam condensate pump can be reused in this system to return the conden-
sate to the new water to steam heat exchanger. If steam at 31 P.5.I.G. does not have the neces-
sary pressure to provide the coils with enough steam capacity, a steam pressure booster pump
shall be provided in the steam supply system.

bomestic hot water conversion and air conditioning conversion shall be accomplished as des-
cribed in Classification #1.

Classification #5 (260°F Hot Water)

Conversion of a building heated by forced air with coils in the system supplied by a district
high pressure steam system can be accomplished by removing the pressure reducing valve assem-
bly and provided with a water to steam heat exchanger as described under Classification #2.

Domestic hot water conversion and air conditioning conversion shall be accomplished as des-
cribed in Classification 2.

Classification #6 (260°F Hot Water)

Conversion of an all electric heating system using electric resistance type radiation and elec-
tric resistance type coils in the ventilation system to a system using a distriet high tempera-
ture water system requires a complete change of the heating and temperature control system,
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All existing elecktric resistance type radiation shall be removed and replaced with hot water
type radiation and a completely new hot water heating piping system with circulating pumps
and appropriate temperature control.

Classification #7 (260°F Hot Water)

Remove existing gas or oil fired furnace and Iinstall new air handling unit with hot water
heating coil, blower, filters, etc., with connections to district high temperature water
system,

Heating system conversion (260°F Hot Water)
The air duct system shall be utilized with duct connections made to new air handling unit.
The existing temperature controls to the removed and new controls installed controlling new
hot water heating coil and blower.

Domestic water heater conversion (260°F lot Water)
The existing gas fired, oil fired or electric water heaters shall be removed and replaced
with a water to water heat exchanger complete with controls as explained under Classification
§l.

Air conditioning conversion (260°F Hot Water)
he air conditioning systems in this classification are probably in the range of 2 to 25
ton capacity and utilizing direct expansion condensing units and direct expansion coils.
Under this classification, the direct expansion condensing unit would be continued in use
and existing direct expansion coils removed from existing furnace and installed in new
air handling unit.
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METHODS OF CONVERSION zm"g Hot Water (Minimum cost to building owner)
Classification Il (200°F Hot Water)
lemove existing hot water heating boiler and inatall new water to water heat exchanger or

exchangers with connections to distriet high temperature water systen,

lleating System Conversion
The existing hot water heating circulation system shall be utilized with connections wade

to the low temperature side of the hedat exchangor. A water tenperature control on the heat
exchanger is to be provided to maintain water temperature consistent with the existing system,
If the existing circulation system has more than one zone, the temperature of the heat ex-
changor shall be maintained at a fixed temperature high enough to satisfy all zones. iIndi-
vidual zone water temperaturcs arc to be controlled by use of three-wuy mixing valves. 1In all
cases, for fail safe provisions, the control valves on the high temperature water and low
temperature water shall normally be closed to prevent overheating in the low temperature water
systoem in the event of central control air or electricity failure. Also, to prevent over-
heating, a high limit control should he located in the low temperature water system to bleed
off the control air line to the normally closed valves. In either single zone or multiple zone
systems, the low temperature water zones shall be provided with wvariable temperature controls
which respond to outdoor temperature which varies the low temperature water inversely with the
outdoor temperature in accordance with a set schedule,
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Domestic Water Heater Conversion (200°F Hor Vater)

The existing gas fired or electric domestic water heaters are to be removed and replaced

with a water to water heat exchanger, directly connected to the district high temperature wate:
system, Temperature of domestic hot water shall be maintained at the desired temperature

by the usec of a remote bulb transmitter located inside the drum of the heat exchanger, con-
nected to the controlling receiver which in turn is connected to a normally closed control valwve
on the district high temperature water supply.

In the event the domestic hot water is now heated by a water to water heat exchanger, it
probably can beo reused with the addition of controls as explained abovae,

Air conditioning Conversion (200°F Mot Water)

Conversion of an existing hot woter absorption water chiller with an entering water temperature
of 190® F can be accomplished by disconnecting the existing hot water supply to the absorption
unit and reconnecting directly to the district heating water supply. The existing controls
would be reused. The existing cooling tower will continue to be used.




Conversion. of an existing electric water chiller will require complete removal of tite chiller
and a new hot water absorption unit installed in its place connocted directly to district
ieating water supply along with new controls on the hot water side., The existing chilled
water circulation system will be maintained and connected to the chilled water side of the
not water absorption unit. The controls on the chilled water side are to be changed so as

to be compatible with the absorption unit control system, The existing cooling tower and
condenser water piping shall be removed and a new cooling tower and condenser water piping of
the capacity reguired for the absorption unit along with the new condenser water pump and
controls shall be installed,

Conversion of an electric direct expansion air conditioning system will require the removal of
the refrigeration compressor unit or units, the direct expansion cooling coils, the air cooled
condenser or cooling tower. A new hot water absorption unit will be installed and connected
to the district hot water supply system. New chilled water coils will be installed

in place of the direct expansion cooling coils connected to the new absorption unit by a new
chilled water circulation system including circulating pump and controls. A new cooling tower
condenser water piping, pump and controls will be installed.

Classification #4 (200°F Hot Water)

Conversion of a building heated by hot water served by a district high temperature stean
system can be accomplished by removing the existing steam pressure reducing valve assembly,
condensate pump and steam to hot water convertor, and converting the system as described in
Classification §1,
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Domestic Water Heater Conversion (200°F Mot Water)

The existing steam, electric or gas fired domestic water heaters are to be removed and replaced
with a water to water heat exchanger, directly connected to the district hot water heating
system. Temperature of domestic hot water shall be maintained by the use of a remote bulb
transmitter located inside the drum of the heat exchanger, connected to the controlling re-
ceiver which in turn is connected to a normally closed control valve on the district hot water

heating supply.

Air Conditioning Conversion (200°F Hot Water)

If the existing water chiller for the air conditioning system is a steam absorption water
chiller, the chiller shall be converted to a water absorption chiller using an inlet water
temperaturo of 190°F and a laaving temperature of 183°F. Use of water at these temperaturecs
derates the capacity of the existing chiller approximately 57%. A new water absorption
chiller shall be installed adjacent to the existing chiller of a capacity to make up for the
57% of the cooling capacity of the steam absorption chiller lost in converting {t to a hot

water absorption unit.




The conversion of the steam absorption chiller would be accomplished by certain modifications
to tha chiller and then directly connected to the district hot water supply.

The existing chilled water circulation system will continue to be used with piping modifica-
tions to connect the new and existing chiller in a parallel configuration.

The existing cooling tower and condenser water piping will continue to be used, The existing
condenser water pump shall be removed and two (2) new pumps installed with a pumping capacity
compatible with the cooling capacity of the two chillers. Each chiller to be provided with

its own condenser wakter pump.

Conversion of an existing electric centrifugyal water chiller or an electric direct expansion
air conditioning system will be accomplished as described under Classification 1.

Classification §5 (200°F Mot Water)

Conversion Oof a building heated by forced air with coils in the system supplied with low
pressure steam. Steam supplied by a district high pressure steam distribution system with
steam pressure reduced to 10 PSI in the building.
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Heating System Conversion (200°F Mot Water)

The existing pressure reducing station, steam piping, condensate return piping and steam coils
shall be removed. A new water to water heat exchanger shall be installed and connected to

the disktrict hot water distribution system. A new hot water circulation system shall be
installed along with new circulating pump to provide a heat source for new water coilg iastalled
in the system replacing the existing steam colls.

Controls for the water to water heat exchanger to be as described under Classification #l.
Control of each new water coil shall be accomplished with the use of a secondary pump and cir-
culation system circulating water to the coil through a three-way mixing valve.

pomestic Water lleater Conversion {zan"r Hot Water)

The existing gas fired, electric or steam heat exchanger type water heaters are to be removed
and replaced with a water to water heat exchanger, directly connected to the district hot
water heating system, Temperature control of domestic hot water will be as described under

Classification §1,




Air Conditioning Conversion (200°F Hot Water)
The air conditioning conversion shall be accomplished as described under Classification §1

for existing electric centrifugal water chillers and electric direct expansion systems, Con-
version of a steam absorption unit shall be done as described under Classification #2.

Classification #7°(200°F Hot Water)
Remove existing gas or oil fired furnace and install new air handling unit with hot water
heating coil, blower, filters, ete., with connections to distriet high temperature water

gystem,

lleating System Conversion (200°F Hot Water)
The air duct system shall be utilized with duct connections made to new air handling unit.
The existing temperature controls to be removed and new controls installed controlling new

hot water heating coil and blower.

1 Gt

Domestic Water Heater Conversion (200°F Hot Water)
The existing gas fired, oil fired or electric water heaters shall be removed and replaced
with a water to water heat exchanger complete with controls as explained under Classification

il.

Air Conditioning Conversion (200°F Hot Water)

The air conditioning systems in this classification are probably in the range of 2 to 25

ton capacity and utilizing direct expansion condensing units and direct expansion coils,

Under this classification, the direct expansion condensing unit would be continued in use
and existing direct expansion coils removed from existing furnace and installed in new

air handling unit.

NOTE
Buildings with a steam heating system or an electric heating system have not been classified

for conversion or priced cut, These two systems require a complete new redesign and installa
tion and would be impractical to convert.
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Classification #1 (Mintmum Cost to Buflding Owner)
ost Estimate

260°F Mot Water

Conversion of heating system in a building with existing hot water boiler and using the
existing piping and circulation system costs include profit and overhead.

Load in GPM Removal of Convertor Labor, Piping Control Misc. Costs Total
MBH Ciroc, Exist. Equip. Cost & Insul, Cost Cost Mounting Ete. Cost
100 10 $ 125 $ 350 5 B45 $ 175 5 150 $ 1645
200 20 150 500 1149 500 230 2529
o0 30 250 750 1149 500 265 2914
400 40 500 1120 2705 500 483 5308
Boo BO 850 1220 3210 BOD 608 66BA

1000 lo0 1100 1400 3210 800 651 716l
1500 150 1500 1700 5356 800 935 10291
2500 250 2000 2300 5356 1300 1095 12051
5000 500 2200 3700 7578 1300 1478 16256
7500 750 3ooo 4400 1578 1500 1648 181206

10000 1000 4000 6000 7578 (2) 3000 2058 22630

12500 1250 5000 7200 10910 {2) 4000 2711 29821

15000 1500 6500 (2) 8800 16000 {2) 4000 as530 38830

20000 2000 7500 (2) 12000 16000 {2) 7500 4300 4730t
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Classification #2 (Minimum Cost to Building Owner)
~Cost Estimate

260°F Hot Water

Conversion of heating syatem in a building with existing low pressure steam boiller and
using existing steam piping system and condensate return system including condensate return
pumps costs include profit and overhead.,

Load in Removal of Steam Gen, Labor, Piping Control Misc, Total
LBS/HN Exist, Eguip, Cost 6 Insul. Cost Cost Costs Cost
2504 $ 250 $12000 $ 1175 Cost $1343 $14768
5004 550 15500 3100 of 1915 21065
10004 1100 135000 3300 Control 2340 25740
15004 1500 22400 5500 Included 2940 32340
20004 1900 25800 5600 in 3330 36630
30004 2000 29300 5600 Cost 3630 405590
40004 2100 32800 6700 of 4160 45760
sS000# 2200 36200 7700 Steam 4610 50710
75004 dooo 13700 10500 Generation 5320 58520
lo000# 4000 43100 la500 5760 63360
125004 5000 46600 l4100 6570 72270

150004 6500 50000 19500 7600 Bi600
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Classification #3 (Minimum Cost to Building Owner)
Cost Es

260°F Hot Water

Conversion of heating system in a building supplied by a district high pressure steam
system and using the existing steam piping system, condensate return system including
condensate pumps. Costs include profit and overhead.

Load in Removal of Steam Gen., Labor, Piping Control Misec. Total
LAS/HR Exist, Equip. Cost & Insul, Cost Cost Costs Cost
2504 $ 150 §l2000 $ 1175 Cost $1333 $14650
5004 250 15500 iloo of 1885 20735
10004 300 15000 3300 Control 2260 24860
15004 450 22400 5500 Included 2835 3lles
20004 500 25800 5600 in 3190 3500¢
30004 500 29300 5600 Cost 3540 38940
40004 700 32800 6700 of 4020 44220
50001 700 36200 71700 Steam 4460 49060
75004 900 39700 10500 Generation 5110 5621¢
100004 900 43100 10500 5450 59950
125004 1100 46600 14100 6180 6798(

150000 1100 S0000 13500 7060 77661
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Classification #4 (Minimum Cost to Building Owner)
Cost Es e

260°F Hot Water

Conversion of heating system in building supplied by a district high pressure steam
system and installing a new water to water convertor and using existing hot water
circulation aystem and pumps, Costs include profit and overhead.

Load in GPM Removal of Convertor Labor, Piping Control Misc. Costs Total
MBH Cire. Exist. Equip. Cost & Insul. Cost Cost Mounting Etec. Cost
100 10 $ 125 § 350 $ B45 $ 175 $ 150 $ 1645
200 20 150 500 1148 500 230 2529
300 3o 200 750 1149 500 260 2859
400 40 250 1120 2705 500 458 5033
Boo BO 300 1220 3210 BOO 553 6083

loo00 100 300 1400 3210 800 571 6281
1500 150 450 1700 5356 800 831 9137
2500 250 450 2300 5356 1300 940 10346
5000 500 700 3700 7578 1300 1328 14606
7500 750 700 4400 7578 1500 1418 15596

10000 1o00 700 6000 7578 {2) 3000 1728 19006

12500 1250 900 7200 10910 (2) 4000 2300 25310

15000 1500 900 {(2) s6800 16000 (2) 4000 2970 32670

20000 2000 200 (2) 12000 16000 {2) 7500 3640 40040
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Classification Nos. 2, 3, 4 and 5 (Minimum Cost to Building Owner)
Cost EntImatu

2600F Hot Water

Cost of steam pressure booster pump required for bulldings that require steam pressures more
than 3 PSIG, but not more than 12 PSIG. Costs include: booster pump, base, motor, drives,
intake and discharge mufflers, pressure gauges, thermometers, motor starters, and pressure
switch.,

Load in Motor Boostar Piping, Labor Electrical

LBs/HR HP Pump Cost & Insul. Cost Cost Misc. Costs Total Cost
250 8.5 § 4100 $ 2965 g 400 § 747 § B218
500 15.5 4600 3950 520 907 9877
1000 29.5 6600 5775 660 1304 14339
1500 41.0 8500 7780 780 1706 18765

Duplex Units

2000 {2) 29.5 13200 11550 1320 2607 28677
3ooo {2) 41.0 17000 12600 1560 3116 34276
4000 (2) 53.0 21100 13400 1920 3642 40062
5000 (2) 71.0 3l400 15400 2360 4916 54076
7500 (2) 95.0 34100 18600 2730 5543 60973

1o000 (2) 125.0 47500 19500 2930 6993 76923

12500 {2) 155.0 54200 26200 5260 8566 94226

15000 (2) 180.0 55300 29600 5400 9030 95330
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Classification Nos. 1, 2, 3, 4, 5 & 6 (Minimum Cost to Building Owner)
ost Estimate

znu“r Hot Water

Conversion of existing domestic hot water heaters 40* to 140° using existing domestic hot
water piping system and district hot water system.

Load in Load in Removal of New Heater Labor, Piping Control Misec. Total
GPH MBH Exist. Equip. Cost & Insul. Cost Cost Costs Cost
30 25 § 25 § 150 § 150 $125 8 45 § 4585

60 50 a5 175 200 125 53 588

50 75 lo0 300 200 175 77 852
120 100 150 500 425 500 158 1733
300 250 300 looo 725 500 252 27717
6060 500 375 2150 1149 366 4022
500 750 450 3553 2705 Included 671 7379
1200 loo00 600 4370 2705 in 768 8443
1800 1500 700 5120 3210 Cost 903 9933
jooo 2500 Boo 5717 3450 of 997 10964
7500 6250 1000 7675 5356 Heater 14013 15434
2000 7500 1200 10400 7578 1914 21096

12000 lo000 1400 13185 7578 2217 24380
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Classification Nos. 1, 2, 3, 4, 5 and 6 (Minimum Cost to Building Owner)
GcsquEEEiiit&
260"F Hot Water

Conversion of air conditioning systems of 100 tons cooling or over by replacing the electric water
chillers with hot water absorption units, replacing the existing cooling tower, piping and condenser
water pump End using the existing chilled water piping and circulation system costs includes profit
and overhead.

Removal of
Load in Exist. Chiller Chiller Cooling Condenser Labor, Piplng Electric Cost Misec. Total
Tons & Cooling Twr. Cost Tower Cost Pump Cost & Insul, Cost Incl. Starter Cost Cost

100 $2400 § 24200 § 4070 § 3345 § 19360 § 3200 § 5655 § 65430
200 2800 37400 Bl40 515 29920 3400 B520 93695
oo 3200 42900 12210 47375 34320 4050 10145 111600
400 1600 53680 16280 4995 42940 5400 12690 139585
500 4000 63250 20350 7125 50600 7150 15250 167725
600 4400 75900 24420 7235 60720 7300 17995 197970
700 4800 84700 28490 7850 67760 7600 20120 221320
800 5200 92400 32560 9250 73920 9200 22250 244780
900 5600 99000 Je630 9250 79200 8700 23940 263120
1000 6000 110000 40700 9250 BBOOD 11330 26530 291810
1250 6800 130625 50875 9804 104500 12600 31520 346724

1500 7400 156750 61050 15390 125400 14300 38030 418320
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Classification Nos. 2, 3, 4 and 5 (Minimum Cost to Building Owner)
Cost Estimate

260°F Hot Water

Conversion of air conditioning systems with steam absorption water chillers to hot water absorp-
tion water chillers.

Conversion
Chiller Size in Tons Cost
100 to 500 Tons £ To00
550 to 1000 Tons 10000

1050 to 1500 Tons 12500
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Classification #7 (Minimum Cost to Building Owner)
Cost Estimate

260°F Hot Water

Conversion of heating system in a bullding with an existing forced alr furnace and air duct system
and using existing supply, return and fresh air duct system. Costes include profit and overhead.

Load in t CFM Removal of Air Handling Labor, Ductwork Control Total
BTUs/HR FA Circ. Exint. Bquip. Unit Cost Piping, Insul, Cost Misec. Costas Cost
goooo - BOO § 50 § 350 § 325 sl40 s 87 £ 952
10000 - 1000 50 400 5o 140 94 1039
140000 - 1500 75 750 460 1&0 145 1590
170000 20 2000 75 lo00 700 320 210 2305
240000 20 jooo 100 1100 770 360 233 2563
320000 20 4000 100 1200 890 je0 255 2805
400000 20 5000 150 1300 975 360 279 0G4
480000 20 6000 150 1500 1325 360 334 669
680000 20 B500 200 1870 1540 440 405 4455

800000 20 1lo00 200 2100 1730 440 447 4917

g£2-4



CLASSIPICATION #1 (Minimum Cost to Building Owner)
T T

200°F Mot Water
Conversion of a heating system in a building heated with hot water supplied by a hot

water boiler and reusing the existing hot water circulation system. Costs include
Profit and overhead,

Load

In ripe GPM Removal Of Heat Exchanger Labor, Piping Control Misec. Costs Total
Mo Sige Cirec Exist Equip. Cost & Insul., Cost Cost Mounting Ekc. Cast
00 1 1/2 10 £125 $975 $930 $500 $255 52785
200 2 20 150 lo20 1265 500 295 3230
300 2 30 250 1200 1265 500 295 35440
400 2 1/2 40 50 1345 2978 500 535 5855
oo 3 BOD 850 1638 3530 BOO 685 7503

1000 3 100 llo00 le05 3530 800 725 7960
1500 4 150 1500 2409 5890 800 1p60 11659
2500 4 250 2000 3014 5890 1300 1220 1131924
5000 [ 500 2200 4700 8336 1300 1655 18191
7500 (1 150 Qoo 5695 B336 1500 1855 20386
10000 G 1000 4000 7328 8336 (2)3000 2265 24929
12500 B 1250 5000 8900 12000 (2)4000 2990 12890
15000 B 1500 6500 (2)113%0 17600 (2)4000 3950 43440
20000 8 2000 7500 (2)14655 17500 (2)7500 4725 51980
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CLASSIPICATION #7 (Minimum Cost to Building Owner)
200°F Mot Water
Conversion of a heating system in a building with an existing forced air furnace
and air duct system and using the existing supply, return and fresh air duct system.
Costs include profit and owverhead,

Removal
Load |1 CFM Of Exist Alr Handling Labor, Ductwork Control Misc, Total
In MBI F.A, Circ Equip. Unit Cost Piping & Insul. Cost Cost rast
8o - 800 50 a50 325 140 87 952
100 — 1000 50 400 iso 140 94 1039
140 - 1500 75 750 460 160 145 1590
170 20 2000 75 1000 J00 a0 210 2105
240 20 3000 lo0 1100 770 360 233 25613
320 20 4000 100 1200 890 360 255 2005
400 20 5000 150 1300 975 360 279 1064
480 20 6000 150 1500 1325 60 334 3669
680 20 B500 200 1870 1540 440 405 4455
BOO 20 looo0 200 2100 1730 4400 447 1917
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200°F
Conversion of a heating system in a
with high pressure steam by a district high pressure steam system,
profit and overhead,

CLASSIPICATION §5 (Minimum Cost to Building Ouner)

o

Hot Water

building heated by forced air and supplied
Cost includes

load C Cire Labor, Piping

In 0O Pipe GPM Removal Of lleat Exchanger Pump & Insul, Cost Eleo. Control Misc., Total
Mofl I Size Circ Bxist Bquip. Cost Coot Incl. Coils Cost Cost Cost Cost

L

5
100 1 ) 1/2 10 S401 $975 §169 $1120 575 $390 $319 $3so9
200 1 2 20 570 975 403 1604 as50 870 485 53317
300 2 2 30 620 1200 403 21499 350 1140 591 6503
400 2 2 1/2 40 754 1345 498 4425 425 1140 859 9446
800 23 3 80 1308 1638 653 6835 618 1770 1282 14104
1000 3 3 1lo0 1812 1805 940 7610 G668 2040 1488 16363
1500 4 4 150 3466 2409 960 12456 718 2400 2241 248650
2500 5 4 250 3660 3014 1145 14856 767 3360 2677 29449
5000 5 4 500 3724 4700 1680 20220 1020 4560 3591 19503
7500 6 6 750 4732 5695 2965 22778 1020 7200 4439 40829
lo000 7 6 1000 5740 7328 4370 27178 1450 9900 5597 61563
12500 8 8 1250 7620 8300 4770 35010 2852 10200 7035 77387
15000 9 8 1500 8292 (2)11390 5165 44000 2852 13440 0514 93653
20000 10 8 2000 8964 (2)14656 5465 48900 2952 18000 9894 108831
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CLASSIFICATION [1 {Minimum Cost to Building Owners)
LSTIMA

200°F Hot Water
Conversion of a heating system in a builﬂid& heated with hot water converted from
steam supplied by a diatrict high pressure steam system and using the existing
hot water circulation system. Costs include profit and overhead,

Load
In Pipe GPM Removal Of Heat Exchanger Labor, Piping Control Misc. Costs Total
MBIl Size Cire Exist Equip. Cost & Insul. Cost Cost Mounting Etc, Cost
ipp 1 1/2 10 §125 §9715 $930 §500 $253 $278)
200 2 20 150 1p20 1265 =200 295 3230
400 2 1/2 40 250 1345 2975 500 507 5577
BOO k 80 300 1638 3530 BOO 627 6895
lo00 3 100 Joo 1805 3530 apo 645 7080
1500 4 150 450 2409 5890 BOO 955 10504
2500 4 150 450 3014 5890 1300 1065 11719
5000 [ s00 700 4700 B336 1300 1504 16540
7500 G 750 J00 5695 8136 1500 1621 176854
10000 6 1000 700 7328 8336 (2)3000 1536 211300
12500 g8 1250 900 8900 12000 (2)4000 2580 28300
15000 8 1500 900 (2)11390 17600 (2)4000 3iag 17279
20000 8 2000 900 (2)14655 17600 (2)7500 4065 44720
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CLASSIPICATION WO's 1 =& =3

Conversion of alr condltioning ayatems of 100 tons cooling or over by replacing the slectrie
water chillors with hot water absprption units, reoplacing the existing cooling tower, plping
and coendensor water pump and using the oxisting chilled water piping and clreulation system,
Costs inglude profit and overhead,

Load In flemoval Of Chiller Cooling Tower  Condenser Labor, Piping Elec, Cost Mise, Total
Tans Exist Chillor Cost Cust Pump Cont & Insul. Cost Inc*, Startor Cost Coat
& Cooling Twr.
100 §1400 #397%0 4070 #1245 $€l520 $)200 511441  Fl25068
200 2800 61100 a140 3515 98436 Jdoo 17340 197131
300 3200 91600 12210 4775 120744 4050 21658 260217
{00 J600 98300 16280 4554 153348 5400 28192 110118
500 4000 124300 20350 J125 193300 7150 15681 392516
600 4400 146000 24420 7215 227760 7300 41712 458027
700 4000 171800 20450 7850 260008 7600 A08ss 537401
00 5700 }:} 196600 12560 {2)8950 106696 10000 Saleo (9 153
500 ss00 (2)223000 164630 (2y14250 49128 12400 54180 TO5508
la00 6000 (I)240600 40700 (2} L4250 87016 14300 71655 783321
1250 60800 (2} 343600 50875 (2115696 536016 Li%00 96730 1064877

gZ-d



CLASSIPICATION WO's 4 - 5

Conversion of alr conditioning mystoma of 100 tons cooling or over by converting the existing

pteam sbaorption water e¢hiller to a hot wator absorption onit and adding a new wator absorption
water clilller of capacity. sufficlont te mako up tho coollng load roquired as a rosult of
convorting the existing stoam absorption unit to a hot water absorption unit ueing 190*F ontoring

water,

clrculation syatom will yemain in usa.

t and overhead.

Tho existing cooling towor, condenser water plping, condenser water pump, chilled water
Cost includos pm!i

Load In Conv, Of Cap, Of Exist New Chiller Hew Chiller Labor, Piping Electrical HMise. Total Cost
Tons Exist Chiller Chiller After Capacity Cost & Ingul. Cond. Cost Cost
Cost Conv In Tons in Tons Pumpa, Cost
100 §7000 43 57 §2%200 §37360 $1040 §7000 §85800
100 T000 17 114 33500 51350 4080 10193 113121
Joo T000 129 171 51600 67080 4860 131054 143594
400 T000 172 1212 63100 B2030 6480 15861 174471
500 7000 215 185 17400 100620 500 19160 212960
[1:1/] 14000 50 J42 $lé00 11%0m0 B7G0 22945 252385
700 lo000 36l 159 58300 127790 5120 324520 269730
BO0 loo00 344 456 111500 145470 11040 27040 306250
900 10000 37 511 124300 181590 11640 30750 336200
1060 10000 410 570 Lisooo 169800 13500 35930 195035
1250 12500 517 712 171800 22340 15130 92275 465015
1500 12500 45 LET {zy223000 290540 20020 54715 GOLORS
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Conversion of existin
in temporature from 130°F to 140°F.

continue in use, Costs Iinclude profit and uverhead.

CLASSIPICATION HO'a 1 = =5 = 7

domestic water heaters 40* to 140* uaing district hot water
Tha existing domestlc hot water piping system

i

Load In Load In Removal Of Wew lloater Labor, Piping Conktrol Mine, Total
&rn Kol Exint Equlp. Cosk 4 Insul. Cost Cost Cont Coat
30 25 § 25 1275 4325 150 iloa 2063
1] 50 1] 1760 428 200 342 1762
50 75 100 4250 550 200 510 5610
110 100 150 5470 T20 Included 615 G583
Joo 250 Joo 5680 1075 In 705 1760
600 500 3715 5975 11758 Cast 773 G490
00 750 450 6350 1246 of loos 1ipes1
1200 1000 11:]:] 7638 3340 Heater 1158 12136
lado 1500 7680 lo481 jgs2 1503 16536
loon 1500 BOD 12550 dl4d0 1749 152133
1500 6250 looo 22137 6427 2956 31530
9000 1500 1100 24760 5004 1505 10559
1io00 10000 1400 28650 10340 4040 44420

0E-8



Appendix C

HEATING SYSTEM CONVERSION METHODS — OFTIMUM
RETURN WATER TEMPERATURE



c-3

CONVERSION OF HEATING SYSTEMS IN

U.S. BUTLDINGS

by Erik Wahlman, M.Sc.Mech.Eng. Theorell & Marsin
Energikonsulter AB, Sweden.

District heating hot water system has many good
preprequistes for profitable economy. One of the
elements which have great influence of the economy
iz the converting costs of the heating systems in
existing buildings. The heating system must be well
adopted to the district heating hot water system,
otherwise the function of the system could fail.

In US-buildings compared to European, the heating
systems have great variations in both the heating
media and the regulating systems. In Swedish buildings
2.9. the heating systems since the beginning of

1920 are pure hot water used for both airconditioning,
radlators and domestic hot water heaters. Because of
that there are usually no problems and no large

costs to connect Swedish buildings to the district
heating network. From investigations Lt seems that
many of the US buildings especially those who are
built before the mid of 1960 require considerable
conversions of their heating systems.

To get rapld start with good economy of a new district
heating systems one needs customers who are willing

to be connected to the central system at reasonable
energy rates. These will probable be reprasentasd by
cwners cf new bulldings and those existing buildings
with hot water systems which do not need any great
conversicns. To find those buildings, a very thorough
survey of all bulldings should be made in the arsas
considered for district heating to get them classified
regarding to the conversion costs to the d.h. system.
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SURVEY

The survey of the buildings shall itemize the HVAC
system, to get an opinion of the HVAC-type and
condition in the investigated buildings. Following
items about the system are of intarest.

A Steam distribution system
= in boiler room only
= to mechanical equipment rooms
throughout the bullding
= to all air handling units
and induction units
- to radiators
B Hot water system to heating colls
C Hot water radiation system
D Typa of chilled water generation

To be able to evaluate the systams, interviews with
the owners must be performed. An example of an
interview checklist may look like fig. 1.

That list will give the system and conditions of

the buildings heating and cooling facilities. To-
gether with that list and schemes over differant HVAC-
system shown in exhibit 1 a classification and esti-
mation of the conversion costs could be performed of
the surveyed bulldings as shown later on.

SCHEMES

The schemes in exhibhit 1 illustrate eight different
common HVAC-systems and their conversion from steam
heating to district heating hot water systam. The
schemes are made for different type and age of
buildings.
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They conly show the principles of connecting the
heating system via heat exchanger to the d.h. system
arpd the idea of regqulating the heating air units,
induction units and radiators. The principls is that
no hot water can be returned without passing a user.
Otherwise the return tamperature to the heatexchanger
will be too high and the return temperature of the
primary d.h. hot water will alsc be too high and that
will spoil the economy in the cogeneration plant. The
return water temperature sgill will vary by differert
use of the hotwatsr and improper regulation.

Ho notice is taken 1f the steam is produced in the
building”s boller room or in a centralized steam
boiler plant.

Schems 1

Users: large modern offices, hotels and stores.

Steam to hot water heaters for air hand-
ling and induction units, radiators and
domestic hot water.

Conversicn: Replacement of steam/hot water heac-
exchanger and new energy meter.

Supply temperature various to outdoor
temperature 145°¢c (290 ®), 80°%c (176 ).
Return temperature will be calculated in
three levels 100° (212 F), 80% (176 F)
and 60%C (140 F) due to the achievement
of the hesating units and their regulating
systems,



Scheme 2

Usars:

Conversion:

Scheme 3

Users:

Conversion:
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large offices, hotels and stores.

Steam for air handling unlts, hot

water exchangers for induction units,
radiators and domestic hot water.
Replacement of air handling units or en-
larging their surface so they will fit

to hot water, new pipes for hot water,
new heat exchanger for hw/hw to air units,
induction units, radiators and domestic
hot waters.

Supply temperature variés as in scheme

1 to the outdoor temperature 145°¢ (290 F)
to 80°C (176 F). Return temperature will
be set in three different levels as in
scheme 1.

large offices, hotels and stores.

Scheme 3 1s equal to scheme 2 but the
cooling machine is & steam driven ona-
effect absorption chiller.

Raplacement of alr handling units or en-
larging their surface so they will fit
te hot water, new hot water pipes and new
heatexchangers and energy meter as in
scheme 2. Conversion of the steam colils
to bigger hot water ccils in the ap-
sorption engine.



Schems 4

Users:

Conversion:
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The supply temperature must be constant
145%c (290 F) to provide encugh heat to the
ahsorption machine. The raturn temperaturs
after the absorption chiller is fairly
high about 125°C (257 F). That return wa-
ter should go into the supply water pipe
to the other heatexchangers, but when
there iz a small heat demand the return
water enters into the d.h. return water
pipe. Return temperatures of 120% (248 F),
100% (212 F) and 80°C (176 F) should be
calculated. Special attention must be paid
to the ragulating valves of the heatex-
changers. Their volume range will be very
large because the d.h. supply water does
not wvary the temperature when the energy
demand decreases.

offices, hotels and small hospltals.

Scheme 4 is egual to scheme 2 except
that the steam systems to the alr hand-
ling units are pressarved. The d.h. hot
water shall generats steam by a steam-
generator. This system can be used if
the ordinary steampressure is up to 2
bar (29 psi) and the steam demand to the
air units and eventually alsc steam for
kitchen and washing machines is not too
great.

New heatexchangers for hw/hw to induction
unite, radiators and domestic hot water,
new anergy meter and a steam generacor



Scheme 5

Users:

Conversion:
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with a design pressure of 1,2 bBar (46
psi) and a working pressure up to 2 bar
(29 pail).

The supply temperatura will be high,
abeut 135°C (275 F). The return water,
when there is a demand at the other
heatexchangers, will go into the supply
d.h. water pipe otherwise directly into
the d.H. return pipe.

Return temperature levels will be set
to 130% (266 F) and 100°% (212 F).

Special attention must be paid to the
dimension of the regulating valves of
the heatexchangers such as in scheme 1.

old offices, hotals, shops and stores.

Staam is used dirfectly for all air hand-
ling and eventually induction units.
Steam is heatexchanged to hot water for
the radiators and domestic hot water.

Replacement of all air handling and in-
duction units or enlarging their sur-
face so they will fit to hot water, new
pipes for hot water, new heat saxchancers
for hw/hw to ventilating systems, radia-
tors and domestic hot water, new enercgy
meter.



C-9

Supply temperature varies to cutdoor
temperature 145% (290 F) to 80°% (176 F).
Return temperature can be sat to 80°¢

(176 F) and 60°C (140 F). This low tem-
perature can be reached when a new and
wall designed system is introduced.

Scheme 6

Usars: old officas, hotela, shops, appartmant
buildings and stores.

The whele building is steamheatad by
radiators and probable some small venti-
lation systems.

Conversion: Replacement of the ventilating units or
enlarging their surface sg they will fit
to hot water, new pipes for hot water,
new heatexchanger for the heating systems
and the domestic hot water, new energy
meter. The radiators can usually be
used for hot water.

Supply temperatura 145% (290 7) to
80% (176 F)

Return temperature 80% (176 F) to
60% (140 F)

as in scheme 5.

Scheme 7
Users: small offices, shops, appartment buil-
dings, multi and single family houses.

The whole building is heated by hot air
heated by steam air handling units.



Conversion:

Scheme B

Users:

Conversicn:
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Replacement of all air handling units

or enlarging their surface so they will
fit te hot water, new pipes for hot
water, new heatexchanger for the heating
system and the domestic hot water, new
ensargy mater.

Supply temperature 145°C (290 F) to
80°C (176 F). Return temperature can be
set lower to 60°C (140 F) due to the
airheating coils can be designed for a
lower temperature.

small offices, shops, multy or single
family houses.

The whole building is heated by air,
heatad by npatural gas.

The gas airheaters are replaced hy
waterheating units, new hot water pipes,
new heatexchangers for heating system
and domestic hot water, new enargy meter.

Supply temperaturas 145% 8290 F) to
80°c (176 F)

Return temperature 60°C (140 F) and
40%c (104 F)

the same system as in scheme 7.



Conversion costs

The different type of buildings which are represan-
ted by the elght schemes can be grouped in throee
sizes of their heat demand like this matrix.

Scheme Building heat demand

nr 5 MW 0,5= 5 MW 0,5 MW
1 x x =

2 x X -

a x x -

4 x x -

5 S *® x

6 - x x

T - = 4

8 = - X

Of each system there are about three variations of
the return temperature. This will give about 45
different cases to calculate. To minimize the cal-
culation work an eveluation has to be done from the
survey. Buildings of three different sizes and
reprasenting the most commom schemes should be cal-
culated due to the conversion costs and three
different return temperature levels.

The conversion cost should be split up in the follo~
wing items, then these figures can be used for simi-
lar buildings and systems in other areas.

Cost items expressed in $ and $/kW ($/MBtu/hr)

= Replacement or enlarging of the heating surface
of the alr handling units,

- Wew hot water pipes in the building.

- Heatexchanger for hw/hw to ventilating systems
and radiators.

- Domestic hot water heatexchanger.
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= Conversion of one-stage absorption chillers

- Steamgenerator

- Regulating systems

= Piping in the heatexchanger room

- Energy meter

- Demolishing of steam boilers and stem/condeansate
Piping system

The conversion cost should also be figured ocut in
$/MWh (SMBtu) based on the capital costs at a de-
preclation time of 15 years and common U.S. interest
and the annual energy consumption. This anargy cost
shall be added to the energy cost given fraom the
district heating company. The differsnce between
this sum and the actual energy cost in existing
situation, including labor cost in the boiler room,
maintenance, spare parts, sweeping, costs for water,
water treatment, etc. shall be as high as possible
to the benefit of the district heating system.

CLASSIFICATION

Based on the survey, th® schemes and the conversion
costs the buildings can be classified to their life
expactancy and their suitabiliecy for conversion.
They can be classified to

A Building suitable for conversion without big
system changes

B Building suitable for conversiocn after remodelling.

C Bulilding unsuitable for conversion
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As a result, different buildings can be grouped
together according to their conversion suiltability.
Together with theseée estimations, regional building
expansion plans must be studied. These shall show
the changes to the existing situation like demo-
lishing, remodelling and/or new development areas.
All these informatlon will help the planning of a
d.h. system so the d.h. network can be laid in
those areas where connecticn of existing and new
buildings can be made most favourable.



Firm or OWET ccasssssssassssnsnansssasrs BUTLOTHG HUARC SYSTEM SURVEY

Mress ...eeees e A A R SIC code or type of establishment .. ...covveeianss
Person interviewed ....oasesssiprianirsnsaes Age of bullding ...cqeeeee iEsisissasasninarns
EXISTING/ TEMP . CAPACTTY AMMUAL YEAR YEARS TO REMARES
NOT EXISTING PRESSURE METU/HR — [EMAND INSTALLEDY RETTREMENT
HBtu
Coymected to central stesm
distribution system Yeu,Ho - :
Steam/bot Ler Yes Mo
W bodler Yes,/Ho
Steam distribution system: - - - - - -
- in boller poom only as Mo
= to mechanical rooms throughout
busi 1 ing Yes /Mo
- to radiation system Yeu Mo
IM system to heating ooils Yes No
IM radiation system Yes /o
Induction unit/fan coll unit system  Yes/No
Central chilled water generation: - - -
- Reciprocating Yes /Mo
= Centrifugal fscred YeaHo
= (neftwo stage absorption Vs Ho
N = cooling Yes fHo
Gas Fired ventlaltion mnits Yes /Mo
Steam/HW/gas felectric don. hot water
heater

pL-2

"1 “Era

fote: When systems have leen Installed In phases, define data for each phase.

INCETVIENT S NIME  wosssisssssssssimansssasnss Dabl ..cssasssersnsasass
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EXHIBIT 1
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Appendix D

BUILDING CONVERSION COST STUDY FOR
FIVE EXITING BUILDINGS



BUTLDEING CONVERSION COST STUDIES
RELATING TO
PISTRICT HEATING
FOR
FIVE EXISTING BUILDINGS

MINNESOTA ENERGY AGENCY
720 AMERICAM CENTER BUILDING

PREPARED BY

MICHAUD, COOLEY, HALLBERG, ERICKSOM & ASSOC., INC.
110 PLYMOUTH BUILDING
MINNEAPOLIS, MINNESOTA 55402

1 HEREBY CERTIFY THAT THIS PLAN, SPECIFI-
CATION OR HEPORT WAS PREPARED BY ME OR UNDER
MY DIRECT SUPERVISION AND THAT I AM A DULY
HEGISTERED PROFESSIONAL ENGINEER UNDER THE
LAWS OF THE STATE OF MINNESOTA. :

‘ .
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HEMMEPIN COUNTY GOVERMMENT CENTER

This County Center building is a two tower structure, 24 Floors high
with an open atrium dividing the administrative tower and court tower.
The principle type of occcupancy s offices, court rooms and public
service an the lower four floors.

Steam at 265 psig and chilled water Is piped to the structure from &
street tunnel distribution system and a district power plant approxi-
mately three blocks away. Since the Government Center does not have

It own chillers within its structure, the need For steam s for heating,
ventilating system, and domestic water systems.

Three mechanical rooms serve the building, dne sub grade lower level,
and one each at the top of the tower sections. Steam pressure is re-
duced to 100 psig to serve heat exchangers for heating and domestic
water at the lower level and upper level mechanical rooms. Generally,
the existing direct steam radiation reduced at the PRY station to

10 psig steam, has been disconnected or out of service because of
need. Consideration has been given to new heat exchangers serving
ohly the wventilation and domestic water systems.

The original’ design criteria includes heating domestic water from
450° ro 140® F and supplying the ventilation systems with 210°F water
from a closed loop circulating system and 170° F return water temp=
erature, Preheat coils have a separate secondary ''run-around' cycle
pump circulating piping; reheat generally piped directly from the
primary 210" F, water is cantrolled through automatic three way and
modulating pneumatic controls.

Cost data Is for converting the existing systems from high pressure
steam to district heating high temperature hot water supplies at an
assumed 300" F. Return mixed water has been considered at three sep-
arate temperatures: 212° F, 176° F. and 140" F. with controls de-
signed to approach these selective conditions.

Reference is made to the schematic sketch, SH-1, showing the three
equipment room systems, using district high temperaturs hot water in
saries with heating and ventilating heat exchanges and domestic water
exchangers. Duplicate sxchangers, piping and controls arc included
in the conversion cost estimate, fram a practical design, duplicate
equipment serve only as standby. Existing piping has been used

where feasible; the high pressure steam and condensate return mains
could serve as the carrying circuits in high temperature hot water,
Demolition costs included in this building have been kept to minimum
values. It is assumed that the insulation thickness of existing steam
and condensate return piping used for district heating water would be
adequate, but not necessar|ly meeting Minnesota Energy Code require-
ments For new piping. All new piping connectlons and heat exchangers
would have the regquired insulation thickness and "'U" values.

Referance 1s made to Sketches 3, LU, and 5, showing the control and
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series piping required for each system. The tabulated data for the
lower level and two upper level systems include the pipe size, temp-
erature, heat exchanger size and the pre-determined mixed return
water temperature. Cost estimating includes the varjable sizes far
control pipes and heat exchangers. Additlonal cost breakdown Is
presented in the appendix.

The composite total costs are summarized as fol lows:

212* F. System 5280,546
176 F. System 5281,650
140" F. Systam §292,400

The sequence of controls is described in basic control srsttm and used
to limit the predetermined return water temperature (212%, 176°%, ThO*F.)
In actusl practice, the supply water temperature 1o the heating coils
and pre-heat cails can be varied and reset from outdoor temperature,
the current L.W.T. is set for 210" F. at -20" F cutdoor temperature.
When the return water temperature to the district heating plant Is

set for 140° F., a condition may occur when the demand for domestic
water is minimal resulting in @ limited supply of D.H. water to the
heating water exchanger due to the high limit sensor located in the
0.H. water return line. An alternate sclution to this problem would
be to change all pre-heat coils, heating coils, fan coils and unit
heater.

The coils designated in the existing system schematic as preheat (PH)
or heating coils (H) all in banks or rew or multiple settings. The
proximity of ad]acent bank of coils for each air handling system
would not ltend itself to removing and replacing new and larger colls
having a greater surface area in the form of tube row depth, Because
of the numerous quantities and space limitation, It is impractical

to change coils,
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HENNEPIN COUNTY GOVERMMENT CENTER

Date Steam Demands
Temperature Lbs. fHr.

1110077 =13 28,000
111 /77 =26 27.500
W7 =21 25,000
118777 =2 22,500
12/6/77 =-10 24,600
127477 =10 28,500
12/9477 =12 26,700
12726477 =3 27,600
12/27/11 =10 28,800

PURCHASED STEAM

1976
Month H Lbs.
January 14151
February 3085
March 7403
April 3736
Hay 3219
June 2278
July 2048
August 2095
September 2562
October 45k
Navember g226
December B9s52
Total
65358
1977

January 10863
February 6787
Marech 1863
April 1911
Hay 947
June 1068
July 1037
August 1117
September 1410
October 3553
Hovember e84
December 9204

Total L7k
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SEQUENCE OF CONTROL OPERATION

Instrument supply line to ventllatlon air equipment maintains 210" F.
modulates valve Vg,

Instrument in supply line in domestic water maintains 140° F. by
modulating valves V5 and Vy in sequence; V3 open first on call for
heat, Vy open enly after Vi is fully open.

Instrument sensor in maim return te central heat plant will prevent
temperature from rising above (212, 176, 140) by modulating V; directly,
and through reversing relay modulating valve V3.

V; closes ¥, opens. Modulation of ¥y from instrument in domestic water
line will o¥erride modulation of “3 ;rum instrument in maln return line.
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COST ESTIMATE

Lower Level 212°
Admin, Tower 212°
Court Tomer 2]2°

Lower Level 176%
Admin. Tower 178"
Court Tower |76%

Lowar Leval 140°
Admin. Tower [4D°
Court Tower 140°

The above totals include the following:

212 L.L.
Admin.
Court

176 L.L.
Admin.
Court

140 L.L.
Admin.
Court

5109, 346

Bs, 600

85,600

280,5

10k, 250

88,700

84, 700

281,850

112,400

90,000

90,000
§252,400

Demalition Controls and Insulation

L, oo0 30,000
4,800 26,560
4,800 16,560
4,000 27,300
4,800 26,560
4, Boo 26,560
4,000 28,700
L, Boo 23,400
L, Boo 23,h00
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The following is a breakdown requested by your office for Hennepin
County Civic Center.

LOWER LEVEL 212*

Labor 4 15,428.00
Heat Exchanasrs 15,527.00
Fiping 31,391.00
Demo 4,000.0C
Insul 10,000.00
Temp Control 20,000.00
Toral 96,346.00
Mark Up 11,nm.ﬂ-u
Total Price $109,366.00
ADMINISTRATIVE TOWER 212° COURT TOWER 212°- SAME
Labor $ 10,944.00
Heat Exchanger 10,993.00
Piping 21,023.00
D=mo 4,B00.00
Insul 10,000.00
Temp Control 16,560.00
Total Th,320.00
Mark Up 11,280.00

Total Price 85, 600.00



LOWER LEVEL 140°
Labar

Heat Exchangersa
Plping

Lemo

Insul

Temp Control
Total

Mark Up

Total Price

ADMINISTRATIVE TOWER 140°
Labor

Reat Exchangers

Piping

Dema

Insul

Temp Contraol

Total

Mark Up

Total Price

HENNEFIN COUNTY BUILDING

Labor

Heat Exchangers
Fiping

Demo

Insul

Temp Control
Total

Mark tUp

Total
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10,200.00
42,600.00
13,300.00

%,000.00
10,000.00

18,700.00

98,800.00

13,600.00

5

12,400.00

COURT TOWER 140° - SAME

$ 15,200.00

19,560.00

15,500.00

4,800.00

10,000.00

13,400,00

78,500.00

11,500.00

$ 90,000.00

SUMMARY
140° - 212°

40, 600 3.96 37,316 3.64
81,8600 7.96 37,513 3.66
44,500 4,34 73,437 7.16
13,600 1:33 13,800 1.32
30,000 2.92 30,000 2.92
45,500 4.43 53,120 5.18
255,800 24.94 244,986 23.88
36,600 3,57 35,560 3,47
292,400 2 28.51 ZB0, 546 27.3%
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LOWER LEVEL 176"

Labor $ 10,039.00
Heat Exchangers 35,711.00
Piping 15,100, 00
Demo 4,000.00
Insul 10,000.00
Temp Control 17,300.00
Total 82,150.00
Mark Up 12,100.00
Total Price $104,250.00
ADMINTISTRATIVE TOWER 176 COURT TOWER 176" - SAME
Labor $ 18,550,00
Heat Exchanger 16,130.00
Piping 13, 160,00
Damo 4,B00.00
insul 10,000, 00
Tenp Control 16,500.00
Total TT.260.00
Mark Up 11,460.00

Total Price $ 88,700.00
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HENNEPIN COUNTY 4ovERNMENT LENTER
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HENNZPIN COUNTY GOVERNMENT CENTER
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KELLOGG SQUARE

This town house, apartment complex is located In St. Faul, Minnesota and
consists of 779,580 sq. ft. of floor area and 13,983,840 cu. ft. total
volume. The 554 apartment section of the building is a structure 32 floors
in height sarving one and two bedroom tenant type apartments. The |9 unit
town house portion of this structure totals 5 floors. Generally, the lower
three floors consist of commercial and office space.

The main boller room houses the two 600 H.P. low pressure steam boilers
which are combination gas/oll fired. Steam is distributed to various
parts of the bullding from the main steam header, which serves blast unit
heaters for entrances, preheat ventllation coils, heating coils, domestic
water heat exchanges, steam to water heat exchangers serving radiation,
reheat and fan coll systems.

The boller room equipment includes two domestic water heat exchangers
which deliver water to the town house units and the lower floors of the
apartment tower section. One steam to water heat exchanger serves
radiation for the lower three floors. Steam from the boller room header
also distributes steam to the town house heat exchangers and alr ventila-
tion units.

The town house heat exchangers are used for reheat air systems and fan
coll heating units.

The 2Zkth floor equipment rooms house the ventifation units, domestic
water and heat exchanger equipment. Steam is distributed to the air
units and heat exchangers.

The summer load Is principally domestic hot water and reheat. Two cen-
trifugal electric refrigeration chillers located in the boller and equip-
ment room generate 1340 tons of refrigeration. Chilled water Is distributed
to central air units and Tan colls.
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KELLOGG SQUARE

ANNUAL CONSUMPTION - FUEL(S)

“ s
MONTHS FUEL TYPE & UNIT FUEL TYPE
DATES Quantity Used Quantity
FROM/TO MCF Used Gallons
10-20-76
9-21-76 L565 100
8-20-76 3555 o
7-26-76 2557 ]
6-22-76 iso7 0
5-21-76 3r0 o
k-22-76 4o7o 350
3-23-76 4600 500
2-23-76 2kBo 24,450
1-27-76 3350 29,995
12-22-75 50 68,750
11-21-75 1200 49,350
10-21-75 3610 67,750
TOTAL 37,308 241,245

# Matural Gas 1000 BTU/Cu. Ft.
#% Qil 150,000 8TU/Gal.
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KELLOGG SQUARE

Summary of Existing Connected Load

Steam HBH

Preheat Colls 8,781
Heating Cails 8,535
Cabinet Unit Heater 427

Blast Unit Heater ﬁﬁﬂ
5,533

Steam to Hot Water Converters

Boiler Room HMEH
Domestic Water 1,800
Domestic Water 1,800
(Radiation H.W. 5L216120 3,760
7,360
Town House
Reheat H.W. SL41GED 2,050
Fan Coll H.W. B & G SuUlp&Z 1,800
3,650
2hth Floer
Domestic water 1,800
Domestic Water 1,800
Reheat H.W. SL41LGD 1,290
Fan Coll H.W. SLL126D 1,030
Total 5,920
Maximum Daily Consumption - 3,000 Gallons #4 0il

#4 071 Consumption (Gallons)

Matural Gas Consumption (Cu. Fr.)

k1,311,000

19,433

_}E_:_E%

1977
151,036
46,178,000
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SEQUENCE OF CONTROL OPERATION

Instrument supply line to ventilation air equipment and heat exchangers
maintains 5 psig steam at 227® F., modulates valve vy

Instrument in supply line in domestic water maintalins 140* F, by mod-
ulating valves V3 and ¥y in seguence; V3 open first on call for heat,
Vi open only after V3 is fully open.

Instrument sensor in main return to central heat plant will prevent
temperature from rising above (212, 176, 140} by modulating vy directly,
and through reversing relay modulating vaive Vy.

\\‘l closes, V3 opens. Modulation of Y3 from instrument |n domestic water
line will override modulation of V3 from instrument in main return 1ine,

Valves V,, Vy, etc. act independently through their respective sensor
instrument In the leaving water side for domestic water and heat ex-
changer equipment.



D-21

 KELLOGG SOUARE
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KELLOGG S @UARE
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212 System
Labor

Heat Exchangers
Piping

Demo

Insulation
Temp. Control
Total

Mark Up
Total Price

176 System
Labor

Heat Exchangers
piping

Dema

Insulation
Temp. Control
Total

Mark Up
Total Price
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COST ESTIMATE

KELLOGG SQUARE, ST. PAUL

L] 46,000
105,800
23,100
12,000
20,000

33,600

240,500

24,000
264,500

] 47,700
65,800
26,300
12,000
21,000

16,400

209,200
20,900
230,100
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COST ESTIMATE

KELLGGG SQUARE - 5T. BAUL, MINNESOTA

Labor $ 50,418
Heat Exchangers & Coils 67,600
Piping & Valves 27,521
Demo 12,900
Insulation 21,800
Temp. Controls 38,000
218, 267

Mark Up 21,828

240,095
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RADISSON HOTEL

This hotel located in St. Paul, Minnesota is a 23 story structure
with 5% of floor area below grade. The steam at 20 psig and 260°F.
Is supplied to the building from a public utility from underground
tunne! distribution laterials in the street. The condeansate s not
returned to the utility grid system. The floor area is 1,216,608
sq. ft. and the total bullding volume is 17,032,512 cu. ft.

The Qeatlng load is principally the Indirect hot water heat exchangers,
domestic water and ventilation alr units. The peak monthly demand 6810
H Ibs. steam, raference (s made to the annual steam consumption.

Refrigeration machines for cooling are two machines, each 242 tons,
direct drive electric centrifugal, well water 252 tons and DX units
145 tons.

The kitchens utilize approx. 3000 MCF/year natural gas for cooking.
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RADISSON HOTEL
5T. PAUL MINMESOTA

CONNECTED DESIGN LOAD

Zone Reheat Coils

Entrance and Unit Heaters

Ballroom Floor Heat Exchanger

Ballroom Floor Heat Exchanger

Lobby Direct Radiation Heat Exchanger
Penthouse Direct Radiation Heat Exchanger
Preheat Coils (air handling Units)

Reheat Colls (air handling units)

Domestic Water Heater

Eitchan

1,532
215
5,000

5,000

40
9,990
9,520
5,000

36,657

40,857
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SEQUENCE OF CONTROL CPERATION

Instrument supply line to ventilation air equipment and heat exchangers
maintains 5 psig steam at 227°F., modulates valve “:*

Instrument im supply line in water maintains 180°F. by modulating wvalwves
‘H'1 and Vg in sequence; ?3 open first on call for heat, ‘U" open only after

va is fully open.

Instrument sensor in main return to central heat plant will prevent
temperature from rising above (212) by modulating V) directly, and
through reversing relay modulating valve Vi,

V1 closes, V3 opens. Modulation of V3 from instrument in domestic water
line will override modulation of V3 from instrument in main return line.

Valves Vg, V5, act independently through their respective sensor instru-
ment in the leaving water side for domestic water and heat axchanger

egquipment.
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RADISSCN HOTEL

ST. PAUL, MINNESOTA

ANNUAL STEAM COMSUMPTION

M-1LB STEAM
1976 1977 1378
January 5,190 6,810 4,230
February 1,550 4,020 4,440
March 3,240 2,890 3,720
april 2,950 1,780 1,890
May 1,260 sT0 1,190
June 530 370
July 140 420
August 330 380
Septamber 590 izo
October 1,030 960
Hovember 1,950 1,390
Decenber 3,980 4,460

25,490 24,370 15, 560
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RADISSON HOTEL

OLD ST. PAUL HILTOM

212* SYSTEM

SUMMARY OF COST ESTIMATES

Labor § 11,640
Heat Exchangers 54,226
Piping, Cond. Pump, Receiver, Valves 30,066
Demolition 1,500
Insulation 6,200
Temperature Control 20,770
Total $124,402
Mark-Up 14,900

Total Price $139,302
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RADISSON HOTEL
OLD ST. PAUL HILTON

176°F System
SUMMARY OF COST ESTIMATE
Labor § 22,240
Heat Exchangers k2,226
Piping, Cond. Pump 40,506
Demolition 5,300
Insulation 10,500
Temparature Control Eﬂ, 1Eﬂ
Sub Total 150
Mark Up | 0

Total 71,0
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CHAMBER OF COMMERCE BUILDING

This office bullding has 144,250 sq. ft. and a volume of 4,131,000

cu. fe. It is contained in a typical small office structure 12

floors above grade plus a penthouse, and 1 floors below grade. The
original construction was started in 1923 with modification made
continuously to date including converting to a D.H. type steam system

in 1954. The original building was operated from 2 low pressure steam
boilers. There is an existing total connected load of 7000 MBH, of which
the direct connected steam load is approximately 56% of the total lcad.

An indirect hot water system supplies 90°F water to ventilation units.
Three high velocity air handling system supply conditioned air to the
basem#nt and first five floora. The units receive steam, hot watar or
chilled water.

The 6th through 12th floors have individual eguipment rooms housing
multizone fan units. Each unit will recelve chilled or hot water
depending on seasonal demand. The conversion of chilled water to hot
water is presently accomplished through mancal valwve changes which can
be automated.
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(OLD H.5.F.) CHAMBER OF COMMERCE BUILDING

MINKEAPOLIS, MINNESOTA

Design

Design Chilled Hot
Water Watar

GPM GFM
12th Floor N.E. Zons 45 22.5
12th Floor 5.W. Zone as 17.5
lith Ploor 60 3n.0
10th Floor 50 25.0
9th Flgor H.E. Zone a5 22.5
9th Fleor 5.W. Zone S 2.5
Bth Floor 50 25.0
7th Floor N.E. Zone 41 20.5
Tth Floor S.W. Zone 9 4.5
6th Floor 40 0.9
High Velocity N.E. and 5.E. 80 40.0
High Velocity 5.W. and N.W. a0 45.0
High Velocity Internal 170 85.0
lst Floor 80 40.0
Cafe and Auditorium 60 30.0
Vaults 29 14.5
Home Service 11 _ 5.5

Total 900 450.0



Septamber
October

Hovember

January
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April

June
July

August
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CHAMEER OF COMMERCE

POUNDE OF STEAM

1976-1977

324,600
302,700
1,496,700
2,085,700
2,181,800
1,211,200
862,400
386,600
125,100
67,800
75,700

85, &00
5,805,700

1977-1978

62,300
492,600
1,026,800
1,779,600
1,670,%00
1,635,900
952,000
725,400
251,400
126,500
73,100

63,300
8,865,800
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(OLD M.5.P.) CHAMBER OF COMMERCE BUILDING

MINNEAPOLIS, MINNESOTA

EXISTING DESIGN

SUMMARY OF COMNECTED LOCAD

Sub-Basement Units
Reat and Auditorium
Vaults

Home Service

Uppar Floors Unit (6 to 12)

Perimeter Radiation

Domestic Hot Water

Direct
Water Steam
MEH MBH
1,263.6
182.0 167.0
7.5 212.0
48.6
1,471.0
3,042.7 i79.0

3,042.7

379.0
3,421.0

165.0

3,965.0
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SEQUENCE OF CONTROL OPERATION

Instrument supply 1ine to ventllation alr equipment and heat exchangers
maintains 5 psig steam at 227® F., modulates valve Ui.

Instrument In supply 1ine In domestic water mafntalns 140" F. by mod-
ulating valves V3 and Vi in sequence; F] open first on call for heat,
Vi open only after V3 is fully open.

Instrument sensor in main return to central heat plant will prevent
temperature from rising above (212, 176, 140) by modulating V, directly,
and through reversing relay modulating valve va.

?; closes, V3 opens. Modulation of Y3 from instrument in domestic water
line will override modulation of V3 from Instrument in main return line,

Valves V,, Vph, ete. act independently through their respective sensor
instrument in the leaving water side for domestic water and heat ex-
changer equipment.
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CHAMBER OF COMMERCE BUILDING

212* Bystem

SUMMARY OF COST ESTIMATE

Labor

Heat Exchangers

Piping, Condensate Fump, Receiver, Valves, Etc,

Demolition
Insulation
Temperaturs Contral
Total

Mark-up

Total Price

Labor

Heat Exchanger

Pipe

Demolition
Insulation
Temperature Control
Total

Mark-up

Total Price

176* System

£12, 300
15,184
22,841
12,650

7,000

12,800

82,575

9,300

$92,475

$10,800.00
16,400.00
18,100.00
12,650.00
5,500.00
11,000.00
74,450.00
8,934.00

$83,384.00
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DAYTON'S — ST. PAUL, MINNESOTA

Thias five story structure is a merchandizing department store having
388,000 sq. ft. area and 5,432,000 cu. ft. volume. Tha main mechan-
ical equipment room sets in a penthouse housing two 400 HP hot water
boilers having a capacity to heat 664 gpm of water each, from 160*
to 200° F. 1In addition, the penthouse equipment room houses air
handling units, domestic water and snow melting equipment.

Two separate snow melting equipment units have the following capacities:

MMETUS SHELL SIDE TUBE S

HR. ey ENT LWG GPM < EWT  ar
1.35% 70 200 180 150 110 130
£.00 300 200 160 674 110 132

The tube side consists of a 508 solution of ethylene glycol.

The boilers may not be cperated during the summer months because of the
need for 200°F. hot water. Summer gas can be used for heating domestic
water only. This unit is 750,00 BTU/Hr. which is 5.3% of the total
winter load. Since the cooling is accomplished with electric centri-
fugal refrigeration units, it i{s not practical to use D.H. 300°F.

water for sumer conditions. The flow rates of D.H. water for 212,
176, and 140 F. return temperature is 18, 12 and 9 GPM respectively.

Consideration has been given to use heat sxchangers in lieu of the
existing boilers and operate a snow melting heat exchanger in series
with the primary heating and ventilating exchanger.

FUEL CONSUMPTION
1376 1977
#2 Fuel 0il (Gallons) 51,800 39,800
Gas Cu. Pr. 19,773,000 14,440,000
Firing Rate of Boilars
#2 0il 124.4 Gallons /Hour

Gas 17.422 cu. Pt. /Hour



Feb, 77

April
May
June
July
Aug.

Sept.

DAYTONS 5T. PAUL, MINNESOTA

MCF

Firm Gas

143
116
124
107
112
104
98.7
112.3
106.8
114.8
i6l1.8
151.6

1,452

D-46

MCF

Int. Gas

969
1,791
1,221
1,006

222

964
1,042

837
1,009
1,255

1,371

12,988

Fuel 0i1l
Gallona

19,800 gal.
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212* 1

Heat Exchangers
Piping

Damo

Ingul

Temp Control
Total

Mark up

Total Price

Temp Control
Total

Mark up
Total Price

D-49

DAYTON'S

ST. PAUL, MINNESOTA

COST ESTIMATE

$ 22,650.00
15,800.00
18,200.00
12,000.00
12,000.00
16,560.,00
97,210.00
14,600.00

$111,810.00

$22,650.00
16,000.00
18, 200,00
12,000.00
12,000,00
16, 560,00
97,410,00
14,600.00

e B —
$112,010.00



D-50

Dayton's

St. Paul, Minnesota
Cost Estimate
Page -2~

140" Systen
Labor

Heat Exchangers
Piping

Demo

Insul

Temp Control
Total

Mark up

Total Price

$ 19,200.00
16,000.00
16,600.00
12,000.00
11,800.00

*g,am.m
89,000.00

13,350.00

$102,350.00
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111-130,
131.
132.
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134,
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136.
137.
138,

139,
140.
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ORNL/TM-6830/P4
Dist. Category UC-95d

INTERNAL DISTRIBUTION

W. Barnes 89. M. Olszewski
Bowers 90. G. D. Pine
. H. Bronfman 1. R. J. Raridon
. Brummitt 92. R. C. Riepe
5. Carlsmith 93. T. H. Row
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Kornegay 101. T. J. Wilbanks
. G. Lawson 102. D. J. Wilkes
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W. Michel 108. Laboratory Records (RC)
R. Mixon 109. Laboratory Records
D. Murphy 110, ORNL Patent Office

EXTERNAL DISTRIBUTION

Conrad Aas, Northern States Power Company, 414 Nicollet Mall,
Minneapolis, MN 35401
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Mike Barnes, KVB, Inc., 6176 Olson Memorial Highway, Minneapolis,
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William Bethea, Department of Energy, 20 Massachusetts Avenue,
Washington, DC 20545

Garet Bornstein, Department of Energy, Mail Stop 461, Washington,
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Craig Bradley, United Illuminating, 80 Temple Street, New Haven,
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ﬂéazk Bullard, Department of Energy, Bldg-FED, Washington, DC
20545
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N. B. Childress, Wisconsin Electric Company, 231 West Michigan,
Milwaukee, WI 53201

F. W. Childs (UPD, T3), EG&C Idaho, Box 1625, Idaho Falls, ID
83401
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Room 7204, Washington, DC 20410

John Crawford, Department of Energy, Mail Stop B-107, Bldg-GTHN,
Washington, DC 20545
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John Gilbert, Department of Energy, Bldg-FORSTL, Washington, DC
20545
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Dayton, OH 45401

Ed Glass, Northern States Power Company, 414 Nicollet Mall,
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Neal Goldenberg, Department of Energy, Mail Stop B-107, Bldg-GTN,
Washington, DC 20545
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Department of Energy, Washington, DC 20545

Ken Hagstrom, Touche Ross and Company, 780 North Star Center,
Minneapolis, MW 55402
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E. G. Hansen, Syska & Hennessy, 11 West 42 Street, New York, NY
10036

Wesley Hellen, Wisconsin Electric Power Company, 231 West Michigan,
Milwaukee, WI 53201

P. L. Hendrickson, Battelle-Pacific Northwest Laboratory, P.O,
Box 999, Richland, WA 99352

Randy Hoskin, Rocket Research, 11441 Willows Road, Redmond, WA
38052
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Herbert Jaehne, Northern States Power Company, 414 Nicollet Mall,
Minneapolis, MN 55401

Algernon Johnson, Minnesota Energy Agency, American Center
Building, 5t. Paul, MN 55102

Peter A. Johnson, Northern States Power Company, 414 Nicollet
Mall, Minneapolis, MN 55401

Feter Jones, Northern States Power Company, 414 Nicollet Mall,
Minneapolis, MN 55401
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J. Karkheck, Brockhaven National Laboratory, Uptom, NY 11973
Carey Kinney, Department of Energy, Mail Stop E-178, Bldg-GTN,
Washington, DC 20545

Kaarlo Kirvela, Ekono Oy, PL-2F, SF-00131, Helsinki, Finland
Paul Klisiewicz, Chas. T. Main, Inc., Prudential Center, Boston,
MA 02199

M. G. Knos, Transflux Int., 2500 Lemoine Avenue, Ft. Lee, NJ
07024

Tom Kosvie, KVB, Inc., 6176 Olson Memorial Highway, Minneapolis,
MN 55422

Richard E. Kremer, Hennepin County, 6836 Oaklawn Ave., Edina, MN
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James P. Lagowski, Detroit Edison, 2000 Second Avenue, Detroit,
MI 48226

William F. Laidlaw, Northern States Power Company, 825 Rice
Street, St. Paul, MN 55117

Kjell Larsson, Studsvik Energiteknik AB, §-611 82, Nykoping,
Sweden

Mayor George Latimer, 347 City Hall, St. Paul, MN 55102

Robert Lawton, Subcommittee Energy and Power, Room 3204, House
Office Building Annex, Washington, DC 20515

Peter Lazare, Department of Public Service, 1863 Iglehart Avenue,
St. Paul, MN 55104

Rod Leas, 775 Osceola, St. Paul, MN 55113

C. C. Lee, Environmental Protection Agency, 5555 Ridge Avenue,
Cincinnati, OH 46268

Gerald Leighton, Department of Energy, Bldg-20 Mass, Washington,
DC 20545

Kalevi Leppa, Ekono, Inc., 410 Bellevue Way SE, Bellevue, WA
98004

Ken Linwick, Minnegasco Energy Center, Inc., 773 Marquette
Avenue, Minneapolis, MN 55402

Eric Lister, Department of Energy, Mail Stop E-178, Bldg-CTN,
Washington, DC 20545

Kenneth P. Lue Phang, Tennessee Valley Authority, Liberty
Building, Knoxville, TN 37902

Raymond H. Lund, Electric System Planning Department, Baltimore
Gas and Electric Company, 1220 Gas and Electric Building,
Baltimore, MD 21203

Tom McCauley, City of Moorhead, 1212 23rd Avenue South, Moorhead,
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C. L. McDonald, Battelle Pacific Northwest Laboratory, P.O.

Box 999, Richland, WA 99352
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Minneapolis, MN 55401
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Sweden

E. Matthews, H. H. Angus & Assoc., Ltd., 1127 Leslie STF, Don
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Robert Mauro, EPRI, P.0. Box 10412, Palo Alto, CA 94303

Rene H. Males, EPRI, P.O, Box 10412, Palo Alto, CA 94303

Thomas Maxwell, NYS Energy Office, Building 2, 9th Floor,
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John McCabe, Rocket Research, 11441 Willows Road, Redmond, WA
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Charles F. Meyer, General Electric TEMPO, P.0. Drawer QQ,
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James Mielke, Northern States Power Company, 360 Wabasha,
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