





Peak Load Stations

As the consumption of district heat with circulating hot
water increased rapidly, there was very soon a need for hot
water boilers which would be suitable for the production
of heat during temporary peak loads. It was decided that
the first peak load station would be placed in the middle of
the consumption area, inside Alppila rock and by the pipe-
line which connects Salmisaari and Hanasaari power sta-
tions. There was no space on the ground available for this
purpose. The site of the peak load station in the consump-
tion area naturally increases the transport capacity of the
whole network. The first two boilers of Alppila peak load
station were completed and pur into operation in October
1964. In November 1965 the whole station was finished and
since then there have been four hot water boilers available.
The output capacity of each of these is 35 Gcal/h. Only
heavy oil is used as fuel.

The City Council decided in June 1967 that another peak
load station would be built in the southern part of the city
called Munkkisaari, and that this would be connected to
the southern main pipeline between the power stations.
The last part of this pipeline connection running through
the Kruununhaka section was completed in autumn 1965.

A steam/water heat exchanger with circulating pumps
had been planned for Suvilahti power station in order to
get a reserve output capacity for hot water district heating.
The output of this plant is 80 Geal/h and it was completed
in 1967.

District Heating In Myllypuro

Big new housing areas are being built about 10 km north
east of the city centre inside the city boundaries between
1963 and 1970. The first ones are Myllypuro, Kontula and
Vesala, which have flats for over 40,000 inhabitants. In
1963 the City Council made the decision that these new
buildings would be heated from a power and heat supply
station. The Electricity Works was to undertake the build-
ing and operation of this station. The station was named
Myllypuro power and hear supply station after the first area
to be heated by it.

als

:

The construction of the power station and of the district
heating network was started in 1963. The first hot water
boiler was completed in October 1964 when the district
heating also started. The second boiler was finished in
September 1965. The construction of the main part of the
power station itself, with steam boilers and turbines, is
being carried out between 1966 and 1969. The heat con-
nection diagram is shown in Fig. 3.
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FIGURE 3

Heat connection diagram.
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According to the decision made in August 1965, a new
housing area Jakomaki, which will be built about 3.5 km
north of Myllypuro and has some 8,000 inhabitants, will
be heated from Myllypuro power and heat supply station.
As the heating capacity of the Myllypuro power and heat
supply station will not, however, be sufficient during a peak
load. a peak load station will be built in Jakomaki.

The City of Helsinki with its boundaries and district
heating networks (city and Myllypuro) can be seen in
Fig. 4. The blocks connected to district heating by the end
of 1967 have the chequered markings. The area that will be
connected later on has been marked with single diagonal
lines. The feeding plants have been marked as follows:

Ha - Hanasaari power and heat supply station
Sa - Salmisaari power and heat supply station
Su - Suvilahti power station

My - Myllypuro power and heat supply station
Al - Alppila peak load station

Ky - Kylasaari refuse incineration plant

Output Capacities of Boilers and Turbines

The output capacities of all power stations and hear
supply stations at the end of 1967 are given in Table I.

TABLE I

BOILERS OF POWER STATIONS
AND HEAT SUPPLY STATIONS

Tempera-
Pressure  ture

Qutput Capacity Completed

Station  ata °C Number Type t/h  Geal/h in
Suvilahti 27  400-420 6  steam 35 1931-1947
Salmisaari 65 510 4  steam LT s, 1953,1955
Hanasaari 144 535/535 1 steam 250 1960

148 535/535 1 steam 300 1966
Myllypuro 60 505 1 steam 55 1967
120 2  water 24! 1964,1965
Alppila 120 4 water 351 1964,1965
Transportable 120 1 water 3.6! 1966
Heat Supply
Stations 120 1 water 3.81 1967

TURBINES OF POWER STATIONS
Electricity Heat

Tempera- Output  Output  Com-
Pressure  ture Turbine Capacity Capacity pleted
Station  ata °C Type MW Geal/h In
Suvilahti 14 350 condensing 10 — 1924
26 400 condensing 30 — 1940
Salmisaari 57 485 condensing 30 - 1953
60 485 back pressure 25 60 1962
60 485 extraction
back pressure 37 100 1964
Hanasaari 126 525/525  extraction
condensing 752 502 1960
126  525/525 condensing 902 502 1966
Myllypuro 57 500 back pressure 11 25 1967

1 Maximum heat load over 8 hours.
2 Nominal values; the relation between electricity and heat output
capacities depends on the extraction amount,

Development of District Heating in the Last 12 Years

Figs. 5-7 show the development of district heating in Hel-
sinki in the last 12 years . The figures beside the curves
state the number of consumers on December 31, 1967.

It can clearly be seen in the Fig. 7 that the Electricity
Works was earlier a considerable buyer of prime power and
prime energy and that it has in the last ten years become
almost self-supporting due to district heating and its own
new power stations.
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FIGURE 4

Helsinki, city and Myllypuro, district heating networks.

Heat Transport and Dimensioning of Pipelines

In the steam district heating the outgoing pressure in the
feeding stations is 13 ata and the temperature 200C. In
the hot water district heating network the outgoing tem-
perature is 75-120 C depending on the time of year and the
weather. When dimensioning the network it is assumed that
the temperature difference is 50 C with the maximum hear
load and the pressure drop in one pipe 1 at/km. We then
get e. g. the following nominal transport capacities and
water velocities:

Nominal

pipesize mm 700 600 500 400 300 250 200 150 125 100 80

Output Geal/h 240 160 100 55 30 19 10.5 52 3.1 1.8 093

Water

velocity m/s 3.6 33 30 26 22 20 18 15 13 1.2 1.0

The district heating network is dimensioned so that all
building lots in the area can be connected in due time.
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Pipeline Constructions

Steel pipes over a nominal size of 150 mm are welded,
while the smaller ones are seamless. Since 1956 we have
been using longitudinally welded tubes and since 1965
spirally welded tubes as well. The thermal expansion is met
where possible with natural compensation, in other cases
with axial expansion joints made of stainless steel.

The constructions which have been used in the last ten
years underground pipelines can be seen in Figs. 8-15. The
rectangular duct which is cast on the spot, Figs. 8 and 9, is
used only in muddy ground or in special cases. Earlier,
cellular concrete was used most for heat insulation (Fig.8).
In 1964 and 1965 mineral wool was also used for this pur-
pose. Since 1966 only mineral wool has been used (Fig. 9).

A semi-prefabricated duct with cellular concrete insulat-
ion (Fig. 10) was the most usual pipeline construction in
1957-1965. A prefabricated duct was used in 1958 and has
been used since 1963, in the beginning with cellular con-
crete and now merely with mineral wool insulation (Fig.

n
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Increase in connected heat loads and in ber of
Curves: (1) City, hot water district heating (2) City, steam dutrlct
heating (3) Myllypuro hot water district heating (4) Total.
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Supply of electricity: (1) Own water power (2) Produced back
pressure power (3) Purchase as substitute for back pressure pro-
ducti (4) Condensing power produced (5) Substitute for con-
densing (6) Remaining purchased electricity (A) Consumption in
own distribution system (B) Sale outside own distribution system. FIGURE 9
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11) when the outer dimensions of the duct can be made
smaller. The length of the prefabricated duct is 4m. The
lower parts are joined by welding at four points. Figs. 8-11
show a nominal size of 400 mm.

Since 1963 the concrete ducts for smaller dimensions
have mostly been replaced with jackets (Figs. 12-15). The
nominal size of the pipe in Figs. 12 and 14 is 150 mm and
in Figs. 13 and 15, 100 mm. To begin with, only jackets of
asbestos cement with mineral wool insulation were used
(Figs. 12 and 13). In 1965 a new jacket construction was
adopted (Figs. 14 and 15). The outer surface consists of
a polyester pipe reinforced with glassfibre. The same kind
of pipes also envelope the steel pipes. The heat insulation
material is a heat resistant polyurethane, the thermal con-
ductivity of which is 0.017-0.020 kcal/m h C. The length of
the prefabricated jackets is 10 m. The joints are sealed with
rubber bitumen felt and they are protected against mechan-
ical loads with reinforced concrete. Because the glassfibre
jacket only requires a small space, it is suitable for branch
pipelines between the main pipeline and buildings.
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To begin with, slide valves were used as stop valves for
district heating pipelines. In 1959 lubricated plug valves
were adopted for hot water district heating pipelines and
butterfly valves have also been used since 1965.

Fig. 16 shows a method used by the Electricity Works
for connecting branch pipelines to the main pipeline with-
out an interruption in distribution. This method was
adopted in 1965.

FIGURE 16

Various phases of the work: (1) Branch pipeline is welded to main
pipeline (2) Boring device is fastened and boring carried out (3)
Valve is closed and boring device is replaced by threaded lid (4)
Lid is screwed on branch pipe (5) Boring device is removed and
lid tightened (6) Joint is strengthened by welding.

Fig. 17 shows an improved method taken into use in the
beginning of 1968.

Consumers

When hot water district heating began in the center of
Helsinki, the consumers were mainly buildings which had
central heating earlier. As there has been rapid reconstruct-
ion in the centre at the same time a lot of new buildings
have also been connected to the district heating network
every year. Moreover, some old buildings with stove heating
have been connected every year. Industrial buildings which
had their own steam boilers were connected to the steam
district heating at the beginning, too, but as the area was
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Improved method, various phases of work: (1) Branch pipe
equipped with a working opening is welded to main pipeline
(2) Sawing device is fastened to branch pipe and a hole is sawn
to the main pipeline (3) Saw, with the piece sawn from the main
pipe is drawn to an upper position and the working opening is
closed with a swing disk belonging to the branch pipe (4) Operat-
ing pressure in the pipe keeps the disk tight in the opening (5)
Tightness of the branch pipe is strengthened through welding.
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FIGURE 17

FIGURE 18

Typical connection in a hot water installation.

rebuilt many new buildings have also been connected to
the distribution system in the last few years. So far only
new buildings have been connected to the Myllypuro dis-
tribution system.

According to the previous heating system the relative
division of the total connected heat load of hot water
district heating has been as follows, 1957-1966:

CENTRAL HEATING ... ... ., - 62.2
COKE ...coorvemmmmsnisosmnssnonnsansesmasansmussrssnss 35.0
€0l oo .. 97
Fual Ol osnissarsmmmsiiaiasGbas sy 13.2
WOOH. ... msancorsissmsiiissssssmvsmemssssissivs 3.1
Electricity .oooviicreicvniveeiiesesreireeseresnenenn. 0.8
Purchased Heat .. S eFgeovress 0.7
STOVE HEATING ... . " NeRaS ISR : 48
NEW BUILDINGS ... = 2 SRR SO o 28.2
CHY oo 18.4
Myllypuro 9.8
Later increase in connected
heat load of consumers . P o o .. 48

100.0

Distribution of consumers by size on December 31, 1966

Connected Heatload maximum

minimum  median Mcal/h
City hot water district heating wiize 90 220 9 200
Myllypuro hot water district heating 30 400 2 300
City steam district heating ’ 60 300 7 200
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FIGURE 19

Connection which accumulates service water.

The relative heat demand in buildings built for various
purposes and at different times varies considerably. In the
old buildings in the centre of Helsinki the maximum heat
demand including service water heating is 12-18 kcal/m3h,
in new free-standing blocks of flats it is 18-23 kcal/m3h
and in new office buildings with air-conditioning as much
as 40 kcal/m3h. This peak demand corresponds to an out-
door temperature of -27 C. The relation between the quant-
ity of heat sold and the connected heat load is greater for
dwelling houses than for business buildings. On average,
the utilization period based on connected heat load for all
consumers is about 3 000 h/year.
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Consumer's Substation

The consumer’s heating system is nowadays always con-
nected indirectly to the district heating network. There are,
however, about 30 consumers in the city hot water district
heating network whose radiators are connected directly to
the network so that the water of the district heating net-
work circulates through them. The temperature is then
regulated by a mixing valve. A typical connection in a hot
water district heat consumer installation can be seen in
Fig. 18. A connection which accumulates service water can
be seen in Fig. 19. The connection was adopted in 1967.

The supplier’s service installation at the substation is
standardized so that it only needs fitting up to the wall and
connecting to the branch line and to the consumer’s in-
stallation. The standard sizes are as follows:

Nominal Maximum Maximum
Size Water Flow Connected Heat Load
mm m3/h Mcal/h
40 4 200
50 10 500
80 25 1 250
100 50 2 500

Figures 20-26 are explained by their captions.

1800
820 ; 600

270 620 232J
T T

°P®0.92, 000 OO
FIGURE 20
Standardized supplier’s service installation, NS 50: (1) Service valve
(lubricated plug valve) (2) Strainer (3) Temperature probe
(4) Metering flange (5) Orifice plate (6) Pressure gauge (7) Ther-
mometer (8) Water meter (9) Integrator (10) Flow-limiting device
(11) Wall bracket.

Heat Supply Tariff for Hot Water District Heating

The heat supply tariff consists of a yearly fixed charge
and a running charge. The fixed charge depends on the
connected maximum water flow V (m3/h) as follows:

Water Flow V Fixed Charge
Consumer Group m3/h mk/year
1 0.2 100 4+ V < 1 550
2-5 1000 <4 V1100
over 5 4 500 + V 400

DISTRICT HEATING * FALL 1968

110

¢ .

100

/

e0
N 27°C

80 ‘m—

/]
7
7
o Pal
7
/
%

N ove
60

\

|
\
DTV

50

40

30

20

FIGURE 21

Typical load curves in various outdoor temperatures. Show the
heat load in the hot water district heating network on a weekday
in winter when the wind velocity is 5 m/s. Curves have been
solved by means of a regression analysis, through which the
influence of various factors on the heat load was examined.

The fixed charge is bound to the general index for home
market goods; at the end of 1967 the index coefficient was
0.9. The running charge depends on the price of fuel and
was 7.6 mk/Gcal at the end of 1967.

Consumer’s Capital Contribution

When a consumer is connected to the district heating
network, he pays a capital contribution, which is
k(a+V-*b) mk

Factors a and b depend on the contracted water low V
as follows:

\ a b

0-2 5 000 6 000

2-10 10 000 3 500
10-20 20 000 2 500
over 20 40 000 1 500

Factor k depends on the connection to the consumer's
installation and on the earlier heating system. The factor k
varies between 0.4 and 1.0.

15



|a

200 —a

(NN

100

2

77222

50

/A

FIGURE 22
Total heat production monthly in 1966, divided into different
sources of supply: (1} Heat from back pressure and extraction
turbines (2) Heat direct from steam boilers (3) Heat from hot water
boilers (4) Heat from refuse incineration plant.
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FIGURE 23

Duration curve of the relative heat load in the city hot water
system in 1966. Relative heat load is the average heat load of a
day divided by the connected heat load on the same day.
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FIGURE 24

Duration curve of the relative heat load in the City steam system
in 1966. Relative heat load here the y heat load
divided by the corresponding connected heat load.
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FIGURE 25

Duration curve of the relative heat load in the Myllypuro hot
water system in 1966 in the same way as Fig. 23.
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TABLE II

DISTRICT HEATING STATISTICS 1961-1966

1961 1962 1963 1964 1965 1966

Heat production Tcal 454 646 802 902 1166 1540
from power stations 434 595 738 806 954 1209
back pressure steam 72 174 465 668 802 935

pressure reduced

Steam 362 421 274 138 125 274
from hot water boilers 5 7 9 39 142 261
purchase 15 44 55 57 70 70
Heat sale Tcal 396 593 733 843 1095 1421
hot water 304 479 615 720 960 1271
steam 92 114 118 123 135 150
Average price per heat
unit sold mk/Gcal 143 133 132 133 13.6 13.8
Available back pressure
capacity! MW 38 63 63 100 100 123

Electricity production
combined with district

heating GWh 23 186 231 298 369 444
back pressure
production 23 71 217 287 329 396

purchase as substitute
for back pressure

production ns 14N 40 48
Connected heat load!
Geal/h 187.5 236.0 2766 3339 4183 5209
hot water 136.5 1852 226.7 281.3 363.1 464.5
steam 510 508 499 526 55.2 56.4

Length of district
heating pipelines'l km 40.2 522 612 765 1020 1193

hot water 347 46,5 550 70.0 95.0 1121

steam 5.5 57 6.2 6.5 7.0 7.2
Number of consumers! 430 569 667 819 1099 1334
Cubic contents of con-

nected buildings!
mill.m3 95 123 147 173 22.2 26.8

lat the end of the year

1539.9 Tcol (100 )

= e o . —_—
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1 (51,3) X (209) (611 101) (4.3) (90}

I

1058 74,2 813,t
(89) (48) (398!
red vp korv  vp

E T
ig8

N
S

NN
N
SRR

\\‘\\:
=S
o

N

N\

Z
Z
7
é

LI

N

~—
14210 Teal (923%)

FIGURE 26
Distrubution of heat supply and sales in 1966: (1) Heat supply
from different sources (2) Losses (3) Sale of heat (4) Steam district
heating (5) Hot water district heating in city (6) Hot water district
heating in Myllypuro (vp) back pressure steam (vp. korv.) Reduced
steam as substitute for back pressure st {red.) Reduced

(Our appreciation to the Helsinki Electricity Works, and
to Mr. Kilpinen of their District Heating Department, for
this article. Ed.)-}+

THOSE INCREDIBLE POWER POLES

Whether you know it or not, they really rurn you on.
They save you money, brighten your home life, and give
you something to count on a long, dull bus trip. Yer, like
most people, you're probably in the dark about those omni-
present but little-known landmarks, power poles.

Without them, Thomas Edison’s inventions might truly
have been the “electric playthings” ridiculed by his critics.
To go any significant distance in those early days, electricity
had to travel over thick, expensive wires requiring equally
thick and expensive supporting poles. As a result, Edison’s
first electric station could “pump” only 5000 feet!

Higher-capacity wires and chemically treated poles out-
lined the shape of the future — and power marched cross-
country, carried on wooden crossarms.

Today, over 90 per cent of the nation’s electricity travels
along a vast skyway of 100 million utility poles. Laid end
to end — an idea that would have shocked Thomas Edison
— these poles would stretch more than half a million miles,
or over twice the distance to the moon!

One down-to-earth reason is the low cost of utility poles.
Even in these inflationary times, the average pole costs only
about $35 — and it lasts some 40 years through everything
from April showers to tornados.

"Low overhead” means low-priced power. Electricity
rates actually dropped from 1955 to 1965, making them
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one of the few remaining bargains in a world of soaring
prices.

These figures help to explain why utility companies have
so far sunk more than $26.6 billion into overhead systems.
It sounds astronomical — yer the cost of replacing over-
head wites and poles with underground cables has been
estimated at ten times that amount.

For consumers, “digging in” could more than triple the
average monthly electrical bill. Some homeowners migh:
have to pay as much as $74 extra per month. Even the cost
of new homes would be affected, since builders must pay
about $300 more per dwelling unit for underground
electrical installations.

Who would have thought that a mere piece of timber
could have such a powerful effect on your budget? Let’s
take another look at that “plain, ordinary” pole.

The average utility pole is 35 feet high, planted six feet
into the ground. It weighs only 1000 pounds — but
througout its life span maintains a support strength of
64,000 foot-pounds!

Power poles are able to take 40 years of continuous
pressure because they have been chemically preserved wnder
pressure. Poles are loaded onto a special rail car and rolled
into a giant pressure cylinder where chemical preservatives
such as creosote and pentachlorophenol are forced deep into
the wood. (Continued on Page 23)
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