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Research on the Development Directions of a High-parameter energy blocks

Abstract

The article examines scientific and technical approaches to improving the energy efficiency of
steam-turbine thermal power plants (TPPs), which play a dominant role in modern electric power
engineering. It is noted that approximately 65% of global electricity generation and nearly 90% of
electricity production in Azerbaijan are provided by thermal power plants, making the efficient use
of fuel and energy resources and the reduction of environmental impact critical objectives. Although
the main technological equipment of steam-turbine units has reached a high level of technical
maturity, the principal potential for further improvement of technical and economic performance lies
in increasing the initial steam parameters, specifically pressure and temperature.

The study analyzes the development stages of power units operating under supercritical and ultra-
supercritical steam parameters, as well as their thermodynamic advantages and operational
performance indicators. The results demonstrate that higher steam parameters increase turbine heat
drop and output power, improve the efficiency of both the power unit and the plant as a whole, and
reduce specific fuel consumption. Increased efficiency also leads to a significant reduction in
emissions of COz, NOy, SOy, and other harmful pollutants.

Furthermore, the article investigates the mechanical strength, heat resistance, and long-term
operational characteristics of modern ferritic and martensitic steels P91 and P92 used in ultra-
supercritical technologies. Although the application of advanced materials increases capital costs,
these expenses are recovered within approximately 3-4 years through fuel savings and improved
energy efficiency.

Keywords: Steam-gas plant, heating scheme, operating mode, critical, supercritical, gas turbine,
steam turbine, waste heat boiler, power unit, efficiency
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Yiiksok parametrli energetik bloklarin inkisaf istigamatlarinin tadqiqi

Xiilasa

Magalodo miiasir elektroenergetikada buxar-turbinli istilik elektrik stansiyalarinin (IES) aparici
rol oynamasi goraitindo onlarin energetik samorsliliyinin artirilmasinin elmi-texniki yanasmalari
aragdirilmisdir. Qeyd olunur ki, diinya iizro elektrik enerjisi istehsalinin toqribon 65%-i,
Azorbaycanda iso elektrik enerjisi istehsalinin toxminon 90%-i istilik elektrik stansiyalarinin payina
diistir ki, bu da yanacaq-enerji resurslarindan somorali istifadonin tomin edilmosini vo otraf miihito
tosirin azaldilmasint miithiim vo aktual vozifoys c¢evirir. Buxar-turbin qurgularinda istifads olunan
osas texnoloji avadanliglar yiiksok texniki yetkinlik soviyyosino ¢atmis olsa da, texniki-igtisadi
gostoricilorin  daha da yaxsilasdirilmasi iiglin osas ehtiyat monboyinin buxarin baslangic
parametrlorinin, yoni tozyiqinin vo temperaturunun artirilmasi oldugu asaslandirilir.

Tadqiqatda superkritik vo ultrasuperkritik buxar parametrlori ils isloyon enerji bloklarinin inkisaf
morhoaloalori, onlarin termodinamik {stiinliiklori vo istismar gostoricilori tohlil edilmisdir. Alinan
naticalor gostorir ki, buxarin yiiksaldilmis parametrlori turbinds istilik diiskiisiiniin vo ¢ixis giiciiniin
artmasina, enerji blokunun vo biitovliikde stansiyanin faydali i omsalinin yliksalmosino, homg¢inin,
yanacagin xiisusi sarfinin azalmasina sabob olur. Faydali is omsalinin artmas1 atmosfers atilan CO.,
NOx, SOx va digor zorarli tullantilarin shomiyyatli derocods azalmasina da sorait yaradir.

Bundan olave, maqalods ultrasuperkritik texnologiyalarda totbiq olunan miiasir ferrit vo martensit
sinifli P91 vo P92 poladlarinin mexaniki mohkomliyi, istiliyadavamliligl vo uzunmiiddatli istismar
xiisusiyyotlori arasdirilmisdir. Qeyd olunur ki, qabaqcil materiallardan istifads kapital xorclorinin
artmasina sobab olsa da, yanacaga qonaot vo energetik somoaraliliyin yiiksaldilmasi hesabina bu
xorclor toxminon 3—4 il orzindo 6donilir.

Acar sozlor: buxar-qaz qurgusu, istilik sxemi, is rejimi, kritik, superkritik, qaz turbini, buxar
turbini, utilizasiya qazan, enerji bloku, samaralilik

Introduction

Currently, electric power is mainly produced in steam turbine thermal power plants operating on
natural fuels. 65% of'the electric power produced worldwide, and 90% in Azerbaijan, is manufactured
in thermal power plants. Therefore, increasing the energy efficiency of steam turbine plants is one of
the urgent issues. The equipment used in steam turbine power plants has been improved to a high
level. Increasing the technical and economic indicators of such plants can be achieved by increasing
the initial parameters of steam. The change in steam parameters over the years in steam turbine power
plants is shown in Figure 1. (Abdullayev et al., 2013; Abzorli & Arifli, 2020; Kalbaliyev et al., 2011;
Dorokhov & Sedlov, 2007).

Figure. 1. Changes in parameters in steam-powered power plants

The figure shows that during the years 2000-2015, power units operating with supercritical
parameters of steam were actively developed, and currently this s of transition of steam to ultra
supercritical parameters. As a result of long-term work to increase the efficiency of the steam turbine
— that is, research on increasing the pressure and temperature of superheated steam, the temperature
of steam reheating - power units operating with super technology has been fully studied and is being
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used. In this case, the efficiency reached 50%, the temperature- ty=700°C, and the pressure 32-35
MPa. Currently, leading countries are solving the issue critical (P¢=31-32 MPa, ty=560-600°C), ultra
supercritical (Py=37-38 MPa, t¢=700°C) parameters were created. Currently, supercritical units are
being replaced by power units operating with the technology of ultra-supercritical units. Due to the
increase in energy efficiency in such units, fuel consumption is reduced. At the same time,
environmental pollutants are also reduced. Thus, when the efficiency increases by 1%, CO», NOx,
SOx compounds and solid particles decrease by about 2%.

With the transition of gas-fired power plants to a steam-gas turbine with combined cycle, it has
been possible to increase the efficiency to 60% by increasing the temperature of the combustion heat
supplied to the gas turbine to 1200-1500°C (Favorskiy et al., 2004; Kehlhofer et al.,1997; Olxovskiy,
2013; Truxnty, 2013) but this has not yet been possible in power plants powered by other fuels. One
of the solutions to this problem is to increase the parameters (pressure and temperature) of the steam.
When the parameters of the steam entering the turbine increase, the heat loss in the turbine, power,
the efficiency of the turbine, the block and the thermal power plant increase, and the specific fuel
consumption decreases. As a result, fuel is saved, the amount of flue gases emitted into the atmosphere
reduces, and the environmental load decreases (Figure 2).

It should be noted that despite the increase in trends in the development of non-traditional
technologies in electricity generation, natural fuels are mainly used in the world's electric power
generation, and their number is also increasing. 60% of gas and solid fuels are used in electric power
generation. Combined cycle power plants with steam-gas units operate on the Brayton-Rankin cycle.
In order to reduce the amount of carbon dioxide emitted into the atmosphere, power engineers are
required to increase the thermodynamic efficiency of the energy complex. Conducting scientific
research in this area is one of the urgent issues.

€Oz, g/(kWe)

Figure. 2. Dependence of CO; emissions on net efficiency

1 — when burning coal; 2, 3 — when burning biomass with coal;
4 — when burning natural gas

I —average value for modern operating thermal power plants; II — average value for EU countries;
IIT — average value for thermal power plants operating with parameters higher than critical in
Denmark; IV — thermal power plant project AD700; V — latest thermal power plant projects

Research

When the initial temperature of the working medium of the best combined steam-gas plant is
1500°C, the efficiency is 60% (Truxniy, 2013; Tsanev et al., 2011). In this regard, the improvement
of technologies in steam-gas plants is one of the main issues. Certain progress has been made in the
field of using solid fuels in combined steam-gas plants. In this case, the internal coal gasification is
applied in a complex cycle, that is, artificial gases are obtained from solid fuels and the obtained
artificial gases are fed to the combustion chamber of the gas turbine (Kruglikov et al., 2012; Truxnuy,
2013; Mommaoadova, 2019; Nasirov & Neymatov, 2025; Nosirov et al., 2026; Neymoatov & Nasirov,
2025). In this case, the efficiency of the steam-gas plant decreases, net efficiency compared to a
steam-gas plant using natural gas is 41-45% (Usova, 2011; Zisin, 2010). It should be noted that steam-
gas plants operating with internal coal gasification are very expensive, it is 4000 dollars/kWh (10 10.
Cost and performance data, for power generator technologies, 2012).
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Therefore, it is more convenient to use steam turbine units operating on coal and with increased
parameters. In Europe, China, Japan, and America, power units operating with supercritical
parameters (Py=32 MPa, t,=600-620°C) are operated, and the efficiency of such plants is 44%. In
order to increase technical and economic indicators, power units operating with higher ultra
supercritical parameters (Pg=34-36 MPa, t=700-760°C) are actively developed in the mentioned
countries. For the creation of ultracritical and ultra supercritical units, programs are developed by
scientific research institutions, manufacturers of power equipment, and operating companies, and the
implementation of the programs is monitored.

Main promising issues to be solved.

1. Development of modern high-efficiency, environmentally friendly technologies.

2. Creation of a new generation power equipment manufacturing industry.

3. Decommissioning of thermal power plants with low economic indicators and replacing them
with promising, highly efficient thermal power plants that require low costs for the production of
electricity and heat.

4. Reduction of specific fuel consumption and staffing factor of the equipment remaining in
operation.

5. Reduction of waste discharged into the environment.

6. Reduction of repair costs.

In Russia, the introduction of promising coal-fired units operating with supercritical and ultra
supercritical parameters is also prognosed and research is being carried out. Since 2021, the
implementation of these studies and the creation of new, highly efficient units with an efficiency of
50% for electric power generation has begun (Truxniy, 2013; Tsanev et al., 2011; Tumanovskiy,
2017). Currently, other countries are also addressing the issue of transition to power plants operating
with ultra supercritical parameters. Another issue is the use of heat-resistant, expensive materials in
equipment due to the increase in steam parameters and the increase in capital costs of power plants
in this case.

Calculations show that the capital costs of the plant may increase by 35-40% due to the
improvement of the boiler plant, turbine and auxiliary equipment (Truxniy, 2013; Tsanev et al., 2011;
Tumanovskiy, 2017). When manufacturing such blocks, high-strength steels of the ferritic and ferritic
martensitic class are used.

The thick-walled outlet manifold, main steam pipe and intermediate heater pipelines are made of
a new grade austenitic steel P 91. This steel contains 9% chromium. Another austenitic steel is made
of P 92, which contains 11% chromium. The creep limit of martensitic steels is shown in Figure 3.

200
180 = \
g 160
2 T INEN
Z
£ \\
— 2
= 1
5 ~N
S w0 it =
z | BN
= < B
&

Figure 3. The limit of steel creep depending on temperature
1-P-92;2-P-91;3-X20

The graph shows that the slip limit of P 92 steel is 2 times higher than that of X 20 steel. X 20
steel has long been used in the mechanical engineering industry. When using P 91 and P 92 steels, the
wall thickness is taken less and the slip limit is also higher, and their value is not higher than the value
of the previous steels. In addition, assembly work has shown that P 91 and P 92 steels are welded
faster than X 20, which contains 12% chromium. Due to the use of expensive metals in the mentioned
stations, capital costs increase by 30%. However, this is paid off within 3-4 years.
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Now let's compare the thermal efficiency of plants operating with parameters higher than critical
and supercritical. As it is mentioned, thermal power plants operating on organic fuels dominate in the
energy system. The creation of TPPs (thermal power plants) with powerful energy blocks is carried
out in two directions - the creation of steam power plants operating on liquid, gas, solid fuels and the
creation of steam-gas plants operating on gaseous fuels. The main goal is to reduce the amount of
fuel consumed. However, in this case, when creating two different types of power plants, it is
necessary to take into account that they have various technical advantages. The degree of
improvement of the steam-gas plant is higher than that of the steam-power plant.

In this regard, it is more expedient to create promising ecological thermal power plants equal to
the thermal efficiency of the steam-gas plant. Despite the 30% difference in capital investment
between power units operating with critical parameters (P, = 24,5 MPa, t, = 338°C, tj;, =
552°C) and power units operating with supercritical parameters (P, = 34,1 MPa, t, = 650°C,
tir = 693°C), power plants operating with increased parameters are economically advantageous. For
this purpose, a comparison of the thermal efficiency of power plants operating with critical pressure
and supercritical pressure was carried out. The creation of powerful 300-400 MW power units in
accordance with modern brands of austenitic steels is a reality. In such units, the steam pressure in
front of the turbine is Po=31-32 MPa, the temperature t, = 625 — 630°C, the feed water temperature
is 310°C, the pressure before the first intermediate heating is 7 MPa, the temperature is 565°C, the
steam pressure after the second intermediate heating is 2.0-2.5 MPa, the temperature is 565°C. In this
case, the change in specific fuel consumption is shown in the table below.

It can be seen from the table that the specific fuel consumption decreases by 7%. When comparing
the power unit with a pressure of 31 MPa, a temperature of 600/560/566°C, and a feed water
temperature tg, = 275°%C, with the base standard unit, there is a saving of 14.8 g/kWh of
conventional fuel.

Table 1.
Impact of factors reducing specific fuel consumption on reducing specific fuel consumption, in %

Factors that reduce specific fuel consumption Reduction in specific fuel consumption, in %
Increase in fresh steam pressure 2,1
Po=26.5 MPa to 31 Mpa

Increasing the temperature of the fresh steam 2,4
from 540°C to 630°C

Steam temperature increases in the first stage 0,8
reheating

Steam temperature increases in the second stage 1,8
reheating

Raising the feed water temperature from 270°C 0,8
to 310°C

If to assume a favorable feed water temperature ts,, = 310 — 315°C and take the temperature of
fresh steam t, = 630°C, the additional relative increase in fuel will be up to 2%. In units operating
with supercritical parameters, it is planned to bring the temperature to 600-630°C (Table 1). The
operation of supercritical and supercritical units is generally positive. The availability factor of all
units is on average 90 - 94%. Transition to critical parameters of steam does not affect the availability
factor of the equipment.

Conclusions

1. The advantages and prospects of units operating with supercritical and ultra supercritical
parameters have been studied.

2. To increase the efficiency of power plants, it is more expedient to operate them at water
parameters higher than critical ones.
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3. Due to the use of expensive metals in such units, capital costs increase by 30%, but this is

repaid in 3-4 years.

4. By transition to the supercritical parameter, the useful efficiency of the plant increases from

41% to 50% and the specific fuel consumption decreases by 7%, saving fuel, reducing the amount of
harmful gases emitted into the atmosphere, and reducing the environmental burden.
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