













































































distribution plant. In addition, the interest paid on loans
from the municipality or external financiers has been de-
ducted from the earnings. The dollar rate of exchange has
been assumed to be $1 = Skr 5.

The district heating operations started in 1954,
The activities were initially of a local nature, and customers
were supplied with heat from temporary minor hot water
stations. At the same time, the construction of a more
extensive distribution network was started. During the first
year, the investment amounted to about $1 000 000, and the
turnover was approx. $140 000. Thus in the initial stages,
large investments in relation to the turnover were made, although
the rate of expansion was far too careful to achieve optimum
development of the operations. This was primarily due to the
uncertainty regarding the future market for district heating.
The plants were not utilised to their full capacities,
although the business was obliged to meet full depreciation
and interest. As a result, the operations suffered a loss

during a number of years.

District heating basically showed a loss up
to 1973 inclusive, when the accumulated loss, including
interest paid, amounted to $3.6 million. But the operations
produced a profit from 1974 onwards, and all earlier losses
were recovered by 1976. The turnover was then $37 million
and a total of about $100 million had been invested in

production and distribution plants.

At the present structure of tariffs, which pro-

vides compensation for increases in the cost of fuel as well
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as for anticipated cost developments, and at the present
rate of capacity utilisation in the plants, the future holds
the promise of very favourable development. It may be of
interest to note that the district heating tariff during
1977 was entirely competitive as compared to other forms of

heating.

In this particular case, the profitability has
been defined as the yield (profit + interest on loans +

extra depreciation) in relation to the capital invested.

In 1972, the yield on the capital invested amounted
to approx. 3%, which should be compared with the yield
expected by the lenders which, during 1972, amounted to
approx. 7%. By 1976, the yield had increased to 11%, which
exceeded the interest paid on loans by about 3%. The estimated
yield according to the present five-year plan is expected to

be approx. 20% in 1982.

The relationship between the funds generated by
the activities in the form of profits and depreciation made
and the capital invested each year amounted to an average of
about 25% per year during the period between 1954 and 1976.
In 1977, the degree of self-financing amounted to 40% and,
according to the present five-year plan, it is estimated
that complete self-financing will be possible on the invest-
ment of approx. $18 million planned for 1981. In 1981, the

turnover is expected to be $95 million.

103



6. Environmental aspects

As in other large cities, air pollution in Stockholm
increased substantially during the period between World War II
and 1968, when firing with low-sulphur fuel oil with a maximum
of 1% sulphur was stipulated. At the same time, the large re-
sources devoted by the municipal authorities to district heating

started to bear fruit in the form of reduced SO, emission. Prior

2

to this date, the 502 content often exceeded the limit of 5 pphm
(150 ug/m3) then specified by the Swedish environment protection
authorities as the mean value for the six months of the winter

season.

Conditions have gradually improved during the past ten-
year period. The reason for this improvement is primarily the
concentration of heat generation to district heating stations in
which combustion is efficient, dust collection is employed and
the plants are equipped with tall stacks. However, the demands
of the environment protection authorities have concurrently become
more stringent. The mean value of the SO2 content during the six
months of the winter season should not exceed 100 ug/m3 (3.3 pphm),

and the value of 60 ug/m3 (2.0 pphm) has been proposed as a plan-

ning target.

The air pollution situation in Stockholm during various
expansion stages of the district heating networks is illustrated
by a sequence of four pictures (Figs. 6:1, 6:2, 6:3 and 6:4). A
dispersion model designed by the Swedish Meteorological and Hydro-
logical Institute has been used for the calculations. (The dis-
persion model is presented in Atmospheric Environment, vol. 8, pp
131 - 148, 1974: A numerical air pollution dispersion model for

the Stockholm region.) The calculation model takes into account
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all major point emissions and the scattered emissions known as

surface sources. The assumptions made in the calculation were

that heavy fuel oil with a maximum sulphur content of 1% is used

at the point sources and that light o0il with a maximum content

of 0.6% is used at the surface sources. The calculations com-

prised the entire Outer Stockholm region, although the report

deals only with the central parts of the city.

The following four planning stages were studied:

Fig.6:1

Fig.6:2

Fig.6:3

Fig.6:4

Reference case. The SO, immission in 1970. District

2
heating only expanded to approx. 10%.

The SO2 immission in 1980. District heating expanded
to approx. 33%. Oil-firing used in the entire heating

sector.

The SO2 immission when the district heating system is
expanded to the whole of the central part of the city,
and with some suburban areas included. About 60% is
covered by district heating. Oil-firing is used for

the entire heating sector. The probable date is 1990.

The SO2 immission in a hypothetical final stage when all
buildings within the municipality are connected to large

oil-fired district heating stations.

A comparison between the reference case and the measured

values indicates that the model overestimates the concentration

somewhat, but that the correlation is good on comparison with the

105



S0,- IMMISSION lug/m3 1970

A
Pty

T
TR
a3 ,"“-:1

\ - R

T M
A:‘““*v‘
o

"b/ 3

G

3 miles

0] 1 2 3 4
0 1 2
Fig 6:1

106



SO,- IMMISSION ,lg/ms 1980

£ “ 7#‘#./;:_1‘1"“ \\'\Lﬁﬁvb\‘
varan stn - i"x'@‘:
5 7 ' \‘52’:“ &
5 : ‘. . ar .\ﬁ.s\*ib;‘ R
O Lo oo

ril)

> e o 1<
" *-4‘—0-*’!031
-4+~ Finnboda

Q

0 1 2 3 4 5 km
0 1 2 3 miles
Fig 6:2

107



SO,- IMMISSION /ug/m3 1980

B2
SOENA
o '.;_fv' R

»Q_
NI

Lo ke

25 i F 2T IS,
e T el S
e TR R

JrenLme .

Fig 6:3

108

S HOByE

= e, T

[

A e : .

LV o N 3 1 it

EATESUS {Norra Diyrgurden g :*"
oo Vi )

(B ey

Pt gemers
Saltsjon 34 -t
"¢—4 F!'nn b ‘.

SRS Jiu-.;

==K

N

0 3 r -A 2 ols o

N el T, i s Vi o
,’,‘0\:..5'5?\««.5;: f@é’i v. T3 rf RN < e RS NG

Al BN T S el s O ST0 AETA e %

e NS I HA N, ore B
v Ith ) RESTe A e
: i 4 o

e I sieacen

T




SO,- IMMISSION /ug/ma 2000

= evarfahamnen ARG
f ‘\' .23 s

A
s s o o ¢ .."A .3‘.
P A N IA LN i
'(d«‘:‘:""\?‘} k\n&E.’ «.ﬁp&v %
: S S

- sudde s aso
Salfsjén 34 pPPRR Ly J. ¢

- * Reimirgl o SRR P
~ % oy < " V :
_ ““ L - -~ e 5
t/ “’f‘ \OQ\:E"MW ‘;3 ““m\j‘f = ' = ¥ .
3" SSopa - s , f M 5
PP ~ 5

sre : :
.%"“f\‘_ e 'y ~ o
? w i Pas N "-.. T e

'7?‘% '—/ R

s, Lilishok e "

& y -

g 1 2 3 miles

Fig 6:4

109



S

measured values. This overestimate on the occasion of verifica-
tion is due to the relationship between surface sources and point
sources. The model tends to overestimate the influence of the sur-
face sources. On further expansion of the district heating network
illustrated by Figs. 6:2, 6:3 and 6:4, the proportion of point
sources will increase appreciably, and this will reduce the over-
estimate. This has been verified in other large city regions where
the model has been tested.

The gradual improvements illustrated by the sequence of
pictures is largely real and provides a good illustration of the
benefits of district heating in improving the quality of atmos-
pheric air.

From 1970 and up to the date when the intentions of the
heating plan have been fully implemented, the 502 emissions will
decrease to one-fifth in the central regions of Stockholm city.

The limits for 802 in atmospheric air recommended by the Swedish
environment protection authorities are already satisfied, and no
difficulties should be experienced in attaining the planning target
of 60 ug/m3. Finally, it should be pointed out that the S0, emis-
sion will decrease by about 20 000 tons per year if nuclear heat

is used instead of fuel o0il in an integrated district heating net-

work.

Future energy sources

The heat generated today for district heating is pre-
dominantly oil-based and the boilers are designed for oil-firing
only, although conversion to gas-firing by means of natural gas
or coal gasification is relatively simple. The base-load genera-
tion plants now in the planning stage will also include provision

for coal-firing as well as firing with domestic emergency fuels.
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Municipal refuse incineration and the recovery of industrial
waste heat will also be of some significance. It can therefore
be claimed without exaggeration that no other heating alternative
offers as large a degree of flexibility in the choice of energy
raw materials as district heating.

But the keenest interest is shown in nuclear energy.
In relation to her size, Sweden has very large uranium deposits.
According to a recently published investigation, Sweden is claimed
to have between 15 and 20% of the world's known workable uranium
deposits. Even if this figure is considered to be optimistic,
Sweden has sufficient uranium to reduce radically her dependence
on oil for electric power generation and for heating. A very com-
prehensive study has been made into the possibility of transmitting
about 2 000 MW of heat of a base-load nature from a nuclear dis-
trict heating power station in Forsmark, 80 miles north of Stock-

holm. The load district covers all of Outer Stockholm. This would

save about 1.5 million tons of fossil fuel annually in the Outer

Stockholm region.

A new energy policy decision due to be made this fall
may possibly clear the way for the nuclear district heating power

station project.

The storage capacities of the district heating networks
should also be suitable in the future for renewable types of

energy, such as large-scale solar energy.

Summarz

The energy supply of Stockholm is highly dependent on
petroleum products, primarily fuel oil for heating. The municipal
energy policy should therefore aim at saving energy and creating

the conditions necessary for reducing the oil dependence.
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District heating plays a significant role in the Swedish
energy debate. The dominating role of the district heating activ-
ities is due largely to the municipal and State involvement. Energy
conservation, economy, flexibility and the environment are argu-
ments which are often heard in the energy policy debate. In order
to allow the municipalities to run district heating utility com-
panies, the State has enacted a number of legislative measures and

offers extensive financial support.

Stockholm municipality has recently adopted a heating
plan, the ambitions of which are to guide future energy consump-
tion in the field of heating. Various heating alternatives were
compared in the investigation preceding the heating plan. The
heating plan recommends water-borne district heating for all
densely built-up areas. Implementation of the heating plan is
expected to expand the market share of district heating from the ;
present value of about 30% to about 90% towards the end of this
century.

The generation of heat in district heating power sta-
tions offers additional benefits, and electric power generation
based on district heating will therefore dominate in Stockholm.
A practical example shows how the combined generation profit can
be valued. The distribution of the profit between the electric
power generation and the district heating activities has often
presented a problem. A simple, theoretical model is described

in the production section.

The expansion of district heating in Stockholm has been
pursued in parallel in several districts. As a result of this
very determined effort, even the working capital has been loaded

by debts during the early years. The economics are now beginning

112



to be consolidated and the accumulated deficit has been repaid.

The degree of self-financing will increase in the next few years,

and will rise to 100% during the 1980's. In the long run, this

may result in lower costs for the inhabitants of the municipality.

The expansion of district heating plays a very important
role in improving the quality of the air in Stockholm. A sequence
of four pictures illustrates the expected gradual improvement, ex-
pressed as the 502 immission. A numerical air pollution dispersion
model developed by the Swedish Meteorological and Hydrological
Institute has been used in the calculations.

The heat generated today for district heating is primar-
ily oil-based. The plants now being planned will also include pro-
vision for firing with coal or domestic emergency fuel. Nuclear
energy arouses widespred interest, particularly since Sweden has
very large uranium aeposits. Large-scale solar energy projects

should also be applicable to the district heating network.
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