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Abstract

Boiler units at Ukrainian thermal power plants need to be modernized or replaced in the short run, as thisis
important for the national energy security. The authors determined one of possible ways to improve the efficiency
indicators of coal-fired boiler units and power generating units as a whole up to the values exceeding the design ones.
This variant of improvement consists in abandoning the technology of using flue gas as drying agent in pulverized
coal systems and replacing it with direct discharge of the gas flow into the boiler furnace. Numerous computations
were carried out to study the change of efficiency indicators and manoeuvrability of power generating units due to the
replacement of the ball mill pulverizing system using flue gases for coal drying with the scheme including ball-and-
race millsthat use hot air as drying agent.

Keywords: manoeuvrability; power generating unit; boiler; pulverized coal system; coal; excess air; energy
conversion efficiency.

1. Introduction

The ever-present phenomenon on the eectrica energy production market in Ukraineisits gradual annual shrinking by
2-5 % due to economic crises, implementation of energy efficiency measures and increase in dectricity tariffs for indugtria
consumers[1]. The share and total volume of thermal coal-fired power generation is also decreasing as new wind and solar
farms are built, but it dill says at a leve sufficient for ensuring the fulfilment of manoeuvrahility criteria of the genera
power grid. The condition of the equipment of the domestic thermal power plants (TPP), which isbeyond itslife cycle, does
not make it possble to ensure dectricity production at competitive prices due to excessve fuel overconsumption for its
generation, as compared to any European country, which is the key reason behind the economic stagnation. The ecological
guiddinesfor TPP on coa asthemain fud are getting gtricter and stricter [2].

It would be logica to cut down the existing low-efficient heat capacities beyond their life cyce in the course of
decarbonisation of the European and Ukrainian economies [3], but, on the other hand, the energy market needs capacities
with high manoeuvrahility, technical and economic indicatorsto cover the imbal ances of e ectricity production.

2. Aim of theresearch

In the short run, the only way of improving technical and economic indicators of the existing coal-fired power
generating units at TPP is their reconstruction or modernization. Hence, the research aims to devel op reconstruction
measures for TPP anthracite-fired power generating units with their further conversion to gas coa using low-cost
methods, which will also allow extending the fuel range [4].
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3. Resultsand their discussion

During 2003-2014, reconstructions of TPP power generating units were carried out. However, most measures
aimed at maintaining the reliability, i.e. a extending their life cycle, whereas manoeuvrability and economic
indicators were left out. Analysis of the reports [5] drives the conclusion that the reconstruction failed to improve the
characteristics of lots of boilers; in some cases, even their design values were not achieved. In most cases, the boiler
units did not undergo any significant construction changes. The focus was on the restoration and replacement of
piping elements and heating surfaces. Some reconstructions were made in the elements of the turbines' flow channels,
which resulted in the minimal increase in theinstalled capacity.

As some parts of the Eagern Ukraine were lost control of, a number of reconstruction measures were
implemented to convert the anthracite-fired power generating units to gas flame coal and long flame coal (G and DG
grades) [6], [7]. The analysis of the results, methods and ways of implementing these projects [6], [7] showed that
such measures do not improve the technical and economic indicators; thisisjust a change of fuel. Asthe experimental
studies carried out by the co-authors at Prydnistrovska TPP showed, when running such converted power generating
units, there are problems with achieving the nominal load. Besides, the efficiency of the turbine drops due to the
necessary operation of RH steam injector coolers asthe nominal temperature cannot be maintained.

In the world practice, the reference fuel consumption rate in such boiler units is 335-360 g/lkW-h, while the usual
rate for Ukrainian TPPsis 380—430 g/kW'-h [1]. The manoeuvrability characteristics of similar power generating units
also differ and amount to 50-100 % of the range, whereas in Ukraine the maximum and minimum manoeuvrability
are within amore limited range [1].

A detailed comparison of the schematic diagrams of boiler units in most European countries that burn G coal
similar to the Ukrainian one with the domestic boiler units schematic diagrams shows distinct differences in the
structure of the pulverized coal systems (Fig. 1, 2). In Ukraine, pulverized coal systems are based on ball millswith a
middle powder bin, whereas the best solution for G coal is the use of positive-pressure direct-fired systems based on
ball-and-race mills.
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Fig. 1. Schematic diagram of the air-gas flow path of the TPP-210A boiler unit with a ball-mill and a middle powder bin:
1 —ball-mill; 2 —mill fan; 3 — separator; 4 — centrifugal collector; 5— powder bin;
6 — combustion chamber; 7 — drying agent; 8 — flue gas recirculation fan;
9 —rotary regenerative air heater; 10 — electricd filter; 11 —forced draft fan.
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Fig. 2. Schematic diagram of the air-gas flow path of the TPP-210A boiler unit with a positive-pressure
direct-fired system: 1 — ball-and-race mill; 2 — mill fan; 3 —forced draft fan; 4 — coal feed;
5 —burners; 6 — furnace; 7 — rotary regenerative air heater; 8 —electrical filter.

The regulatory documents [8],[ 9] provide for possible operation on lean coal of ball-mill pulverisers designed
for anthracite and for formally possible use of coa with the content of volatiles over 30 % (i.e, gas coal) with
necessary reduction of the air mixture temperature past the mill below 70°C and before the burners below 160°C by
implementing flue gas recirculation. However, such measures affect the boiler efficiency by increasing hest transfer
from the furnace into the convective pass, and, as aresult, by increasing heat 1oss with the exhaust gas. Besides, the
higher volume of gas (7-12 % for recirculation) causes steam overheating in the convective steam superheaters, and
this necessitates enabling emergency injector coolers, the operation of which significantly increases the heat
consumption for the production of a kilowatt-hour of dectricity (Fig. 3).
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Fig. 3. Correction of heat consumption for electricity production by the K-300-240 turbine [5]
for including the injection into the steam superhesater.

To assess the above-listed factors, the authors used and supplemented the mathematical model described in [10],
and developed a computer program in Microsoft Excel on the example of the TPP-210A boiler unit, converted to G
grade bituminous coal in the variants of the pulverized coal system with a ball-mill and a middle powder bin and with
a positive-pressure direct-fired system based on a ball-and-race mill. The number of infiltrations in the boiler was
considered to have increased from the design values to the real operational values [6]. This mathematical model was
effectively used by the authors for designing the reconstructions of TPP-210A boilers at st. 1, 3, 4 at Trypilska TPP
and <. 7, 10 at Zmiivska TPP, where the program was verified. The experimental studies of gas coal combustion in
TPP-210A bailer units confirmed the results of the implemented modelling (Fig. 4) with an acceptable precision and
proved that heat 10sses with the exhaust gas for cases of positive-pressure direct-fired systems, in contrast to the ball-
mill cases, decrease and the energy conversion efficiency grows on average by 2.47 %.
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Fig. 4. Analysis of heat |oss with exhaust gas and feed-water flow for emergency injections.

A significant result is aso achieved by stopping the feed water injections in the superheated steam coolers.
Using the performance standards for the K-300-240 turbine [11], we can estimate losses caused by enabling the
injection system that works practicaly in the whole operation range for a boiler with a pulverized coal system on a
ball mill. In the middle operation range, hest |oss on the turbine increases by 0.48 % because of the injection aimed at
compensating the steam superheating caused by additional circulation of flue gas to ensure safe operation of
pulverized coal systemswith a ball mill (Fig. 3).

In order to study the manoeuvrability characteristics of the boiler, we also studied the limitation of the maximum
and minimum load by carrying out numerous computations and modelling. The maximum load of the power
generating unit with the TPP-210A boiler is limited by the output of the induced-draft fan (1050-10° m¥h) and by the
temperature at the furnace outlet (1100°C), which are the main conditions of the platen steam superheater dagging.
The curvesin Fig. 5 and Fig. 6 show that, when using direct firing, these limitations shift towards larger values by
5% or 15 MW for the 300 MW power-generating unit.

Fig. 5. Analysis of the change of the limitation indicators of the maximum load and gas temperature.
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The minimum load is limited by the conditions of stable inflammation of pulverized coal for the unloaded boiler
and conditions of the liquid slag output. The obtained graphic data (Fig. 6) show that dueto zero feed of flue gasinto the
active combusgtion zone, increased temperature of the primary air, and absence of infiltrations into the pulverized coal
system, the temperature at the active combustion zone outlet increased by about 100 °C. This ensured the conditions for
steady liquid slag output at 50 % unloading of the boiler. A long operation of the TPP-210A boiler unit at such alow
load isimpossible, when using ball mills for the reasons discussed above. The extenson of the unloading rangeis 10 %.
Asaresult, the boiler manoeuvrability increased by 15 % from the nominal load, or by 45MW.

Fig. 6. Gastemperature in the furnace vs. unloading of the power-generating unit.

Summarizing the change of the energy conversion efficiency of the power-generating unit resulting from the two
factors (reduced heat loss with the exhaust gas and reduced heat consumption on electricity generation due to
disabling the emergency injections), the annual economic effect was assessed to be 30.07 mil UAH.

In addition to the abovelisted factors, the economic effect was also driven by the reduced dectricity
consumption on pulverizing the coal in the ball-and-race mill as compared to the ball mill at the level of 11.3 mil
UAH per year (the reduction is 15 KW/t of pulverized coal); the cut in the cost of purchase of milling ballsis 5.6 mil
UAH per year (consumption of metal for coal pulverization is reduced from 400 g/t to 12 g/t of pulverized coal).
Therefore, for a 300 MW power-generating unit at an average price of coal of 1650 UAH, the cumulative annual
economic effect will amount to 46.97 mil UAH. So far, on the new market of electrica power there are no clear,
comprehensible algorithms of defining the compensatory expenses on using the manoeuvrable capacities (ancillary
services), which is why the economic effect from increasing the manoeuvrability range of the power-generating unit
cannot be duly assessed.

4, Conclusion

The analysis of the technical condition and specificities of running coal-fired boilers showed that their
modernization plans should be based on a comprehensive approach taking into consideration the improvement of
economic indicators, manoeuvrability characteristics, fuel range extension and minimization of reconstruction costs.

The comparative anaysis of the two pulverized coal systems, with ball mills and ball-and-race mills, proved that
structural scheme with the ball-and-race mill offers a number of advantages, including the absence of a powder bin
and reduced generd flow of exhaust gas.

It was proved that the heat losses with the exhaust gas for the ball-and-race mill cases decrease and the gross
energy conversion efficiency of the boiler unit grows by 2.47 % on average. At the same time, the 0.48 % heat 10ss
reduction on the turbine is achieved by disabling the emergency injections to compensate for the overheating caused
by the additional recirculation of the flue gas aimed at safe operation of the pulverized coal system with a ball mill.



Enhancement of Technical and Economic Indicators of Power-Generating Units of Thermal... 31

The study shows that owing to the zero feed of the flue gas into the active combustion zone, increased primary
air temperature and absence of infiltrations into the pulverized coal system, the temperature at the active combustion
zone outlet in the TPP-210A boiler unit with a ball-and-race mill increased by about 100 °C. This ensured the
conditions for a steady output of liquid sag at a 50 % unloading. The extension of the unloading range for the scheme
with a ball-and-race mill is 10 %. As aresult, the boiler manoeuvrability increased by 15 % from the nominal load, or
by 45 MW.

It was assessed that for a 300 MW power-generating unit at an average price of coal of 1650 UAH, the
cumulative annual economic effect will amount to 46.97 mil UAH.

References

[1] Andrii Kapustyanskyi, Gennady Varlamov, ANALY SIS OF THE FUEL AND ENERGY COMPLEX OF UKRAINE // Scientific Journal of
the Ternopil National Technical University 2016, No. 3 (83) ISSN 1727-7108. pp. 144-153.

[2] Order No 62 of the Ministry of Ecology and Natural Resources of Ukraine dated 16 February 2018 on Changes to Order No 541 dated 22
October, 2008. (in Ukrainian)

[3] Law onthe Principles of Monitoring, Reporting and Verification of Greenhouse Gas Emissions, dated 12/12/2019 N 377-1X. (in Ukrainian)

[4] A.A. Kapustyanskii, Study of Flame Combustion of Off-Design Binary Coal Blendsin Steam Boilers// Thermal Engineering, 2017, Vol. 64,
No. 7, pp. 534-541. ISSN 0040-6015

[5] Cherniavskyi, N. B. Results of TPPs reconstruction in Ukraine in 2005-2015. // 11" International Scientific and Practical Conference “Coal
Thermal Power Industry: The Rehabilitation and Development”, Proceedings. — Kyiv: The Ingtitute of Coal Energy Technologies of the NAS
of Ukraine, 2015. pp. 82-86. (in Russian)

[6] Cherniavskyi, N. B., Miroshnychenko, E. S., Provalov, A. Yu. An experience of converting TPP-210A boilers of 300 MW power-generating
units of Trypilska TPPto gas coal // Electric Power Plants Journal. 2020. No. 7. pp. 6-13. (in Russian)

[7] Varlamov, G..B., Kapustyanskyi, A..O. Effect of characteristics of non-standard solid fuel on thereliability and efficiency of boiler equipment
operation // Power engineering: economy, technologies, ecology. No. 1. 2018. pp. 90-98. (in Ukrainian)

[8] Industry Guidance Document (GDK) 34.20.507-2003 Operation and maintenance of electrical power plants and networks. Regulations. K.:
OEP“GRIFE”. 2003. 597 p. (in Ukrainian)

[9] RD 153-34.1-03.352-99 Explosion Hazard Regulations for Fuel Feed, Pulverized-Coal and Combustion Systems. (in Russian)
[10] Thermal Design of Boilers (normative method). — S.-Petersburg: JSC VTI, JSC NPO CKTI, 1998. 259 p. (in Russian)
[11] RD 34.30.713-75 Typical Energy Characteristic of K-300-240 LMZ Turbine Generator. (in Russian)

IHokpauieHHsI TEXHIKO-eKOHOMIYHHUX IMOKA3HUKIB eHEeProd/IOKiB TeII0BUX
€JICKTPOCTAHLIN HIISIXOM BiIMOBH BiJl peMpPKYJIsIii JUMOBHX ra3is

Tapac Kpasenp®, €sren MipOIHHI/IT-ICHKOb, Anppiii KanmyctssHCbKuit

& Hayionanvnuii ynisepcumem “ Jlvsiscoxa nonimexuixa” , syn. C. banoepu, 12, Jlvsie, 79013, Vrpaina
® Hayionanvhuii ynieepcumem xapuosux mexnonoziii, gyi. Borooumupcwka, 68, Kuis, 01033, Vipaina
‘IIpAT “ Texenepzo” , np-m. Illesuenxa, 21, JIveis, 79000, Vkpaina

AHoTalisa

Kotnoarperatn eHepro0iI0KiB TEIUIOBUX €IEKTPUYHUX CTaHLIN YKpaiHH MoTpeOyoTh MojepHi3allii abo 3aMiHu
Yy KOPOTKOCTPOKOBIM IEPCHEKTUBI, 10 € BaXJIMBUM JUIl CHEPreTHYHOI Oe3MeKH 3arajlbHOAEP)KaBHOTO pIiBHS.
ABTOpaMH BU3HA4YEHO OJWH 13 MOMJIMBUX BapiaHTIB IOKpAIIEHHS MOKa3HUKIB e€(EeKTUBHOCTI pOOOTH BYTUTBHUX
KOTJIOArperaTiB Ta eHeprooJIoKiB Y LIJIOMY JI0 3HaYEHb, 10 NEPEBUIIYIOTh MPOEKTHI. TakuM BapiaHTOM MOKPAICHHS
€ BIJIMOBa BIiJl TEXHOJOTrii 3aCTOCYBaHHS IMMOBHMX Tra3iB B SKOCTI CYIIWJIBHOTO Ta BEHTHIBOBAHOI'O areHTy
MIJIOCKCTEM Ta 11 3aMiHa Ha TpsIMe CKHJaHHs Ta30BOr0 IMOTOKY y MAIMBHIO KoTia. [IInsxoM YncenbHUX po3paxyHKiB
JIOCITI/DKEHO 3MiHY ITOKa3HUKIB €KOHOMIYHOCTI Ta MaHEBPEHOCTI €HEeproOJIOKIB NPH 3aMiHi CHCTEMH IHIIONpPHU-
TOTYBaHHS 3 KyJIbOBHUMHU 0apaOaHHUMH MJIMHAMH Ta CYIIiHHSIM BYTiJUIS JUMOBHMH Ta3aMH Ha CXEMY 3 KiJIbIIEBO-
KyJIbOBUMH MJIMHAMHU, 110 BUKOPUCTOBYIOTH SIK CYIIMIILHO-BEHTHIHOBAHUH areHT rapsue MoBiTps.
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