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Figure 3
The temperature of ingoing water as a function of ambient temperature (5)
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Figure 4
Single-jet and multi-jet water meter (9)
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Figure 5
Mechanical heat meter (5)

water with a vane wheel meter as described in
Figure 4 (8). The economic advantages of electrical
heat meters are their wide measuring range, excel-
lent accuracy, easy calibration and long life time.
Nearly all the heat meters in Finland are A.C.-
operated. In the 70s no battery-operated meters

were available that would have been suitable for the
prevailing process conditions with regard to accu-
racy, capability for wide-range measurement and
low operating cost. Battery-operated meters are, in
general, used only for temporary measurement in
old buildings or in other circumstances where it is
difficult to arrange an electricity supply.

PRESENT MEASURING METHODS

At present the principle in Finland is that the
quantity of heat consumed by all the buildings
belonging to a district heating network is measured
regardless of the quantity of the heat power. The
nominal power of the smallest consumers in the
network is about 10 kW and that of the biggest over
10 MW. A heating bill usually consists of a running
charge and an annual fee. The annual fee is defined
in the contract between the buyer and the seller, the
comparison basis being the maximum volume flow
of the water. The annual fee could be determined
according to Table 3.

The running charge is dependent on the energy
quantity consumed (measured value) and on the
up-to-date energy price.

PRIVATE HOUSES (LOW HEAT POWER)

Energy measurement in private houses is illus-
trated in Figure 7.

A measuring centre consists of a heat meter@ .
temperature detectors TE1 and TE2 placed in the
ingoing and return pipes and a water meter fitted
in the return pipe. A flow limiter restricts the
volume flow of the water according to the agreed
maximum value. A mud filter(4)prevents impurities
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Figure 6
Block diagram of electrical heat meter (4)
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Size of consumer Contracted q,/m*/h Fee/FIM a year
1 0...2 210+q, x 3255
2 2...5 2100+q, x 2310
3 over5 8400+ q,,x 1050
Table 3 =
Annual fee of a consumer TFIM = §.2438 US.
from entering the water meter and process equip- —r
ment. The heat quantity is measured with wide- Charaetenstie Value/FIM
range A.C.- or battery-operated heat meters the Heat meter, installed 1700
nominal power of which is under 150 kW, Figure 8. Capital costs/year 277
The heat consumption can be measured accurate- Maintenance/year 50
ly enough over a wide power range by using this
kind of measuring equipment (1:2000) (8). Totalanmual asts Ll

The measuring costs of the heat energy consumed
in a private house can be arrived at by studying a
measuring period of 10 years and by calculating
interest at 10% on the capital.

The typical average costs per year are shown in
table 4.

Table 4
Measuring costs of heat energy in a private house (2)

The heating costs in a private house of 180 m? can
be about 20 FIM/m%/year which makes about 3600
FIM per annum (2). In this case the measuring costs
make up about 9% of a customer’s heating costs.
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Measuring centre for low and medium power (6)
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Figure 8
A.C.- and battery-operated heat meters,
and multi-jet water meters

TERRACE HOUSES AND BLOCKS OF FLATS
(MEDIUM HEAT POWER)

Heat energy measurement in terrace houses and
blocks of flats is arranged as shown in Figure 9. The
consumption of heat energy in the whole building is
measured at one point by using a heat meter 1,
which is placed in a metering centre, Figure 7. The
energy used for the heating of flats A, B and N is not
measured, because it is not yet economically worth-
while. In cases like this the heating costs of the whole
house are divided in proportion to the size of the
flats.

For instance the heating costs in a block of 20 flats
are 40,000 FIM per annum. The average heating costs
for one flat are 2,000 FIM per annum.

Domestic hot water is measured with water meters
2, 3 and n. If the meters have no remote readout the
measuring costs are as shown in table 5 when using
the previously mentioned amortizing period and
rate of interest.

Characteristic Value/FIM
Water meter, installed 250
Capital costs/year 41
Maintenance/year 40
Total annual costs 81

Table 5
Measuring costs of domestic hot water, using a
water meter without a remote readout (2)

36

The hot water costs of, for example, a family of
four members are about 4 x 80 1/person/day which
makes 117 m3/year x 10 FIM/m? (2). The yearly costs
are 1170 FIM. In this case the measuring costs form
about 7% of the domestic hot water costs.

If the hot water is measured with water meters fur-
nished with a remote readout, the equivalent costs
are shown in table 6.

Characteristic Value/FIM
Measuring system, installed 650
Capital costs/year 106
Maintenance/year 35
Total annual costs 141

Table 6

Measuring costs of domestic hot water, using a
water meter with a remote readout (2)

The measuring costs of the family mentioned in
this example form about 12% of the heating costs.

As the heat energy in a block of flats is measured
only at one point the measuring costs of energy per
flat are lower. The measuring costs of the heat
energy in a block of flats are shown in table 7.

Characteristic Value/FIM
Heat meter, installed 2200
Capital costs/year 359
Maintenance/year 100
Total annual costs 459

Table 7
Measuring costs of heat energy in a block of flats

In this case the measuring costs of the heat quan-
tity form about 1% of the energy costs. This result is
nearly 10 times lower than that of private houses.

In Finland the heat energy in the medium power
range is measured with wide-range A.C.-operated
heat meters, Figure 10. The nominal power of the
meters varies between 150 kW and 5 MW.

LARGE SCALE CONSUMERS (HIGH HEAT POWER)

The measuring centre of a large scale consumer is
shown in Figure 11. It consists of a heat meter 2,
temperature detectors TE1 and TE2 in the ingoing
and return pipes and two or more water meters 3 in
the return pipe. When the energy need is high (e.g.,
power is over SMW or water flow is over 60 m3/h) so
both water meters are in use. When the consump-
tion is small, e.g., in summer, only one water meter is
in use. A better measuring accuracy over a wide
range is obtained by using two water meters.

Heat meters are multi-channel which permits the
use of 1 to 4 water meters. The nominal power of a

DISTRICT HEATING ¢ FIRST QUARTER 1981
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Figure 9

Principle of heat energy measurement in terrace houses and blocks of flats

meter is in general higher than 5 MW. A typical
multi-channel measurement of heat quantity is
shown in Figure 12.

The measuring costs of large scale consumers are
naturally considerably higher than those of small
scale consumers. This is due to more expensive
equipment and higher costs of calibration and
reading. The typical costs are described in table 8.

Characteristic Value/FIM
Multi-channel heat meter, installed 3650
Capital costs/year 595
Maintenance/year 300
Total annual costs 895

Table 8
Measuring costs of heat energy of a large scale
consumer

40

Although the measuring costs of a large scale con-
sumer are high, however, they are small in per-
centage. If the energy bill of a large scale consumer
is 500,000 FIM per annum the proportion of the
measuring costs is below 0, 2%.

HEAT ENERGY MEASUREMENT IN THE FUTURE

Today in Finland one million people live in build-
ings which use district heating. The number may
grow further, for the present networks are being
widened and new district heating networks are
being built. The number of small networks in partic-
ular will increase quickly in the 80s. The proportion
of private houses being built is also increasing.

This is one reason why the measuring of low heat
power will increase. As the energy price goes up so
the relative cost of measuring will get smaller, i.e., it
will be possible for a consumer to cover the meas-

DISTRICT HEATING e FIRST QUARTER 1981



Figure 10
Heat energy measurement in a block of flats

uring costs with smaller savings in energy. The
metering of terrace houses is now taking its first
steps.

In the blocks of flats where hot water is not meas-
ured it is possible that measuring will be arranged in
the near future. The arguments for this are legality (a
consumer pays only for the hot water he has con-
sumed) the bit proportion of the hot water costs in
heat energy costs (as much as 40%) and energy
saving obtained by measuring. Reports from various
countries prove that the measuring of hot water can
save 20 . . . 35% of the hot water costs (2). It is also
possible that in the future the increase in water
meter reading costs will cause measuring equipment
furnished with remote readouts to become more
common.

Heat energy measurement in individual flats is still
a problem. Figure 9 illustrates the situation. Flat N is
heated with radiators a and b. Naturally we should
be able to measure their heat energy. The measure-
ment would not give any accurate result because
heat flows 1, 2, 3, 4 and 5 have an effect on the flat
and the direction of the flows can change. A con-
clusion is that accurate energy measurement would
require several heat meters and further measuring

DISTRICT HEATING e FIRST QUARTER 1981

equipment for measuring heat flows 1, 2, 3, 4 and 5.
That is not yet economically profitable. However, if
the energy price rises a lot measuring may become
appropriate. Development of measuring equipment
of a new kind would be necessary in that case.

As measuring technology is advancing it is obvious
that in future automatic meter reading systems will
be used. Automatic meter reading will first be used
as measuring, control and billing systems for large
scale consumers and later for medium scale con-
sumers. This will produce new advantages. As the
billing methods become more effective the circula-
tion of money will be accelerated. In meter reading
systems of this kind it is possible to adopt new billing
systems, e.g., time of day measurement, Figure 14. As
the energy price is going up continuously consump-
tion habits can be directed to optimize the use of
energy. Flexible tariff policy will be significant in this
connection. Automatic meter reading also makes
load control possible.

In the 1980s more attention will be paid to main-
tenance, testing and calibration of measuring equip-
ment and staff training. The measuring equipment is
usually tested and calibrated with the equipment
shown in Figure 15. Rough testing of the measuring
equipment in situ enables us to establish its condi-
tion. In this way it is possible to avoid removing and
reinstalling a meter and some other costs such as
transportation and testing in a laboratory (8).

IPMENT
Sé‘}‘u AVAILABLE

Prassure Rugulltou . |0"|p‘.f.‘“l'0 Regulators © Control valves
as uctile fron * arbon ainless Steel ¢ Bronze
Cast& D tile | Carbo & Stainl teel

v.Va" 106"
8 to 360 C peratures 10 850°F.

Pressures 10 1440 PSI. Tem

Minimize your valve inventory and production problems.
Unique construction with patented sliding-gate seats as-
sures reliable performance in demanding steam applica-
tions, liquids and chemicals, and for air, oil and gas. All
Jordan Valves feature straight thru-flow, short stroke, tight
shut-off, self-cleaning seats. Minimum maintenance.

Put Jordan in control. For delivery and performance
you can depend on, call your Jordan Sales Engineer or call
Jordan (tol! free) direct.

Jordan Valve Division

Richards Industries, Inc.

3170 Wasson Road

Cincinnati, OH 45209

Phone: 800-543-7311 /

For More Information Circle No. 6 On The Reader Service Card
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Figure 11
Measuring centre of a large scale consumer (6)

It will be profitable for the plants which have a
great number of meters to carry out testing and
calibration of heat meters with computer based
equipment, Figure 16. Although this equipment is
very expensive its advantages are very significant.
Automatic testing equipment would reduce the
number of trained staff needed so salary costs would
also decrease. Also the testing time of .meters can be
shortened and so the effective running time can be
increased. This makes measurement more econom-
ical. The testing of meters can be done more widely
and accurately and human errors can be avoided.

The present heat energy tariffs include an annual
fee which is dependent on the maximum volume
flow defined. The volume flow is not measured but
bigger heat plants control it. An analyzer as pictured
in Figure 17 can be used in the process control.

DISTRICT HEATING = FIRST QUARTER 1981

Several advantages are obtained by controlling.
Process conditions (temperatures, flow, power, etc.)
can be registered and examined to see if they corre-
spond to the values set by a designer. If they do not,
the process devices can be changed or adjusted to
correspond to the basic fee. Process analyzing also
gives information about the accuracy of heat energy
measurement equipment. During the control a great
deal of information about the process can be gath-
ered and it can be utilized in planning new district
heating systems.

In the future many new viewpoints will influence
heat energy measurement. Solar heating and geo-
thermic heating are becoming more common and
they may form a part of a district heating system. As
energy costs and the number of meters will increase,

(Continued on p. 47)
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Figure 12
Multi-channel measurement of heat energy of a large scale consumer

(
e \. — ——
66°
®
e
5
|
oKAJAAN Y 64°

* Metered Heat Network, Small
O Metered Heat Network, Large
x Measurement and Calibration Place

Figure 13
Metered district heating processes in Finland
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AMERICAN BOA INCORPORATED

American BOA announces availability of expan-
sion joints incorporating the unique MULTI-PLY bel-
lows, designed to accommodate axial, lateral, and/or
rotational movements. When compared to conven-
tional single-wall construction, BOA “MULTI-PLY"”
Expansion Joints offer many important advantages:
superior flexibility with smaller outside diameter of
bellows, shorter lengths, lighter weight, reduced
flow resistance, low spring force ratings, and added
special safety features.

BOA Expansion Joints are standard with all plies of
Type 321, 316 or 304 Stainless Steel, and can also be
supplied in Titanium, Inconel, or Nickel. As a cost-
saving, depending on service requirements, bellows
may be supplied with a combination ply construc-
tion, with innermost ply material different from out-
er plies.

ANSI 150-lb. and 300-Ib. flanges, weld-ends,
threaded ends are standard. Liners, shrouds, and
tie-rods are available, as required, as well as special
flanges (quick-disconnect Marman-type, tri-clover,
and special shapes) for specific installations.

For more information, contact American BOA
Inc., Suite 4523, 1 World Trade Center, New York,
New York 10048.
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Time of day heat energy measurement

THE WORLD’S LARGEST INVENTORY OF
FIRETUBE AND WATERTUBE BOILERS AND
ACCESSORY EQUIPMENT.
® FIRETUBE BOILERS ® DEAERATORS
30 HP to 1000 HP

® WATERTUBE BOILERS
20,000 PPH to 250,000 PPH

® MOBILE STEAM SYSTEMS
250 HP to 700 HP

® DIESEL GENERATORS
150 KW to 2500 KW

® COMBUSTION
CONTROLS

® ECONOMIZERS

® SOFTENERS

Call upon Indeck’s team of designers and application Ehl
engineers with many years of practical experience to e

design, install and operate your new steam facility.

Q !

INOECK
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INDECK POWER EQUIPMENT CO.
1075 Noel Avenue ¢ Wheeling, lllinois 60090
Phone: 312/541-8300 Telex 28-3544

For More Information Circle No. 9 On The Reader Service Card
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Figure 15
Testing heat meters in a measuring centre

Figure 17
Controlling a heat process with process analyzer

DISTRICT HEATING ¢ FIRST QUARTER 1981

Figure 16
Testing and calibrating heat meters by computer

(Continued from p. 43)

so measurement must be more accurate and more
economic. In this development the Finnish Heating
Plant Association and the authorities will play a very
important part. It is obvious that new recommenda-
tions, instructions and official standards will be
published. In this way the reliability and economic
benefits of energy measurement will increase.

For additional information contact:

Timo Rounansuo

Valmet Incorporated

7 Westchester Plaza

Elmsford, New York 10523
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