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Abstract. The article analyzes the structure of energy sufiptonsumers in decentralized areas of
the Krasnoyarsk territory. The consumers receitiggelectric power from diesel power plants, and
thermal energy from boiler houses are allocatechrémising technology to meet the needs of
consumers of decentralized areas, a cogenerat®@pigimn power plant based on the gasification of
carbon-containing fuel, is considered. One of gmesiariants of realization of cogeneration power
installation at the level of pilot sample with pibdty of modernization to the level of perspediv
industrial installation is offered. The scheme dedign of the pilot installation with the resulfste
commissioning and thermal tests, as well as themattd technical and economic characteristics of
its industrial counterpart are presented.

KOTEHEPAIIMOHHAS SHEPTETUUYECKAS YCTAHOBKA C
TABUPUKALIMEN YIJIEPOJCOJIEPKAIIETO TOIIIMBA JUISI
JENEHTPAJIN30BAHHBIX PAHOHOB KPACHOSIPCKOTI'O KPAS
boiiko E.A., Cmpawnuxos A.B.
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JJICKTpHYECKass W TEIUIOBas  DHEPTHs, DJHEProcHaOkeHue, ce0ecTOMMOCTh,  TapUQBI,
3HEPTro3PHEKTUBHOCTD.

AHHOTamusi. B crathe mpoBeleH aHANU3 CTPYKTYpPBHl JHEProoOecHeueHHs IMOTpeOuTeNneii B
JICIICHTPaIN30BaHHbIX paiioHax KpacHosipckoro kpas. BeimeneHsl MOTPEOUTENH, MOIYYArONIUC
JJIEKTPOIHEPTUI0 OT JHM3CIBHBIX JJICKTPOCTAHIUI, a TEIUIOBYK) JSHEPIHI0 OT KOTCIBHBIX.
PaccmoTpeHa — mepcrieKTUBHAs —~— TEXHOJOTHsSL Uil OOEClieYeHUs  HYXJ  moTpeOuTencit
JICIICHTPAIM30BaHHBIX PAaOHOB, KOTCHEPAIIMOHHAS Ta30MOPIIHEBAs 3JCKTPOCTAHIMS Ha OCHOBE
razuuKaluy  YriaepoAcoepiKaliero TominBa. I[IpeuyioxKeH OJMH W3 BO3MOXKHBIX BapHUaHTOB
pearn3ai KOT€HEePAIMOHHON SHEPreTHYeCKON YCTAaHOBKM Ha YPOBHE MHIJIOTHOTO (OMBITHOTO)
o0pasia ¢ BO3MOXKHOCTBIO MOZAEPHHU3AIMHU O YPOBHS MEPCIEKTUBHON MPOMBIIUICHHOW YCTaHOBKH.
[pencraBieHB! cxeMa M KOHCTPYKIHS MUIOTHOW (OTBITHOM) YCTAHOBKH C PE3yJbTaTaMU €€ MyCKO-
HaNaJOYHbIX W TEIUIOBBIX HCIBITAHWH, a TaKKe pacyeTHble TEXHUKO-DKOHOMHYECKUE
XapaKTEePUCTUKH €€ MPOMBIIUICHHOTO aHajora.

In the Krasnoyarsk territory, only 10 regional €ftiare covered by centralized
power supply with heating. At the same time, therial energy produced at the
CHP and GRES is about 3000 Gcal/h (81%) of theiredwolume, the remaining
thermal energy of about 700 Gcal/h (19%) is produateurban boilers.

Settlements of 44 districts of the region are nyaprbvided with centralized
power supply of 600 MW (86%), the rest of the eleity is generated by diesel
power plants (DES) of 100 MW (14%). Thermal enengythe volume of about
3150 Gcal/h is produced at the boiler houses. éncéimtralized part, 3000 Gcal/h
(95%) is produced, in the non-centralized part G5al/h (5%).
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The tariff for electricity in areas with centraldzepower supply for the
population within the social norm is about 2.0-2ub./kW*h, in excess of the
social norm of electricity consumption is about-3.0 rub./kW*h, for single-rate
tariffs, without differentiation by zones of theylan average 4.0-5.0 rub./kW*h
with a maximum of 8.5 rub./kW*h, the tariff for eleicity from DES is already 25-
45 rub./kW*h. The tariff for heat energy generatmhtrally at CHP and GRES,
averages about 1400-1600 rub./Gcal, the tariff fraéhe boiler is 3000-
24000rub./Gcal with a maximum of 70000 rub./GcaltHis situation, the state is
forced to subsidize municipalities in energy-defitiareas, and in the Krasnoyarsk
region, the amount of such subsidies is about lidrbrubles per year [1-10].

To solve the problem of energy supply in decerseali regions of the
Krasnoyarsk territory, where electricity is genedhaby DES and heat energy on the
boilers, department of TPP SFU was establishedhénpilot cogeneration power
plant with a capacity of 5.5 kW based on gasifwatof solid fossil fuels (Fig. 1
and 2), conducted commissioning tests and invdstigthe various modes of its
operation with the determination of technical andr@mic indicators.
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1 - housing of the gas generator; 2 — water-jacketyater level indicator glass;
4 — cover; 5 — pipe for the installation of tempera sensors; 6 — the first outlet; 7 — inlet
flow gasification agent; 8, the second annular sp8c- a cylindrical shell; 10 — blower
rod; 11 — working area; 12 — grate; 13 — stop; Idetline; 15 — bunker coal; 16, the
second outlet; 17, the first annular space; 18nptrature sensors; 19 — nozzle for ignition
of coal; 20 — area to collect ash and slag, aniiagnof the gas generator; 21 — hatches for
ignition of coal and cleaning of ash and slag; 2®bttom; 23 — blow holes
Fig. 1. Design of gas generator on carbon-contgifuel
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Gasification of the fuel in the plant is carriedt duy converting the organic
part of the solid fuel into combustible generatas ginder high temperature heating
in an oxygen-deficient environment. At the sameetinthe device of this gas
generator allows to realize both direct and reveessfication process in different
environments [11]. The gas generator can work groaiygen or steam-air, steam-
oxygen blowing, as well as their mixtures in anggmrtion. Water vapor with a
temperature of 120 °C and a pressure of 3 kgf/@ridrmed in the water jacket of
the gas generator. The process of gasificationobfl duel is carried out at a
pressure above atmospheric P = 1.2-2 at, a tenuperatf 400-700°C in the
gasification zone, a lack of oxygers 0.2 - 0.3 and solid slag removal.

During operation of the gas generator (see Fidudl)is loaded from the coal
bunker (15) through the fuel pipeline (14). Ignitiof the gas generator is carried
out through hatches for ignition of coal and clegnof ash and slag (21) in the
zone for collecting ash and slag, and ignitionh&f gas generator (20). To organize
a direct gasification process, the gasifying ageriéd through the gasifying agent
supply pipe (7) into the second annular spaceaf®},the generator gas is removed
from the working area (11) through the first out@pe (6). In this case, heat
exchange occurs between the outcoming generatoarghthe incoming gasifying
agent. To organize the reversed gasification pgydbge gasifying agent is fed into
the blow rod (10) and through the blow holes (23)ees the working zone (11),
where the gasification process takes place, whédegenerator gas is removed from
the first annular space (17) through the secontebptpe (16). In this case, the
incoming gasifying agent moving down the blast (@) is heated from the heat of
the working zone (11) propagating upwards, and leeathange between the
outcoming generator gas and the water jacket (2yrscto form steam. Ash and
slag from the grate (12) are collected in the ztamecollecting ash and slag, and
ignition of the gas generator (20) and removedughohatches for ignition of coal
and cleaning of ash and slag (21).

Pilot cogeneration power plant (see Fig. 2) comstaan coal hopper (1)
connected to a screw feeder (2) which loads théifue the gas generator (3).
From the gas generator (3) leave the gas lineh®moutput of the generator gas by
direct gasification with installed on it valve Valind a gas pipe for output gas
generator when the reversed process of gasificatitm the valve Val7. For the
process of kindling through the set tee, thesekgurave access to the ignition line
with the valve Val6, and for installation throughetset tee, these trunks have
access to the filter-cyclone dust collector (10).

Next is the generator gas purification system, isting of a filter-ash
collector cyclone type (10), scrubber (11), dehufied (12) interconnected gas
lines. After the dehumidifier (12), through thetadked tee, for the kindling process
there is an exit to the kindling line with the valval8 installed on it, and in the
operating mode of the installation, the generatas  supplied to the fuel line
through the installed valve Val9.

The fuel line includes a fine filter (12) insideethousing of which is installed
a cassette with a flow filter element, a gas mét@) and a ball valve Vall9 for
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supplying generator gas to the internal combustingine (14) of the ZUBR ZESG-
5500 electric generator. The electric power is gated on the generator (15), and
thermal energy is provided at the expense of atilin of the spent exhaust gases
of the internal combustion engine (14) on the le@hanger TVT-1500. Removal
of heat energy is made on radiators of heatinghefhteating consumer (22) and
goes for providing own needs of laboratory of Dépant of TPP of SFU.
Regulation of the heat removal process is carrigidby means of a frequency-
controlled drive of the network pump (21). The @abéxhaust gases are discharged
into the atnlmsphere through the exhaust (24).
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1 - raw coal hopper; 2 — screw feeder; 3 — gasrgtare4 — water jacket; 5 — ash pit;

6 — blow fan; 7 — water level indicator glass; Steam injection line; 9 — water supply line
to the water jacket of the gas generator; 10-fitash collector cyclone; 11 — wet scrubber;
12 — dehumidifier; 13 —filter fine gas cleaning; 4 internal combustion engine;

15 — electric generator; 16 — heat exchanger; ddhtrol Board; 18 — rotary counter;

19 — pressure gauge; 20 — temperature sensorngtiverk pump; 22 — heating consumer;
23 — air filter; 24 — exhaust
Fig. 2. Principal schema of cogeneration powertphath gasification of carbon-
containing fuel

In the course of this work, a pilot version of tbegeneration power plant
with gasification of carbon-containing fuel (cogklettes, peat, solid waste) was
designed and installed, and testing and commissjonorks were carried out. The
installation showed stable, stable operation deiht modes of 600, 900, 1200
watts of electrical load of the generator. The wigd technical and economic
indicators of the pilot plant show compliance witie lower indicators of coal
steam turbine stations operating at a pressureded.® MPa and a temperature of
400-440°C with an exergetic efficiency of 15 - 20&ecording to the results of
testing, the exergetic efficiency of the pilot mition was 10-15%.

The results of the pilot plant testing and the peaters of the prospective
industrial design installation, our target, areegivn Table. 1.
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Tab. 1. Specific characteristics of the cogenengpiant

Pilot cogeneration| Prospective industria
Name of parameter plant, (experimental] cogeneration plant
value) (calculated value)
Specific consumption of equivalent
fuel for electric power generation, 976 332
g.e.flkW*h
Specific consumption of equivalemt
fuel for thermal energy generation, 39 17
kg.e.f./GJ
Cost of electric energy, rub./kW*h 8 5
Cost of thermal energy, rub./Gcal 2500 1750
The overall exergy efficiency, % 12 34

Work with the pilot plant revealed a nhumber of geshs and shortcomings
that prevent the improvement of performance ancease the exergy efficiency to
30-35%. The solution of these problems and shoritogsnis possible at creation of
industrial plant. Experimental estimates show thesgbility of obtaining the exergy
efficiency installation of up to 35%, which correspls to the average indicators of
russian coal steam turbine stations operating pteasure of 14-17 MPa and a
temperature 545-560°C with the exergy efficiency 36%.

The unit was installed in the laboratory of the Bément of thermal power
plants of the Polytechnlc Instltute (F|g 3).

Flg 3. Pilot sample of cogeneration plant withifieation of carbon contalnlng
fuel (dimensions WxLxH-800x6000x2000 mm)
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The need for technical re-equipment of installedSD&nd boilers in the
Krasnoyarsk territory is such that about 100 MWdddsel generation due to the
reduction in the cost of production of electric myyeby 10 times and boiler plants
with a total thermal capacity of 3850 Gcal/h shaoddreplaced by industrial plants
[12]. Given that the situation with the power syppf other regions of the Russian
Federation is approximately the same, the expegievicintroducing industrial
plants to replace the installed DES and boilerthefKrasnoyarsk territory may be
of interest to other regions of the Russian Fed®sraas well as other countries.
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