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4 CAT'OPEBAILE BUOMACE

CaropeBame OMOMace je HajpacpoCTPambEeHNUjU HAYMH HBEHOT KOPHUIINEHha U MPEACTaB/ba CI0XKEH (PU3UUKO-
XEMH]jCKH TPOIIEC KOjU CE MOXKE MPUKA3aTH Ha ciieichn HaunH:

CH; ,4400,66+1 ,030,=0,72H,0+CO,+Q (toplota)

npu uemy je CH, 44046 je mpubnmxHa XeMujcka Gpopmysia 3a Omomacy. Y OBOM IPOIECY XeMHjCKH Be3aHa
eHepruja 6uomace mpeTrapa ce y TOIUIOTHY €HEepTHjy.

VY onmTeM ciydajy TpU caropeBamy YBPCTUX TOpWBA, YKIBY4yjyhu W Ouomacy, pasnukyjy ce YeTHUpH
KapaKTepUCTHYHA Ieproa y mpoliecy caropeBama (Cruka 4.1):

= | mepuoa — TMEPHOJ] 3aKalllbEHhe NMaJbeha BojaTuia (TOPUBUX HCHAPJHUBUX MaTepHja) - BPEMEHCKH
Nepuo] 0/ yBoh)ema roprBa y JIOKHILTE O T0jaBe BUIHOT NaJbeha TOPUBHUX HCHAPJFUBHUX MaTepHja; y
TOKy oBe (haze m3nBajajy ce HajehuM JeinoM TropHuBe HCIApJhbHBE MaTepHje, MeIllajy ca Ba3ayXoM
o0pasyjyhu cMenry moroHy 3a Hajbemhe

= ]I nepuon — nepuoj caropeBama BoJaTUiIa (TOPUBUX UCHAPJPUBUX MaTepHja) - BPEMEHCKH IEPHOA O
TPeHyTKa TaJbelha TOPHBHUX HCIAPJBUBUX Marepuja N0 Kpaja caropeBamba T'OPUBUX HCHAPIbUBHX
Mmarepuje

= [II mepuox — NepuoO 3aKallbekha MaJbekha KOKCHOT 0CTaTKa

= [V mepuosa — MepHoj caropeBama KOKCHOI OCTaTKa - BPEMEHCKH MEPUOJ O] TMOoYeTKa IMa JI0 Kpaja
caropeBama KOKCHOT OCTaTKa.

[IpuinkoM OBakBOT pa3MmaTparma OJIBUjama IMpolleca caropeBajba YBpCTe OuoMace (YBPCTHX OHOropuBa)
Tpeba HarIacuTH Jia je HaBeJieHa Mo/iesia YCIIOBHA | Jla ¢ He MOTy noByhu jacHe rpanuiie u3mel)y mojennaux
(aza caropesama. [lepron 3akallibemha Majbekha j¢ YBEK MOTyhie jacHO OApeuTH Kao MEepHO O] YHOIICHA
rOpHBa y JIOXKHINTE JI0 TOjaBe BHJJBHBOT IutaMeHa. OJl TpeHyTKa IojaBe BUJJLHBOT IIAMEHA, MPOIEC
CropeBama ce KOHTUHYAIHO OJIBHja M YECTO CE 3a BpEeME caropeBarma FOPHBUX HCHApJFUBUX MaTepHja jaBiba
MOYeTaK caropeBama KOKCHOT ocTaTka, Tako fa Il ¢asza yoninte He mocToju.
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Cnuxa 4.1: @ase cacopesara buomace [1]

®daza caropeBama BoJIaThia je (paza Koja je HajAJOMHHAHTHH]ja 300T BEJUKE KOJIMUYHNHE TOPUBUX HCIIAPJEUBUX
MaTepuja Koje ce Hamase y Ouomacu. Kako Op3uHy caropeBama y OIIITEM Ciy4ajy oapehyje Op3uHa
Hajcriopje (ase, TO OHZA, MPH caropeBamy UBpCTe OMoMmace (YBpCTHX OMOroprBa), Op3UHY caropeBamba
onpelyje Op3uHa caropeBama KOKCHOT ocTaTka. CaropeBarme YBpCTE CYIICTAHIIE, IPEICTaBIba HajCIOKCHHU]U
BHUJI CaropeBama YOIIIITe — XETEPOTeHO caropeBarme Be3aHO 3a HU3 (PU3HIKO-XEMH]jCKUAX MTPOMEHA.
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Cnuxa 4.2: @aze cazopesara buomace [2]

Iporiec caropeBama OMoMace 0JIBHja ce Kpo3 HCTOBPEMEHO OJIBUjarbe XOMOT€HUX M XETEPOTCHUX XEMH]jCKHUX
peaknuja. Hajpaxkauje asze mporeca caropeBama cy (Ciuka 4.2):

CyILERE - IPOIIEC MOYHEbe Ha TeMnepaTypaMa u3Han 100 °C u 'y ycrnoBuMa y Kojuma je Hajuenthe A<l;

- JIeBONIATUIHM3AIMja - MPOIEC MoYHibe Ha Tereparypama usHan 300 °C u TOKOM mporieca TepMUYKOT
pasnarama HacTajy Hactajy racoButu Bomatwim (CO, H,, CHs, HCN, NH; wu nmp.), Tep u uBpctu

OCTaTaK — KOKCHHM OCTaTak,;

- caropeBame TracoBuUTe (ase (caropeBame BoOJaTHIa) — TIPOIEC caropeBama ce OJBHja Ha
temneparypama uzHaa 800 °C u npu A>1, XOMOreHe XeMHjCKE PeakIHje 1

- caropeBame KOKCHOT OCTaTKa - IPOIEC caropeBama ce 0/IBhja Ha Temieparypama nsnan 800 °C u mpu
A>1, xeTeporeHe XeMHjCKe peakiuje. Y XeMHjCKHM peaklujama Y4ecTBYjy NEIUMHYHO U MPOIYKTH
HaCTaJId TOKOM CaropeBama BOJaTHIIA.
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Cnuxa 4.3: @asze cazopesarba neiema 00 buomace

Bpewme onBujama cBake o1 HaBeIeHUX (Da3a 3aBHCH OJ] BEIMYMHE KOMaJa YBpcTe OMomace, KapaKTepUCTHKA
Onomace, TeMIiepaType 1 ycloBa caropeBama. [Ipuka3 caropeBama rnenera o ounomace nar je va Cumiu 4.3.

IIpu caropeBamy Majaux Komajaa (YecTuila) OMOMace IOCTOjU jaCHO pasrpaHuuee¢ u3Mel)y mpoiieca
caropeBama BOJIATWJIA U caropeBama KOKCHOr ocraTka. [IpuimrkoMm mpojexToBama ypehaja 3a caropeBame
(mehm, KOTJIOBM) 3a OBY BpCTy TOpHBa, MOTPEeOHO je y3eTH y 003up caapkaj Bomatmiaa (80-85 %). 3a
caropeBame BEIUKUX KOMaaa Omomace, KapaKTepHUCTHIHH IIEPHUOIH caropeBama ce MeljycoOHO mpekianajy
y oapeheHoMm cteneHy. MeljyTum, TOKOM caropeBama OTpPEeBHOT JpBeTa, oxpeheHo pa3Bajame IMojelIuHUX
Meprosia caropeBamba TOKOM BpeMeHa Moryhe je youuTH, moceOHO y cliydajeBHMa Kaja He MOCTOjH
ayTOMATCKO J10BOl)e-e OTpeBHOT ApBETa y JOXKHUIITE.
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[Tonena ypehaja 3a caropeBame

VY ommrem ciyyajy, TOCTOje pa3iMyUTH KPUTEpUjyMH 3a mojeny ypebhaja 3a caropeBame. Hajuemhe ce
KOPHCTH TIOZieTla Y 3aBUCHOCTH O] cHare JoxHor ypehaja (meh, korao), mTo ucToBpeMeHo neduHUIIEC U
HaMeHy (moMahwHCTBA, KOMYHAJTHH CHCTEMH, HWHAYTpHja, €HEpreTkn KotioBHW). l[lomema ypehaja 3a
caropeBame y 3aBUCHOCTH 0J1 cHare ypehaja npukasana je va Ciuru 4.4.

KUCNI KOMUNALNI INDUSTRIJSKI
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Cmuka 4.4: Tlonena ypehaja 3a caropeBame

CBu ypehaju 3a caropeBame, 0e3 003upa Ha CHary W KOHCTPYKIHjy, MOpajy na obOe30eme 3axTeBaHe
KaKpaKTepUCTUKE KOje Ce OJJHOCE Ha!

— EHEepreTCKe KapaKTepUCTUKe (HA3WBHA TOIJIOTHA CHAra, CTENeH KOPUCHOCTH);

— ekoJomke kapakrepuctuke (emucuja CO, NO,, gecture);

—  (YHKITMOHAJTHE KapaKTepucTHKe (Y 3aBUCHOCTH O BPCTE JIOXKHOT ypehaja: 3a KOTIIOBE — TeMIIepaTypa
BOJIE Y pa3Bojy, TEeMIIepaTypa BOJE Yy TOBpary, pa3lidka TeMmIleparype Yy pa3Bojay W MOBpary, ,
TeMIeparypa y COpeMHHKY 3a TOpUBO, TEMIIEpaType pydyHla, TeMiepaTypa y nehHHIU 3a ITeamaK
UTI.).

HcroBpemeHo, moTpeOHO je 00e30euTH 1a CBEe 3aXTeBaHE KapaKTEPUCTHKE OYIy UCIYHEHE Y Pa3THIATAM
peXMMHEMa paja U TO: HOMHHAIHA M pelyKOBaHa TOIUIOTHA cHara. Ypehaju 3a caropeBame Tpeba aa Oyay
NOy3aHu y pajy, MpH YeMmy He cMe na jaolje o MmojaBe 3allJbakhMBarme JOXKHINTA. MOryhiHOCT Jakor u
JjEIHOCTaBHOT OTICITY>KHMBama, Takolhe, Tpeda na Oyne odez0ehena.

Buomaca ce nHajuenrhe Kkopuctu 3a JoOHjamke TOMIIOTHE EHEPTHjE H TO:
— MaJM U CpeAmu ypehajuma 3a caropeBame - nehu ¥ KOTJIOBH Ha OTpPEeBHO IpBO, mehW Ha MeNeT,
TOPHUOHUITA Ha TeJeT - cHare 10 S0 kW,
— KOTJIOBH Cpelllb€ CHare — KOTJIOBU 3a CaropeBame CeuKe, MUJbEBHHE, IOJbONPUBPENHE OHOMace -
MaJld ¥ Cpeiibi KOMYHAJIHU KOTJIOBH — cHare 10 500 kW (mann) u cHare 1o 5 MW (cpenm)
— KOTJIOBH BEJIMKE CHAre — MHAYCTPHjCKU M EHEPreTCKU KOTJIOBH — cHare Behe o 5 MW.

Manmu u cpemmu ypehaju 3a caropeBame MPBEHCTBEHO €€ KOPHCTE 3a J00Hjame TOMIOTE M MOTY ce
ynorpebspaBaty 3a (Tabena 4.1):

— IOWPEKTHO 3arpeBame - nehm koje ocmobahajy TormmoTy y mpoctopy y kome je meh mocraBibeHa.
Crangapauma Huje npeasuljeHo na Oyay cHare Behe ox 50 kW, a MHOrM ypehaju koju npunanajy oBoj
Ipynu UMajy cHary u Mamy on 10 kW;

— WHIMPEKTHO 3arpeBame - KOTIOBH 3a LEHTPATHO TIpEjarme jEeAHOT WM BHUINE CTAMOCHUX WIIH
MTOCJIOBHUX O0OjekaTa, Ka0 M KOTJIOBM 3a MAJbUHCKO Trpejame. Mamu KOTIOBH paJe ca BOIOM Kao
pamauM GuIynoM, JOK BehW KOTIOBM MOTY Ja TpOW3BOJAE M Mapy Koja ce, Takohe, KOPUCTH 3a
3arpeBame. EBporickuM craHmapauMa cy JIeUHHCAHM KOTJIOBM HAa YBPCTa TOpHBA 3a MPHUMEHY Yy
nmomahucHcTBUMa cHare 10 50 KW u Behu kotimoBr HomuHAIHE cHare 10 300 kKW);

— KyBame - ypehaju HaMemeHn 3a ynoTtpedy y AJoMahmHCTBHMA WIIM Y TIOCIIOBHAM O0jeKTHMa y KOjuMa
ce TpuUIpeMa XpaHa YeCTO W YecTO Ce HM3BOAC Yy KOMOWHALMjU ca AWPEKTHUM/MHIUPEKTHUM
3arpeBameM IPOCTOPa;

— JIeKopauujy nocropa (KaMHuHH).

Y HEKuUM ciaydajeBHMa, jenaH ypehaj Moke WMaTH BHIICCTPYKY YIOTpeOy, HIp. IMTEAmAK, MOPEI CBOje
OCHOBHE (yHKIHU]je (KyBame), BPIIM U 3arpeBame MPOCTOpa Y KOME ce Hajla3u (IUPEKTHO 3arpeBame), a
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MOXE MMaTH W yrpaljeH pasMemHBau TOIUIOTE TMPEKO KOr OW ce oOe30ehuBaiia TOIIOTA 32 HEKH MAarbH
CHUCTEM IIEHTPAHOT Ipejama (MHAUMPEKTHO 3arpeBame).

Tab6ema 4.1: O6nacTu npuMeHe 3arpeBHUX ypehaja Ha yBpcTa ropuBa M Mojenna mpemMa HOMUHAITHO]
CHa3u

o Vpehaji 3a gomahmHCTEO Komynamuu/unnyctpujcku ypehaju
ameHa (kW) MaJIu cpenmu BEJIMKHU
(kW) (MW) (MW)
JIUpeKTHO 3arpeBame 20 - 35 <50 - -
NHnaupekTHO 3arpeBame <50 <300 0,3-0,5 5-20
KyBamwe <50 <300 - -
Jlekopanuja 20-35 <50 - -
WNupyctpujcku nporecu - <300 0,3-0,5 5-20

Ilonena ypehaja cpenmux u Behux cHara 3a caropeBame OHOMace MOXe Ce U3BPIINTH U TpeMa yCIOBUMA Y
KOjAMa Ce BPIIIH caropeBame (TEXHOJIOTH]ja caropeBama) U TO:

— KOTJIOBH Ca CaropeBameM y QIIYHIN30BAHOM CIIOjy

— KOTJIOBH Ca CaropeBameM Ha PEIIeTKH

— KOTJIOBH Ca CaropeBameM Y JIETY.
3a cBaKy OJf HaBEJCHUX TEXHOJOTHja CaropeBama MOCTOjH HEKOJIMKO BapHjaHTHHUX pelleka KOja 3aBHCE O
MaKCHMaJlHe BEIMYMHE Komana (YecThlla) 3a caropeBame, HauWHa Jo3upama Omomace u ap. Ilpumena
HaBeJICHUX TEXHOJIOTHja caropeBama OMomace mpukasaHa je y Tabemu 4.2 [3]. [Ipegnoctn m HemocTamu
pa3IMYUTHX TEXHOJIOTHja caropeBama IpukazaHe cy y Tabemu 4.3 [3].

Tabena 4.2

TexHonoruja caropeBama ITpumena

-y 3aBHCHOCTH O]l BpcTe (IyHIM30BAHOT CII0ja MOXE C€ KOPUCTHTH 32
pazmuaute cHare (1o 1 MWy, — MexypacTu QuIynaIu3oBaHu cioj, 10 30 MWy,

Caropesare y — IUPKYJIAUMOHH (BIYHUTU30BAHHU CJIO))

(hITyuIM30BaHOM CJIOjY

Oromaca pa3n4uTe rpaHyJammje

OmoMaca ca TTOBHUIIICHUM caIpkajeM BIare u merela

MoryhHocT kopuihema OnoMace y MEIIaBUHM ca JPyroM BPCTOM T'OpUBa

HeTlokpeTHa pemeTka (10 1 MWy,)

nokpetHa pemrerka (10 10 u Bume MWy,)
CaropeBame Ha peIeTKH

O6uomaca ca IOBHILIEHUM caﬂpmajeM BJIarc 1 1mcrecia

Ba)kKHA TUCTPHOYIIMja Ba3Iyxa Mo MOIPEYHOM IIPECEKy pelieTKe

IIorogHa TGXHOJ'IOFI/Ija 3a BCJIIMKa HOCTOpj CHlha

HEOTIXOJHO JOBOJHHO YCUTHEHO TOPHUBO (CKYII IIPOIIeC)
CaropeBame y JIeTy

moryhHocT kopurihema OnoMace y MEIIaBUHHU ca JPYTOM BPCTOM IOpHBa

MOTpeOHO je peryincaTd TeMIlepaTypy caropeBama Kako He OM JOIIIo 10
TOIJbCHHA TIETIENa
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Tabena 4.3
[Ipeanoctu Henocranu
CaropeBame y GIyHIN30BaHOM CIIOjY
Hucka emucuja NOj, Benvka (QraekcHOMITHOCT BpcTe | BUcoko — TpomikoBu — onpkaBama,  MoryhHocT
ropuBa W rpaHyJjaluje, BUCOK CTEIEH KOPHCHOCTH, | CTBapama HacJara, nosehana epo3uja

MoryhHocT cmamema emucuje SOy

HN3MCHUBAYKHUX MMOBPIINHA

CaropeBame

Ha pelIeTKH

Hucky MHBECTHUIIMOHU TPOLIKOBH, HUCKH TPOILIKOBH
OJIlpKaBama, MaIH caJpiKaj Hecaropesor y memneny

Mana ¢nekcuOWIHOCT y paxy y MOTIEAY BpPCTE
Omomace, MamHU CTENEH KOPUCHOCTH 300r Beher
BUIIIKA Ba3dyXa, HEXOMOTEHH VYCIOBH Yy 30HH
caropeBama

CaropeBame y JIeTy

JloOpa KoHTpoyia Tpoleca caropeBama,
CTETeH KOPUCHOCTH, HUCKA eMucHja NOy

BUCOK

Ckyna mnpumnpeMa TopuBa, Jomia (IEKCHOUITHOCT
[IPH TPOMEHH KBAJIMTETa FOPHBA, HEOIIXOIHA ONpeMa
3a CaMIbeHhE EMHCH]je MPaIIKacTuX Marepuja (Jerehn
meneo), MOTryhHOCT  JielUbeHa  Iemena  Ha
W3MEHHUBAYKE MOBPIIUHE

3a carnenaBame MOTYhHOCTH KopuIihema OMoMace y pa3IndiTHM IOCTPOjelruMa, MOTPEeOHO je y3eTH Y

003up pasnTUuUTe mapamerpe u To:

CHara IocTpojema

Opoj caTu paja MoCTPOjekha y TOKY FOJUHE

Jlureaprypa

notpedaH Opoj Bo3WIIa 3a JOIpeMy oTpeOHe KOJMInHE OnoMace J0 TOCTpojermha

noTpeOHy MOBPUIMHY 3eMJBHILTA 33 IPOU3BOAY MOTPEOHE KOIMYHHE OHOMace.

[1] http://www.jie.or.jp/biomass/AsiaBiomassHandbook/English/Part-4 E.pdf
[2] ***: Biomass Combustion Technology / Combustion

[3] Wnuh M.. m aytopu: EHepreTcky MOTEHIMjall U KapaKTepUCTHKE OMoMace M TEXHOJIOTH]E 3a HeHY
npUMeHy H eHepreTcko uckopuirheme y Cpouju, HIT EE611-113A, Beorpan, 2003.




