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In 2019 a new backpressure steam turbine type SST-300 CE2L/V36S was 
commissioned in the biggest district heating power plant in Bulgaria - TPP “Sofia Iztok”, 
which replaced the existing installation PT-30-90/10 with adjustable steam extraction. 

The SST-300 CE2L/V36S steam turbine installation includes a steam turbine operating 
at high speed (5900 rpm). The rotational force of the steam turbine is transmitted to the 
electric generator by a gearbox (GB), which reduces the speed to 1500 rpm. The turbine is 
single-cylinder and contains a high-pressure part- (HP) and a low-pressure part (LP). The 
auxiliary equipment of the installation includes: low-pressure feedwater heater (LPFWH), 
deaerator (DA) and high-pressure feedwater heater (HPFWH).  

The steam turbine has two steam extractions: a non-adjustable and an adjustable one. 
The district water for the heat supply system is heated in the boiler-condenser (BC) using 
steam, which enters after the final stage of the turbine. 

Fig.1 presents the technological scheme of the studied cogeneration installation. 

 

Fig. 1. Technological scheme of backpressure steam turbine type SST-300 CE2L/V36S. 

The steam pressure in the adjustable steam extraction varies from 0.78 to 1.27 MPa, and 
the maximum steam flow through it is 14.01 kg/s. The steam of the high-pressure feed 
water heater is supplied by the non-adjustable steam extraction of the turbine. The deaerator 
and the low-pressure heater are supplied with steam from the adjustable steam extraction 
after pressure reducing. The maximum heat output of the condenser is 90 MW, and the 
maximum district water through it - 650 kg/s. The steam pressure in the boiler-condenser 
varies in the range from 40 kPa to 250 kPa, which provides heating of the mains water from 
70 to 120°�. Part of the steam from the adjustable extraction is used for internal heat 
consumption needs, and in case of excess is directed to the district heaters servicing the 
plant. 
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       (1)

where: 
P – electrical energy, produced by the CHP installation, kWh; 

– heat energy produced by the CHP installation, kWh; 

 – total fuel input in CHP installation, kWh. 

The total system efficiency does not provide complete information of the completeness 
of the thermal processes in cogeneration plants. High values of the total energy efficiency 
of plants do not always lead to fuel savings in production [4]. 

The fuel saving is calculated using the following equation [4]: 

      (2) 

where: 
– efficiency of electrical power generation of the replacement condenser block from 

the separated production, %; 

– efficiency of heat energy production from the hot-water boiler from the separated 

production, %. 
The efficiency reference values for separate production, according to EU Directive 

2012/27, depend on the type of fuel burned and the year of commissioning the cogeneration 
unit. 

The efficiency of the steam turbine installation can be assessed with the specific fuel 
consumption for the production of electricity ( g/kWh) and heat energy ( , 

g/kWh) [5, 6]. In the physical method of fuel distribution between the two products, 
adopted in Bulgaria, the specific fuel consumption for heat production does not depend on 
the parameters of the allocated heat load. In the fuel with a lower calorific value of 29330 
kJ/kg, the specific fuel consumption for heat production is determined by the equation:  

        (3) 

    E3S Web of Conferences 207, 0 (2020)
PEPM'2020

2004 https://doi.org/10.1051/e3sconf/202020702004

3



where:  is the efficiency of heat production in the cogeneration unit, %.  

The value of efficiency of heat production in the cogeneration unit ( ) depends on 

the efficiency of the steam generator, which produces steam for the cogeneration unit, the 
steam pipe system and the district heaters. 

The specific fuel consumption for electricity production ( ) depends on the 

efficiency of electricity production of the cogeneration unit ( ), whose value is 

influenced by the size and parameters of the heat load supplied to consumers. For the 
determined the specific fuel consumption for electricity production can using the following 
equation: 

        (4) 

In order to estimate the efficiency of electricity production of the cogeneration unit it is 
necessary to compile equations for energy and material balance of the cogeneration unit. 

In the present study, the developed simulation model is used to evaluate the energy 
efficiency of the cogeneration unit.  

The software product for simulation modeling GateCycle is a convenient tool for modeling 
the thermal mode of operation of the steam turbine installation. It allows studying different 
variable regimes of operation of steam turbine plants for cogeneration [7, 8, 9]. 

The calculations performed with it are based on the law of conservation and conversion 
of energy. The software allows a detailed examination of the behavior of the equipment that 
is an integral part of the steam turbine installation. The program provides information on: 
pressure, temperature and flow of working fluids (air, water vapor, fuel) at each point of the 
technological scheme [10]. 

The scheme of the steam turbine installation for cogeneration SST-300 CE2L/V36S in 
the environment for simulation modeling is shown in Fig.2.  

 

Fig. 2. Simulation scheme on steam turbine type SST-300 CE2L/V36S. 
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non-adjustable

 
The results of the model validation are presented in Table 1 and Table 2. 
In the first regime (Table 1) the steam consumption at the turbine inlet is at maximum 

and the cogeneration unit realizes its maximum electrical power. 

Table 1. Results of model validation for the first regime 
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In the second regime (Table 2) the operation of the installation at minimum inlet steam 
for cogeneration is studied. 

Table 2. Results of model validation for the second regime 

The obtained results show that the model "recreates" the data from the project 
documentation with acceptable accuracy. The largest deviation is observed in regime �2, 
when the steam turbine installation operates at minimum steam load. In this case, the result 
for steam consumption during the regulated steam extraction from the model study deviates 
from the one indicated in the technical documentation by 6.09%. The deviation of the 
values required for the technical and economic calculations (produced electricity, heat 
energy realized by the boiler-condenser and the temperature of the feed water) does not 
exceed 4%. The obtained results give grounds to use the model to study the operating 
modes of the cogeneration plant. 
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The input data for the calculations are: 
Maximum load of the boiler-condenser - 90 MW. Through the adjustable steam 

extraction no heat is released to external users; 
Maximum flow on district heating water through the boiler-condenser is 650 kg/s; 
Change in temperature of the mains water, which enters the boiler-condenser, 

from 50 to 60 °�; 
Heating of the district water in the boiler-condenser (��) from 44 to 50 °�; 
Change of steam pressure in the boiler-condenser from 0.040 to 0.250 MPa. 

Multivariable calculations were performed employing this model. Results were obtained 
for the variation of the following parameters: 

The results of the simulation calculation are presented graphically depending on the 
initial temperature of the incoming district heating water (�2), with which it enters the 
cogeneration power plant. 

 

Fig. 3. The electric power of the cogeneration unit depending on the temperature of the incoming 
district heating water and the magnitude of its heating in the boiler-condenser. 
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Figure 3 shows the change in the electric power (P) of the cogeneration unit. It can be 
seen that as the temperature of the incoming district heating water (�2) decreases, the 
electrical power of the installation grows due to the increase of the processed enthalpy drop 
from the turbine. The same effect is observed by the decrease of water heating (��). 

In Fig. 4 are presented the results of the simulation study of the change of the specific 
fuel consumption for production of electricity from the installation for cogeneration as a 
function of the temperature of the district heating water (�2). The specific fuel consumption 
is determined at 90% efficiency of the steam generator and efficiency of the steam pipelines 
96%. As the temperature of the mains water entering the boiler-condenser decreases, the 
specific fuel consumption for electricity production also decreases, which is explained by 
the increased production of combined electricity. 

 

Fig. 4. Specific fuel consumption for electricity production of the cogeneration unit depending on the 
temperature of the incoming district heating water and the magnitude of its heating in the boiler-
condenser. 

The specific fuel consumption for heat production from the installation is not affected 
by the parameters of the  heat load and is equal to 141 g/kWh. This is a feature due 
to the physical method used in Bulgaria for distribution of fuel between the produced heat 
and electricity in the cogeneration plant. 

The change of the total CHP system efficiency of the installation depending on the 
temperature of the incoming district heating water is presented in Fig.5. It can be seen that 
the total CHP system efficiency of the installation remains unchanged when the 
temperature and the magnitude of heating of the incoming water district heating in the 
boiler-condenser of the installation change. 

 

Fig. 5. The total CHP system efficiency of the cogeneration unit depending on the temperature of the 
incoming district heating water and the magnitude of its heating in the boiler-condenser. 
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Fig. 6 shows the change in fuel  (�F) according to the EU Directive 2012/27. 
When determining the fuel saving, reference values for the efficiency were used for 
electricity production – 52.5% and for heat production – 90%, which correspond to the 
natural gas used in the installation, without making a temperature correction according to 
the ambient temperature and without taking into account the consumption of electricity by 
the cogeneration unit. 

 

Fig. 6. The fuel saving of the cogeneration unit depending on the temperature of the incoming district 
heating water and the magnitude of its heating in the boiler-condenser. 

The obtained results show that the fuel savings as a result of cogeneration production 
are more than 10% in the whole range of changes the temperature of the incoming district 
heating water and the magnitude of its heating, therefore according to EU Directive 
2012/27 the produced electricity is "High-efficiency". Fuel savings increase with combined 
electricity production. 

This report develops a simulation model of a backpressure steam turbine installation for 
cogeneration type SST-300 CE2L/V36S. The model was validated by comparing the results 
of two regimes of operation with the values from the design documentation of the turbine. 

Using the simulation model an analysis of the energy efficiency of the steam turbine 
installation at nominal heat load of the boiler-condenser (90 MW) depending on the change 
of the mains water temperature (from 50 to 60 °�) entering the boiler-condenser and the size 
of its heating (from 44 to 50 °C) is performed. 

The obtained results show that the energy efficiency indicators of the cogeneration unit 
are improved by decreasing the temperature of the water from district heating, which enters 
the boiler-condenser. The same pattern is observed when reducing its heating. Since the 
temperature of the incoming district heating water is a function of the consumed heat in the 
heating system, it cannot be regulated. Thus, to improvement of the energy efficiency of the 
backpressure steam turbine installation can be achieved by reducing the magnitude of 
heating of the incoming district heating water in the boiler-condenser (by increasing the 
flow rate through it). 
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Regulation of heat and electricity produced in combined-heat-and-power 
plant
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