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Bo3spacraromniast He0OXOIUMOCTB YAOBIETBOPEHHUS CYIIECTBYIONIHUX MTOTPEOHOCTEH HACSICHUSI H TPOMBIIIICHHOCTH
B JJIEKTPUUECKONH SHEPTHH, OCOOCHHO B palOHAX, yNAJEHHBIX OT HEHTPATN30BAHHOIO SHEPrOCHAOKEHHs, MPH-
BOJIUT K HEOOXOJMMOCTH Pa3BUTHs «MaJloi SHepreTHKW». Ee OCHOBY B JaHHBIX PErMOHAX COCTAaBILSIIOT YHEProy-
CTAHOBKH, paboTaloNye Ha MPUBO3HOM TOIUTHBE, IIPHMEHEHNE KOTOPBIX BIEUET 3a c000i MpobiieMy MOBBIIICHHS
CTOMMOCTH U TPO0OIeMy TPaHCTIOPTUPOBKHU TOIIMBA K MECTy MOTpeOnenus. PemieniemM naHHON 3a1aun sABISETCS
UCIIONB30BAaHHE B Ka4eCTBE TOIUIMBA TOPPE(UIMPOBAHHBIX OTXOIOB JepeB0o0OpadaThIBaOICi M CEILCKOX03sii-
CTBEHHOHU NPOMBIIUICHHOCTH. PaccmarpuBaeTcst BIMSHHAE TeMIEpaTypsl TOppedUKAINN IPEeBECHOTO TOIUINBA Ha
BBIPAa0aThIBAEMYIO0 MOIIIHOCTb 3JIEKTpOreHepaTopa. B pesynbrare MpoBeIEHHBIX SKCIIEPHMEHTOB BBISIBIEHO, YTO
npyu razuduKanuy ToppeGUINPOBAHHOTO TOIUIMBA U3 PACTUTENHHOTO CHIPhS BRIpAaOaThIBACTCS TeHEPATOPHbIN a3
C TIOBBIIIEHHBIM COZICP>KaHUEM BOZOPOJa M OKCHA yIaeposa (110 cpaBHEHHIO ¢ rasudukanueil HeoOpaboTaHHOTO
CBIPBST), BCTIEACTBHE YETO yBEIUUUBAETCS MOIHOCTh ABUTATENs. DTO OKA3bIBAET MPSIMOE BIMSHUE HA BHIPAOOTKY
UIEKTPOIHEPTUU TEKTPOrCHEPATOPOM.
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HacTosmiee BpeMs Oonee 60 % TeppuTopHU

Pocun HaxomsaTCs BHE 30HBI IEHTPATN30BAHHOTO
TETJI0- ¥ SHeprocHaokeHus. B cBs3M ¢ 3THM BO3HHKa-
€T 0CTpasi HEOOXOIMMOCTh Pa3BUTHA «MaJION SHepre-
THUKW, UMEIOIIeH HEOCTIOPHMBIE TTPEHMYIIIECTBA 110
CPaBHEHHUIO C IIEHTPAIN30BAaHHBIMU CHCTEMaMU —
JOCTYIHYTO IIeHy 1 MUHUMaJIbHBIE CPOKH CTPOUTEIb-
ctBa. Kak rpaBuiio, 0CHOBY «MaJjioil HEPTeTUKI CO-
CTaBJIAIOT YHEPTOYCTAHOBKH C IBUTATEIISIMA BHYTPEH-
HETO CropaHus, padoTarontie Ha He(TIHOM TOILIHBE.
OnHako nagpbHEHIIee pa3BUTHE «MaJIOH SHEPTECTHKID
OCIIOXHSIETCS TIPOOJIEMOH MOBBIIIIEHUSI CTOUMOCTH H
TPYAHOCTSIMH TPAHCTIOPTUPOBKH TOILTUBHBIX PECyp-
COB K MECTy MOTpebieHus. Pemmennem naHHBIX TIpo-
OreM SIBISIETCS MCITONIb30BaHUE B KAUECTBE TOTLTHUBA
ATBTEPHATUBHOTO MCTOYHHUKA DHEPTUU — OTXOJOB
JepeBooOpadaThIBAIOIICH M CEITLCKOXO3HCTBEHHOM
MIPOMBITIJIEHHOCTH, OTPOMHBIMH 3arlacaMH KOTOPBIX
00maaeT OOJBITMHCTBO PETHOHOB CTPAHBI.

OmHUM U3 MEepPCIEKTUBHBIX BapHAHTOB PaIno-
HaJBHHOTO UCTIOIH30BAHUS OTXOA0B OMOMACCHI SIBIISI-
€TCsl U3TOTOBJICHNE U3 HUX TOIUIMBHBIX I'PaHyl, KO-
TOpBIE MOTYT COCTABHUTh JOCTOWHYIO KOHKYPEHITHIO
TPaJUIIMOHHBIM UCTOYHHUKAM dHepruu [ 1]. Permenuro
JTAHHOTO BOIIPOCA ITOCBAIICHB MHOTHE TPYIBL. Tak,
N. Saracoglu u G. Gunduz BHIIOTHWIH HCCIENO-
BaHHUS IO OMpeneNeHut0 d3PPEeKTUBHOCTA UCTIONb-
30BaHMS B Ka4eCTBE TOIIMNBA JAPEBECHBIX MEJUIET,
B XOJi¢ KOTOPHIX YCTAHOBUJIHM, YTO UCTIOIH30BAHUE
JIPEBECHBIX TIEJUIET B Ka9eCTBE NCTOYHHUKA SHEPTUU

yMEHBIIIaeT KOIMIecTBO BEIOpocoB CO, M Apyrux
MTAapHUKOBBIX Ta30B B atMocdepy [2].

B xoze nanpHelero pa3BuTUs JaHHOTO HapaB-
JIEHUS WCTIOJIb30BaHUS OTXO/IOB OMOMAacCHl B Kade-
CTBE TBEP/IOTO TOTUTHBA CTAJIH IPHUMEHSTH ITPeIBApH-
TEIHHYI0 TEPMHUIECKYIO0 00pabOTKy pacTUTEIHLHOTO
ceIpbs nipu Temmepatype 180...300 °C B 6e3Bo3my1iI-
HO¥t cpene [3-7].

B pabore [8] npencraBineHo ncciaenoBanne (hu-
3MYECKUX W DHEPTeTHYECKNX CBOMCTB TOITUIMBHBIX
IpaHyl, KOTOpbIe OBUIH MOABEPTHYTHI PA3IMYHON
TeMIeparypHoi 00padoTke 6e3 JocTyIa KHCIOpoIa.
BrrsiBiIeHO, 9TO TIpW YBENWYSHNN TEMIIepaTyphl Tep-
MHYIECKOH 00paOOTKH APEBECHOTO CHIPhS YBEIMUHBA-
€TCsl TeIIOTBOPHAS CIOCOOHOCTH TOTUTBHBIX TPAHYIL.

Hayunoit rpymmoit moz pykoBoznctBoM S.S. Vincent
MIPOBEJICHBI UCCJIEA0OBAHUS IO OMPEeTeHUI0 d(]-
(heKTHBHOCTH TEPMHYECKOH 00pabOTKH OMOMACCHI.
YCTaHOBIIEHO, YTO BHEAPEHUE AAHHOU TEXHOJIOTUU
TT03BOJISIET TIONTYYHTh TOTIIUBO U3 CEITLCKOXO3SHCTBEH-
HBIX OTXOJIOB C TEIUIOTBOPHOMN CIIOCOOHOCTHIO 10
24-103 xJIx/kr [9]. ABTOpamu padoTsr [10] mokasa-
HO, 9TO HauOOJIbIIIee BIUSIHUE HA TIPOIIeCC Toppedu-
Kalliu OKa3bIBaeT TemIieparypa o0paboTku, a He ee
MTPOIOIDKUTEIFHOCTD U pa3Mephl YaCTHII.

Ho 49T00BI NCTIO630BaTh TBEPOE TOTLIMBO LIS TI0-
Jy4eHHs IEKTPOIHEPTHH, 3a4acTyi0 TpeOyeTcs: ero
TIpeIBapUTENTbHAS Ta3U(PHUKAIIUS C TIOCIISTYFOIITM CXKH-
raHreM TeHepaTOPHOTO ras3a B BUraTelie BHYyTPEHHETO
cropanus. Llems HacTosmel paboThl — yCTaHOBUTH
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Puc. 1. TexHomorn4eckuii KOMIUIEKC [UIsl BBIPAOOTKH JIEKTPHIECKOH SHeprun: / — ra3oreHeparop; 2 — IUKIOH JJIsT OXJIXKICHUS
rasa; 3 — 3MCEeBUKOBBIH TEINIOOOMEHHUK; 4 — (QMIBTP; 5 — JBHUTrATENb BHYTPEHHETO CTOPAHUS; 6 — DJIEKTPOreHepaTop;

7 — TeTI000MEHHHK

Fig. 1. The scheme of a technological complex for development of electric energy: / — gas generator; 2 — cyclone for gas cooling;
3 — coiled heat exchanger; 4 — filter; 5 — internal combustion engine; 6 — electric generator; 7 — heat exchanger

BIHMSIHHE TeMIIepaTypbl Toppe(HuKanuy ToTmMBa u3
OroMacchl Ha MOJy4YeHHe TeHepaTopHOTo Ta3a ¢ I10-
CIIETYTOIIINM MPOU3BOICTBOM DJIEKTPUYECKON SHEPTHH.

Urto0bI HcciieioBab BIUSHUE TEMIIEpaTyphl Tep-
MHYECKOW 00pabOTKH TOILIMBA Ha MPOU3BOICTBO
ANEKTPOIHEPTUH, CO3/aH MMIOTHBIN YHEPTOKOMILIEKC
JUTS BEIPAOOTKH DIIEKTPOIHEPTUN U3 TEHEPATOPHOTO
rasa, Iojiy4aeMoro B pe3yibrare ra3uuKaIiy rpa-
HYJIUPOBaHHOTO TorLIuBa (puc. 1) [11].

YcranoBka paboTaeT CIEIyOIINM 00pa3oM: B
OyHKEp — TOIIKY Ta3oreHeparopa / 3aKiIaIbIBaeTCs
OmomMacca B BUJE TpaHyd U3 TOppeHUIHPOBAHHOMN
HU3MEJIBYEHHOMN IpeBECUHBI. J{J1 M3rOTOBIEHHUSI TOP-
petdukara ceipbe mogBEpraeTCs MpeaBapuTEIHbHON
TepMHUeCKOW 00paboTke 06e3 MocTyma KHCIopoaa
Bozayxa mpu temmeparype 200...300 °C ¢ mocnemxyro-
MM TpaHyupoBanueM. Jlanee HaunHaeTCs poriecc
ra3uuKanuy JpeBECHHBI C TIOJyYeHHEM TeHepa-
TopHOTO Ta3a. [lomyderHoe ra3o00pa3Hoe TOTUIHBO
rocJie Tpyooil OYMCTKHU B IIUKJIOHE 2, OXJIAXKICHUS B
3MEEBHKOBOM TEIUIOOOMEHHHKE 3 ¥ TOHKOW OYHCT-
KU B QUIBTPE 4 WUCIIONB3YEeTCS ISl paOOTHI UETHI-
peX TaKTHOTO JBUTATENsl BHYTPEHHETO CTOPaHUS J,
KOTOPBIM, B CBOIO OYepe/ib, IPUBOJIUT B JCHCTBHE
TeHeparop 6, BEIPpa0ATHIBAIOIINI AITEKTPUICCKIH TOK
JUTS HarpeBa TETUIOHOCHUTENS B TETUIOOOMEHHHKE 7.

B xone nmpoBeenns SKCriepuMeHTOB OBLITH OTIpe-
JeJIeHBI Tetuto(u3ndecKue cBoicTBa TormB. O0-

pasibl TOIUIMBA U3 KJIACCHUYECKOTO JIPEBECHOTO H
PACTUTEIBHOTO CBIPbs, UCIIOJIB3YEMBIC B JJTAHHOM
HMCCIEI0BaHNN, OBIJIM COIMOCTABJICHBI ¢ OMOMAacCcon
OTUX K€ BHUJ0OB TOIUIMBA, NOABEPIrHYTHIX TEPpMHUYC-
CKoOil 00paboTke (Tabmura).

B mpomecce mpoBeneHus uccienoBaHus OBLI
OIIPEJIENICH COCTAB TIOJTy4aeMOT0 TeHepaTOPHOTO Ta3a
B 3aBUCHMMOCTH OT TeMIepaTypbl Toppedukammn
ToruiBa (puc. 2). YCTaHOBIEHO, YTO MPOBEACHUE
TepMHUYECKOi 00pabOTKH TOTUIMBA TIO3BOJISET yBe-
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Puc. 2. CocraB reHepaTopHOro rasa, HOJIy4€HHOIO IIpU rasu-
(ukanuy ToppeGUINPOBAHHOTO TOILIMBA U3 OHOMACCHI

Fig. 2. Composition of the generating gas received at gasification
of torrefied fuel from biomass

CO,

Teruoduzngeckoe
CBOMCTBO

TaoOnuma
Tenuogusuveckne CBOMCTBA TOIJIMBHBIX IPAHYJI
Heat-physical properties of fuel granules
TOIUTUBHBIE TPAHYIIBI ToppedunnpoBanHbie ToppedunnpoBanHbie

13 JPEBECHOTIO

TorunBHBIE TPaHyIEI U3
PacCTUTEIBHOTO ChIPbS

TOIIJIMBHBIC I'PAHYJIIBI U3

TOIUIUBHBIC I'PAHYJIBI U3

CI:IpI:fI Z[peBeCHOl"O CI)IpI)H paCTI/ITeJ'[I)HOFO CI)IpI:H
Makcnvanbnas Teriora 19 365 19989 22 564 23109
cropanusi, JIx/T
30bHOCTD, % 243 10,8 25,8 13,6
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JIUYNTH COIEp)KaHUE B COCTAaBE T€HEPAaTOPHOTO ra3a
BOJIOpOJIa M OKCHJA yTIepo/a MPHU OHOBPEMEHHOM
YMEHBIICHUN TUOKCHIA YIIIEPO/a.

B xoz€ 3KcniepruMeHTalIbHBIX UCCIIEIOBAHUI yCTa-
HOBJICHO BIIMSTHHE T€HEPATOPHOTO ra3a, MOyYeHHOTO
npu razupuKanuu ToppeUIHIPOBAHHOTO TOTUIUBA,
Ha MOIIHOCTH JIBUTATENsl BHYTPEHHETO CTOpaHUs
(puc. 3). Kak BusHO 13 rpaduika, MOIIHOCTD JIBUTa-
Tellsl yBETMYMBACTCSI B 3aBUCIMOCTH OT YBEITUUCHHS
TeMIepaTypbl TEPMUUECKO 00pabOTKH TOTIIINBA.
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Puc. 3. 3aBHCUMOCTh MOIHOCTHU JIBUTATEINSI OT TEMIIEPATyph
ToppeduKkanum TormmBa u3 6HoMacchl

Fig. 3. The dependence of the power of engine from the
temperature of torrefaction of biomass fuels

Kpowme Toro, ¢ 11elibro OATBEePKACHHS SHEPTrod (-
(EeKTUBHOCTH UCIIOJIL30BAHUSI B KaUECTBE TOTLINBA
TOppeHUIIUPOBAHHOTO PACTUTEIIEHOTO CHIPhS OBLTH
MIPOBEJICHBI UCCIIEIOBAHUS 10 ONPECIICHUIO KO-
YeCcTBa BhIPa0AThIBAEMOI SHEPTHH MO0 CPABHEHUIO
C TOTUTUBHBIMH I'PaHyJIaMH, HE MOJIBEPTHY THIMH TEp-
MHYECKOi 00pabdoTke (puc. 4).
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Puc. 4. CpaBHHUTEIIBHBIC XapAKTEPUCTHKU BHIPAOOTKHU IECKTPOI-
HEPrUH U3 Pa3IMYHbIX HCTOYHUKOB: / — PAaCTUTEIIBLHOE
ChIpbE; 2 — TOppe(UINPOBAHHOE PACTUTEIBHOE ChIPhE
Fig. 4. Comparative characteristics of power generation from
various sources: / — vegetable raw materials; 2 —
torrefied vegetable raw materials

Kak BUTHO U3 TuarpaMmbl, IpeiBapUTeIbHASTED-
MHYeCKast 00pab0TKa TOTIMBHBIX TPAHYJ TO3BOJISIET
YBEJIMYUTH TMPOU3BOJICTBO 3ICKTPUUYCCKON IHEPTUU
10 CPaBHEHUIO ¢ HEOOPaOOTaHHBIMU TOTLTUBHBIMU
rpaHyJIaMu.

Takum 00pa3oM, UCTIOIB30BaHUE TOPPEHUITUPO-
BaHHBIX TOIJIMBHBIX I'PaHYJ B KAY€CTBE UCTOUHHUKA
SHEPrUU MO3BOJISIET YBEIUYUTh IIPOU3BOUTEIILHOCTh
BCET0 HHEPTETHYECKOTO KOMITIIEKCA.

Jlannas paboma evinonnena npu noooepicke
epanma Ilpezudenma Poccuiickou @edepayuu 0711
20CY0apCcmeeHHOU NOOOEPAHCKU MOTOOBIX POCCUUCKUX
yuenwvix — 0oxkmopog nayx (M — 5596.2016.8).
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GASIFICATION OF TORREFIED FUEL AT POWER GENERATION FOR THE

DECENTRALIZED CONSUMERS

R.R. Safin, I.F. Khakimzyanov, N.R. Galyavetdinov, R.R. Ziatdinov

Kazan National Research Technological University, 68 Karl Marx street, Kazan, 420015, Republic of Tatarstan, Russia
cfaby@mail.ru

The increasing need of satisfaction of the existing needs of the population and the industry for electric energy,
especially in the areas remote from the centralized energy supply, results in need of development of «small-scale
energy generation». At the same time the basis in these regions is made by the energy stations, using imported fuel,
which involve a problem of increase in cost and transportation of fuel to the place of consumption. The solution
of this task is the use of the torrefied waste of woodworking and agricultural industry as fuel. The influence of
temperature of torrefaction of wood fuel on the developed electric generator power is considered in the article.
As a result of the experiments it is revealed that at gasification of torrefied fuel from vegetable raw material the
generating gas with the increased content of hydrogen and carbon oxide, in comparison with gasification of the raw
materials, is produced. Owing to this the engine capacity increases, that exerts direct impact on power generation
by the electric generator.

Keywords: gasification, power supply, torrefaction, fuel granules

Suggested citation: Safin R.R., Khakimzyanov L.F., Galyavetdinov N.R., Ziatdinov R.R. Gasification of torrefied
fuel at power generation for the decentralized consumers. Lesnoy vestnik / Forestry Bulletin, 2017, vol. 21, no. 4,

pp. 63—69. DOI: 10.18698/2542-1468-2017-4-63-69

More than 60 % of territory of the Russian Fed-
eration is out of a zone of centralized heat and
power supply nowadays. In this regard there is an
urgent need for development of the «small-scale
energy generation» having a number of indisputable
advantages in comparison with the centralized sys-
tems — the reasonable price and the minimum terms
of construction. As a rule, the main share of «small-
scale energy generation» is made by the power sta-
tions with internal combustion engines, using oil fuel.
However further development of «small-scale energy
generation» is complicated by a problem of increase
in cost and transportation of fuel resources to the
place of consumption. The solution of this problem
is use waste from the woodworking and agricultural
industryas fuel of an alternative energy source.

One of the perspective options of rational use
of waste of biomass is production of fuel granules
which can make the worthy competition to traditional
power sources [1]. Many works are devoted to the
solution of the matter. N. Saracoglu and G. Gunduz
have executed the research on effective use of wood
pellet as fuel. It has been established that the use of
wood pellet as a power source reduces the number
of emissions of CO, and other greenhouse gases in
the atmosphere [2].

Preliminary heat treatment of vegetable raw ma-
terials at temperatures of 180...300 °C in the airless
environment became the further development of the
direction of use of waste of biomass as solid fuel [3—7].

Physical and energy properties of fuel granules
subjected to various temperatures of processing with-
out oxygen access have been investigated in work
[8]. It is revealed that at increase in temperature of
heat treatment of wood raw materials the calorific
ability of fuel granules increases.

The scientific group under the direction of S.S.
Vincent etc. has conducted the research on finding
efficiency of heat treatment of biomass. It is revealed
that carrying out this technology allows to receive
fuel from agricultural waste with calorific ability to
24-103 kJ/kg [9] and that the processing temperature
has the greatest impact on the process of a torrefaction,
than duration and the sizes of particles [10].

However the use of solid fuel in processes of
receiving the electric power often requires its pre-
liminary gasification with the subsequent combustion
of generating gas in the internal combustion engine.

Thus, the task of finding influence of temperature
of torrefaction of fuel from biomass on receiving
the generating gas with the subsequent production
of electric energy has been set in the offered work.

With a research objective of influence of tempera-
ture of heat treatment of fuel on electricity generation
the pilot energy complex for power generation from
the generating gas, received as a result of gasification
of the granulated fuel (fig. 1), has been created [11].

The installation works as follows: biomass in the
form of granules from the torrefied crushed wood is
put in the bunker — fire chamber of a gas generator 1.
For production of fuel the raw material was exposed to
preliminary heat treatment without air oxygen access
at temperatures of 200-300 °C with the subsequent
granulation. Further the process of gasification with
receiving generating gas begins. The received gaseous
fuel, after rough cleaning in a cyclone 2, cooling in
the coiled heat exchanger 3 and thin cleaning in the
filter 4, is used for operation of the 4-stroke internal
combustion engine 5 which, in turn, puts the generator
6, developing electric current for heating of the heat
carrier in the heat exchanger, 7 in action.

The heat-physical properties of fuels have been
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Fig. 1. The scheme of a technological complex for development of electric energy: / — gas generator; 2 — cyclone for gas cooling;
3 — coiled heat exchanger; 4 — filter; 5 — internal combustion engine; 6 — electric generator; 7 — heat exchanger

Puc. 1. TeXHOIOTHIECKUIA KOMIUIEKC [UTsT BRIPAOOTKH DJIEKTPUYECKOM dSHepruu: | — ra3oreHeparop; 2 — MHKIOH VTS OXJTaK ICHHUSI
rasa; 3 — 3MECBHKOBBIi TEMIIOOOMEHHHUK; 4 — (QUIIBTP; 5 — IBHUTATENb BHYTPEHHETO CrOPAHHUS; 6 — JIIEKTPOTEHEPaTop;

7 — TEII00OMEHHHK

defined during the experiments. The fuel samples from
classical wood and vegetable raw materials used in
this research have been compared with biomass of the
same types of fuel, subjected to heat treatment (table).

In the course of carrying out a research the
composition of the received generating gas, depending
on temperature of torrefaction of fuel (fig. 2), has
been defined. Carrying out heat treatment of fuel
allows increasing contents of hydrogen and carbon

C,%
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35+ Hy
30 + /\‘_\—.
25 F
20
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10 |
CO,

5r CHy

0 e—o—0—0—9 |

180 200 220 240 260 280 T, C

Fig. 2. Composition of the generating gas received at gasification
of torrefied fuel from biomass

Puc. 2. CocTaB reHepatopHOro rasa, MoJxy4eHHOTO MpU ra3u-
(ukarmu ToppepHUIIPOBAHHOTO TOILTUBA 13 OMOMACChI

oxide as a part of generating gas at simultanecous
reduction of carbon dioxide.

The influence of the generating gas, received at
gasification of torrefied fuel on the engine capacity
of internal combustion, has been defined (fig. 3).
According to the graph, engine capacity increases
depending on increase in temperature of heat treat-
ment of fuel.

In addition, to confirm the energy efficiency of use
of the torrefied plant material (as fuel), the researches
on definition of amount of energy, produced in com-

N, kBt
1,2

L1

1,0 F
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0’8 Il Il Il Il Il
180 200 220 240 260 280 T,DC

Fig. 3. The dependence of the power of engine from the temperature
of torrefaction of biomass fuels

Puc. 3. 3aBHCHMOCTD MOIIHOCTH JIBUTATEIsl OT TEMIICPaTyphl
Toppe(UKANHU TOTUIHBA U3 OMOMACCHI

Table
Heat-physical properties of fuel granules
Tenopusuyeckne CBOMCTBA TOIVIMBHBIX FPAHYJI
Heatphysical Fuel granules from wood | Fuel granules from vege-| Torrefied fuel granules Torrefied fuel granules
. . . . from vegetable raw
properties raw materials table raw materials from wood raw materials .
materials
The highest heat of 19365 19989 22 564 23109
combustion, J/g
Ash-content, % 243 10,8 25,8 13,6
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Fig. 4. Comparative characteristics of power generation from
various sources: / — vegetable raw materials; 2 —
torrefied vegetable raw materials

Puc. 4. CpaBHUTETBHBIE XapaKTEPHCTHKH BEIPAOOTKH 3IEKTPO3-
HEPruy U3 pasINyHbIX HCTOYHHKOB: / — PacTUTEIILHOE
CBIPBE; 2 — TOpPeUIUPOBAHHOE PACTUTENEHOE CHIPhE

parison with the fuel pellets not subjected to a heat
treatment, have been conducted (fig. 4).

According to this graph, pre-heat treatment of
fuel granules allows increasing production of electric
energy in comparison with the raw fuel granules.

The work was performed with support of grant
of President of Russian Federation for state support
of young Russian scientists — doctors of Sciences
(MD-5596.2016.8).
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