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;penhagen »
T §> first district heating systems in Den-
" were commenced in the capital, Copen-
1925. At that time there were two
electric power stations within the city, the
ersénde Station and the Eastern Station,
ofly acting as reserves for the H. D. Oersted
a big power station which had just been
the Souther Harbour. The working pres-
the boilers of the two old power stations
atm (176 psi). Since these boilers were
serves, and since the consumption of electric
er in December was a maximum in the after-
‘while the heat consumption was a maxi-
in the morning hours, by the end of Janu-
and in February the old boilers could sup-
considerable amount of heat, without the
r reserve being reduced too much.

At that time a study was made to establish
power-heat production, utilizing first the boiler
team for production in back-pressure or exhaust

ever, too low for obtaining an economic profit
from power-heat production. Furthermore, many
of the first consumers—hospitals, industries, etc.,
were to be supplied with heat for special pur-

ow Ve
g list g8 poses requiring a higher temperature than could
1 it caff conveniently be used for circulating hot water.

\

The result of the considerations was that
steam was used for a considerable part of the
district heating systems. It was supplied at
pressures of up to 12 atm (176 psi), while cir-
culating water was used for a minor part of the
systems, the flow temperature being up to 100 C
(212 F).

In 1981 district heating was augmented by
steam from the H. C. Oersted Works where the
boiler pressure is 25 atm (368 psi). It was de-
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cided to supply boiler steam for district heating
without combining it with power production.
The steam mains have been calculated for a
working pressure of 25 atm (368 psi) and a tem-
perature of 400 C (752 F). The steam passes
through reducing valves so that its pressure
varies between 12 and 20 atm (176-294 psi) ac-
cording to the season.

In 1933 developments necessitated an ex-
tension of the boilers at the Gothersgade Works.
It was decided to build a plant with 50 atm
(735 psi) boiler pressure and furnished with back-
pressure turbines with a back-pressure of 6-12
atm (88-176 psi), the back-pressure being regulat-
ed according to the pressure required by the dis-
trict heating system. Since then the greater
part of the heat supplied from this station origin-
ates at the combined power-heat plant, so that
from about 47 atm (691 psi) pressure at the tur-
bine stop-valves, the steam expands in the turbine
to 6-12 atm (88-176 psi), and thereafter is con-
ducted to the district heating network. Besides
the actual boiler plant at this works, 4 vertical
Ruths steam accumulators for a maximum pres-
sure of 13 atm (191 psi) were installed in 1929.

Now erection of a new Eastern power-heat
works in the “Kalkbraenderi” harbour to replace
the old Eastern Works, is being planned. This
new works is designed for a working pressure of
115 atm (1691 psi). Steam for district heating
is to be taken from the turbines at a pressure of
8-16 atm (118-235 psi). The network of the
old Eastern Works is to be connected to the
steam network of the new station so that the
boilers at the old plants may be put out of oper-
ation. Furthermore, it is intended to establish
a considerable network for supply of heat by hot
water. The heat for this system will be taken
as steam from the turbines with pressure about
0.5—1.5.atm (7-21 psi) absolute pressure, and the
steam will be conducted to heat exchangers,
where the circulating water will be heated.

° Chief Engineer, The Copenhagen District Heating Works.



OPERATING STATISTICS FOR DISTRICT HEATING UTILITIES IN DENMARK

Maximum

Pipe Length of
Diameter Mains Number
City and Population Method of Circulating Inches Miles of

ee ‘“a”) Production Medium (See “b™) (See “b”’) Consumers

Copenhagen Steam and back- Steam and 10 = 214 402
732,000 pressure steam Hot Water

Frederiksberg Steam Steam and 6 52 32
114,000 Hot Water

Aarhus, Heating Exhaust Steam Hot Water 18 13.0 558
111,000

Aarhus, Industry Steam Steam 5 1.8 13

Odense Steam, exhaust steam and Hot Water 16 4.4 354
94,000 back-pressure steam

Esbjerg Back pressure steam Hot Water 12 6.9 314
45,000

Randers Diesel Engine and Hot Water 12 11.6 491
37,000 back-pressure steam

Slagelse Diesel Engine and steam Hot Water 8 6.9 49
18,000

Ronne Diesel Engine and boilers Hot Water 6 04 27
12,000

Faaborg Diesel Engine and boilers Hot Water 4% 0.3 8-[
5,000 [

Silkeborg Diesel Engine and boilers Hot Water 6 0.3 10
22,000

Svendborg Diesel Engine Hot Water 7 0.2 5
22,000

s

“a” In each instance the municipality is the owner of the system except in Esbjerg, where the
Gt Mekrbe wwktesn Shees revlacal Y o it iy s M s s Y A e s S Y G

Consumption—Steam Equivalent

Max /Hr
Lb
(See “b”)

Per Year
M Lb
(See “b”)

787,518

88,775

285,961

42,956
123,139

81,820

144,003

991,000

210,000

438,000

110,000
190,000

131,000

246,000

19,000

7,000

11,000
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surther, an extension of the H. C. Oersted
ks, designed for the same boiler pressure as

" pew Eastern power-heat plant, is being
ed, so that also there combined power-heat
ction will be established.

In 1928 a power-heat plant was erected at
hus in connection with a considerable exten-
of the local power station. The boiler pres-
 is 25 atm (368 psi), and the steam expands
1oh exhaust turbines so that it can be taken
pressure corresponding to the hot water
erature to be maintained. Also a boiler
r 80 atm (1176 psi) pressure was built, the steam
1 which’ expands through a topping turbine
atm (368 psi), whereafter it is conducted to
the 25 atm (368 psi) system.

Adr

The greater part of the heat supplied by the
us plant is distributed by circulating hot
r, although part of the heat is delivered as
steam for industrial purposes. At Aarhus a hot
‘water accumulator is used for smoothing the
= fjad of the hot-water system.

The District Heating System at Randers was
‘established in 1931 in connection with the Diesel
engine at the electric power station. The cooling
‘water from the engine was used as circulating
‘heating water, and furthermore part of the heat
- contained in the combustion gases was utilized,
the heat from the gases being transmitted to the
circulating water in a “Riggas” calorifier. In
periods, where the Diesel engine could not sup-
ply sufficient heat, the heat could be supple-
mented by heating the circulating water in a
steam heated exchanger, the steam being taken
from the 15 atm (221 psi) boiler at the works.
- In 1935 the steam power plant of the works was
extended by a steam turbine, so that the circulat-
ing water could be heated by exhaust steam from
the turbine. In 1936 an old turbine was con-
verted into a back-pressure turbine so that the
heat of the back-pressure steam could be util-
ized for heating the circulating water; finally
in 1943 the plant was extended with a new back-
pressure turbine. Furthermore a hot-water ac-
cumulator has been erected. The entire amount
of heat sold is delivered as circulating hot water.

ept in prjg{g. where the ng&b-w ¢ Jutland

“a” In each instance the municipality is the owner of the system exc
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Esbjerg

At Esbjerg the district heating was commen-
ced in 1927. Also at this place a start was made
to utilize waste heat from Diesel engines. Since
then the plant has been extended with a back-
pressure turbine connected to the 25 atm (368
psi) steam boiler of the works.

A very considerable part of the district heat
being delivered in Denmark, is produced in con-
nection with the generation of electricity, and
due to the difficult fuel conditions in the country
where practically the entire supply must be
obtained from abroad, the development of utii-
ization of waste heat will continue in the future.

Other Towns

District heating plants are to be found in
a number of other Danish towns. The table
above gives the most important data of some of
these plants.

It should be added that due to difficulties
in delivery of fuel, the consumption of heat has
been restricted. In prewar years the consump-
tion in Copenhagen was usually 60 per cent
higher than stated in the table.

Since the war a very rapid increase in the
number of district heating consumers has taken
place in the more important towns, a develop-
ment which is still continuing; but this progress
is in many cases being counteracted by the scarc-
ity of materials and labor.

All hot-water distribution mains are steel
pipes. To begin with, the condensing mains
for the Copenhagen district heating plants were
copper pipes, but later on steel pipes were used.

All the water plants are low-pressure systems
with open expansion tank. In accordance with
seasonal requirements the flow temperature is
65-100 C (149-212F), and some of the plants
have been calculated for a future increase in the
flow temperature to 115 C (239 F).

The greater part of the pipes are laid in
square concrete conduits, and in most cases
Cell-Concrete has been used for insulation. The
Cell-Concrete is poured into the concrete con-
duit and fills it entirely.
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Measurement of District Heating Servic
in Denmark

N. CHR. GEERTSEN*

When heat is distributed through steam,
the consumers must as a rule collect the conden-
sate from the delivered steam and pump it back
to the works. Then the quantity supplied is
ascertained through a condensation meter (an
open rotary type-meter) in the condensate line
above the condensate recovery receiver tank.
For a few big consumers steam meters have been
installed.

When heat is distributed through circulat-
ing hot water, the amount of water circulating
in the consumers’ heating systems is measured,
and this amount is multiplied by the decline in
temperature of the water.

In Copenhagen this measuring is effected
by a rotary meter or a Woltmann meter in the
return line, and a double thermograph with tem-
perature indicator in the flow pipe as well as in
the return pipe is used. The water meter is read
every tenth day, and the thermograph ribbon is
cut off simultaneously. By means of the ther-
mograph ribbon the average temperature differ-
ence between flow and return water in the ten
day period in question is determined and this
average is multiplied by the corresponding quan-
tity of water. This method is satisfactory in
case of fairly regular operation. For special ir-
regular operation several intermediate readings
of the meter must be made, so that the ten-day
period can be divided into shorter periods. These
intermediate readings are made by the local
boilerman.

As long as heat-meters were obtainable, such
meters were used in most of the other Danish
towns. In the type of meters used, the momen-
tary amount of circulating water is automatically
multiplied by the temperature difference of
flow and return water. The meter type usually
employed is shown schematically on the enclosed
drawing. The meter is fitted on the return

¢ Chief Engineer, The Copenhagen District Heating Works.
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pipe. The amount of water is measured by
throttle flap “K”, the displacement of which i
proportional to the rate of circulation. By rod
system suspended at “a” and “b”, the movemer
of the throttle flap is transmitted to the cog:
wheel “B”, which can move along a verticl
axel. Tightness between the lever arm oper:
ating the rod system and the return pipe is ob-
tained by an elastic junction box of corrugated
copper. Through a gear connection, a fixed:
speed electromotor operates a cylinder “A” will
toothed surface, the teeth being cut after a heli
cal line.

When the throttle flap “K” is closed, the
cog-wheel “B” is in its top position, and is just



¢ mesh with the teeth on “A”.  Gradually
o opens corresponding to the water flow,
\}:5 downwards, whereby it passes into
Ath “A”, and the more “B” moves down-
the more teeth it will catch on “A”. Th=
¢ of circulating water will, therefore, be pro-
al to the number of revolutions of “B”.
pesides, «B” js in mesh with a toothed cylinder
a cog-wheel “D” and a cylinder “E”, the
o of revolutions of which is thus propor-
to the amount of water. The tempera-
a5 of flow and return water are recorded by
led containers inserted in the two pipes,
4 through- capillary tubes and a special mech-
. the measurement of the temperature is
wsferred to a cog wheel “H”, the number of
olutions of the latter thus being proportional
he difference in temperature. The cog-wheel
operates a rack “J”, which can move verti-
, being kept in position by the guides “g”
nd “h”. The rack is connected to a cog-wheel
@, so that the difference in temperature deter-
nines the height at which “F” is engaging “E”.
Vhen the difference in temperature is zero, the
coz-wheel is in its top position, and it is just out
of contact with “E”. When the difference in
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temperature rises, “F” moves downwards and
catches “E”, and the more “F” slides down-
wards, the longer the period of contact per rev-
olution of “E” will be. “E’s” number of revo-
lutions being proportional to the amount of water,
the cog-wheel “F” will rotate proportionally to
the product of the amount of water and the dif-
ference in temperature. “F” is also in mesh
with the cog-wheel “G” which, through a gear
transmission, carries the rotation to a counting
device. The principle of this type of meter is
correct, but the design is not satisfactory as
might be wanted, and it requires careful attend-
ance and frequent adjustment.

During and since the war it has been im-
possible to procure a sufficient number of me-
ters. In some cases the scarcity has been reme-
died, however, by using one heat meter for a
group of buildings, and the cost of the heat thus
measured has been distributed between the build-
ings in question in proportion to the amount of
water circulating in the individual houses, which
amount of water is measured by a meter of the
Woltmann or rotary type. This way of distri-
bution is, however, rather unsatisfactory.

NEW ENGLAND SECTION

The annual fall meeting of the New Eng-
d Section of NDHA was held in the audi-
um of the Boston Edison Company at 39

Boylston St., Boston, on the evening of October
6, 1948.

Chairman George K. Saurwein of the Cam-
idge Steam Corporation presided. Ralph Pres-
of the Taunton Municipal Lighting Plant
d the paper “Corrosion of Underground Steam
Line Supports” by Messrs. Collins, Schlachter
and Winans of Detroit. President Henry L.
Martin gave the highlights of the Operating
tisics Report for 1947. Chairman Saurwein
sented the paper “American and European
iewpoints on the Combined Operation of Elec-
ic and Steam Service” by Ward F. Davidson
~of New York. Copies of the paper “Forecasting
New York System Steam Loads” by T. P. Brown,
Jr, of New York, were given to all present.

SECTION NEWS

Section dues for the year were set and the
following elected to office:

Chairman

George H. Gowdy
Cambridge Steam Corporation
Donald F. Blair

Vice-Chairman 3
Stone and Webster Company

Secretary Ferdinand F. Hawley
Boston Edison Company
Treasurer A. L. Dutton

Boston Edison Company

Members of Board

Donald F. Kavanaugh
George K. Saurwein

PACIFIC SECTION

G. Dana Kenyon
R. A. Spence

A meeting of this Section was held during
the first week in September in Seattle, Wash. A
detailed report of the Section activities has not
been received at Headquarters.





