Prospects for District Heating in
the United States

District heating can effect a significant

reduction in fossil fuel consumption.

J. Karkheck, J. Powell, E. Beardsworth

The oil crisis of 1973 made more vis-
ible the limits of the U.S. and world oil
and gas resources and the political and
economical uncertainties inherent in
U.S. dependence on foreign oil. Appre-
ciation of these factors has sparked in-
creased research and development in the
United States on new and improved tech-
nologies for energy supply. However,
the cost and difficulty of achieving dra-
matic gains in energy supplies has result-
ed in great interest in methods of energy
conservation. Energy can be conserved
in a number of ways: by reducing de-
mand, by improving the efficiency of
end-use devices, and by multipurpose,
that is, total energy, use. For example,
oil or gas fuel used for home heating can
be conserved by: (i) turning down the
thermostat in the house; (ii) improving
the combustion efficiency of the furnace
and the insulation efficiency of the
house; or (iii) multipurpose use which, in
many cases, can save large amounts of
energy without excessive cost or change
in life style. For space and water heating
systems, energy is only needed at rela-
tively low temperatures—that is, 50° to
100°C. In many situations waste heat
from electrical generation plants or in-
dustry could be used to meet residential
and commercial space and hot water en-
ergy demands with resultant large sav-
ings in the oil and gas resources now
consumed for such purposes.

Space and water heating together cur-
rently account for 19 percent of the total
U.S. energy demand. Each year 1 billion
barrels of oil and 0.2 x 10'2 cubic meters
of natural gas are consumed in the
United States to meet these demands.

In many parts of the world, residential
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and commercial space and water heat is
supplied through large-scale district heat-
ing systems. Such systems typically sup-
ply hot water at a temperature of about
100°C from a small number of localized
sources through a grid of buried transmis-
sion and distribution pipes to many thou-
sands of individual consumers. In this
article, district heating refers only to
space and water heating applications.

District heating systems have not been
implemented to any significant degree in
the United States. To some extent this
has been a result of custom and institu-
tional barriers, but for the most part has
reflected the condition that consumers
could generally meet their space heat
and hot water needs more cheaply with
individual heating systems than with dis-
trict heating systems. The recent large
increases in the cost of fossil fuels has
made district heating systems much
more attractive, however. This trend will
continue and the balance will shift even
further toward the more efficient district
heating systems as energy supplies be-
come scarcer. In addition, demographic
projections show the urbanization trend
continuing in the United States, with the
emergence of new urban areas as well as
intensification of population in existing
ones. This will also favor a change to
district heating.

In studies on the feasibility of district
heating systems in the United States (/)
the focus has been, in general, on the
implementation and costs of systems for
“new towns,”” where the district heat
system would be constructed as partxof a
large new residential area. Such applica-
tions would be very limited, however,
because the vast bulk of the U.S. popu-
lation will continue to live in existing
urban and suburban areas. Additional
housing construction will occur in these
existing areas but it will represent a rela-

tively modest increase over that already
in place, and it will be subject to limi-
tations imposed by existing utilities and
roads, for example.

Any significant implementation of dis-
trict heating in the United States would
require the installation of transmission
and distribution pipes in existing residen-
tial and commercial areas. The laying of
pipes under existing pavement will in-
volve costs and public inconvenience
substantially greater than those charac-
teristic of systems built in new towns.

World Status of District Heating

Two obstacles to the implementation
of district heating systems are mobiliza-
tion of capital and institutional barriers.
Such systems are expensive and usually
affect many groups with conflicting inter-
ests. Probably only through federal par-
ticipation could the planning and funding
of such large projects be carried out. In
fact, district heating systems have been
implemented to the greatest extent in
countries where the government has
played a central role in planning and
finance.

District heating systems exist in al-
most all European countries. Though an
old idea, large portions of existing sys-
tems were installed during the period of
rebuilding after World War II. Since
then, district heating has taken a strong
hold in Northern Europe and has be-
come a matter of policy in Eastern Euro-
pean countries.

Though precise values for the number
of consumers served by district heating
systems are not available, approximate
values can be estimated by analysis of
the heating capacities of existing and
proposed district heating systems. A rule
of thumb is that the per capita consump-
tion for space and water heat is 3 to 4
kilowatts undér peak conditions. On this
basis, Sweden is currently meeting the
heating needs of about 1.5 to 2 million
people or 20 to 25 percent of its popu-
lation, through district heating systems.
This includes several large cities such as
Visteras and Malmo in which district
heating supplies almost the entire popu-
lation. Based on growth of its nuclear
power program the Swedes project fur-
ther growth of district heating to an addi-
tional 1 million people, including the resi-
dents of Stockholm, within the next 10
years. Overall goals call for district heat
service to all cities, the waste heat
sources being electric power plants and
refuse incinerators.

In West Germany, about 3 million
people, or 6 percent of the population,
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are now served by district heat systems.
However, an extensive 2-year govern-
ment study, which will soon be com-
pleted, assesses the characteristics of a
nationwide ‘‘super grid’’ which will in-
volve interconnected service to all cities
with populations of 40,000 or more, us-
ing waste heat produced by electric gen-
erating plants and industrial processes. It
is estimated that 94 percent of the space
and water heat demand in West Germa-
ny can be met through this scheme at a
capital investment of $18 billion (2). Be-
sides the prime motivation of con-
servation, large-scale use of district heat-
ing also helps to minimize the problem of
disposing of waste heat. Alternative uses
for waste heat include agriculture, and
studies in West Germany indicate that 50
km? of arable land could be heated suffi-
ciently well by the heat output from a
1200-Mw nuclear electric plant to extend
the spring and fall growing seasons. Two
such projects are under way at Neurath
and Gundremmingen. Thus, there may
be a number of competing markets for
“‘waste’’ heat.

Denmark has service, at present, to 32
percent of its population, highest in
Western Europe, using refuse in-
cinerators, electric plants, and oil-fired
boilers as heat sources. For the future,
Denmark has indicated the desirability of
using waste heat from nuclear electric
plants, as have France, Switzerland, and
other countries. Finland currently has
extensive district heating systems, reach-
ing a total of 14 percent of all homes in
the country. The government plans addi-
tional connections for a half-million
people in Greater Helsinki alone within
the next 10 years, using waste heat from
nuclear electric plants.

The Eastern European countries have
followed the lead of the Soviet Union in
establishing a formal government posi-
tion on the utilization of heat produced in
conjunction with electricity. The Soviet
Union is the world leader in implement-
ing district heating with waste heat utili-
zation. Seventy percent of the urban
heat demand and 54 percent of the entire
space and water heat load is met through
district heating. Moscow, Leningrad,
Kharkov, Kiev, Minsk, Rostov, and oth-
er cities have extensive district heating
networks. Sixty percent of the district
heat is supplied by heat-electric plants,
and about one-third of all electric plants
operate in this dual mode. This situation
has been expedited by the government
position that waste heat produced by
large power plants should be utilized.

In all of these countries, district heat
has been cost competitive with other
heating methods. Two further con-
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clusions can be drawn: almost all of the
extant and projected district heating sys-
tems use hot water as the heat transport
medium, and because of cost, environ-
mental, and energy conservation bene-
fits, Europeans project substantial in-
creases in district heating in conjunction
with the development of nuclear power.

Institutional Obstacles to District Heating
in the United States

That district heating is enjoying suc-
cess in Europe but not in this country is
primarily a reflection of custom and insti-
tutional obstacles and not technical con-
siderations. It might be argued that dis-
trict heating has had the greatest success
in countries having cold climates and
that the U.S. climate is not suited to
district heating. The cost of district heat
is determined by system cost and total
energy demand, which in turn depend on
labor and material cost, population den-
sity, total population, climate, and the
insulation and floor space characteristics
of residential and commercial structures.
These last quantities can be reduced to
per capita consumption values. Table 1
shows that, on the basis of per capita
residential space heat consumption, both
the power density and the total energy
demand for heating in American cities
are comparable to those in European
cities in which a substantial part of the
demand is met with district heating. This
is because American homes are not as
well insulated as those in Europe, for
example, and have greater per capita
living space. Omitted from this table is a
comparison of commercial space heat
demands and water heat consumption.
The former probably parallels the resi-
dential comparison, but the latter shows

that Americans consume roughly twice
as much heat in this sector as do Euro-
peans. It follows that many American
cities are as suited to district heating on
the basis of energy demand as their Euro-
pean counterparts. Since hourly wage
reflects to a degree the materials cost as
well as labor expense, it is also apparent
that many American cities should be as
economically suited to district heating as
their European counterparts. That dis-
trict heating cannot be applied every-
where in this country, because of the
pronounced variations in climate, should
not diminish its appeal.

Another condition that influences the
viability of district heating is availability
and cost of alternative energy sources.
But, even though oil was plentiful and
cheap, worldwide, until a few years ago,
district heating still became popular in
Europe and not in the United States.
Most of the early systems received heat
from thermal plants which employed
large fossil-fueled furnaces that were
considerably more energy efficient and
less air polluting than individual home
furnaces. Appreciation of these factors
helped to provide incentive for the Euro-
pean pioneering efforts in district heat-
ing. The following nontechnical consid-
erations demonstrate the primary obsta-
cles for district heating technology in the
United States.

One factor contributing to the lack of
interest in district heating systems in the
United States has been the use of steam
as the heat transport medium in U.S.
systems. Steam is well suited to the
transport of heat over short distances
and can effectively meet the high-density
demand encountered in the central core
of cities. However, steam is inherently
difficult and costly to transmit over long
distances. Thus, there has been little in-

Table 1. A comparison between several European cities known to have extensive district heat-
ing systems and similar American cities; NA, not applicable.

Annual per
Total - ;
p : pﬁ_ };(t)ili) l;l capita Hourly
City Climate* lation density residential wage
(thou- (people/ space hegt (U.S.
sands) km?) consumption dollars)t
(Gj)

Stockholm 8100 750 4015 23 ] 712
Malmé 6700 254 2340 19 ’
Helsinkif 8400 750 600 18 NA
Hamburg 6300 1800 2390 21 ] 6.19
West Berlin 6100 2000 4170 20 :
Denver 6300 515 2080 34
Chicago 6200 3367 5840 33
Minneapolis 8400 434 3040 45 6.22
Detroit 6200 1511 4230 33 ’
Buffalo 7100 463 4330 38
New York 5000 7895 10200 27

*Calculated as degree-days: cumulative average daily variation below 65°F (18°C).
$Helsinki metropolitan area.

wages, including benefits [from (13)].

11975 National hourly
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interests. In view of the substantial na-
tional benefits of district heating, it is not
unreasonable to expect that similar reso-

Table 2. Cost projections for district heat (DH), at point of consumption, for service levels in-
dicated. Data are for cities, except where indicated; DH, district heating.

Average cost for heat supplied

Population Total (dollar/Gj) lution could be achieved in the United
encompassed population States.
Urban area by DH served by From plants From plants
system DH system sited within sited 32 to 40
(%) (thousands) the area km away from
served area served Cost and Implementation Projections
New York 95 7500 0.85 1.09 . X
Chicago 33 1098 0.74 1.10 We have examined the potential costs
Philadelphia 79 1543 0.76 1.00 of installing district heating systems in
Iﬁos /};1gleles g? ?ég }g‘g igg nine urban regions in the United States,
ew vrlieans . . e 1qe
Baton Rouge 45 74 178 543 and have SOl}ght. t(? define .the. feas1b1{1ty
Jersey City* 83 503 0.80 1.08 and economic limits of district heating
Newarkt 64 481 0.79 1.08 systems on a national level ).
Patersont 50 173 0.90 1.26 The nine regions were selected to cov-

*Data for standard metropolitan statistical area (SMSA).

centive for a steam utility to grow with
its city. This early experience with dis-
trict heating established the pattern by
which district heating is still viewed
today in the United States, where steam
supply systems still serve small core
areas of cities at a level equivalent to a
total population of about 2.5 million (3).
The European experience has clearly
demonstrated that hot water transport is
more economical and permits the use of
larger systems serving greater popu-
lations.

Finally, in the United States, space
and water heating systems have gener-
ally been in the realm of private enter-
prise. However, district heating systems
are very capital intensive, and though
profit margin is there, the primary bene-
fits of such systems would be con-
servation of scarce energy resources and
reduction in balance of payments, and

tData for part of SMSA.

these benefits would be readily per-
ceived only at a national policy level.
Thus government involvement appears
mandatory for the promotian of district
heating, not only for funding but also
because it can include national consid-
erations in the decision process. At the
same time, government involvement
raises complex problems regarding con-
flict of interest. Financing and adminis-
tration of heating systems could be han-
dled in like manner to cold water and
sewage systems. The fact that the com-
modity provided by district heating sys-
tems has hitherto been supplied by pri-
vate enterprise means that government
operation of district heating systems
would put the government in com-
petition with private enterprise. How-
ever, there have been similar difficulties
abroad that were surmounted without
compromising either national or private

er a representative range of existing U.S.
population densities, housing profiles,
and climates. We analyzed each region
demographically, using Census Tract
data. Population density was mapped for
each region and the most densely popu-
lated tracts were aggregated to form
large contiguous areas that were judged
to be most economically served by dis-
trict heating (see Fig. 1 for an example).
The percentages of the populations in
our model district heating areas are
shown in Table 2. We could have encom-
passed greater percentages than those
shown, thus the analyses do not repre-
sent the optimum implementation level
but rather are conservative in approach.
Heating needs for each area were com-
puted on the basis of national average
per capita residential and commercial
floor space allotments, net regional unit
heat demands, and local degree-day data
(see Table 1). Model district heating sys-
tems were constructed for each region;
urethane-insulated pipes constructed of

Parameters characterizing
district heated sectors

| 28
ine N g é E
Population density profile - < E = 3 E o
£ = o ST
00 = © > a ©w Q
[ Less than 1930 people/km?2 c o @ e K 5:;: 3=
- [%2] < [% -~ T
Ml 1930 to 5790 people/km?2
o 24 115 km A 36 343,000 9530 16%
¢ = 5790 1o 9650 people/km? 23 %1 km B 130 1,200,000 9230 16%
35 8.3 k v ' °
. B Greater than 9650 people/km?2 3.6 109 krr:

Fig. 1. The left figure shows the profile of population density for Philadelphia, as obtained from an analysis of Census Tract data. Individual
contiguous tracts were collected together to form the large heavily populated sections shown in the right figure. Model district heating systems
were constructed on the basis of the gross demographic parameters shown. The transmission network shown was designed for a single-site heat
source such as the proposed nuclear power complex at Limerick.
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polymer concrete and lined with polymer
(5) were buried to the specifications of
the cold water industry. Both supply and
return pipes were buried in the same
trench. Estimates of pipe installation
costs were based on current costs of
installing cold water mains locally, as
reported by the various water authori-
ties. These were adjusted to accommo-
date the insulation cost and greater di-
mensions of hot water pipes. Finally, the
unit heat costs shown in Table 2, which
do not include any charge for the waste
heat itself, were computed by assuming
yearly fixed charges of 10 percent of the
capital investment, plus a charge for
pumping energy. These costs were ap-
portioned over the projected annual heat
demand of the population served. Waste
heat costs are discussed in the next sec-
tion.

Comparison of the last two columns in
Table 2 shows that transmission over the
distances typical of the separation be-
tween fission power plants and large pop-
ulation centers (32 to 40 km) is not a
prohibitive cost effect. A brief summary
of the details of the Philadelphia district
heating system design is given in Table 3.
In particular, pumping power is that
needed to overcome frictional losses in
the transmission and distribution sys-
tem. Conduction loss reflects the temper-
ature drop of hot water consumed at the
extreme end of the system. Overall tem-
perature drop includes supply and return
conduction losses and a useful drop of
about 42°C in each consumer building.
Service connections to houses, apart-
ments, and commercial buildings should
be somewhat cheaper than fossil burners
sized for these structures. In Phila-
delphia, the cost of connecting a house
to the system was estimated to be $14
per meter of length, and apartment or
commercial connections to be $48.25 per
meter. Fifteen meters was a typical
length requirement. In summary, the re-
gional analyses indicate a favorable eco-
nomic picture for district heating in
American cities, and show that portions
of some cities with mild winters could be
served by district heating systems.

The second stage of our study was
concerned with projections of national
levels of implementation of district heat-
ing within the economic limits com-
mensurate with alternative energy
sources and the accompanying con-
servation of fossil fuels. For this task we
used average values for degree-day data,
and installation costs which were com-
puted on the basis of a sample of all cities
with populations of 100,000 or more.
This sample constituted a total popu-
lation of S1 million (1970 Census) and
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yielded a good approximation to national
averages. Average heat demand and sys-
tem capital cost were then computed as a
function of density of the population
served by a given system. Addition of
pumping energy costs and amortization
of the capital cost then yielded the pro-
file of unit heat charge (not including
waste heat cost) as dependent on popu-
lation density shown in Fig. 2. We pro-

Table 3. Summary of characteristics of the dis-
trict heating system design for Philadelphia.

Item Value
1. Population served
(thousands) 1543
2. Average density (people/
km?) 9270
3. Annual heat load (10"
joules) 62.4
4. Rural transmission line*
Inside diameter (m) 2.8
Unit cost (dollar/km X
10%) 2.9

Length (km) and site
5. City transmission

35 (Limerick)

system*

Segment (see Fig. 1) 2to4
Inside diameter (m) 1.5
Unit cost (dollar/km X

10%) 1.8
Length (km) 11.5

Segment 2t03
Inside diameter (m) 2.5
Unit cost (dollar/km X

109) 4.25
Length (km) 5.1

Segment 3to5
Inside diameter (m) 1.6
Unit cost (dollar/km X

109) 2.0
Length (km) 8.3

Segment 3t06
Inside diameter (m) 2.2
Unit cost (dollar/km x

10%) 3.25
Length (km) 10.9
6. Distribution systemt

Inside diameter (m) 0.46

Unit cost (dollar/km x
10%) 0.32

Length (km) 120.00

Inside diameter (m) 0.41

Unit cost (dollar/km x
109 0.28

Length (km) 99.00

Inside diameter (m) 0.25

Unit cost dollar/km X
109) 0.153

Length (km) 2015.00

7. Total system cost (items)
4 plus S plus 6),
(dollars x 10°) 574

8. Pumping power (per-

centage of power

supplied) 1.1
9. Conduction loss

Power flow percent 3.7
Temperature drop
) 1.8
10. Overall temperature drop
Q) 47

*Allowing for a pressure drop of 1.7 x 10* newton
m~? km™', tAllowing for a pressure drop of
6.4 x 10° newton m~2 km~".

jected levels of implementation by cou-
pling this profile to the population den-
sity studies of Haaland and Heath (6).
Total population levels that were service-
able at heat costs less than or equal to
the effective energy costs (7) of natural
gas, imported oil, and electricity appear
as points 1, 2, 3 on curve A in Fig. 3. In
addition, curve A shows the projected
average cost of heat at each level of
population served. Since virtually all citi-
zens bear the cost of imported oil to
some extent, district heating could prob-
ably be implemented at that level with all
customers being charged a uniform
price. This would permit district heating
service to more than half the population
(point 4, curve A).

Utilization of waste heat in this man-
ner saves substantial amounts of oil, nat-
ural gas, and electricity. The oil equiva-
lent conservation potential (curve B,
Fig. 3) is roughly a linear function of
population served. This is a direct con-
sequence of the use of population den-
sity as the independent variable (Fig. 2).
Geographical differentiation, for ex-
ample, is not evident at this level of
description. Consequently, this curve ex-
hibits only average projections.

Capital investment in district heating
systems as a function of total population
served is summarized in Fig. 4. Also
shown is the yearly reduction in balance
of payments at current imported oil
prices. Though an increase in the cost of
foreign oil could permit further pene-
tration of district heating up to the new
economic bounds, the benefit to cost
ratio (Fig. 4) shows that this effect would
be marginal. The primary benefit af-
forded by district heating in this context
would be stability of energy cost. The
significance of this for the nation and
the consumer cannot be overempha-
sized.

In summary, we find that between 50
and 55 percent of the U.S. population
could be served by district heating at the
current economic levels dictated by for-
eign oil prices. Total investment in dis-
trict heating systems is estimated at $180
billion; the resultant oil conservation of
1.1 X 10° barrels per year (currently
about 55 percent of imports) would trans-
late into a reduction in foreign payments
of $13 billion per year. In terms of nation-
al benefit, the district heating scheme
would pay for itself after 14 full years of
operation at maximum implementation,
or sooner if imported crude oil were to
increase in price. The capital investment
corresponds to an average of $500C per
household connected, for a service that
can satisfy the entire heat demand of
each consumer.
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Availability of Waste Heat

For conventional steam-electric plants
fired by fossil fuels the average efficien-
cy of conversion of fuel energy to elec-
tricity is 33 percent. Fifty-two percent of
the fuel energy is discarded through the
condenser as waste heat and 15 percent
is lost up the stack or within the plant. In
existing light water reactor (LWR) nucle-
ar power plants the waste heat is about

62 percent of the input energy, thermal
plant losses amount to 5 percent, and
electricity is produced at the same effi-
ciency. The annual production of waste
heat from existing steam-electric plants
is about 8.4 X 10'® joules, an amount
greater than the total amount of energy
consumed for space and water heating
per year in the United States (that is, net
consumption, not including conversion
losses).

10

xBaton Rouge
xLos Angeles

Charge for heat (dollars/Gj)

xNew Orleans

Paterson x

~xNewarkxNew York
Philadelphia x

xChicago
Jersey City

1 1
10° 10
Population density (people/km2)

Fig. 2. A curve showing the projected average unit heat cost as a function of gross population
density within the area served by each district heating system. Projections are based on national-
ly averaged per capita space and water heat demand, average labor costs, and 10 percent amorti-
zation of capital. Shown for comparison (X’s) are the cost projections obtained in our detailed
regional analyses. Rural transmission cost and price of waste heat at the source are omitted, but
pumping energy cost is included.
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Fig. 3 (left). Curve A shows the projected av- é
erage cost of heat as a function of total popu- ) 4
lation served by district heating. The sharp 0 107 108 0 E
rise at about 100,000,000 is due to the dis- ; o ) =
Population served by district heating <

proportionate system expense at low popu-
lation densities. The points show: 1, population serviceable (38 million) at an average charge of
$1.18 and maximum of $2 which is the effective energy cost of natural gas; 2, 73 million at an
average of $2 and maximum of $4.25, the effective energy cost of imported oil; 3, 102 million
at an average of $3.50 and maximum of $8.50, the average cost of electric energy; and 4, 110
million at an average of $4.25. Curve B shows the equivalent oil conservation potential, curve C
shows the capital investment pay back period, and curve D shows the per capita invest-
ment. Fig. 4 (right). Capital projections as a function of implementation level. Curve A, capi-
tal investment; curve B, reduction in foreign payments is directly proportional to the cost of
imported oil; curve C, benefit to cost ratio is based on 10 percent amortization of capital.
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The waste heat from the steam con-
denser corresponds to the saturation tem-
perature of steam at an absolute pressure
of about 0.05 atmosphere, which is nor-
mally the outlet pressure from the steam
turbine. The waste heat temperature is
thus about 40°C and is too low to be used
in district heating systems. However, if
the outlet steam pressure to the condens-
er is increased to | atm, the steam con-
denses at 100°C which is sufficiently hot
for practical district heat systems. The
principal effect of the higher condenser
temperature is a reduction in thermal .
efficiency, that is, in conversion of ther-
mal input to electricity. For each unit of
waste heat produced at 100°C, about 0.1
of a unit of electricity is lost, which
reduces the conversion efficiency from
33 to about 25 percent. From a total
energy standpoint, however, the dual
production of electricity and hot water
for space heat is much more efficient.
For example, the production of 100 units
of electricity and 240 units of space heat
by separate single-purpose fossil plants
requires an input of 300 and 340 units of
fuel, respectively, for conversion effi-
ciencies of 33 and 70 percent. The over-
all average efficiency is then 53 percent
to satisfy both demands. A fossil fuel
electric plant which operates at the high-
er condenser temperature, with waste
heat being used in a district heating sys-
tem, will produce the same 100 units of
electric and 240 units of usable heat with
a fuel input of 400 units, yielding an
overall energy conversion efficiency of
85 percent and a fuel savings of 240
units. Nuclear power plants operating in
the dual mode offer higher efficiency (95
percent) and greater fuel savings because
of the lack of stack gas losses.

Table 4 illustrates the effect of district
heating on annual U.S. fuel consumption
for three reference years (8). The district
heat load was assumed to be distributed
among steam-electric plants by fuel type
in proportion to the projected installed
capacities. Large reductions in annual oil
and gas consumption and overall energy
consumption would be achieved if dis-
trict heat systems were used at the in-
dicated levels. Increases in total popu-
lation might open new markets for dis-
trict heating and allow extension of estab-
lished systems into suburban areas, thus
increasing the oil and gas savings. As
new construction with better insulation
characteristics becomes significant [in
about the year 2000 (8)], the net energy
savings levels off. At the same time,
economic conditions may favor imple-
mentation of district heating to levels
beyond those assumed in Table 4.

The gas that would be conserved could
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be redirected into applications that
would further decrease oil consumption.
In all cases the equivalent oil savings
would exceed the amount of oil that
would be consumed by the space and
water heating sectors if district heating
were not implemented. Thus, use of dis-
trict heating could eliminate the use of oil
in the space and water heating sectors.

Additional generating capacity would
not be necessary in order to maintain
electric output at demand levels. The
current average steam-electric plant fac-
tor of 53 percent (9) shows that on the
average almost half of all steam-electric
capacity is not in use throughout the
year. Two factors contribute to this dis-
use: plant maintenance and temporal
variations in demand. The amount of
disuse contributed by the latter factor
varies with each utility, but total addi-
tional capacity needs can still be project-
ed without consideration of the details of
operation of each utility.

Upper limits for plant factors are 75 to
80 percent and are readily attained with-
in the electric industry. These should
reflect maintenance time requirements
and suggest that, on the average, roughly
one-quarter of all generating capacity is
used intermittently throughout the year.
District heating to half of the population
using electric plant waste heat would
require operation of one-third more gen-
erating capacity by those utilities serving
the district heated regions. If one as-
sumes that electricity would not be im-
ported by the heat-electric utilities and
that half of the intermittently used capac-
ity could be fully mobilized, then the net
additional capacity needed would be 4
percent of the current total steam-elec-
tric capacity. This requirement would be
easily accommodated by the new steam-
electric capacity projected to come on-
line within the next decade and which

amounts to almost a 100 percent increase
in installed capacity.

The amount of extra fuel that would be
used by electric utilities that also supply
heat is shown in Table 4. One hundred
additional units of fossil fuel are required
to produce 240 units of usable heat, and
for LWR plants the ratio is 1 : 2.8. The
cost of additional fuel may be recouped
by charging for waste heat in these pro-
portions. Waste heat would cost 14¢ per
gigajoule for uranium fuel, 21¢ for natu-
ral gas, 32¢ for coal, and 95¢ for import-
ed oil (10).

Other waste heat sources exist, though
not in the same quantity nor at the same
uniform distribution as electric plants.
Certain industries, such as steel, pro-
duce waste heat that could be used for
district heating systems. Some industries
now discard heat at temperatures too
low to be useful in district heating sys-
tems. However, this is often because of
equipment design, not thermodynamic
necessity, and the temperature could be
raised by procedural or equipment modi-
fications without affecting the process
efficiency. Finally, refuse incineration
could be a source of waste heat as well as
a solution to urban waste problems. The
garbage produced within a city of aver-
age U.S. climate could supply enough
heat to meet the full needs of about 7
percent of the city’s population. These
alternative sources could be used to
meet peak demands as well as contribute
to the baseload heat supply.

Comparison with Other Technologies

Clearly, district heating is not the only
technology option that could significant-
ly reduce oil imports, fossil fuel con-
sumption, and environmental pollution;
for example, coal gasification could in

principle produce enough synthetic fuel
to eliminate oil imports. However, this
technology appears to be at least as capi-
tal intensive as the district heating
scheme with equipment lifetimes (30
years) estimated at half that of the dis-
trict heating network (at least 60 years).
In addition, the cost of synthetic fuels
will be strongly affected by the cost of
coal, which could rise dramatically in the
next few decades. In contrast, waste
heat costs are a small part of total district
heating costs and should remain so.
Once the capital investment in a district
heating system is made, the unit charges
should remain essentially constant with
time. Approximately 80 percent of our
present energy end-use devices rely on
oil and gas input, so the development of
replacement fuels may appear more de-
sirable in the short term than substituting
new devices involving less familiar tech-
nologies. However, in the long run, new
technologies may be more desirable. Dis-
trict heating would appear to be more
desirable than coal gasification in the
long run, not only because of the necessi-
ty to conserve coal resources and reduce
environmental pollution, but also be-
cause district heating systems should re-
quire much less maintenance and repair
than equivalent coal gasification plants
and fossil fired home heating units.
Solar energy is a more versatile re-
source than waste heat and in the very
long term may be the most important
source in the U.S. energy economy, but
the nature of its role is not yet defined.
With regard to the application to space
and water heating, in general, solar heat-
ing will not replace conventional heating
systems but rather will supplement
them. In contrast, district heating sys-
tems can replace conventional heating
systems, and offer the potential of both
larger savings in fossil energy resources,

Table 4. Annual fuel and energy savings projected on the basis of district heating service to half the current U.S. population and, for illustration,
to half the projected populations, for three reference years, based on the assumption that waste heat from power plants will be utilized.

Extra fuel required by power

- B ; ; Annual savings for U.S. ener; stem
Popu- District Steam g:;: rt;lli %;n)eratlon plants in dual mode & gy sy
lation d heat d ¢ operation/(10*® joules) ol
eman . i
sc?lrlyed (10 Nefa oil Galss equivalent
(millions) joules) oil Coal G Nu- oil Coal G Nu- (10 aos (10 (10°
! oa as clear ! oa 4 clear  joules)  joules)  joules) barrels)
Reference year, 1972
103 3.8 18.8 51.5 25.9 3.8 0.3 0.81 0.41 0.05 5.0 2.6 3.3 1.1
Reference year, 1985
103 3.8 8.3 44 9.4 38.3 0.14 0.69  0.15 0.52 5.1 2.7 3.6 1.2
115 4.4 8.3 44 9.4 38.3 0.15 0.8 0.17 0.6 5.5 3.2 3.8 1.3
Reference year, 2000
103 3.8 3.3 30 3.2 63.5 0.05 0.47  0.05 0.86 5.2 2.8 3.7 1.2
115 5.4 3.3 30 3.2 63.5 0.07 0.67 0.07 1.21 5.3 3.5 3.7 1.32

*District heat plus electric production.
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and lower costs, since dual heating sys-
tems are not required.

A third method for space and water
heating would require either the direct
use of electricity generated in nuclear
power plants, or the electrolytic genera-
tion of hydrogen during off peak periods
(11) for use as fuel in individual heating
systems. These methods would exacer-
bate the waste heat problem, and go
counter to the principle of total energy
use.

A comparison between the four op-
tions in terms of capital investment (cur-
rent dollars) for a given power capacity
appears in Fig. 5. The values shown for
the electric plant option are for 1000-Mw
baseload plants with a 30-year lifetime.
Here, in fact, the district heating option
should be substantially more attractive
than Fig. 5 indicates, because its oper-
ating lifetime should be considerably
longer than the assumed 50-year amorti-
zation period. Consequently, the district
heating scheme should have a substantial
advantage over more conventional op-
tions which would require more frequent
replacement and would probably incur
large escalations in capital cost when
replaced. Energy cost to the consumer is
least sensitive to basic fuel cost in the
district heating option. Figure 6 shows
that district heat supply to up to 50 per-
cent of the population could provide sig-
nificant savings. In addition, a rise in the
cost of fuel would pass on to the con-
sumer in all cases. The relative scale
factors relating the proportional increas-
es in fuel charge for the three heating
options are 3 for electricity customers,
1.3 to 1.6 for synthetic fuel customers,
and 0.35 to 0.40 for district heat custom-
ers.

Economically, district heating would
be superior to solar heating for a large
segment of the population. From Fig. 3,
curve D, capital investment per house-
hold in district heating networks with
maximal implementation levels will be
about $5000 (costs would be lower with
smaller implementation levels). The con-
sumer would probably not pay this di-
rectly, but instead would pay a service
charge which would amortize the cost of
the district heating system. He might pay
a connection charge of several hundred
dollars, however, which would cover the
cost of installation of pipe from the street
main to his house. For about the same
capital expenditure, a house could be
outfitted with solar collectors and ther-
mal storage devices that would meet
from about 20 percent of the heating
needs in the colder parts of the country
up to about 100 percent in the warmest
parts of the country. In the solar heating
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Fig. 5. Comparison of capital investment for
several technologies. Plant costs and solar ar-
ray estimate obtained from (8).

option the consumer might have to lay
out capital for both the solar and backup
conventional heating systems, though
subsidization might be possible, and the
consumer might still remain dependent
on fossil fuels to a significant degree.
There is no single effective heat cost for
the combined system since geographicai
location has a strong bearing on energy
mix. At average climate conditions, with
half the demand met by solar heat, solar
energy cost is estimated at about $14 per
gigajoule (12). While this is competitive
with electrical energy in some regions, it
must be emphasized that conventional
structures are not as energy efficient as
those certified for electric heating.

Despite the lack of precision of solar
cost estimates, it would seem better eco-
nomically to invest in district heating
systems than in solar energy devices for
space and water heating in urban and
dense suburban areas in the colder parts
of the United States. The installation of
district heating networks in these areas
would also yield a larger cutback in fuel
consumption than curve B in Fig. 3 in-
dicates. Solar and district heating should
not be viewed as competitors, but as
complementary technologies with the
former best suited to nonurban areas
with relatively mild climates.

District heating has the advantage of
being a proved technology in Europe. It
requires simple hardware, and is reliable
and simple to operate.

District Heating Policy Issues
Any enterprise for reducing the

amount of fossil fuel consumed by space
and water heating will encounter eco-

nomic and institutional obstacles, as evi-
denced by the attempts to improve house
insulation. The government must play a
central role in the development of a co-
herent energy program. It will have to
establish policies that will overcome ob-
stacles in a manner acceptable to private
and public interests while implementing
desirable new technologies. Congress
has officially recognized this duty in its
attempts to allow personal tax deduc-
tions for implementation of certain ener-
gy conserving measures. These gestures
do not constitute a part of an overall
national energy policy, however, but in-
dicate some ways government could help
effect change in the national interest.

We have shown district heating to be
an economically feasible technology for
the United States, but its success cannot
be guaranteed unless several definitive
policy decisions are made. The first is
recognition that a particular energy prob-
lem might, for technical or economic
reasons, optimally have several distinct
solutions each of which would best serve
a distinct segment of the population. On-
ly with this attitude would the United
States be likely to recognize district heat-
ing. To provide the greatest benefit to the
nation, district heating must be imple-
mented extensively to high levels of pop-
ulation. In many cases, several con-
tiguous cities might be encompassed by a
single district heating system being man-
aged by a regional authority. Federal
policy would have to provide for several
such regional authorities to plan on a
local level and solve local problems.
That almost all consumers within an area
served by district heat use the system is
vital. District heating might encounter
consumer resistance to change; how-
ever, the economics of district heating is
attractive in itself and a suitable tax poli-
cy could further reward those who use
district heat and discourage consumers
from using conventional sources. Provi-
sion would have to be made for financing
the district heating networks and users’
equipment where retrofit might be neces-
sary. Long-term government loans could
certainly be provided on the basis of it
being more beneficial to invest the mon-
ey internally.

A tax structure that encouraged full
use of the energy content of high-grade
fuels could make it even more rewarding
for an electric utility to use its waste heat
in a district heating application. District
heating over a large part of any city
would certainly eliminate many local
home heating fuel businesses, but pipe
network construction would produce a
net increase in total employment, and
operation and maintenance of district
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heating systems would create new
skilled positions. Job dislocation could
be minimized by properly scheduling the
district heat load buildup.

Finally, federal policy should promul-
gate the advancement of district heating
technology. Since labor would be the
dominant cost (about 75 percent in our
study) serious consideration should be
given to the development of new con-
struction techniques and equipment,
such as mechanical moles, that could
reduce the labor involved in pipe installa-
tion. Pipeline technology could be im-
proved beyond our design. Plastic pipe is
undergoing intensive study in Sweden.
Extreme durability and the possibility of
installation in very long segments might
reduce maintenance, replacement, and
initial installation costs of plastic pipes to
a competitive level. Further devel-
opment is needed in the technology of
plastics to increase their pressure capac-
ity. A composite of materials including
plastic inner liner and high-pressure out-
er jacket such as found on fire hoses
might be particularly useful for transmis-
sion lines. Reductions in weight and out-
side diameter decrease all materials and
excavation requirements, thus overall
cost. Reduction in transmission line cost
produces a most pronounced effect in the
economics of district heating for isolated
cities of low total population (about
25,000 to 100,000).

Conclusions

District heating is a viable technology
in many European countries. Many
American cities exhibit characteristics
similar to those in Europe where district
heating now serves a significant portion
of the populace and will expand to virtu-
ally the entire populace in the near fu-
ture. In view of the limitations of U.S. oil
and gas resources and our increasing
dependence on imports, it is necessary
for the United States to take definite
steps to reduce consumption, and the
implementation of district heating would
constitute a sizable step in this direction.

The durability of modern materials en-
sures that district heating would result in
very stable heat costs. This is an impor-
tant feature which must be emphasized
in developing consumer confidence in
the scheme. To realize the full potential
for national benefit, district heating must
be implemented on a national scale
through a concerted national program.
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Fig. 6. Comparison of net (after conversion)
heat costs (fuel only, excludes capital for end-
use devices). The electricity curve reflects
current electricity prices adjusted for the high-
er thermal efficiencies of buildings certified
for electric heat.

This will require the involvement of fed-
eral agencies in managing finances, pro-
ducing comprehensive analyses of sup-
ply and demand, providing systematic
plans and goals for implementing district
heating in each urban area, and in fur-
nishing policy measures necessary to en-
sure acceptance of district heating by the
various interest groups. The role which
the electric utilities may play in the enact-
ment of such a program should be signifi-
cant inasmuch as they are a potential
source of usable waste heat and have
considerable experience in providing re-
liable utility service.

Though we can undoubtedly borrow
heavily from European experience, it is
mandatory that several pilot systems be
introduced whereby the United States
may gain operational experience and de-
velop a procedure for the buildup of very
large systems.

District heating is not a universal solu-
tion for the space and water heat demand
sectors. High costs will prohibit district
heating systems from rural and some low-
density, warm climate, urban, and subur-
ban areas. Therefore, a complementary
technology, such as solar heating, which
is suited to these conditions should be
developed to reduce fuel consumption
within such areas. The point is clear that
district heating can and must be serious-
ly considered as an important element in
the solutions to our problems of energy
supply and demand.

Summary

Large-scale district heating, using
waste heat rejected by electric power
plants and other sources, is presented as
a means of reducing significantly the
amount of fossil fuel consumed for resi-
dential and commercial space and water
heating in the United States. Analysis of
the technical and economic aspects of
model district heating systems for nine
U.S. urban areas shows that district heat
service to residential and commercial
consumers would be economically attrac-
tive. Projections of national service lev-
els show that up to half of the U.S.
population could be served by district
heating at costs that are competitive with
the present costs of imported oil and also
with projected costs of new energy
forms. An advantage of district heat over
the latter is that it is a proved, simple
technology.
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