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LARGE CITY DISTRICT HEATING STUDIES FOR
THE MINNEAFOLIS-ST. PAUL AREA

M. A. Karnitz  A. M. Rubin”

ABSTRACT

The Department of Energy, Minnesota Energy Agency, North-
ern States Power Company, and other local government and pri-
vate organizations are cooperatively performing an in-depth
application study to determine the feasibility of district
heating for a large northern U.S. city. Over 90% of the space
and water heating requirements are currently supplied by oil
and gas. Hence, district heating can potentially replace large
quantities of scarce fuels with coal or nuclear resources. In
addition, district heating, using a cogeneration power plant,
substantially increases the fuel utilization efficiency when
compared to an electric only plant.

& Swedish firm, AB Atomenergi, is performing a preliminary
economic and technical assessment. The analysis uses current
Swedish district heating technolegy and experience, and adapts
it, where necessary, to U.S, conditions. Preliminary Swedish
results indicate favorable economics for a large system, which
includes residential areas, when technology innovations such as
temperature resistant plastic piping are used. For conventional
piping technology the economics appear favorable for the commer-
cial areas of the city core.

The peak heat load for the Twin Cities is approximately
4200 MW(t). The scenario presented by AB Atomenergi assumes
2250 MW(t) would be supplied by cogeneration units, and the
remaining 2000 MW(t) would be peaking, heat-only units. The
dual purpose units would be used as the base load and would
supply 90% of the total annual energy load.

The interest generated by the joint U.S5.-5wedish effort has
guided the participants to more detailed investigations of
(1) energy sources, (2) distribution and building systems,

(3) environmental acceptability, (4) financial and organiza-
tional alternatives. If these evaluations are sufficiently
positive, and if the local participants provide sufficient com-
mitments to proceed, the next step would probably include an in-
depth design phase that could lead to a demonstration project.

#*Department of Energy, Washington, DC.



1. 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 boiler-only unit or a dual-purpose facility
which produces both electricity and thermal energy. The process used in
the dual-purpose plant is known as cogeneration. The most significant
advantage of cogeneration power plants compared to conventional steam-
electric generating stations is the drastic increase in efficiency of the
cogeneration plant., Figure 1 shows graphically the comparative efficien-
cies of both types of plants. The overall conversion efficiency of an
electric-only plant is about 33%. The remaining two thirds of the energy
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is rejected to the environment through once-through cooling systems or
cooling towers at a temperature of about 35 to 40°C. A cogeneration
power plant, on the other hand, can operate at an overall efficiency as
high as 80%, but this requires some sacrifice in electric output. In
order to supply thermal energy 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. The higher the temperature supplied for heating,
the lower the electriec output.

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 huildings.I However, it was not until the early part of the twentieth
century that cogeneration/district heating systems came inte existence.
These systems utilized the exhaust steam from small, noncondensing steam-
electric power plants to heat buildings in nearby business districts.

The introduction of large, condensing generating stations located remotely
from urban areas eliminated the cogeneration energy source for the steam
district heating business. At the same time, the petrcleum industry was
expanding into the space heating market, and competition from inexpensive
oll and natural gas curtailed the growth of the U.S. district heating
industry.

The history of distriet heating in Europe is somewhat different than
in the U.S.? The development of large district heating networks in
Europe took place during the rebuilding period after World War II. Dis-
trict heating has found widespread acceptance in Europe, where hot water,
rather than steam, is used for heat transport. For large systems, hot
water has proven to be more economical than steam because of the high
losses assoclated with steam piped over long distances. The lower cost
allowed for more expansive growth of the European systems along with the
use of remotely located cogeneration plants, Figure 2 shows a comparison

of connected district heating loads on a per capita basis for the United
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States and Europe. It can be seen that the use of district heating in
the U.S. is comparatively limited, although some large steam distriet
heating systems are in existence in New York, Philadelphia, Detroit,
Boston, and other cities. European systems are continuing to expand.
One example is Stockholm's plans to hiild and connect a cogeneration
plant BO km from the city.

Recent studles indicate that approximately 20% of U.S. energy con-

sumption is for residential and commercial space and water heating.



Furthermore, over 90% of these requirements are supplied by oil and gas.
This constitutes an enormous target of opportunity for substituting coal
and nuclear resources for fossil fuels, which are more limited in supply.
It is for this reason, as well as the success of European district heating
systems, that the Advanced Systems and Materials Production Division
(ASMP) of the Department of Energy (DOE) has undertaken a program to
determine the technical and economic feasibility of supplying thermal
energy from nuclear power plants. A brief summary of the overall program,
of which one portion involves district heating, is presented in Ref. 3.
The program is expected to contribute significantly to DOE's overall
objective of reducing dependence on imported oil by providing economic
and environmentally sound energy options and promoting conservation

of energy. Other Federal and State agencies and private industry are
participating in this effort, which is being coordinated by Oak Ridge
National Laboratory (ORNL).

To determine the feasibility of district heating under U.5. condi-
tions, DOE-ASMP initiated a site specific study to evaluate cogeneration/
district heating for a large city. The study, which is summarized below,
focuses on technical, economic, environmental, and institutional issues
relating to a large hot water district heating system for the Twin Cities
of Minneapolis-St. Paul.

2. DESCRIPTION OF ONGOING STUDIES

There are several reasons why the Minneapolis-St. Paul area was
chosen as the site for a district heating study. First of all, it meets
the technical eriteria such as high number of degree days, large potential
load, and the feasibility to consider both coal and nuclear as potential
fuels, However, the main reason for selecting the Twin Cities is the
serious interest of a number of local companies and agencies. The local
participants ineclude Northern States Power Company (NSP), the Minnesota
Energy Agency (MEA), Minnegasco (Minneapolis Gas Utility), the University
of Minnesota, the Minnesota Pollution Control Agency (MPCA), and the
Metropolitan Council. The two mayors and a number of city council members

of both cities have also indicated interest and enthusiastic support for



the program. Once the city had been selected, the next step was to decide
on who could perform the site specific application study. Since the
Europeans have considerable experience with hot water systems and have
also done a great deal of research, DOE/ORNL subcontracted AB Atomenergi
of Sweden to perform a preliminary economic and technical assessment.
AB Atomenergi has performed similar studies in other countries. There-
fore, it was concluded that this experience would be beneficial to a U.S.
study and would permit the completion of work within a reasonable time
period. The work of AB Atomenergi is jointly funded by DOE-ASMP and DOE-
Building and Community Systems (BCS), a division in DOE Energy Conserva-
tion. The following paragraph is a brief description of the work scope.
"The objective of the U.S.-Swedish district heating study

is to analvze the prospects of a major district heating scheme

for a large city in the United States. The basic source of heat

is reject heat from a large power station. The analysis considers

various alternatives and different fuel price growth projections.

The study will illustrate the methodology of analyzing such

schemes in the United States. The analysis will be based on

current Swedish district heating technology and experience,

adapted where necessary to U.S. conditions. There will be an

additional analysis based on technology now under development

which promises better economics. A computer program will be

used to optimize the various alternatives.* Comparisons will be

made with nondistrict heating options. Cost and fuel require-

ments over long periods will be compared. Environmental conse-

quences and institutional problems will be identified. General

conclusions for other U.S. cities will be acknowledged."

The joint U.S.-Swedish study officially began on April 15, 1977, with
a series of meetings in the Twin Cities. Dr. Peter Margen, AB Atomenergi,
outlined the approach of the study, and the local participants responded

enthusiastically. The Minnesota Energy Agency committed a man-year of

*Hot water under pressure at temperatures up to approximately 150°C
will be considered. This relatively high distribution temperature would
permit thermal energy to be used for absorption air conditioning which
would provide a significant load for the district heating system during the
summertime,



technical assistance to provide leadership and to coordinate the data
gathering on population, heat loads, etec., which is required input for
the AB Atomenergi analysis. Northern States Power offered information

on their existing power plants and made a commitment to supply heat load
data for St. Paul (NSP owns and operates a steam district heating system
and the natural gas system in St. Paul). Minnegasco offered to supply
the heat load data for Minmneapolis. The physical plant staff of the
University of Minnesota, which is located between the Twin Cities, offered
information on their heat load data, tunneling costs, and building retro-
fit costs. The joint U.S.-Swedish study is expected to be completed by
July 1978,

Preliminary Swedish results to date indicate favorable economics for
a large system, including residential areas, for the newer technology of
temperature resistant plastic piping. For conventional piping technology,
the economics appear favorable for the commercial city core areas. The
peak heat load for the larger system is approximately 4200 MW(t). The
city core area has a heat load density of 56 MW(t)/km®, while the sur-
rounding regions with a population density greater than 1600/km® have a
heat load density of 7.6 MW(t)/km®. The Conventional steel piping is not
economical for such low heat load densities as those in the surrounding
residential areas.

AB Atomenergi's preliminary scenario assumes 2250 MW of thermal energy
would be supplied by cogeneration units. This is about half of the total
capacity [4200 MW(t)]|, however, the thermal energy from cogeneration units
would supply 90% of the total annual energy load. The remaining 2000 MW(t)
would be inexpensive heat-only units that would supply about 10%Z of the
yearly load (Fig. 3). The 2250-MW(t) cogeneration capacity would be made
up of 750 MW(t) from three converted units and 1500 MW(t) from new units.
The assumed growth of the entire system is given in Fig. 4. There are
three stages of development over the 15-year buildup of the system. The
initial stage consists of converting turbines in existing in-town power
plants to extract steam for district heating. Existing district heating
beoilers and new cogeneration plants would then be utilized to supply heat
as high heat load density areas in the center city districts are connected

to the network. Existing, as well as peak load bollers, would provide
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emergency backup for the cogeneration units. Finally, the outlying
residential areas would be connected to the main network starting with the
denser areas close to the city.

It was realized early that in order to make the study realistic
there were several areas that needed further investigation. There was
an immediate need for additional technical and economic assessment, The
Building Owners and Managers Assoclation for the Twin Cities made the
point that it was necessary to assess the cost of converting existing
buildings to a hot water heating system. Northern States Power acknowl-
edged a need for a detalled assessment on problems related to extracting
thermal energy from existing turbines. Also, considerable effort was
needed to study environmental issues. Questions such as how district
heating could contribute toward improved air quality and where new plants

could be sited needed answers.

2.1 Ancillary Technical and Economic Assessments

The Minnesota Energy Agency addressed the question of estimating
building conversion costs by proposing a detailed study on the economics
of retrofitting existing bulldings in the downtown area of the Twin
Cities. The scope of work for this study is outlined below.

"Determine the type of heating system for the buildings in

the study area. Classify the types of systems according to tech-

nical characteristics and determine the most economic method of

converting each type. GSelect specific representative buildings

for detailed conversion evaluations. Determine the applicability

of the general conversion methods to each building in the eity

core and representative buildings outside the core area.

Develop recommendations for future buildings to minimize costs

of conversion to district heating system."

The work will be carried out in conjunction with about ten archi-
tectural firms who originally designed a total of 400 to 500 buildings
in the Twin Cities area. One firm is responsible for writing guidelines
to specify the protedure for determining techniques to evaluate con-
verting different types of buildings. This is being done with the
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assistance of a Swedish consultant applying building conversion technology
that has been widely utilized in Sweden. The guidelines will be valuable
in insuring that each building conversion 1s assessed in a consistent
manner. This study, which is sponsored cooperatively by DOE-ASMP and
Minnesota Energy Agency, began on July 15, 1977, and will take about ten
months to complete. Initial indications are that conversion of modern
buildings having intermal hot water distribution systems would be rela-
tively simple. About 60Z of the existing downtown buildings have hot
water distribution systems, whereas less than 1% of the buildings in the

downtown area are electrically heated.

2,2 Studies by Northern States Power Company

Northern States Power Company owns and operates coal-fired electric
generating plants in both Minneapolis and St. Paul, The location of
existing plants in and around the Twin Cities area is shown in Fig. 5,
The highbridge plant in St. Paul has four active units with a total
generating capacity of slightly less than 400 MW(e). The Riverside
plant in Minneapolis is approximately the same size. The unit size
varies from 35 to 220 MW(e), with the age ranging from 12 to 45 years.
NSP has hired Ekono, a Finnish consulting engineering firm, te perform a
preliminary study to determine the amount of thermal energy that can be
extracted from the Riverside and Highbridge plants. The study, which
should be completed sometime in December 1977 will answer a number of
questions concerning the potential for cogeneration in relationship to
existing condensing power plants.

Another effort that iovolves the cooperation of NSP is a DOE-ASMP
study with United Engineers and Constructors.® NSP is a typical U.S.
utility that is bullding large facilities [B0O0-1200 MW(e)], whereas
European distriet heating systems are based on smaller plants of about
200 MW(e). There are no existing large cogeneration/district heating
facilities over 250 MW(e), and the intent of this study 48 to analyze
the technical feasibility for the larger plants. This preliminary effort
of about two man-months of work included two major areas: (1) a con-

ceptual design of an 800 MW(e) cogeneration power conversion system, and
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(2) the comparison of cogeneration and conventional power plants of equal
rated capacity in terms of heat rates and fuel savings.

The results of the conceptual design study provide some insight into
the operational characteristics of a typical cogeneration plant with con-
trallable steam extraction. Figure 6 shows the relationship between the
production of heat and electricity. The shaded area in the figure repre-
sents the allowable range of operation of the power plant. It can be
seen that the cogeneration plant has a certain degree of flexibility,

which allows some independence between the thermal and electric output of
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the plant. This is highly desirable, especially for district heating
applications where the heat load varies considerably throughout the year.
The maximum electric power output as a function of the thermal load is
represented by the line C-D-B; the minimum electric output is given by
the line A-B. With no steam extraction, the maximum electric output is
500 MW(e). At a thermal load of 690 MW(t), a maximum power output of

BB8 MW(e) can be produced. Any additional increase in thermal energy
extraction above 690 MW(t) up to the maximum of 1180 MW(t) then decreases
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the power output, This maximum, represented by point B, is at the turbine
rated power level of B09 MW(e).

The efficiency of the power plant under various operating conditions
is shown in Fig. 7. It can be seen that the net turbine heat rates for
cogeneration are significantly better than those for conventional con-
densing turbine generators. The most efficient operation is at 100%
steam extraction which is at the rated power of 809 MW(e). On an annual
basis, the fuel savings obtainable by such a cogeneration plant is
equivalent to about 2 1/2 million barrels of oil. At 512 per barrel, this
results in a savings of about $30 million per vear.

There are plans to do a detailed coal cogeneration/district heating
plant assessment supported jointly by NSP and DOE. The assessment would
be site specific with a detailed examination of (1) new and existing
cogeneration units located at existing in-town facilities, and (2) a new
facility located outside the Twin Cities. The in-town option would have
the benefits of using a developed site and a relatively short thermal
energy transport distance. However, most existing In-town facilities have
physical limits on the size of units that could be installed; also,
environmental constraints may limit the acceptability of additional in-
town units. The out-of-town option would examine a conventional size
unit that has the advantage of economy of scale but the disadvantage of
having to transport thermal energy over relatively long distances. The
results should establish the economic and environmental feasibility over
a significant size range of units.

NSP is also sponsoring a detailed district heating marketing assess-
ment for their S5t. Paul service area. In the past, the economics of
expanding the St. Paul system has been unfavorable; but recent changes in
the supply and cost of energy and capital, along with the recognition of
the need to conserve scarce fuels, have brought about the need to re-
evaluate the central heating concept, This in-depth effort will examine
expanding the existing steam distribution system and also the possibility
of converslon to hot water. This is a rather large study approximately
equivalent to five man-years of effort and will take ten months to

complete,
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2.3 Environmental Assessments

Air quality considerations are obviously critical to the implementa-
tion of district heating. One stack used in the production of electricicy
and thermal energy would replace emissions from many low level space
heating stacks. A number of Swedish cities that have a large fraction
(60 to 95%) of heat supplied by district heating also have greatly reduced
levels of S0 concentration compared to towns which utilize many small
oil-fired boilers.® The effect district heating can have on the air
quality depends to a large extent on the type of fuel being replaced.

Approximately 90% of the heating requirements in the Twin Cities area
is currently supplied by natural gas. Projections for the future indicate
a change in fuel availability. Replacing natural gas with oil would in-
crease local emission levels; replacing natural gas with electriecity for
space heating would be very inefficient and would increase average emis-
sion levels for the entire state. Presently, the Twin Cities have been
designated a nonattainment area by the Envirommental Protection Agency
(EPA) in particulate and sulfur dioxide emissions. EPA is requiring
states to submit a plan for attainment and maintenance of environmental
standards which will involve compliance agreements, stipulation agreements,
and the use of best available technology for control of emissipns. Exist-
ing technology usually involves mechanical stack gas control devices which
are energy intemsive. Using oll for space heating might dictate emission
controls on small stacks, wﬁéraas the district heating alternative would
alleviate the implementing of contrcls on small stacks. District heating
might be considered as an ingredient in environmental attainment and
maintenance plans.

Based on the control strategy concept, the DOE Division of Environ-
mental Control Technology is sponsoring an air quality modeling study.

The assessment is being performed by ORNL Environmental Impact Section in
coordination with the Minnesota Energy Agency and the Minnesota Follution
Control Agency for the Twin Cities. The analysis will compare three
scenarios: (1) current environmental conditions, (2) environmental
conditions projected for the mid 1990's without district heating, and
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(3) environmental conditions with a district heating/cogeneration system.
Results of the study should be available by the end of 1978.

District heating would also reduce thermal pollution to rivers and
lakes. There are a large number of existing electric generating units
that use once-through cooling; and, if some of these units were modified
in order to supply thermal energy to the district heating grid, there
would be a reduction in the amount of thermal energy rejected to the
environment. The most significant reduction would occcur in the winter

when the space heating load is the highest.

2.4 Study of Nuclear Cogeneration Plants

Another assessment is the examination of nuclear/cogeneration for
district heating. The improvement in air quality using a nuclear plant,
in comparison to coal, is a major reason to include this option. Nuclear
energy is a complex and often emotional issue, but the U.S. energy situa-
tion will not allow forellesing such an option without rigorous studies.

Nuclear reactors have been used for district heating in Sweden and
the USSR, Beginning in 1964, the Swedish Agesta reactor provided 70 MW
of thermal energy to a suburb of Stockholm.® The plant also supplied
electricity to the grid, but it was shut down in 1974 because the eco-
nomics of such a small plant were unfavorable. A dual-purpose nuclear
plant located in the north of the Soviet Union at Bilibino has been
operational since 1973.7 The first nuclear cogeneration plant in the
U.5. is under construction in Midland, Michigan, and is scheduled to go
on-1line in 1982, Four million pounds of steam per hour will be piped from
the Consumers Power Company's plant to Dow Chemical Company for process
heat applications. In addition to the applications of nuclear power
mentioned above, numerous studies on dual-purpose and small power reactors
for district heating have been undertaken. A summary of some of these

efforts is presented in Ref. B.

The present study will focus on an intermediate size [1200 MW(t)]
Babcock and Wilcox pressurized water reactor (PWR) known as the Con-
solidated Nuclear Steam System (CNSS5). The CNSS concept, which stems from

nuclear merchant ship propulsion steam systems, but is designed to operate
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at a higher power level, is described in Ref. 9. Compared to conventional
loop-type PWR's, the CNSS has additional inherent safety features. This
aspect, along with other characteristics of the reactor, such as size

and compact design may provide the basis for the possibility of obtain-
ing regulatory approval for plant siting nearer to centers of population.

2.5 Study on Institutional Issues

An assessment currently in the planning stages deals with the need
to address institutional issues relating to cogeneration/district heating.
These barriers include financing, rates, tax policy, organization struc-
ture, hook-up policy, franchizing, environmental regulation, and con-
struction impacts. The proposed study would analyze the institutional
issues of implementing distriet heating in the Twin Cities on an owner-
ship case study basis and make appropriate recommendations to remove or
circumvent such barriers, if possible. Alternative ownership structure
would be assumed; and for each structure there would be (1) a list of

barriers, (2) feasible solutions, and (3) recommendations.

3. SUMMARY

The introduction of large-scale hot water district heating in the
U.S. presents complex economic and institutional issues. It is the goal
of this program to resolve some of the problems by means of in-depth
application studies. Most of the district heating studies described in
this paper will be completed by the end of 1978. If these evaluations are
sufficiently positive, the next step would probably be an in-depth design
phase that could lead to a demonstration project. Hopefully, the
Minneapolis-St. Paul studies will also provide a basis for the evaluation
of district heating/cogeneration in other U.S. cities.
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