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TECHNICAL AND ECONOMIC ANALYSIS OF THE USE OF BIOMASS BOILERS
FOR HEATING PURPOSES IN THE RESIDENTIAL BUILDING

Summary

In this article a technical and economic analysis was performed concerning the use of different types of boilers for
combustion of biomass such as straw boiler, boiler for burning wood chips and boiler with a burner for oats. Technical
analysis of the boiler covered: power selection, estimation of the seasonal demand for final energy for examplary
residential building. Calculated final energy consumption helped to determine the area of cereal crops whose straw and
oats will be used as well as the surface of Miscanthus and rose multiflorum. Economic analysis based on life cycle cost
method allowed to choose the heat source, which will be the most efficient in economic terms in assumed period of
operation. The use of the boiler for combustion of straw will be the best solution. It is characterized by the lowest costs in
the case of burning straw bales as well as the use of Miscanthus. The use of boiler burning wood chips combustion
generates a cost comparable to Miscanthus. The use of boiler combustion grain oats, which would be specially
manufactured for use for energy purposes is not economically justified. Heating costs in this case are 3.5 times higher in
comparison with straw burning boiler and double in the case of using the combustion boiler chips. Assuming energy
plantations depending on the species, there may be two types of heat source, i.e. boiler burning bales of Miscanthus or
automatic set to burn wood chips of rose multiflorum.

Keywords: energy crops, building heating, biomass boilers, the cost of heating

TEXHUYECKO-PKOHOMMNYECKHWI AHAJIN3 UCITIOJIb30BAHUSA KOTJIOB HA
BUOMACCY AJIA OTOIVIEHUA )KUJIbIX TOMOB

Hznooicenue

H3ze0mosnen mexuuuecko-3KOHOMUYECKUl AHANU3 UCHOTb308AHUS PASHBIX MUNOE KOMIL08 O CHCUSAHUA DUOMACCHI, MAKUX
KAK CONOMbI, KOmeN Ol Cocueanus OpooneHKuy u Komei ¢ popCyHKoll Ons cocueanus ogca. TeXHUUKCKuil aHanus oxeamulean
noobop MOwHOCMU KOMIA, OYEHKY Ce30HHO20 3anpocd Na KOHEYHYlo 3JHepeuio Olid 00p3y08020 JiCUN020 OoMd.
THoocuumannoe u3pacxo008anue KOHEUHOU IHEP2UL NOMOIO ONPeOeNeHUI0 NIOWAOU GbIPAUUBAHUS 3ePHOBBIX PACMEHU,
U3 KOmopwix 6yoem ucnob308amvCsi COIOMA U 3ePHO 06cd, a makdice niowaov Miscantus giganteus u Rosa multiflora.
DKoHOMUYECKULl AHAU3 CCOLIAIOWUTICA HA MEMOO UZ0EPIHCEK YUKILA JHCUZHU NO360IUL 8blOPATNG UCMOYHUKU MENId, KOMOpble
8 onpedeneHHvlli nepuod sKcnyamayuu 6yoym camvimu d¢@ekmuvimu 8 dKoHoMudeckom omuowenuu. Camvim TyYumum
peuienuem Oydem npumeHeHue Komaa Oas cocueanus conomuvl. OH Xapakmepuzyemcs CamblMu HUSKUMU PAcXo0amu 6 ciyiae
CorCUcanUs  KYOUKO8 Cnpecco8amHoll conoMul, a makdce npumenenus Miscantus giganteus. Ilpumenenue xomaa
corcUearweco 3epHO 06cd, KOMopoe nNpousBoounoch 0bl CHeYyuarbHo ¢ HASHAYEHUeM Ha dHepeemuyeckue yeau AGIsemcs
IKOHOMUYECKU HeobocHosano. H30epocku Ha omonieHue 6 smom ciyuae 3,5 pasa eviuie 6 CPAGHEHUU C KOMIAOM
COHCULAIOWUM COTOMY U 08a PA3a BbluLe 6 CIyYae NPUMEHEHUs KOMIA coceaiouje2o OpobneHKy. Ycemanasnueas nianmayuio
IHEpeeMUYeCcKUX pAacmenull 8 3a8UCUMOCIU OM 6UOd, MONCHO NPUMEHUMb 084 MUNA UCMOYHUKOS MeNnid m.e. KOmel
coicuzarowuti Kyouku cnpeccosannozo Miscantus giganteus unu asmomamuieckuil Habop 0ns cocueanust Opobaenok Rosa
multiflora.

Knrouegvie cnosa: snepeemuyeckue Kyavmypbl, Omonienue 00oMd, KOmisl 0151 OUOMACCH, U30EPIAHCKU OMONTEHUS

ANALIZA TECHNICZNO-EKONOMICZNA WYKORZYSTANIA KOTLOW NA BIOMASE
DO CELOW GRZEWCZYCH W BUDYNKU MIESZKALNYM

Streszczenie

Wykonano analize techniczno-ekonomiczng wykorzystania roznych typow kottow do spalania biomasy, takich jak: kociol na
stome, kociol do spalania zrebkow oraz kociol z palnikiem na owies. Analiza techniczna objeta dobor mocy kotla, oszaco-
wanie sezonowego zapotrzebowania na energie koncowq dla przykiadowego budynku mieszkalnego. Obliczone zuzycie
energii koncowej postuzylo do okreslenia powierzchni uprawy roslin zboZowych, z ktorych bedzie wykorzystana stoma oraz
ziarno owsa a takze powierzchnie miskanta olbrzymiego i rozy wielokwiatowej. Analiza ekonomiczna oparta na metodzie
kosztow cyklu Zycia pozwolita wybra¢ zZrodia ciepla, ktore w zalozonym okresie eksploatacji bedq najbardziej efektywne pod
wzgledem ekonomicznym. Najlepszym rozwiqzaniem bedzie zastosowanie kotla do spalania stomy. Charakteryzuje sie on
najnizszymi kosztami w przypadku spalania balotow slomy jak réwniez w przypadku zastosowania miskanta olbrzymiego.
Zastosowanie kotla spalajqcego zrebki generuje koszty porownywalne spalania miskanta olbrzymiego. Zastosowanie kotla
spalajqcego ziarno owsa, ktore byloby specjalnie produkowane z przeznaczeniem na cele energetyczne jest ekonomicznie
nieuzasadnione. Koszty ogrzewania w tym przypadku sq 3,5-krotnie wyzsze w porownaniu z kotlem spalajqcym stome
i dwukrotnie wyzsze w przypadku zastosowania kotla spalajacego zrebki. Przy zalozeniu plantacji roslin energetycznych
w zaleznosci od gatunku, mozna zastosowac dwa rodzaje zZrodia ciepla: kociol spalajqcy baloty miskanta olbrzymiego lub
automatyczny zestaw do spalania zrebkow rozy wielokwiatoweyj.

Stowa kluczowe: uprawy energetyczne, ogrzewanie budynku, kotly na biomase, koszty ogrzewania
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1. BBeaenne

OTOIUICHHE JKIIBIX JIOMOB BMECTE C TPUTOTOBJICHUEM
TCIUTON JKCITyaTallMOHHOM BOJBI B IOJBCKOW OOCTAHOBKE
cocrapysieT 70-80% MOIHOTO M3pacX0J0BaHKS B KOMMYHAIIBHO
— OprroBoM cektope [11, 16, 17, 18, 19]. B cBa3u ¢ 3tIm
TapaHTHs COOTBETCTBYIOIIETO TEIUIOBOIO KOM(OpTa IJIf
JKUTeNled B OTOINMTENBHBIA TEPUOA TpeOyeT 3HAYMTETHBIX
(uHAHCOBBIX 3aTpaT Ha otoruienue. [logbop TormmBa WM
SHEPrOHOCHTENSI, KOTOpBIM  OyOeT THTaHHas CHCTeMa
OTOIUICHHUS, 3TO OMHO M3 CaMbIX BXHBIX pelrewid. BoiObupas
HCTOYHHK TEIUIA HAJIO CIICAOBATCIIHHO PYKOBOJICTBOBATHCS KaK
SKOHOMIYECKAM PacyeTOM, TaK W JOCTYITHOCTBIO JAaHHOTO
ToruHBa. TerIoBbIe TOTPEOHOCTH KIITBIX JOMOB MOMEIICHHBIX
Ha CEIBCKUX TEPPHUTOPHSAX MOTYT OBITH OOCCICUYCHBI IyTeM
HCTIONIB30BaHKS PA3HBIX HOCHTENCH (pHHANBHON sHepriy. v
SIBJIIFOTCSL  TPAJWIMOHHBIC TOIUIMBA, TAKHE KaK KaMCHHBIN
yromp, KOKC WIM TPHPONHBIA Ta3, HO TOXE MOTYT
HCTIOI30BATHCSl OOHOBILIIOIINECS] TOIUIMBA B BHIE OMOMACCHI
Pa3HOTO TPOUCXOXKICHUST (OTOPOCHI CEIBECKOXO3SHCTBEHHOTO
WIN JIECHOTO TIPOM3BOACTBA M DHEPIeTHYECKHE KyJIbTYpPHI).
Bromacca, kakas MOKET HCIIOJB30BAThCS B SHEPIETHYECKHX
LensiX, B OTOM JUId LeJell OTOIUIMBAaHMS XO3siicTBa H
CETBXO3SICTBA  OMpEesieTCs B HECKONBKUAX —JOKYMEHTaX
EBpocoro3za, Kak M HAIMOHAIBHBIX, U3 KOTOPHIX CAMBIMH
BaYKHBIMHU SIBJIIOTCS POCTIOPSLKEHHUS. MUHUCTPA SKOHOMUKH [ 14]
u MuHCpenwl [13]. BaxHbIM acrmekToM, OCOOCHHO B CITydac
UCTIONIB30BaHKUST OMOMAcChl B JHEPreTUYCCKUX IEIX B
CETIEXO3SICTBE SIBISIETCS BOMOKHOCTh MEXaHU3AIMU YOOPKH
TUITMYHBIM ~ CEJILCKOXO3AICTBEHHBIM OCHAIIICHHEM B NN
MHUHIMAIA3AMIA M3AEP)KeK MOJY9eHHsT TOIUIMBA B CENBXO-
3saiictBe [1]. PasHble Bumpl OHMOMAcchl HM3TOTOBIISTHHOH B
SHEPreTHYECKUX IIeJIX JICTEPMIHHUPYIOT THIT KOTJIa, B KOTOPOM
oHa Oynmer cxwrarbcs. Ha pbIHKE HAaXOmWTCA HECKOJBKO
TEXHOJIOTHYCCKUX PEIICHUN TSI KOTJIOB CIYXKAIUX CYKUTAHUIO
OMOMACCHI, B CBSI3U C 3THM HEOOXOIUMBIM SIBIISICTCS YKa3aHIC
pCIICHUsI, KOTOPOE€ B JIAHHBIX OOCTOSITEIBLCTBAX U BHJIC
Ouomaccel OyzmeT caMbpIM JIydllMM B TEXHHYCCKOM U
SKOHOMHYECKOM OTHOILICHHUH.

Henbto paboTel OBUT CPaBHUTENHBIA aHAIN3 CHCTEMBI
OTOIUIEHHS I.0. + I13.B. B OTJACIHHOM JKWIIOME HCIIOIB3YIO-
MM KaK MCTOYHHK TeIUIa KOTIBI Ul C)KUTaHWs OHMOMAcChl,
TaKye KaK KOTeJ IS COJIOMBI, KOTEN TSI CKATaHKs JPOOIICHKI
1 KOTel ¢ OpCyHKOM IS OBCa.

Jlnamazon pabOoThl OOHMMAeT BBIYUCICHUS: 3ampoca Ha
MOIITHOCTG I OTOIDICHHS JIOMa, JUTSl TIOATOTOBIICHHS TEIUION
9KCIYaTAIMOHHOW BOJIBI, BBIYKCIICHHE TOMMYHOTO pPacxoa
KOHCYHOU SHEPruM B OOBEKTE, a TAKKE OIICHCHO IUIONIA]b
SHEPIeTHYECKOW KYJIBTYPhl HYXHOH JJIS  YIOBJICTBOPCHUS
3ampoca Ha OTOIUICHHE JIOMa BMECTE€ C CPEIHETrOJOBBIMU
U3ICPIKKaMU JIIST TIONTYYeHUsT OMOMACCBL: COJIOMBL, Miscantus
giganteus, Rosa multiflora v 3epHa oBca.

2. O0BeKT uccjieT0BaHUH

OOBEKTOM HCCIIEIOBAHNH SBIISIETCST OCOOHSK (TTOCTPOEH B
70-rogax mp. CT.) C 3KCIyaTaUHMOHHOW Iuiomiaapo 185 M2,
kyGarype 557 M° momemieHHbii B Il KIMMaTHUECKOH 30HE
(kmMatrdeckast craHnust KpakoB — banmie) ¢ ectectBeHHOM
BEHTWISILMEH, B KOTOPOM IIPOKMBAIOT YeThIpe JmIa. JlaTank
wioTHOCcTH 1oMa A/Ve cocrassiet 0,76 (I/m).

Cpennmii kK03(h(HUIMEHT TIPOHUKHOBJICHUS TETUIa TETUIOBOM
samurer goma U=0,81 (W/m’K). Jlom cHaGeH CHCTEMOit
[IEHTPAITHHOTO OTOTUICHHMS paboTaroIIel Ha OTKPBITOM CHCTEME
(mpoBoma WM3OJMPOBAHHBIE) C YYTYHHBIMH CICTUICHHBIMU
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kasopudepamut  (CHAOXKCHHBIMH B TEPMOCTATUYCCKHE K-
manpl). Temmas SKCIDIATalMOHHAs BOJA TOATOTOBIIIETCS B
KOHTEHHEPHOH CHCTEME M TIPOBEICHA K BOJOPa30OpPHBIM
KpaHaM ITOCPEICTBOM IUPKYILIIHOHHON YCTAHOBKH.
Ommpaemcs Ha Hopmy ITH — EH 1283 (PN —EN 1283) [8],
KOTOpasi cocTaBisieT 16,9 kumoBata. MOITHOCTh YCTPOHKH TSt
TIOTOTOBJICHHS 11.3.B.B KOHTCHHEPHOH CHCTEME BBIYMCIIACTCS
no Hopme [TH — 92/ B -01706 (PN — 92/B —1706) [7] u oHa
paBusiercst 3 kunoBaTaM. Bprmucnena no [10] emkxocts
KOHTelHepa 11.9.B. 310 200 av’. EMKocTb AKKyMYJIILIMOHHOTO
KOHTEHHEepa COTPYIHHYAIOUIEr0 C KOTJIOM JUISL COKMTaHWs
COJIOMBI BbIuMclieHa coryiacHo Hopme ITH- OH 303 — 5:2002
(PN — EN 303 — 5:2002) [6] u coctasister 2 500 mv’. K anarmise
n30paH KOTeN Uit COJIOMBI MOIIHOCTHIO B 25 KHJIOBATOB U
ce30HHOW wmcnpaBHOCTH 0,76; aBTOMATHYECKUH KOTEN IS
CKUTaHUS JPOOJICHKH MOIITHOCTHIO B 20 KMJIOBATOB 1 CE30HHOM
ucnpasHocty 0,82; 1 KoTen ¢ (OPCYHKOH ISl CHKUTAHUS OBCa
MOIITHOCTBIO B 15-25 KWJIOBAaTOB, ¢ CE€30HHOW HWCIPABHOCTHIO
0,79. HcmpaBHOCTH YCTaHOBKM LEHTPAJbHOIO OTOILIEHHS U
MOJTOTOBKH ~ TEIUION  OKCIYaTAlMOHHOW BOJABI  MPHHSITO
COIJIACHO 3alUCAM  COfepkarlomuMcss B Pacmopskenun
Munncrpa Uadpactpykrypsi XK. 3. Hom. 201 nos. 1240 [15].

3. O0cy:x1eHMe pe3yJIbTATOB BbIYMCIeHUI

[IpoBeneHHBIE BEIMMCIICHNS TO3BOMIIA ONPEICITUTE 3aIIpoC
Ha KOHEYHYIO SHEPTHio [9] Ui aHAIM3UPOBAHHOTO JIOMA, & UX
pe3ynbTaThl CBEICHHI B TabmuIie 1.

Ce30HHOE M3pacX0JI0BaHWE KOHEYHOW SHEPrHH B JIOME B
3aBHICHMOCTH OT IPUMEHEHHOTO HCTOYHHKA TeIlIa OalaHCHPyeT
ot 193 no 234 I'/x. Camas Gonbliasi 3HEPTUS PacXoayeTcst B
Cllydae YIoTpyOIICHHUSI KOTa TS COKUTAHUS COJIOMBI B TJIABHOM
UCTEKAaeT U3 TPHUHSITOMN UCTIPABHOCTH MCTOYHHKA TEIUIA, 4 TOXKE
JUIA TOTO, YT B 3TOM CHCTEME HAaXOAWUTCS aKKyMYJISIIMOHHBIN
pesepByap (BbrumciaeHa 1Mo [12] WCTPaBHOCTh AKKyMYJISIIUH
cocraimsier 0,88), 3HAYWT CO3MAIOIMIUIA JTOOABOYHBIE TPATHI
Teria. B 3TOM KOTIe MOryT OBITh CKWTaHbI KyOHKH
CIIPECCOBAHHOM COJIOMBI W Miscantus giganteus.

CrenyrompM >JIEMEHTOM MOTYIIM TOMOYb IPHHSTH
peleHre BO BpeMsl BHIOOpa TAHHOTO THITA MCTOYHUKA TEIDIA
SBIICTCS OKOHOMHUYECKasl OICHKa. OKOHOMWYECKHH CyeT
nposenieH npu nomomn Merona LCC (Life Cycle Cost) [5].
3TOT METOA MO3BOJISET ONPENIEIUTH TOJIHBIC MHBECTUIIMOHHBIC
Y JKCITyaTalliOHHbBIC M3JCPKKU CUCTEMBI B PacCMaTPHBACMOM
LMKJIE €r0 U3HH OMUPAsCh Ha 3aBUCUMOCTD [ 1].

< Ke,o-(1+re)"

LCC=Kp+). ——— [reic. [LTH]
n=1 (1 + l)
rre:
Kp — BcrymHble u3fepKKd (M3AEP)KKM TIOKYIIKM M ITyCKa
YCTaHOBKH),

Ke,0 — rofioBbIC M3IEPKKH SKCILIOTAMH YCTAaHOBKH (M3ICPIKKH
SHEPIUH, U3IEPIKKH OCMOTPOB UPEMOHTOB),

¢ — O4YepEIHBIN roJ] 3KCIUIATALINY YCTaHOBKY,

e — HOpMa TIOBBIILIEHHSI LIeH POHU3BOJICTBA OMOMACCHI,

n — 1..15 ouepenHblii ron m3aepxkek (H = 15 npeanonaraemoe
KOJIMYECTBO JIET LIUKJIA XKU3HU YCTAaHOBKH).

YToOBI OIpPENEIUTh YPOBEHb HU3ICPIKCK SKCILTyaTalluH
YCTaHOBKM (OTOIUICHHS JIOMa) B Hayale OIpeIeicHO
MHUHHUMAJIBHYIO TUIOIIAAb KYJIBTYPHl M €€ JHepreTHUeCKHil
MOTCHIMAN.  BbIUKMCICHUS]  MPOM3BEACHBI  OMUPAsCh  HA
MH(POPMALIMU KACAIOLICHCS BEIMYHHBI YpOXKas U CTOMMOCTH
MBBIPKOBOK Macchl [2, 3]. CTOMMOCTh TOIUIMBA SIBIISICTHCS
TOJIBKO JIM CTOMMOCTBIO TPOM3BOJICTBA OHoMacchl. OnHpasich
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Ha [2, 4, 20] ouUeHEHO CTOMMOCTb IPOM3BOJICTBA OBCa,
Miscantus giganteus n Rosa multiflora. B cityqae comomel, K
KOTOPOH TMOIXOAMM Kak K TMOOOYHOMY IUIOMY B XO3SHCTBE
OLICHEHBI: M3MIEPKKH CIIPECCOBAHMSI, HATPY3KH M TPAHCIIOPTa Ha
paccrosiaue 10 10 KumoMeTpoB. Pe3ynbTaThl BRIMUCICHUN IS
AHATI3UPOBAHHOTO JIOMa COTIOCTABJICHBI B TAOTIIHIIE 2.

UroOBl OMpenenuTh YPOBEHb W3ICPIKEK SKCINTyaTaIluH
YCTaHOBKM (OTOIUICHHMS JIOMa) B HaYale OIpelIecHO
MHUHUMAJBHYIO IUIOINA b KYIBTYphl M €€ DHEPreTHYCCKUIA
MOTCHIMA.  BBIYKCICHUS TPOM3BENCHBI  OMAPAsACh  HA
nH(OPMAINK KacAroIIeiCss BEMYMHBI YPOXKasik ¥ CTOMMOCTH
mBbIpKOBOH Macchl [2, 3]. CTOMMOCTh TOIJIMBA SIBISIETUCS
TOJIBKO JIM CTOMMOCTBIO TIPOM3BOJICTBA OMOMacchl. OmHUpasch
Ha [2, 4, 20] OIEHEHO CTOMMOCTH TIPOM3BOJICTBA OBCa,
Miscantus giganteus n Rosa multiflora. B ciy4dae comomel, K
KOTOPOH TMOIXOAMM KaKk K TMOOOYHOMY IUIONY B XO3SHCTBE
OLICHEHBI: W3MIEPKKH CIIPECCOBAHNSI, HATPY3KH M TPAHCIIOPTa Ha
paccrosiaue 10 10 KkumoMeTpoB. Pe3ynbTaThl BEIMUCICHUN IS
aHATM3UPOBAHHOTO JIOMa COTIOCTABJICHEI B TAOTIIHIIC 2.

AHanu3upysi  BBINICYKA3aHHYIO  TaONUIly  MOXHO
YCTaHOBHTD, YTO CAMOW JIYYIIICH B OTHOIICHUH K TUTOIIAIH
KyJnbTypoil Oyner mocTaBlcHWE IuTaHTauuu Miskantus
giganteus nimm Rosa multiflora. B cinydae XJ1€OHBIX 371aKOB,
YTOOBI OTOMHUTH AHAIM3UPOBAHHEIN JIOM HEOOXOIUMBIM

Tab6m. 1. CTonMOCTb TOIUYHOTO 3aIIpoca Ha SHEPTHIO B JOME
Table 1. Value of annual demand for energy

Oyzer Ha3HAuUCHHE apealia IUIOMAnu TeKT. 5. BUIHEI Toxe
3HAYUTENbHBIC PAa3HUIBI B IPOM3BOACTBE Omomacchl. Jlis
KynbTyp Miscantus giganteus u Rosa multiflora cocToBnsieT
oH ThIC. 3 PLN. B cirydae KoJIOCOBBIX BHIHA 3HAYHUTEIHHAS
nosisipu3anus m3aepxkek. Comoma Kak MOOOYHBIN MPOTYKT
Ha3Ha4YeH JUI YHEPTeTUYeCKUX 1eneid cTouT Thic. PLN 1,4,
€CJIM 7K€ 3eMJIeIeNel] PEeIIrICcs Obl Ha BBIPAIIMBAHNE OBCA C
Ha3HAYCHUEM I OTOIUICHUSA, OH JOJDKEH CYHTAThCS C
uzaepkkamu pocturaromumu gaxe 9 000 toic. PLNB ron.
JLJis 3ampoCcoB aHANMH3a OICHKH H3JICPIKEK [UKIIA KU3HU
CHUCTEMBI  OTOIUICHHWS JUIs 00pa3IloBOTO  JIOMa MBI
OTPAHUYMINCH OTIPEIIEIICHUCM U3ICPKEK IIOKYITKH BMECTE C
MycKoM ycTaHOBKM Kp (Kn) WM eIUHUYHON CTOMMOCTH
TIEPBUYHON DHEPrHH CoJepiKalieics B OMomacce, a TOXKe
MBI TIPUHSJIM BO BHUMAaHHE W3ICPKKH CEPBHCAa BO BpEMs
JKcIyaTanuu 3Toil ycraHoBku Ke, o (Ke, o). B Tabawme 3
COJIEPXKaHbI OCHOBHBIC MPEATIOCHUIKH JJISI YKOHOMHYECKUX
BBIYUCIICHHA. B HMCXOMHBIX M3AEpKKax miIsi KOTiaa s

COJIOMBI YUYTCHBIL TOXKE H3ACPIKKU Ha TMOKYIIKY
AKKYyMYJISAOUOHHOTO pe3epByapa, KOTOpLIﬁ SABJISACTCA
HCO 6XOHI/IMLIM DJIEMCHTOM YCTAHOBKH 1I.0. B ciy4dae

MPUMEHCHHS KOTJIA JJIS COKUTAaHUsS IpOoONeHKU Rosa multi-
flora, n006aBOYHO B3SATHI BO BHHMAaHUC W3ICPKKHA Ha
MTOKYTIKY OTOPOJHUYET0 APOOUTEIIS IS XBOU.

[lepeuncnenue

CucTeMa LEHTPaIbHOTO OTOIVICHUS M OATOTOBKH TEIJION SKCIUIaTalMOHHOI BO/IBI, KOTOPTO

HCTOYHUKOM SBJIACTCS.

Koten nst coiomMbr

Koten ans cxxuranus apobiaeHKu

Koren chopcyHKol 11t CKUraHUS OBCA

Ce30HHBII 3a1poC Ha

KOHEUHYI0 dHepruto Gl/a 234

193 200

Hemounuk: nuunvie svruucienus / Source: Author' s own calculations

Tab6un. 2. MuHUMaNbHAas TUIOLIA (b KYJIBTYPbI U U3JICPKKH HA TIPOU3BOJCTBO OMOMACCHI JIsl SHEPTeTHIECKUX IieJIen
Table 2. The minimum area of cultivation and production costs of biomass for energy

DHepreTUYecKHii MOTeHINA CToUMOCTH IPOU3BOACTBA
MuHnMaHas Ioma b
Ilepeuncnenue OGromMacch KysITYpBI (reKTap) GroMacch
(I'Jx/rextap YaTyp P (teIc. PLN)
cojioMa 47 5 1,4
Miscantus giganteus 221 1,06 2,8
Rosa multiflora 236 0,82 3,1
O:¢ 43 4,7 8,9

Hemounuk: nuunvie svruucienus / Source: Author' s own calculations

Taba. 3. OcHogHbie npednocwblIKU 011 IKOHOMUYECKUX GbIYUCTEeHUT

Table 3. The basic assumptions for the economic calculations

Ilepeuncnenue CrouMocTh
Koten ans conomsr + ABromatnyeckuii Habop | ABTOMaTrHueckuii Habop
AKKyMYJIA{MOHHBIN JISL CKUTaHUsA ¢ popcyHKOM 111
Kp(Kn) — ncxonusie u3aepkku (teic. PLN) MY A Gopey A
pe3epByap JpoOseHKH + qpoluiika C)KHUT'aHUsI OBCA
14,97 18,1 9,68
N(H) — IOJTHO@ KOJIMYECTBO JIET SKCITyaTaluy 15 et
0 — U3JIEPKKU 00CITY)KUBAHHUSI U PEMOHTOB 1% MHBECTUIIMOHHBIX H3JEPKeK (B rox)
OnuHuYHAs IeHa HCXOIHO SHeprun Couoma - 6
A o A p Miscantus giganteus - 12
cofepxarueiics B 6uomacce .
npobnenka Rosa multiflora - 16
PLN/T I
3epHO OBca - 45
Re (Pe) —HOpMa pocTa LieH IPOU3BOACTBA 39
6romMaccsl ’
i (M)— HOpMa AUCKOHTA 6%
cojoma Miscantus giganteus Jpobnenka Rosa multiflora 0BEC
Ke,o(Ke, 0) — roqu4Hble U3[EPKKH SKCITyaTalluH
(Ke, o) P Y 1,55 2,95 3,28 8,99
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Hcemounux: auunvie svruucnenus / Source: Author' s own calculations
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Tab6m. 4. PaCXOL[LI HUKJIa )KU3HU JJI1 aHAJIU3UPOBAHHBIX CUCTEM

Table 4. Life cycle costs for the analyzed systems

ABTOMaTH4eCKHH HAOOp .
Koren st comoms! + ABTOMaTHYECKHMHHA00D IS
MEPEYHCIICHUE N N JUISL CKUTAHUS IPOOIICHKN
AKKyMYJSIIMOHHBIN Oacceiin CKUTaHUS 0BCa
+ npobuika

pocTeHue COJIOMa Miscantus giganteus Rosa multiflora 0BEC
LCC [1bIc..PLN] 33,6 50,4 57,4 117,7
CpenHue ronuuHbIe
pacxojbl Ha OTOILICHUE, 2,24 3,36 3,82 7,84
(teic. PLN/T)

VHBECTHITMOHHBIE H3ACP/KKH B 3aBUCHMOCTH OT HCTOYHHKA
Ternia Oanancupyrot ot Teic. 10 PLN ¢ HabopoM ¢ ¢popcyHKoi
Uit cxuranust oBca 0 18 Teic. PLN ecim mpumennM HaGop
JUTSL COKUTaHUs ApoOIieHKH. LleHa eIMHUIIBI TIepBIYHO SHEPI U
cozepxamieiics B Onomacce odeHb mddepeHIMaIbHAs U
coctaBsieT oT 6 nmo 46 PLN/Tx. CamMblMH HH3KAMH
U3IICPIKKAMU XapaKTePH-3UPYETCS COJIOMA, HAOOJIee KE CTOUT
€[IMHHILIA TIGPBIIHOM SHEPTHH B CIIydae OBCa.

[IpoBeneHHBIC  BBIYHCICHHUA IO3BOJIUIA  OIPEIEUTH
W3ICPIKKY IMKIIA )KU3HU I aHATM3UPOBAHHBIX OTOIHUTEIIBHBIX
CHCTEM, a TakKe ITO3BOJWIM HAa OLEHKY CPEJHUX TOMMYHBIX
pacxoloB Ha OTOIUIGHHE IOMa Ha TPOTSDKEHHM IITHAAIA-
TUJIETHETO TIepHO/Ia IKCITyaTaru (Tabmima 4 ).

CaMbIM JTy4IIIM ACTOYHHKOM TEIUTa JUTA OTOIUICHHS JIOMa
SIBJISIETCS. KOTEN JUIst coIoMbl. OH XapaKTepU3UpyeTcsl CaMbIMU
HmskuMu pacxogamu LCC kak Ui coJOMBI Tak U B Ciydyae
CKUraHus B HeM Miscantus giganteus. IlomHbele pacxompl Ha
OTOIUICHHE B Clydae CKHIraHus JIpoOneHku Rosa multiflora
SIBJSTFOTCS] COMBMEPHBIMH PacXOJJaMH 3KCITyaTallul CHCTEMBI C
KOTJIOM, B KOTOpOM Cxwranucs Ovl Miscantus giganteus.
[lpnverneHne KOTia CKHUTAIOIMIETO 3EpHO OBCa, KOTOPOE
CHeNMaIbHO MPOU3A0IIIOCH OBl C Ha3HAYECHHUEM IS SHEPreTH-
YeCKUX IeNiel SBIETCS SKOHOMHYECKH HEOOOCHOBAHHBIM H
HepeHTa0eNbHBIM. PacXoipl Ha OTOIUICHHE B 3TOM CIIydac
SBISTFOTCST 3 pa3a BBHICIINMH B CPaBHCHHH C KOTJIOM
CKUTAIOIIMM COJIOMY M JIBa pa3a BBICIIME B cCiydae
MPUMCHEHHUS KOTJIA CKUTAIOIIETo ApoONeHKY Rosa multiflora.
Ecnm o6namatens X03sHCTBA PEIIMICS ObI 3aBECTH TLIAHTALIHIO
SHEPreTUYECKUX PacTeHHUH, y HEro JiBa UCTOYHUKA TEIUIa: 3TO
KOTEJI CXKWralolWmil KyOukw Miscantus — giganteus vnm
aBTMaTUYECKU HaOOp 1A CKuTaHust ApoOieHku Rosa multi-
flora. B obonx ciydasx pacXonpl COM3MEPHBIE U K TOMY Kak
MHBECTHIMOHHBIC, TAK U SKCITyaTaI[IOHHBIE.

4. Pe3rome

IIpoBeneH TEXHUYECKO—3KOHOMUYECKUN aHAIM3 HCIIOJb-
30BaHMS Pa3HBIX TUIIOB KOTJIOB Ul CKHTAHUS OMOMACCHI
MO3BOJIJT ~ OTIPENETIUTh  MOIMHOCTH  MICTOCHUKOB — TeIIa,
Omaromapss 4eMy MBI MOIJIM OIICHUTH HHBECTHIOHHBIC
pacxonpl, kpTopsle cocTaBmsitoT oT 10 Teic. PLN mns xotna ¢
¢dopcyHkol i cxwranus oca jo 18 teic. PLN B cimyuae
KOTJIA CKHTAIOIIEro ApOOJICHKY. BBIYUCICHHBI — pacxof
KOHEUHOI DSHEpruM B CTaHAAPTHOM OTOIUIAEMOM CE30HE
TIOCITY>KFUT JUTSL OTIPEIeTICHHS TUIOIIA M JUTI KYJIbTYP OMOMACCHL
MuHnMaipHas IUIOINAIb KOJIOCOBBIX, W3 KOTOPBIX Oymer
HCIIONB30BaHa COJIOMa WJIM 3€PHO JIOJDKHA COCTABIIATH TEKT. 5.
[Inomaap miuaHTalMu SHEPTrEeTUYECKUX PACTEHUH B IAATh pa3
MEHBIIe, YeM JUI1 KOJOCOBBIX. PacxXompl Ha MPOM3BOICTBO
OroMacchl 3aBUCAT OT ee poja 1 GamaHcupyrot oT 1,4 teic. PLN
st cooMbl 10 Thic. 9 PLN B ciydae BeIpammBaHusi OBca.
Pacxonpr wa Miscantus  giganteus u Rosa multiflora
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Hcemounux: auunvie svruucnenus / Source: Author' s own calculations

COM3MEpHBIE U COCTABISIIOT ThiC. 3 PLN. AHanmm3 omepThiii Ha
METOJIC PACXOJIOB IIUKJIA YKU3HHU TTO3BOJIMI BEIOPATH UCTOUHUKH
TeIUIa, KOTOPBIC B 3aBEACHHBIN IIATHAIUATWICTHUNA TEPHOL
JKCITyaTali OyIyT SKOHOMHYECKU Harbosee 3(h(EeKTHBIMH.
CaMbIM Jy4dIIIM perieHueM OyeT NpUMEHEHHE KOTIa s
CKMTaHMs COJIOMBI. | eHepHpyeT OH caMble HU3KHE Pacxojpl B
CIlydae CXKHMTaHus KyOHKoB colioMel (ThIC. 2,3 PLN/a, kak Toxe
B Cllydae mpuMeHeHus: Miscantus giganteus (3,4 toic. PLN/a).
[IpumeHeHne KOTIa CXKHTaromiero apoonenky Rosa multiflora
CO3/1aeT CPEeIHUE PacXOAbl COM3MEPUMBIE CHCTEME, B KOTOPOH
oxuraercs Miscantus giganteus. TIpr BO3BeIeHNN TUIAHTAIIH
SHEPIreTHYECKUX PACTEHHW B 3aBHCHMOCTH OT BHZA, MOXKHO
NPUMCHUTh J[BA THIIA HCTOYHHKOB TEIUIA: 3TO KOTEN
CKWTalolnil  Kyouku Miscantus giganteus WA aBTOMAaTH-
Yeckuid HaOOp Wi Ckuranus npoOneHku Rosa multiflora.
Pacxo/pl B 000HX CiTyJasx cpaBHHBacMbIC
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