

















FIG. 4 - House Installation: One-Family House.
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With the exception of the problems due to the skyline mentioned above the
layout of the plant is fairly conventional, as shown in figure 6. A flow
diagram is shown in figure 7. In other respects, however, the plant is a
standard oil-fired plant. Some points may, however, be of some interest:

1. Steam data
It should be noted that for a combined heat and power plant the
efficiency as such is not so interesting as the power yield, i.e.
the ratio between power production and heat production. In figure 8
this ratio, X -value, is represented as a function of the admission
pressure before the turbine at different processes. Steam (and reheat)
temperature is 1000 OF (535 OC), district heating forward temperature
185 OF (85 0C) and return temperature 130 OF (55 °C). It should be
noted that the admission pressure is in fact less important than the
choice of process, i.e. with or without reheat, and the arrangement
of water heating, i.e. heating in one or several stages. The Ok -value
is also very sensitive to changes in district heating temperature, an
increase of the forward/return temperature to 250/160 Of (120/70 0C)
will diminish the Q4 -value by about 15%.

2. Cooling
The site chosen for the plant offers no cooling water facilities.
Rather than building a conventional condensing plant with cooling
towers and heat extraction we therefore chose a pure back pressure
turbine with a cooling plant coupled to the district heating network
so that power production can be maintained at low heat load by
recooling the district heating water. Operating purely in this way
the plant will have an efficiency of 34% which is adequate for peak
power.

3.  Turbine
With the above in mind we chose a standard 250 M4 unit although with-
out a condensing cylinder which gives 200 MW at full load. Steam
conditions are 2600 psi (18,1 MPa), 1000/1000 °F (535/535 °C). In
other respects the turbine is conventional, the IP-cylinder being
two-flow but asymmetric in order to retain the advantaaes of the
two-stage heating at part load.
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1. Boiler

2 Air preheater
3Forced draft fan
4 Precipitator
5Chimney
6.Turbine
7.Generator
8.Transformer
9.Control room
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10.Demineralization plant
11 Feed water pump
12Hot water condensers

13 District heating pumps
14.Cooling plant

15.Feed water tank

16Feed water heaters
17Expansion vessel
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FIG. 6 - Plant Layout.
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Boiler

The boiler is built for o0il only so that the steam temperature is
limited to 1000 °F (535 0C). The boiler is a once-through Benson
boiler equipped with a water separator between the evaporating
section and the superheater. At Tow load (below 35%) water is
recirculated from the separator to the feed water tank. The firing
equipment consists of 11 front burners. The furnace is built for
pressurized firing, i.e. without any induced draft fan. We have
installed an electrostatic precipitator in order to keep the dust
content of the flue gases as low as possible. The installation of
such a precipitator after an oil-fired boiler may seem somewhat
unwarranted. It was, however one of the conditions that we had to
fulfil in order to get the construction permit.

Miscellaneous

In other respects the mechanical and electrical equipment is con-
ventional. It should be noted, however, that in order to get as simple
an installation as possible we have refrained from the duplication

or splitting up of important components. We have, for instance, only
one air preheater and one forced draft fan. The boiler feed pump
arrangement consists of one turbine-driven full load pump and one
electrically-driven half load and start-up pump. The district heating
pumps are one exception. These pumps, which safeguard the cooling of
the plant, are divided into one forward and one return pump on

the same motor shaft. The motor has a thyristor speed control. The
pumps have a maximum volumetric flow of 50000 gpm (12000 m3/h) at

a total height of 600 feet (190 m). We have two such groups, of

which one is a 100% stand-by unit with automatic changeover in

case of fault.

The control equipment for the plant is also conventional but con-
tains sufficient computer capacity to facilitate the current
accounting between the partners and for the storing and printout

of deviations from normal. Furthermore we have a separate mini-
computer for the logging and storing of values within the normal
range and for efficiency calculations. The latter is particularly
important in a part load plant such as ours where various measured
values cannot be compared on a day-to-day basis without recalculating
them to a standard state.
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Presently we are adding a hot water storage tank with a capacity of about
8 000 000 gallons (30 000 m3). The tank will operate as a stratified
accumulator between the temperature limits 130 to 195 OF (55 to 90 OC).

It will operate under atmospheric pressure and is connected to the heating
network via a pump and water turbine unit according to figure 9. We will
use the tank mainly under the following three operating conditions:

1. At maximum heat demand, i.e. for loads above the heating capacity
of the turbine, we can equalize the short peaks in the district
heating and thus avoid the installation of a further hot water
boiler.

2. At heat Toads equal to the maximum heating capacity of the turbine
the heat demand actually varies so that day demand exceeds the
turbine capacity but night demand drops below this capacity. Due
to the equalization between night and day with the aid of the tank
we can increase the back pressure production.

3. During spring and fall, particularly during September, the heat
demand is decidedly smaller than the power demand. The cooling
plant has a capacity of only 120 Mi. We can increase the cooling
capacity by charging the tank during daytime and discharge to the
cooling plant at night.

The construction of the plant proceeded without any disturbance. The gene-
rator was synchronized for the first time on July 25th 1973, one month ahead
of schedule. The plant was to be handed over by February I1st 1974 at the
latest. This could not however, be achieved, particularly due to severe
operational difficulties with the boiler. These problems have been described
elsewhere ZVGB Power Stations 1977). The main cause can be traced to

the fact that the boiler furnace was actually somewhat underdimensioned -
because of the environmental and other pressures we had to cope with during
the early stages of the project. The problems were, however, corrected and
we went into operation again on October 15th 1974 and started commercial
operation from February 1st 1975. Since then the plant has been in continuous
operation without any noteworthy disturbances. The availability has been
excellent, as is shown in figures 10 and 11. In these figures all outages
have been shown, divided into forced outages, planned outages for servic-
ing that can be done at a suitable time, planned outages due to power
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exchange with the plant stand-by and yearly overhaul. You will note that
the operating season 1974-1975 was virtually free from any disturbance.
The two stops in December represent two weekends during which we built in
and took out some temperature measurement equipment in the reheater. The
1975-1976 season also was troublefree, the outage around December Tst was
due to preparations for the acceptance test, which was carried out during
the beginning of December 1975. During the season 1976-1977, however, we
were forced to go out of operation four times in order to overhaul the
forced draft fan. The maintenance work on this fan during the summer 1976
had not been thorough enough, for which we had to suffer later. A1l these
outages could, however, be made during weekends. The total outage time
excluding the summer overhaul in the 1975-1976 season was 4.56 %. If the
preparations for the acceptance test are disregarded the total outage
time amounts to 1.08% of which 0.96% was due to forced outage. For the
1976-1977 season total outage time amounts to 2.07% of which 0.41% is due
to forced outage. The time for summer overhaul may seem long. During the
period mid June to mid August the heat demand, however, is so low that even
no-load operation is hardly possible. The operation during this period is
uneconomical and thus uninteresting.

The ¢ -value during the season 1976-1977 was, on average, 0.55. The heat
balance for the year 1977 is shown in figure12. You will note that most of
the heat is produced through combined production. Hot water boilers are
used during the summer months, when the power plant is standing by or under
overhaul and also during some winter months as reserve for the power plant
and for peaking, i.e. at loads above maximum turbine capacity. There is
also a small amount produced every month in transportable hot water boiler
plants serving smaller networks not yet connected to the main network.

The power balance is shown in figure 13. The two partners in the joint
venture, Uppsala Kraftvdrme AB (UKAB) and the Swedish State Power Board
(SV), each have at their disposal 50% of the power production. Figure 13
represents the power balance of UKAB for 1977. During the winter months
the bulk of the power demand is covered by back pressure power, i.e. power
from the combined production. During part of May and June the marginal
costs of the national power pool were below our production costs, so that
we could draw power from the pool with the plant standing by. The corre-
sponding energy is represented by the horisontally shaded area. During the
winter months the back pressure production may exceed the demand during
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Yearly Overhaul

FIG. 10 - Plant Availability.
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nights and weekends giving a certain excess power, totally 5 GWh, which is
sold back to the pool. As heat and power demand do not coincide in time, the
power production can be increased and the demand balanced by creating an
extra heat demand through the cooling of the district heating hot water in
the cooling plant. In figure 13 this power is designated as recooling power.
As you can note from the figure most of this power was actually not produced
but drawn from the pool. Only in January and the end of April were pool
prices high enough to warrant actual production. As is evident from figure
13, the production is, even with the aid of recooling power, not sufficient
to cover the demand, particularly during the summer months, and we there-
fore also have a supply of contract power from the State Power Board.
Finally, due to forced and planned outages particularly in January and
December, we purchased emergency power from the Power Board.

The power balance highlights some of the difficulties that confront a
utility that has not earlier had any power production of its own. It is
obvious that if UKAB had built a plant of its own it would have had sub-
stantial excess of power, which could have been difficult to sell. The
alternative, installation of a smaller plant, would have resulted in
higher specific capital costs and higher specific running costs. It was
advantageous to make an agreement with an established power producer. The
basic structure of the agreement was that the Swedish State Power Board
were to pay UKAB a certain annual sum for the right to produce back
pressure power and UKAB in turn a certain annual sum to the joint venture
company Fyriskraft AB for the right to produce heat in the joint venture
company. For UKAB these payments when capitalized approximately balanced
each other. Further important parts of the agreement were provisions for
contract power, emergency power and power exchange. The demand for power
in Sweden approximately follows the same pattern as in Uppsala with a
peak in December or January and a minimum in July. The back pressure power
produced in combination with district heating is therefore very valuable,
particularly as about 60% of the power produced in Sweden is hydro power
which is more abundant in summer than in winter. Against this background

the agreement for contract power stipulates that no demand charges are to

be paid during the months May through August. Even more important was the
agreement on emergency power. With only one producing unit the consequences
in case of a forced outage could be disastrous. The agreement stipulates a
fixed charge in the order of 3 $/kW, a day charge in case of outage of about
0.15 $/kW, day and an energy charge corresponding to the running costs in
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an oil-fired condensing plant. The day charge is not paid for planned outages
during weekends and holidays.

The agreement for exchange power stipulates the conditions and payments
for the purchase and supply of interruptible power. Basically they amount
to the following:

When we buy interruptible power in lieu of back pressure we pay the average
of our marginal cost and pool marginal cost. When we sell excess back
pressure production we get somewhat less than the average of our marginal
cost and pool marginal cost. When we purchase in lieu of recooling power we
pay somewhat more than the average of pool marginal cost and our marginal
cost and when we supply excess recooling power we get our marginal cost.
The deviation from the straightforward payment of the average reflects the
difference in bargaining position between the small and the large utility.

The comparison of our costs with, for example, US costs is somewhat pro-
blematic particularly in these times of varying exchange rates. However,
for a larger Swedish utility the main alternative to a combined heat and
power plant is nuclear power and, therefore, a comparison between a heat
and power plant and a nuclear plant is suitable. The installation cost for
Fyriskraft was $ 41,000,000 or 200 $/KW. No. 2 unit of a Swedish nuclear plant
taken into opera?jon at the same time, cost $ 170,000,000 for 580 MW or
290 $/kW. Total production costs 1977 for Fyriskraft were 1.8 c/kWh at a
capacity factor of 0.4. An economical capacity factor for a combined heat
and power plant is about 0.45. The nuclear plant had production costs of
1.5 c/kWh at a capacity factor of 0.7. Operating at 0.45 it would have
produced at the same cost 1.8 c/kWh.
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