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Study of Kazakhstan's coals burning efficiency of long-term
combustion boilers up 100 kW

Today more than 30 % of boiler equipment in Kazakhstan has an increased moral and physical deterioration.
The replacement of this equipment is made mainly by high-quality equipment of foreign manufacturers.
However, boilers of foreign manufacturers are designed, as a rule, for operation on coals or other types of sol-
id fuel with improved characteristics or fuel, which requires additional preparation. This ultimately reduces
the operational and economic characteristics of the boiler and increases the cost of thermal energy for the
consumer. Kazakhstan has a sufficient amount of solid fuel, which is possible for use in small-capacity boil-
ers. However, most of this fuel is of poor quality. It seems to use low-quality coals in long burning boilers
promising. When operating such boilers, additional heat is generated through the generation of synthesis gas-
es generated in such boilers. To date, the production of long burning boilers is developing widely among do-
mestic producers. Boilers of prolonged burning are becoming more and more popular. Analysis of the use of
long burning boilers showed that when burning low-grade coals, their efficiency reaches 96-98 %. Low-
power heating boilers of traditional designs with the use of coals of improved characteristics have an efficien-
cy of not more than 90 %. However, to date, there are no regulatory documents that regulate the performance
characteristics of long burning boilers. Therefore, finding the optimal characteristics of the efficiency of fuel
combustion, taking into account the standardized indicators, the question is very important, which determines
the reliability, environmental friendliness and economical operation of the boiler. The analysis of the applica-
tion of Kazakhstani fuels on long burning boilers with a capacity of up to 100 kW has been conducted and
possible ways of improving the efficiency of these boilers have been determined.

Keywords: Kazakhstani coals, long burning boilers, operating characteristics, boiler power grid, fuel combus-
tion efficiency, ash content, fuel combustion heat, emissions of harmful substances, mechanical underflight.

Organic solid fuel for heat supply of the housing, administrative and agro-industrial sector buildings
and structures in Kazakhstan is applied by more than 74 %. Most of the kazakhstan's coals are low-quality
coals (high ash content, sulfur content, large volatile yield). In this regard, interest to heating boilers that ef-
ficiently burn low-grade fuels is relevant [1].

Long burning boilers are working on solid fuels and carry out most of the individual heat supply in Ka-
zakhstan. These boilers are working in accordance to GOST20548-87. Water heating Boilers, capacity up to
100 kW. General technical conditions (GOST). Such boilers use coal, pellets, peat bricks and other types of
solid fuel. However, the conditions for the combustion of fuel in, long-term boilers differ from the conditions
for the combustion of fuel in boilers presented in the GOST.

These conditions must be taken into account when determining the efficiency of fuel combustion. In
long-term boilers the fuel burns slowly in a «thick» layer - the initial height of the layer after loading can
reach 0.8 m or more [2, 3]. Air for combustion enters the boiler by means of a vacuum. The vacuum is creat-
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ed by the natural draft of the chimney or by a blower, which is installed depending on the design of the boiler
in the upper or lower part of the boiler. Regulation of air supply in such boilers is carried out automatically,
or by means of an air damper.

The duration of the working cycle is 7 days or more. For one cycle, no more than 5 kg per hour is used
if coal of poor quality is used. Therefore, the maximum heat output of boilers operated on low-grade coal
does not exceed 25 kW.

Qmax = Ban >
The heating capacity of the boiler according to GOST at this load is inversely proportional to the dura-
tion of work on one fuel charge:

MO n
0 T

where M — total fuel consumption, kg; Q, — heat of combustion of fuel, kJ / kg; T — continuity of the
working cycle, hour; n — efficiency of the boiler, %.

The maximum capacity of the boiler can be achieved with a fully open air damper with the greatest ex-
cess of air. While the duration of the working cycle will be minimal. And, conversely, with the minimum
heat output of the boiler, the maximum duration of its operation is reached.

In this regard, the designation of the rated output of the boiler without indicating the duration of the
boiler operation in the GOST and the boiler's passports is incorrect. For this reason, the boiler power values
in the GOST and the manufacturer's passport data are not unambiguous.

Mechanical incompleteness of combustion of fuel in designs of small-capacity heating boilers always
leads to large losses with fuel failure, slag and entrainment. As a result, the efficiency of hot-water boilers up
to 100 kW in accordance with GOST does not reach 70 %.

The designs of long-term boilers have today a higher efficiency, but they also have common drawbacks:

1) The duration of work on one fuel load T is limited by the volume for its placement. With a grate area
R =0,13-0,15 m” and a layer height H = 0,45 m, not more than 45-50 kg of fuel can be accommodated;

2) The maximum boiler output is limited due to unprocessed air supply processes;

3) The operation of the boiler during the heating cycle is uneven. There is an uncontrolled increase in
power, and then a decrease due to a decrease in the aerodynamic drag of the coal layer during its burn-out
and changes in thrust in the chimney;

4) In the case of using stone or brown coal, heating flue surfaces are inefficiently used The heat percep-
tion of the boiler occurs only in that part of the layer where the burning site is located. In the case of a boiler
with a lower air supply, there will be no burning at the top of the combustion layer and the temperature will
not exceed 200 °C;

5) The operation of the boiler is intensively accompanied by uncontrolled emissions of CO and CO,
[4, 5].

Analysis of the long-term boilers operation has shown that the main drawbacks are associated with an
insufficient area of the grate R, usually not exceeding 0,13-0,15 m™.

At the same time, the thermal stress of the grate BQ/R reaches 22-30 kW/m?, which leads to large val-
ues of chemical and mechanical fuel burn-up [5-12].

Geometric correction of the boiler design in accordance with the air supply mode is one of the most ef-
fective methods of reducing mechanical fuel shortage in the designs of long-burning boilers when using low-
quality coal of poor quality. Geometric correction promotes the creation of conditions for maximum fuel
burn up in the layer when generating additional combustible gases in this fuel layer. In order to determine the
possibility of creating such conditions when burning low-grade Kazakhstan coals and determining the effi-
ciency of coal combustion, studies were conducted on a long-burning combustion boiler with an upper air
supply of the «Kamkor» (Astana) design, Figure 1.

In long-term boilers with top air supply, the first upper layer of fuel is always in the combustion zone
and is maximum heat release zone. In the subsequent layer behind it, due to the rise in temperature and lack
of oxygen, a zone of generation of combustible gases from a layer heated with practically no air is formed.

Automatically dosed air supply will provide the necessary speed and intensity of combustion, a layered
rise in temperature and conditions for the generation of combustible gases, always with the correct design of
the boiler. Accordingly, there will be a qualitative process of almost complete burnout of fuel with increasing
efficiency of the boiler [12].

The correct geometric design of the boiler, taking into account the air supply regime, is the determining
factor for increasing the efficiency of burning low-grade coals for these boilers.
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1 — boiler furnace, 2 — fuel loading door, 3 — chimney outlet, 4 — hatch for cleaning the chimney, 5 — blower,
6 — ash cleaning hatch, 7 — condensate drain cock, 8-9 — water-cooled grate, 10 — coolant outlet, 11 — coolant inlet,
12 — heat-insulating material, 13 — fuel-loading door handle, 14 — ballast door handle, 15 — sump door

Figure 1. General view of the design of the test boiler, 40 kW

Geometric characteristics of the furnace space:

1. The total area of the furnace: Fr= 0,36 m*, V;=0,162 m’.

2. Area of the grate: F, = 0.202 m’.

In accordance with the conducted studies, the parameters of the boiler's power, exploited on coal coals
of the deposits «Shubarkol», «Kary-Zhara» and «Maikubinsky», as the most widely used coals for low-
power heating boilers in the Republic of Kazakhstan, were obtained. The fuel load for the working cycle of
the boileris 111 kg.

1) Power grid of the upper combustion boiler, power 40 kW (Vgumace, =0,162 m’), operating at the coal
deposit «Shubarkoly.

Boiler output by the heat carrier with a regulated temperature difference between the supply and return
coolant according to GOST and the flow rate of the coolant is 60 1 / min (3,6 m’/h)

1)9.5°C Q=39,6kW;
2)9°C Q=375kW;
3)8°C  Q=33,4kW;
4)5°C Q=20,8kW.

The average boiler output by the heat carrier is Q = 33,4 kW.

Fuel power of the boiler. Technical characteristics of the coal deposit «Shubarkuly:

- Q" =20,18 MJ/kg;

- Ash medium content 10 %;

- Volatile yield - 43,5 %;

- Calculated efficiency boiler 97 %;

- Normalized efficiency from 85-98 %;

- Flue gas temperature is normalized within the limits of 120 °C-140 °C;

- The time of complete burn out of coal is 20 hours.

- Rated boiler output 38 kW;

- Peak power 39,6 kW;

- Minimum power 21,5 kW;

- Average capacity of the boiler for fuel is 33kW (330 m” of heated area).
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Table 1

Power grid of the upper combustion boiler with a power of 40 kW operating on the coal deposit «Shubarkol»

Percent downloads . Useful heat Installed capacity during
Item . Weight of Power .
No Vi boiler furnaces (by coal. k output the KWh h the complete combustion
volume), % - X8 MJ of coal kW
1 83 121 2844 790 39,6
3 80 117 2750 764 38,2
;| %162m 60 88 2068 574 28,7
3 45 66 1551 430 21,5

2) Power grid of the upper combustion boiler, power 40 kW (Vgymace, = 0,162 rn3), operating at the coal
deposit «Kary-Zharay.

Boiler output by the heat carrier with a regulated temperature difference between the supply and return
coolant according to GOST and the flow rate of the coolant is 60 1/min (3,6 m’/h).

-7,5°C Q =31,3kW;

-7°C  Q =292 kW;
~6°C  Q =25kW;
-5°C  Q =20,8kW;

- Average boiler output by heat carrier Q =26,5 kW.

Fuel power of the boiler. Technical characteristics of the coal deposit «Kary-Zharay:
- Q" =19,552 MJ/kg;

- Ash medium content 19,8 %;

- Volatile yield - 42 %;

- Calculated efficiency boiler 97 %;

- Normalized efficiency from 85-98 %;

- Flue gas temperature is normalized within the limits of 120 °C-140 °C;
- The time of complete burn out of coal is 20 hours.

- Rated boiler output 30,8 kW;

- Peak power 31,8 kW;

- Minimum power 17,3 kW;

- Average capacity of the boiler for fuel is 26kW (263 m” of heated area).

Table 2
Power grid of the upper combustion boiler with a power of 40 kW operating on the coal deposit «Kary-Zhara»
Ttem Percent downloads Weight of Useful heat Power, Installed capacity dur1.ng
No Vi boiler furnaces (by coal. k output the Wh h the complete combustion
volume), % - X8 MJ of coal, kW
1 83 121 22,94 637 31,8
3 80 117 22,18 616 30,8
T 60 88 15,17 421 21
3 45 66 12,51 347 17,3

3) Power grid of the upper combustion boiler, power 40 kW (Vymace= 0,162 rn3), operating at the coal
deposit «Maikubinsky».
Boiler output by the heat carrier with a regulated temperature difference between the supply and return
coolant according to GOST and the flow rate of the coolant is 60 1/min (3,6 m’/h).

-9°C Q =283 kW;
-75°C  Q =262kW;
-6,5°C Q= 24kW; (240 m?;
-55°%C Q =18,8kW;

- Average boiler output by heat carrier Q = 24,3 kW.
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Fuel power of the boiler. Technical characteristics of the coal deposit «Maikubinsky»:
- Q" 18,4 MJ/kg;

- Ash medium content 9-18 %;

- Volatile yield 40-48 %;

- Calculated efficiency boiler 97 %;

- Normalized efficiency from 85-98 %;

- Flue gas temperature is normalized within the limits of 120 °C-140 °C;

- The time of complete burn out of coal is 20 hours.

Table 3
Power grid of the upper combustion boiler with a power of 40 kW operating on the coal deposit «Maikubinsky»

Percent downloads . Useful heat Installed capacity during
Item . Weight of Power .
No Vi boiler furnaces (by coal. k output the KWh h the complete combustion
) volume),% K8 MJ of coal kW

1 83 121 21,94 537 26,8

5 | 80 117 21,18 490 27,8
2 0,162m 60 88 13,17 386 18
3 45 66 10,51 320 15,3

- Rated boiler output 26,8 kW;

- Peak power 27,8 kW,

- Minimum power 15,3 kW;

- Average capacity of the boiler for fuel is 23,3 kW (233 m’ of heated area).

The results of the conducted experiments showed that for the same volume of the furnace and the same
fuel consumption, the capacity of the long-life combustion boiler directly depends on the type of coal burnt

This corresponds to the basic theoretical provisions for heating water boilers presented in GOST.

However, the power in the boiler's passport (40 kW) at an air flow rate (4,5 m’/min) is possible only
when the coal-fired boiler of the deposit «Shubarkol» is operating. When the boiler is operating on coals of
the deposit «Maikubinsky» and the deposit «Kary-Zhara» even in the peak load mode, the efficiency will be
68-72 %, which is 25-29 % lower than the declared value.

The studies were carried out to determine the possibility of increasing the efficiency when the excess air
factor is changed.

It was determined the completeness of the CO and CO, emissions in the outgoing gases during opera-
tion of the coal boiler at the deposit «Maikubinsky». At the same time, normative values of emissions of the-
se substances were taken into account in accordance with GOST, presented in Table 4.

Table 4

Regulated values of carbon monoxide and nitrogen oxides (in terms of NO,) in dry,
undiluted combustion products for boilers up to 100 kW
T el Content, mg/m3
ype ot tue Carbon monoxide, CO Nitric oxides in terms of NO,
Anthracite 10000 -
Coal with a volatile content of up to 17 % 24000 -
Charcoal and lignite 48000 -
with the volatile content from 17 to 50 %

As a result, the CO values in the dry undiluted combustion products were determined when the boiler
was operated with different values of the excess air factor.

The carried out experiments showed that at oo = 1,1 the maximum CO content is 3,14 %, which is
1,14 % higher than the CO emission standard for heating boilers with a power of not more than 100 kW.

With an excess air factor of a = 0,9, the maximum CO content is 2,65 %, which is 0,65 % higher than
the norm.
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With an excess air factor of a = 0.55, the maximum CO content is 1,77 %, which is 0.33 % lower than
the standard GOST and indicates the most complete burnout of CO with the formation of additional combus-
tible gases.

In addition, the water temperature at the outlet from the boiler at an excess air factor of a = 0,55 in-
creased by 30 °C, which indicates an increase in the efficiency of the boiler by 3,25 %.

The carried out researches and the analysis of results show that high efficiency of burning of fuel at low
values of emissions can be reached at using the system of continuous control and regulation of a parity «fuel-
air» and correct geometry of boilers of long burning in the conditions of a lack of oxygen. Studies have
shown that a reduction in the excess air factor on long-burning boilers with an upper air supply to the value
o= 0,55 for the combustion of coal from the Maikubin deposit is a condition for raising the efficiency of the
boiler by 3,25 %.
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100 xBT aeiiin y3aK yaKbIT 00iibl 2KAHATHIH Ka3aHABIKTAPFa Ka3aKCTaHAbIK
KOMIpJiep/i skary THiMAIIri MacesieciH 3epTrey

Kasakcranmarsl KazaHOblK xaOablkTapasiH 30 %-naH acTambl OYriHIi KYHI MOpPaNbIiK KOHE (GU3MKAIIBIK
TYPFBIIAH TO3FaH. ByJ ®aOabIKTEl ayBICTEIPY MIETEIIIK OHIIPYIIITepiH )KOFaphl calaibl ka0abIKTapbIMEH
JKysere acajasl. Anaiifa METeNTiK eHIIpYIIIepiH Ka3aHIBIKTaphl KeMip/i HeMece jKaKChl KacHueTTepi Oap
KaTTBl OTBIHHBIH 0acka TypJiepiHAe maipanaHyFa apHaTFaH. DByl Ka3aHIBIKTHIH OHMAIPICTIK JKOHE
SKOHOMMKAIIBIK CHITATTaMaJIapbIH TOMEH/ICTEIl )KOHE TYTHIHYIIBIFaA )KbUTY SHEPTHSACHIHBIH KYHBIH apTTHIPAIbL.
Ka3zakcranaa marbiH KeJeMai Ka3aHAbIKTap/aa KOJIaHyFa apHaJFaH KaTThl OTBIH TYpi Kerl, GipaK KemmIijiri
camachl3. ¥3aK yakpIT OOWBI jKaHATHIH Ka3aHIBIKTApIarbl camachl3 KeMipiiepAi Haimanany THIMAI OOJIbIIT
Tabbutanpl. OchIHIAll Ka3aHIBIKTAp/IbIH JKYMBICHI OHJA Maiaa OOJAaThIH CHHTE3-Ia3JapbIHbIH TeHEPalsCh]
eceOiHeH KOChIMIIA J>KbUTy Oesenmi. Byringe oOTaHABIK OHIIPYLIIep apacklHIa y3aK JKbUIAap OOMHBI
Ka3aH/IBIKTap OHIIpiCi KeHIHEH JaMu 0acTajpl, al Ka3aHIBIKTap KO TaHbIMall 0oJabl. ¥3aK yaKbIT OOWb
JKaHATBIH Ka3aHIBIKTapIbl Taii1aaHy bl TalIay TOMEHTI KOMIp/Ii JKaFy Ke3iHJle Ka3aHIbIKTapIbIH THIMJILIIT]
96-98 %-ra sxereTiHIH KepcerTi. JKakcapThUIFaH cHHarTamaiapbl 0ap KeMipAi KOJIJAHyMeH JoCTYpIi
IM3alHIArbl KyaTThl KBI3ABIPY KazaHgapsl 90 %-naH acmaifTeiH THIMAiTiKKe ue. JlereHMeH, Ka3ipri yakeITTa
Y3aK yaKbIT OOHbBI KaHATBIH Ka3aHJbIKTAPJIbIH XKYMbBIC CHIIATTAMAJIAPbIH PETTEHTIH HOPMATUBTIK KyXXaTTap
#OK. OcblfaH OaiIaHBICTBl CTaHAApPTTAIFaH KOPCETKIIITEPJl €CelKe aja OTBIPHIN, JKaHapMaWIblH JKaHy

44 BecTHuk KaparaHguHckoro yHusepcureTa



Study of Kazakhstan's coals burning efficiency...

TUIMAUTITIHIH OHTaiJIBI cHIaTTaMaapblH aHBIKTAY ©Te MaHbI3IbI Macene Ooubin Tabbuiagsl. by MaceneHi
ey Ka3aHIBIKTBIH CCHIMIUIINiH, KOpLIaFaH OpTaHbl KOpFayFa »JKOHE YHEMAUTCIH —aHBIKTaiIbl.
Kaszaxcranapik oteinaapast 100 kBT meifiHri y3aKkThIKTEI 60#bI Ka3aHIBIKTapFa KOJIaHyFa TallAay Kypriziial
JKOHE OCBI Ka3aHABIKTAP/IbIH THIMIUTIITIH apTTHIPY/IbIH BIKTHMAJI )KOJIAaphl aHBIKTAJI/bL.

Kinm ce30ep: Ka3akCTaHIBIK KOMipiiep, y3aK YaKbIT JKaHATBIH Ka3aHIBIKTAp, PEKUMIIK CHIATTaMajapebl,
Ka3aHJBIKTHIH KyaT TOPBI, >KaHapMaiIbIH THIMII >KaHYbI, KYJIIIH MeJIIepi, )KaHapMaiIbIH KaHy >KbLTYJIBIFBI,
3HUSH/IBI 3aTTAp IIBFAPEIHABIIAPEI, MEXaHUKAJIBIK TOJBIK XKaHOAYHI.

A.B. Ataxmesa, b.A. Kakumes, XX.K. Tait6acapos, K.JK. TaitbacapoBa, M.Kaparaesa

HccnenoBanue Bonpoca cKUraHus Ka3axCTAHCKUX yrileil Ha KOTJIax
JJIATEJIbHOT0 TOpeHus MOIHOCTHIO 10 100 kBT

Bonee 30 % kortenpHOrO 000OpymoBaHUs B KazaxcraHe Ha CEroAHSIIHUNA ICHh HMEET ITOBBIIICHHEBI MOpPab-
HBII ¥ pu3ngecknii u3HOC. 3aMelIeHne 3TOro 000pyIOBAaHMS ITPOU3BOUTCS B OCHOBHOM BBICOKOKA4ECTBEH-
HBIM 000pY/I0BaHHEM MHOCTPAHHBIX Mpou3BoauTenei. OHaKO KOTIbI MHOCTPAHHBIX MPOM3BOAUTENEH CIIPO-
eKTHPOBAHbI, KaK MPaBUIIO, AJISI 3KCIUTyaTallud Ha yIIISX WM APYTUX BHIAX TBEPIOTO TOIIMBA C YIyYIIeH-
HBIMU XapaKTePUCTUKAMHU HJIM TOILUIUBA, TPEOYIOIIETO JOMOIHUTEIBHON MMOArOTOBKU. DTO, B KOHEYHOM HMTO-
Te, CHWKAeT KCITyaTallMOHHBIE U SKOHOMHYECKHE XapaKTePUCTUKH KOTJIAa U yJIOpOXKaeT CTOUMOCTh TEILIO-
BoOM sHeprun Juis notpeburens. B Kasaxcrane nmeercst 1octaTodyHOE KOJIMYECTBO TBEPAOTO TOILIUBA, KOTO-
poe BO3MOJKHO IS MCIIOJIB30BaHUS B KOTJIaX Mayod MomHocTH. OnHaKo OoJbIIas €ro 4acTh UMeeT HHU3KO0e
kadecTBO. [IpencraBisercst IepCHeKTHBHBIM HCIIOJIb30BaHUE yIiled HU3KOTO KauyecTBa B KOTJIAX JTHTEILHOTO
TOPEHHMsI, PKCILTyaTaIHsl KOTOPBIX IIPeaycMaTpUBaeT BhIAEICHHE JONOJHUTEIBHON TEIUIOTHI 3a CUET TeHepa-
IIMM CHHTE3-Ta30B, 00pa3sylolUXcs B TAKUX KOT/IaX. B cTtaTke 0TMEUEHO, YTO Ha CEroJHALIHUN JeHb MPOU3-
BOJICTBO KOTJIOB JUTUTETBHOTO TOPEHUSI ITMPOKO PA3BUBAETCS CPEH OTEUECTBEHHBIX MPOU3BOAUTENEH U KOT-
JbI MPUOOpeTaoT Beé Gosee MMPOKYIO MOMYNISPHOCTh. AHANN3 HCHONB30BaHUS KOTJIOB JUIUTENHHOTO rope-
HHMS TIOKa3aJl, YTO TIPU CIKMI'AaHWM HU3KOCOPTHBIX YrieH 3¢ QeKTuBHOCTH KOTIIOB pocturaer 96-98 %. Maio-
MOIIIHBIC OTONHUTENbHBIE KOTIBl TPAAUIMOHHBIX KOHCTPYKIUH, Aake IPH UCIIOIb30BAHUM yIIIEH yIydIleH-
HBIX XapaKTePHUCTHK, NMeIoT K He Goee 90 %. OxHako Ha CETOAHSIIHMI JIeHb HE CYIEeCTBYeT HOPMATHB-
HBIX JJOKyMEHTOB, PETJIAMEHTHPYIOMINX JKCILTyaTal[IOHHBIE XapaKTEPUCTUKH KOTJIOB JUTUTEIEHOTO TOPEHUS,
B CBSI3H C YEM BBIIBJIIEHHE ONTUMANBHBIX XapaKTEPUCTHK MO 3()(HEKTUBHOCTH CKUTAHUS TOIUIMBA C YIETOM
HOPMHPYEMBIX MOKa3aTeliell — BOMPOC, ONPEASIAIONNIA HaAEKHOCTb, SKOJIOTHYHOCTh M SKOHOMHYHOCTh pa-
60ThI KOTIa. B paboTte mpoBeaEéH aHaMNM3 MPUMEHEHHs Ka3aXCTAHCKUX BHJOB TOIUIMBA HA KOTJIAX JUIUTENb-
Horo ropexus mourHocthio 10 100 kBT u onpeneseHs! BO3MOKHbIC MyTH MOBBIIICHHS dQdekTHBHOCTH pabo-
TBI 3THX KOTJIOB.

Knrouegvie crnosa: xazaxcTaHCKHE Yrii, KOTJIbI JJIUTEJIbHOI'O TOPEHUA, PEKUMHBIC XapaKTEPUCTUKH, CETKa
MOIITHOCTH KOTJIa, 3(1)(1)6KTI/IBHOCT]) CI)KUTraHUs TOIUIMBA, 30JIbHOCTL, TCIJIOTA CrOpaHusl TOILIMBA, BbI6pOCI)I
BPCIHBIX BEUIECTB, MEXaHUYECKHUI HEJI0XKOT.
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