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Abstract

The reduction of the cost prices is always an important action against the
economical crisis. In this paper the reduction of the cost prices of the district
heating based on patented inventions of the authors for significant
increasing of the energy efficiency at simultaneous production of electric and
heat energy for district heating purpose, using as fuel natural gas, is
considered. The economical calculations, based on 50 MW electric and 50
MW heat power, show that at the present prices of the natural gas, electric
and heat energy, the net profit of the installation will be about 47milion of
levs per year at pay back term of only about 1,2 years. Even if the price of
the heat is reduced twice the profit will be about 35 millions of levs per year
at pay back term 1,623 years.
Key words: combined gas-steam cycle, waste heat utilization,
thermodynamics efficiency, gas-steam turbine, economics of the process,
pay-back term.

Introduction

The high heat price of the most of the district heating systems in
Bulgaria is not any more only a private problem of the district heating
companies and their clients. It is most of all ecological problem of the big
Bulgarian towns, that is of a great part of the Bulgarian citizens. This is
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because many of them can not pay the high price for the consumed heat
energy especially at the crisis conditions which leads to refusal of services of
the district heating companies and thus to risk of their bankruptcy.

The old citizens, especially in Sofia, remember the continuous winter
smog and the health and transport problems provoked by them. The closing
of the district heating plants, especially in Sofia, will be national ecological
crash.

The high price of the district heating is economically grounded only at
the technological level of the Bulgarian district heating stations which can be
significantly improved. In this paper we discuss one our patented inventions,
which is able to reduce strongly the cost price of the district heating, and
thus its price for the clients, to a level which can be paid by practically all
citizens. The innovation is ready to be implemented in the industry and can
be supported financially as a European project. The aim of this paper is to
inform the public in Bulgaria about these invention and the results from their
thermodynamics and economical investigations. The solution is ready for
implementation in the industry.

The Principle of the New Key

Of all existing types of installations for transforming of the chemical
energy of fuel into mechanical and heat energy, the gas turbines ensure the
highest efficiency, usually burning natural gas. The installations offered by
the leading firms consist of a compressor for the air, burning chambers,
recently one or two, a gas turbine with an electrical generator and a steam
boiler-utilizer. The steam from the boiler is used for district heating purposes
or for a second, additional steam turbine. In the last case the steam after this
turbine can be condensed in a boiler for heating of district heating net water
or in a vacuum condenser losing the heat of steam condensation in the
atmosphere. The mechanical efficiency of the first type of installations is
38.5%, of the second - about 52%, and of the third - 58.5% (Kolev et al.,
2001). These efficiencies, in all cases, are calculated at inlet temperature
about 1200°C. The overall efficiency, tacking into account the heat utilized
for district heating, is about 80%. The increasing of the efficiency of the
installations, using for the turbines new materials able to operate at higher
temperatures, is a non stop process in the development of the gas turbines.

The main disadvantage of these engines is the need of high excess of
air, over the stoichiometric amount, necessary to reduce the temperature of
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the flue gases leaving the combustion chamber. In order to ensure this
excess, 50 to 66% of the mechanical energy produced in the turbine is
consumed by the air compressor, which significantly reduces the mechanical
efficiency of these engines. The great excess of air leads to increasing of the
NOX concentrations in the flue gases. The mentioned invention eliminates
this shortcoming. According to it the total quantity of the over-stoichiometric
air is replaced by steam. The necessary steam is produced in a boiler,
where the flue gases, after the turbine, are cooled to a temperature about
120°C. According to this method, the flue gases after the boiler are cooled
additionally in a system with a contact economizer to a temperature about
49°C. At these conditions, not only the whole quantity of the steam passes
to the gas turbine combustion chamber, but also a great part of the water
obtained by burning of the fuel is condensed and can be easy purified to
feed water. The utilized heat is used for district heating purpose. For this
reason, the new installation is especially proper for district heating. The
temperature of the flue gases after the contact economizer equal to 49°C
can be realized when the net district heating water returns to the plant with a
temperature equal to 45°C.

The idea to reduce the energy for the compressor using steam instead
of a part of the over-stoichiometric air, and in this way to increase the energy
efficiency of the installation, is offered by Cheng and has been well-known
for many years. Its limited use in the industry by now is due to losing of the
very pure and that is why expensive water from the steam with the flue
gases (Perkavec, 1997)

The technological scheme of the installation (Kolev et al. 1997, 1999,
2001) is presented in Fig. 1. The air required for burning of the fuel enters
the turbo-compressor block 2 through the pipe 1. The compressor is divided
into N stages. Heat exchangers 3, respectively 3' to 3N1-1 are connected
between the stages of the compressor in order to reduce the energy needed
for the compression. In the case of district heating plants it is possible to
cool these heat exchangers by means of the cooled district heating network
water, increasing the overall thermodynamic efficiency of the installation.
This fact, and especially the condensation of a part of the water vapours
obtained from fuel burning, permits the coefficient of thermodynamic
efficiency for these installations to be higher than 100%, if the efficiency is
calculated, as usually, with the lower calorific effect of the fuel. The air from
the compressor block enters the combustors 4, respectively 4' to 4N of a
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gas-steam turbine 6, along with the fuel, e.g. natural gas, and flue gases
cooled in the previous stages of the turbine. Water steam is also added to
combustor 4'. The mechanical energy produced in the turbine moves the
electric generator 8 and the compressor block 2. After the turbine, the gas-
steam mixture enters boiler 10, where it is cooled, and then the heat
exchanger 31 with ribbed pipes. The gas-steam mixture cooled to about 100
°C enters the contact economizer 15, after which, with a temperature 49°C,
are thrown out into the atmosphere by means of the stack 12. The flue
gases are cooled in the contact economizer by circulating water passing
through the heat exchanger block 13 by means of the pump 16. The block
13 is cooled by district heating network water entering through pipe 14 and
leaving from pipe 17. The water condensate obtained is passing through
valve 18, which controls the water level in the economizer. Then the
condensate enters the packed bed column 19 for removal of carbon dioxide
and oxygen. The column is operating by means of steam coming from boiler
10 through line 30. The gas-steam mixture obtained in column 19 passes
through pipe 29 and is mixed with the flue gases before their entry in the
contact economizer 15. The condensate treated in the column 19 enters
heat exchangers 22 and 25 by means of the pump 20 and is cooled to the
working temperature of the ion exchanger block 21. After this block, water is
heated again in heat exchanger 22, cooling the hot water condensate. The
heated water enters the boiler 10 to evaporate and overheat the steam,
which enters combustor 4.

In Fig. 2 some of the data for the thermodynamic investigations of this
installation are presented. From the figure it can be seen that at 6 stages
turbine at initial pressure p1=300 bar the mechanical efficiency of the
installation AJST reaches up to some more than 62%. Up to now none of the
gas turbine firms has produced such a type of turbines, although since 1913
for ammonia synthesis in Germany, compressors for higher pressure (320
bar) have been installed. Nowadays two stages gas turbines (with 2 burning
chambers) operating at 50 bar with feeding of steam in the first burning
chamber are produced. It is easy to see from Fig 2 that the mechanical
efficiency of our installation at these conditions is about 53%.

The calculations show that the overall efficiency at the same conditions
is about 104%. An additional advantage of the installation is that the turbine
is about 2.35 times smaller for a given electrical power. The compressor on
its side is 7.53 times smaller (Kolev et al., 2001)
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Fig. 1 Technological scheme of the installation with a gas -steam turbine
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Fig. 2. Relationship of the mechanical thermodynamic efficiency of the installation
versus the initial pressure p1 of different number of stages N of the turbine at initial

temperature of each stage equal to 1200°C.
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Economical results of the new technology at the conditions
of the Bulgarian district heating stations

Later the economical estimation is carried out. They are provided in
Bulgarian Ievs at the rate of 1.95 levs/euro. The prices taking part in the
calculations are as follows: natural gas (methane)- 0.4353 lev/nm3; electrical
energy, produced at cogeneration - 0.15631 lev/kWh; heat produced at
cogeneration -0.06254 lev/kWh [6]. All the prices are without VAT. The price
for the heat is taken for Sofia. Except for only two towns in Bulgaria of
altogether 19 with district heating stations, the price is higher.

The calculations later are made for an installation with output of 50 MW
electric and 50 MW heat energy.

Roughly the necessary capital investments for the installation are as
follows:

• For the gas turbine - at price 500 euro/kW

50000x 500 x 1.95 = 48750000 Ievs.

This price of 500 euro/kW is for big installations with standard gas
turbines. As already mentioned for given electrical power, the turbine of our
installation is 2.35 times smaller and the compressor respectively 7.73 times
smaller than of the well-known standard scheme (Kolev et al., 2001). That is
why with a reserve it can be assumed that the new turbine will be cheaper
than 48 750 000 Ievs. Nevertheless in the following calculations, the amount
of 48 750 000 Ievs is taken.

• For the boiler- 2 000 000 Ievs;
• For the heat exchanger with ribbed pipes pos. 31 in Fig. 1- 200 000 Ievs;
• For the contact economizer system and the installation for

condensate purification (pos. 13, 15, 16, 19-22, and 25) 4 000 000
Ievs (with the mounting of the apparatuses);

• For electricity transformer -1 000 000 Ievs;
• For project building and mounting of the other engines and

apparatuses - 800 000 Ievs;
Total - 56 750 000 Ievs.

Operating costs:
The quantity of the necessary fuel operating with efficiency 52%, both

for the heat and electrical energy, and tacking into account that the lower
calorific effect of the natural gas (methane) is 35880 KJ/nm3, is:
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50000x3600
V = = 9648 nm3/h

35880x0.52
Here the coefficient 3600 transforms kW into kJ/h.
The operating cost is roughly:
• For fuel - 9648 x 0.4353 = 4199,77 lev/h;
• For salaries and overhead expenses, 100 lev/h. This corresponds to

44 persons x 1636 levs per month per person, which is more than
the really necessary;

• For amortization:

56750000
= 709 lev/h,

10x8000

where 10 is the amortization time in years and 8000 the operating hours per
year.

Some small amounts, for example such for lubricants, are neglected.
The profit of the installation per hour is:

50000 (0,15631 + 0,06254)- (4199,77 + 100 + 709) = 5934 lev/h.

Or 5934 x 8000 = 47479800 lev/year.

The pay back term of the installation at the existing prices is

56750000
= 1,20 years.

47479800
The same type of calculations shows that even if the cost of the heat is

two times lower, the profit will be 3496000 levs/year.
The pay back term of the installation at these conditions will be 1,623

years.
An additional profit of the installation is about 12% lower CO2 emissions,

and practically absence of NOx emissions.
In conclusion, the new invention which is ready for implementation

ensures net profit of about 47,48 millions of levs/year only per one 50 MW
electric power installation, at pay back term only 1,2 years. At two times
reduction of the heat price the profit will be about 35 millions of levs/year.
Multiplying the effect for the most of the Bulgarian heating power stations the
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effect will be not les than 500 millions of levs/year. Such a possibility,

especially in a situation of an economical crisis must be realized. There are

no technical problems for this realization.
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