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IIpencraBneHo pe3yibTaTH  OLIHKHU
SKUTTEBOTO MKITy BUPOOHMIITBA TEIIOBOL
eHeprii 3 Tpickm Salix Viminalis L.
O1iHeHO eHepreTuuHy e(eKTUBHICTb Ta
CKOPOYEHHSI BHKWJIB MApHUKOBUX Tas3iB.
[TpoananizoBaHO BMJMB HANOUILII Baro-
MUX MapameTpiB Ta BU3HAYEHO ONTUMAJIbHI
CHIBBIJJHOLICHHS JIst 3a0€3MeYeHHs] MaK-
CHUMAJIbHOT €HEepPreTUYHO1 e(PeKTUBHOCTI Ta
€KOJIOT1YHOT CTaJIOCTi.

ITpencTaBneHbl pe3yabTaThbl OLEHKU
SKI3HEHHOTO IMKJIa TPOW3BOJCTBA TEIUIO-
BOl sHeprum u3 wensbl Salix Viminalis L.
IIpoBefeHa oOLEHKA 3SHEpPreTUyYeckoi -
(heKTUBHOCTH M COKPAIIICHNST BLIOPOCOB Ma-
PHUKOBBIX ra3oB. [Ipoananmm3mpoBaHo Biu-
sIHUe HanOolee 3HAYMMbIX MapamMeTpoB U
OTIpefieIeHbl ONTUMANIbHBIE COOTHOIICHUS
7151 0OecTieYeHNs MaKCMMAJIbHO 3HEPreTH-
4yecKol 3(p(PeKTUBHOCTH U IKOJIOTUYECKO
YCTOMYMBOCTH.

The results of the life cycle assessment
of heat production from willow chips of
Salix Viminalis L. are presented. Energy
efficiency and greenhouse gas emissions
reduction are estimated. The influence of
the most significant parameters is analyzed
and optimal relationships are determined
to ensure maximum energy efficiency and
environmental sustainability.
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CED - cykymHi BUTpaTH eHeprii;
CED,, — CyKyIIHi BUTPaTH HEBIIHOBIIOBAHOT CHEPTil;
EYCS KoecbluleHT NepEeTBOPEHHS €HEPril;

EYC,;, — Koe(ilieHT nepeTBOPeHHS HEBIIHOBIIIOBAHOT
EHEeprii;
LCA - oniHka XUTTEBOTO LMKIY;

BJIE — BigHOBIOBaHI Kepesa eHeprii;
BKEC - BasioBe KiHIleBe €HEprOCTIOXKNBAHHST;

[Ipo akTyanpHICTE pOOOTH CBITUUTHL HEOOXITHICTH
3MEHILIEHHS! CMOXKMBAHHSI BUKOMHUX TaJMB, 30KpeMa, Npu-
poniHOro ra3zy B YKpaiHi, a TAKOK BHUKOHAHHSI 3000B’s13aHb
B pamkax HaujioHasmbHOro nitany iifl 3 BiflHOBIIIOBAHOT €HEp-
retuku Ha iepiot 7o 2020 poky (HITIBE) Ta EHepretnynoi
cTparerii Ykpaiau Ha mepiog go 2035 poky «be3smeka,
eHeproeeKTUBHICTb, KOHKYPEHTOCTIPOMOXKHICTE». Cepen
3000B’s13aHb 1IUX CTPATETIYHUX JOKYMEHTIB, 30KpeMa, 3a-
6e3neueHHst 11% BiIHOBIIOBAHUX JIXKepes eHepri'l' (BIE)
y BanmoBoMy KiHueBomy eneprocnoxusandi (BKEC) po
2020 p. Ta 25% B]IE y 3araibHOMy NOCTaYaHHI NIEPBUHHOT
eneprii (3IIIIE) mo 2035 p., 3 skux Maitke 11,5% 3a pa-
XYHOK «bioMacu, 6ionanuB Ta BigxofiB». Ctanom Ha 2016
pPiK, BHecOK «bOiomacu, 6ionmanuB Ta Bigxopie» y 3IIIIE
cknanas 3,1% [1]. Hocsirtu HamiueHoro nokaszuuka 'y 11,5%
MOKJIMBO JIMIIE 32 aKTMBHOTO 3allyueHHsl 6ioMacu B eHep-
FeTUYHUI OanaHc YKpaiHu, a came y CEKTOpP BUPOOHMULT-
Ba 1 MOCTavaHHS TEIUIOBOI eHeprii. TakuM TNOTeHI[IHIM
JPKEepesioM CTabiJIbHOTO TOCTayaHHs OioMacu MOXYThb
CcTaTu eHepreTuyHi KyabTypu. CranoMm Ha 2015 pik mif
EHepreTUYHUMHN KyJbTypaMl B YKpaiHi Oynau 3ailHATI
quie 4190 ra 3emensb [2], xoua 3a paHumu [epskkomcra-
Ty YKpaiHn icHye GmM3bKO 4 MJH ra MaJIONPOJYKTUBHIX
CLIIECHKOrOCMOJIAPCEKIX 3eMEllb, SIKi MOTEHUINHO MOXYThH
OyTH BMKODPHWCTAHI Tifl TMJIaHTalil €HEPreTUYHUX KYJbTYP

[3].

3III1E — 3arajpHe ocTavyaHHs IEPBUHHOT €HEPril;

KAC — kaniii-aMOHilTHa ceniTpa;

HITIBE — HamjionansHuil mjiaH fifl 3 BiJHOBIIOBAHOI eHEp-
reTHKH;

O — oyiHKa KUTTEBOrO UUKJY;

II" — napHUKOBI ra3u;

H.€. — HA(PTOBUI1 €KBIBAJICHT.

[Ipo mnepcnekTHBHICTL HAMpsSIMKY 3 BUPOLILYBaHHS
€HEepreTMYHUX KyJbTyp CBi4aTh i jaHi €BponencbKoi
6iomacoBoi acouiauii AEBIOM, BiinoBigHO [0 SIKUX CY-
MapHa IUIOLA CHEPreTUYHMUX KYJbTYP, O BUPOLIYBAIUCS
y kpaiHax €C y 2017 poui, ckiana 50764 ra [4]. Bupo-
IIYIOTHCS TIEPEBasKHO Ti EHEPreTUUHI KyJIbTYpH, sIKi T00pe
3aCBIIYMIIM CBOIO BPOXKAMHICTh 3a MEBHUX KIIMATUYHUX
yMOB. 1751 KOHTMHEHTANbHOI 30HM - Le BepOa, TOMous,
MICKaHTYC, IBOKICTOUHUK TPOCTUHHMIA, COPro; 1Jisl MiBHOYL
CepenzeMHOMOD’ 5T — TOTIONIS, MiCKaHTYC; i1t miBjHs Cepe-
3eMHOMOpP s — apYH/I0 TPOCTUHHMIA, €BKAINT [5].

MoxnuBuM CTpUMYyOUUM (PaKTOPOM [IJIsl IIMPOKOTO
BMPOILBAHHSI CHEPIETHYHUX KyJIbTYp B YKpAiHi € HEBH-
pillIEHICTh MUTaHHS €HePreTUYHOT €(PeKTUBHOCTI SKUTTEBOTO
LMKy BUPOLIYBaHHsS €HEPreTUYHUX KYJbTYP Ta IX BUKO-
pUCTaHHSI U1 BUPOOHMLITBA TEMJIOBOI E€HEprii, a TaKoX
€KOJIOT1YHOT CTAJIOCTI TaKMX Gi0CHEPreTHYHNX JIAHIFOXKKIB.
i1l KOMIUIEKCHOTO JOCIKEHHsT Ol0€HEepPreTUYHUX J1aH-
LIOXKIB Bifl BUPOILYBAaHHSI 10 BUKOPUCTAHHS Ta BU3HAYEHHSI
HaMOIIbII KUTTE3NATHUX O10EHEPreTUYHUX CUCTEM 3acTO-
COBYIOTb METOJIOJIOTi0 OLIHKU KUTTeBOro mukiay (OXKII,
anrs. LCA — life cycle assessment). ¥Y3aranbHioloua oLiHKa
po6iT 3 OXIL 6ioeHepreTHUHNX TEXHOJOTiN (6IM3bKO
100 po6iT), BUKOHAHMX MPOTSIroM 15 poKiB mokKaszamia, o
OLIBLIICTB JOCIIKEHb BUKOPHCTOBYIOTH PO3PAXYHOK CIIO-
SKMBaHHSI IEPBUHHOT €HEPril Ta BUKU/IIB MAPHUKOBUX T'a3iB y
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SIKOCTI MOKA3HUKIB BiIMOBIJIHO €HepreTUYHOI e(heKTUBHOCTI
Ta eKoJioriyHoi ctanocti [6]. HagBHi pociigsKeHHsS, IO
BUKOPHUCTOBYIOTH MeTtoposorito OXKII nist eHepreTuuHmx
KYJbTYP, JOCTII>KYIOTb NEPEBAXKHO CUPOBMHHMI LMK Bif
Mocajiku 1o 360py Bpoxkato [7] abo BUpOOHMITBA GiOMAINB
[8]. Buxopstuu 3 iHhopMaliii miof1o BifiCyTHOCTI aHAJIOTIYHUX
JIOCTIKEHD IOAI0 BUPOLIYBAHHSI Ta BUKOPUCTAHHS eHepre-
TUYHUX KyJIbTYP /Uil BUPOOHMITBA €HEPrii Ayisi YKpaiHu,
BUJIA€TBCSl HCOOXIIHUM MPOBECHHS OUIHKH 3KUTTEBOrO
UMKy TakKUX OlOEHEPreTMYHMX JIAHLOXKKIB, BUKOPHCTO-
BYIOUM Yy $KOCTI KPHUTEpiiB TMOKA3HUKUA — E€HEepreTUYHOL
edeKTUBHOCTI Ta 6aJaHCy NapHUKOBUX T'a3iB.

Memoouka oyinku enepeemu4noi ehekmueHocmi
HCUMMEBO20 YUKAY BUPOOHUYIMEA MENN0801 eHepeil
3 mpicku Salix Viminalis L.

Mera aHOrO [OCIIXKCHHS — BU3HAYUTA CYKYIHI BH-
TPaT eHeprii 1 CyKyIHI BUTPATH HEBIIHOBJIFOBAHOI HEpril,
a TaKOX BUKU/M NAPHUKOBUX Ia3iB KUTTEBOTO LMK BUKO-
puctanHs 6iomacu Bepou Salix Viminalis L. y Burasii Tpic-
KM JJIsl BUPOOHMLTBA TEMJIOBOI eHepril B YKpaiHi, OLiHUTH
BIUIMB HaWOUIbII KPUTUYHMX TapaMeTpiB Ha KoeilieHT
NEepeTBOPEHHSI HEBITHOBIIIOBAHOI €HEprii y JKUTTEBOMY
UMKJIi, Ta TMOPIBHATH 3 >KUTTEBUM LUKJIIOM BHPOOHMLTBA
TEMJIOBOT EHEPril 3 MPUPOJHOrO rasy.

JJ151 OLIHKM €Hepre TUIHO1 e(DEKTMBHOCTI Ta €KOJIOT1UHOT
CTAJIOCTI BMKOPHCTaHHsi GioMach MuaHTawjil Bepou Salix
Viminalis L. st BI/IpO6HI/IHTBa TETJIOBOI €Hepril 3aCTOCOBa-
HO METOJOJIOTO OI[iHKU JKUTTEBOTO IUKITY (O}KLI) (ACTY
ISO 14040: 2013) BIJIHOBIJIHO no metopoJorii OXKI] po3-
IIISHYTO MOBHUI LWMKII G0 IHAKILE CHCTeMY IPOJYKTY Bif
BupoiyBartst Salix Viminalis L. 5o oTpuMaHHs! KiHUEBOro
NPOAIYKTY y BUIJISA/L TEMJIOBOI €Heprii y KOTeNbHiil ycTa-
HOBII i3 BpaxyBaHHSIM MaTepiabHUX Ta EHEPreTHUYHUX
MOTOKIB YCiX TEXHOJIOTIYHMX MPOLECIB CUPOBUHHOIO LMKITY
Ta MijJICUCTEMHU TIepeTBOPeHHs (puc. 1).

Y gKocTi MOKa3HWKA €HEepreTUYHOi e(peKTUBHOCTI BU-
KOPUCTAHO KOE(ILIEHT MNEepeTBOPEHHS HEBIJHOBIIOBAHOL
eneprii EYC,, [9], sxuii mokasye y CKijbKu pasiB eHeprii

Ha Buxopi (CEP) (nuB. piBHﬂHHH (1) Ta (2)) i3 cucremu
NPOJIyKTy OTPUMAHO Oinblle, HIX BUTPAYCHO CYKYIHO
neBiHoBmoBanoi eneprii (CED,) y BCiX TeXHOJIOriYHMX
Mpolecax >KUTTEBOTO IWKIY, BKIIOYAIOYM BUTPATH Mep-
BMHHOI CHEPrii Mij 9ac orepauiii CHPOBMHHOTO LWKITy
(E,, ) Ta y mijicucTeMi nepeTBOpeHHs Gionanusa B TEMIOBY
eHepruo (E, )(III/IB piBusiHHSA (3), (4), (5)).

EYC,, = CEP/CED,,, (1)

ne, CEP — BUpOGHMIITBO TETJIOBOT €HEPril KOTEILHOI yCTa-
HOBKOIO, I'Ix/pik; CE]')NR — CYKYNHI MPUBE/IEHI BUTPaTH
HEBiJHOBMOBaHOI eHeprii, I'JI>k/pik.

CEP = 2ZW_t,, [[Ix/pik] )

ne, W, — IOTy>KHICTb KOTEJIbHOT YCTAaHOBKM B MIEBHUI MEPiof]
il poéoTM (t), MBT; T, — piuHe 3aBaHTa’KEHHS yCTAHOBKM,
rof./pik.

CED, =E_ +E, . [[0x/piK] 3)

ne,E_ —BATPATH NEPBUHHOT EHEPIT Mijl Yac onepaii cupo-
BUHHOT'O Ky, I'Ix/pik; £ — BUTpaTa nepBUHHOL eHepru
y MiJICUCTEMI NePETBOPEHHS ‘Gionamisa B TEIJIOBY €HEprito,
I'x/pik.

rECHp = ?=1Ei;
_ (2?:1 bMOj'Qg+27¢l=1 prk'Qg+Z?=1m-TMl'arM1)‘S .
EMO - kr{ ’
ETpl = Ergm1* B 1y
4
— : 4)
ETpZ = (B+4A)- ET xmz T2
Egan = 25-B- bEaH : Qp'
72-B-€360p.1as.
\Egﬁep — 36ep.HasB. .

T

ne, £, ETP, E ., E . — CIOXWUBAaHHS TEPBUHHOI EHEPril,

'd Y
| Niacvcrema I
I BupoBHULTBO TEXHIKM nepeTBOpPeHHA 1
| Ta Marepianis l
| \ 4 I
I BUPOLLYBAHHS TpaHcnopTyBaHHA Bupo6HuuTeo ]
| TpiCku KoTna I
 J L 4
: 36epi Bupob ! T
I 36ip 3 NOAPIBHEHHsM epiraHH 1) MpoGHMLTBO - PaHCNOPTyBaHHA
Tpicku TENNoBoI eHeprii TennoBoi eHeprii
| 4 S | v
| CUPOBUHHMIA YTunizauis npoaykTie [emoHTax I CnoxwuBsaHHA
| UMK cnanioBaHHA KoTna I TennoBol eHepril
I |
| 1
| Mexi cuctemm |
~ /

Puc. 1. ZKummeeuii yuxn eupoonuymea menoeoi enepeii 3 6iomacu Salix Viminalis L.
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BiIMOBITHO, MpU: MOJBOBUX MEXaHI30BaHMX OMNepalisx 3
BUPOILYBaHHSI Ta 300py BepOM 3 MOAPIOHEHHSIM B TPiCKY;
TPaHCHOPTYBaHHI TBEpJOro OiomnasnuBa; onepayisix 3 BaHTa-
JKeHHsI/pO3BaHTaxKeHHsI; 30epiranHi OiomamuBa, ['JIK/pik;
b pr b — NUTOMI BUTPATH IU3ENILHOTO MAIMBA Mijl Yac
MOJILOBUX MEXaHi30BaHUX OMNeparliit, TPAHCIIOPTYBAHHS Ta
HABAHTAXKEHHsSI CUPOBUHU YW TEXHOJIOTIUHMX MaTepiaiB,
a/ra (0/T); m_ — MATOMA Maca TEXHOJIOIIYHUX MaTepialis,
Kr/ra; O, ~— €HEPreTHYHNII eKBIBAJICHT XIMIYHOI PeYOBUHH
()106pI/IB HCCTI/IIII/IJIIB) MH)K/KF ;S — noma nnaHTauu ra;
k —mepiop excrutyaTauii HJIaHTauu POKiB; B — piuHa BUTpa-

Ta GiomanwBa, T/pikK; Qp — HUXKYa TENJoTa 3ropaHHs Ju-

3eJibHOro najbHoro, MJIIx/n (36,1 MJIxx/n); A — KinbKiCTb
30011, IO YTBOPKOETHCS, T/PIK; E | — €HEPrOEMHICTH TPaHC-
NOPTHUX poOiT, MJI>K/T-KM; 1 — BijIcCTaHb TPAHCIIOPTYBAHHS
6ioMacu Bifi MicLs 11 300py 10 LEHTPaJIbHOIO CKIIafy Ta BifT
IEHTPAILHOTO CKITaly 710 CTIOKHMBAYA, KM (mepuia BicTaHb
HpI/H/IMaeTLCﬂ Ha piBHI 5 KM, IpyTra — € 3MiHHOI BEJIMUMHOIO),
KM; T — PiUHEe 3aBaHTA>KEHHS YCTaHOBKH, TOJL. /piK; € eprap.
NUTOMI BUTPATH NIEPBUHHOI €Hepril npu Oy/iBHULTBI HABICY
nast 36epiranns GionammBa, MJIK/T.
E =E/k+E_ +E_, 5)
nep. K. K. €KC. e.
ne, E  — BUTpaTa NepBUHHOT eHepri'l' y TiJICUCTEMI TIEPETBO-
PEeHHsl nanMea B TEMJIOBY eHepmo Ix/pik; E_— Butpatn
NePBUHHOI €Heprii Ha CTajiii CIOpYyKEeHHs Ta JICMOHTa)Ky
ycraHoBku, I'TIK; kK — po3paxyHKOBUIA EPioj| €KCILTy aTalil
YCTaHOBKM, POKiB; £ — BUTPATH NEPBMHHOI €HEPTii Ha pe-
MOHT Ta OOCIyrOBYBaHHSI KOTeJbHOrO obmagHanus, [T/
piK; £ — BIIaCHE €HEProCIOXKMBaHHsI yCTaHOBKH, ['TIx/pik.
Y sKocTi KpUTepito eHepreTMyHol eheKTUBHOCTI BifI-
MOBIJHO MO peKoMeHfamiin MiXXHapOTHOrO eHepreTUYHO-
ro areHTCTBa, 30KpeMa pe3ysbTaTiB BUKOHAHHS 3aBaHHS
32 y cekuii bioeHepreTuka, npuiiMaeMo KoeilieHT nepe-
TBOpeHHst eneprii EYC  >2, a pekoMmeHJ0BaHE 3HAYEHHs
EYC_>5 [9].

Memoouka ouinKu eK0.102i4HOT CIMAA0CTI HCUMMEBOZO
YUKAY 8UPOOHUYMBA Mena080i eHepeii 3 mpicku Salix
Viminalis L.

OuniHKa eKOJIOTIYHOI CTaJIOCTI MPOBOAMIIACH 32 MOKas3-
HUKOM CKOpOYeHHs1 BUKHiB nmapHukoBux TaziB (I1I') (Ag)
SKATTEBOTO TUKITY BUPOOHUIITBA TETIJIOBOI €HEprii 3 TPiCKH
BepOu Salix Viminalis L. y xotni 500 kBT y nopiBHsHHI 3
KOTJIOM Ti€1 3K MOTY>KHOCTI Ha MpUpogHOMy razi. [[s po3-
paxyHKy OaJlaHCy MapHUKOBUX ra3iB BHKOPHCTOBYBAJIACh
METOJINKA, 3alpONOHOBaHa €BPOKOMICIEID Y CBOEMY 3BITI 3
GioeHepreTKy I TBepyiol GioMacu Ta 6iorasy, 1m0 BUKO-
PHUCTOBYIOTBCS 17 BUPOOHHUIITBA TETIJIOBOT Ta €JIEKTPUIHOL
eHeprii Ta oxosomkeHHs [10]. MeToiuka BpaxoBye BUKUIA
BiJl TAaKUX OMHUYHUX MPOLECIB, SIK MOCaaKa, 306ip ypoxKaro,
nonepeyiHs MiIr0TOBKA Ta TPAHCIIOPTYBaHHsI 0ioMacH, a Ta-
KOK (piHAIbHUIA eTal NMepeTBOPEHHS B TEIUIOBY Ta/UM eJIeK-
TPUUHY €HEPTito.

[Tpn BUpOOGHUIITBI TETIJIOBOI €HEPrii 13 GioMacy BUKUAN
MApPHUKOBUX Ta3iB MAlOTh MOPIBHIOBATUCH 3 BifIMOBIJHUMU

BUKMJAMU BIJJ CUCTEM Ha BUKONHMX MaJMBaX (ECFh) 110
CTaHOBJIATL 80 rCO2 MK (EC,) 3riHO  3BiTY
€pponeiicbkoi KoMmicil 111070 cTaHy cTanoro po3BUTKY BH-
POOHMLITBA TEIJIOBOTI, €eKTPUYHOI €HEPril Ta OXOJIOIKEH-
HS 13 TBepAoi Ta razomofioHol Giomacu 3a 2014 pik [11].
BioeHepreTnyHy TEXHOJIOTi0O MOXKHA BBAXKaTU €KOJIOTIYHO
CTaJIO0, KOJIX Ti BOPOBAJ?)KEHHSI 3MEHIIY€ BUKUY NTAPHUKO-
BUX ra3iB y MOPIBHSIHHI 3 BAKOPUCTAHHSM TPAIMLIIHOrO mna-
smBa. KisbKicHy MexKy 11100 3HmkenHst BukujiB [1I" BctaHo-
Buina [Iupektusa €sponapnamenty 2009/28/EC nast pifkoro
nasmBa 3 6i0MacH, a TakoX 0iorasy, MpU3HAYEHOTO 171 BUKO-
pucTaHHs B rany3i TpaHcnopty. BignosinHo o [TupekTusu,
3 1 ciuns 2018 poky NOBMHHO 3a6€3Me4yBaTUCh CKOPOYEHHS
He meHwe 50% nns 3a3HaueHUX BUJIB Oionanus, BUpoOiie-
HMX Ha YCTAHOBKaX, BBEJICHUX B €KCIUTyaTaLlo /10 5 JKOBTHS
2015 poky BkJrOUHO, Ta He MeHine 60%, KO 3a3HAyYeHi
BUIM GionanmBa BUPOOJIEHO HA YCTAHOBKAX, BBEJCHUX B
ekcrutyaTauito micist 5 xoBTHs 2015 poky [12]. Hapasi, Ha
posrysii B €BponapiaMeHTi sHaxoguTeest [Iponosuiist st
OHOBJICHO! [IMpeKTHBY, BIINOBIIHO 1O SIKOT MOAIGHA BUMO-
ra PO3MOBCIO[KYBATHMEThCSI I HA TBEP/i Ta ra3oMOfiGHI
GilonasmBa 1J1s BUPOOHMIITBA TeTJia Ta eJekTpoeHeprii [13].
B Ykpaini sumorn dupextusu 2009/28/EC Bio6pakeHi B
npoekTi 3akony No 7348 Big 29.11.2017 «IIpo BHeceHHs
3MiH JI0 JIESIKUX 3aKOHOJIABYMX aKTiB Y KPaiHU 1110/J0 PO3BUT-
Ky chepy BUpOOHULTBA PiIKOTO MajuBa 3 6i0Macu Ta BIIPO-
Ba/[PKEHHSI KPUTEPIIB CTANOCTI PIAKOro nanuea 3 6iomacu Ta
6iorasy, NpU3HAUYEHOTro /sl BUKOPUCTAHHS B rajly3l TpaHC-
NOPTY». Y SIKOCTiI KPUTEPIiO €KOJIOTIYHOT CTANOCT1 y JJaHO-
MY JOCJIPKeHHI TPUAMAETHCSl 3HAYEHHS] MOKa3HMKA CKO-
pouennst BukupiB [1I" Ae > 60% MOpiBHSIHO 3 CUCTEMOIO Ha
NPUPOJTHOMY Ta3i.

BignosigHo 10 cricTemu criBBigHOIIEHD (6) OyB MpoBe-
[IeHUI pO3paxyHOK CKOPOYEHHS! BUKWJIIB TTAPHUKOBUX ra3iB
y TOBHOMY LMKJi BUPOOHULTBA TEMJIOBOI €HEPril 3 TPiCKU
6iomacu Salix Viminalis L. y kot notyxsictio 500 kBT
(Tabi. 6).

(&= KB.,u. ) EEAHS. + KB.MiH.;[. ’ EEMiH.}],. +
+ KB.I‘epﬁ. ’ 2:Er'epﬁ. + Kyen " LEg,;
B
ECp = —;
4 h= g ©)
__ ECph—ECh )
Ae = TR
\ Ae > 60%.

ne, € — Bukuau [1I" Big BUpoOHULTBA TBEpAoi O6iomacu me-
pen il NepeTBOPEHHsM y TemnoBy eweprito, rCO, /1. ;
KBH poin? Ko repo? K . — mATOMi BUKW[IM TIADHUKOBHMX Ia-
3iB MPU BIAMOBIJHO BHKOPUCTAHHI JIM3EJILHOTO MaJIbHOTO
(cranoButk 93,95 rCO, _/MJIX), MiHepaIbHUX JI00pUB (CY-
Hep(poccpaT nojiBifiHMi amoHizoBanmii — 1,552 rCO, eKB/Krup
KaJiid-amoHifina cemitpa — 2,693 rCO,  /Krj.p., Kamimar
- 0413 rCO, /Kr ) rep6iuuaiB (13, 8963 rCo, /Kr )
€JIEKTPUYHOL eHeprn CHO}KI/IBa‘{aMI/I sIK1 BiJJHECEHI 110 2 Kia-
cy nanpyru (crasoBmsite 1227 xrCO,, /kBrrop); 2E .

>F 2E  — CyMapHe CIIOXMBAHHS BiJIIOBITHO

MiHg. rep6.”
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[U3EJIbHOTO TMAJIbHOTO, MiHEpaJIbHUX M0OpUB, TepOilufiB,
enekTpuyHoi eneprii; EC, — 3aranbHi BUKWM NApHUKOBUX
rasiB Mpy BUPOOHUIITBI TEIIOBOI €Heprii SK KiHIEBOro Mpo-
AYKTY, rCOZ-eKB/MHXBMp.; EC,, — saranbni Bukumu TN ipu
BUKOPUCTAHHI BUKOMHUX MaJIUB /71l BUPOOHUIITBA TETJIOBOL
eHeprii; Q, — piuHe BUPOOGHUITBO TEMJIOBOT €HEPTIT KOTEb-
HOIO ycTaHoBKOr, MJIx/pik; B — piuHa BUTpaTa nanusa,
MJIx _ /T; Ag — CKOPOYEHHSI BUKMJIB NAPHUKOBUX Ta3iB
Npy BUPOOHMUTBI TEIIOBOI eHeprii i3 6iomacu, %.
Onuc ncummeeoz0 YuKAy 8UPOOHUYMEA MENA080T
eHepeii 3 mpicku Salix Viminalis L.

Bignosigno go ACTY ISO 14040:2013 nepen npose-
JEHHSM OLIHKM >KATTEBOrO LMKy HEOOXIJHO BM3HAUYMUTHU
IPaHulll CUCTEMHU MPOAYKTY, B MEXKaxX SIKMX BU3HAYAIOTHCS
eHepreTWyHi 1 MaTepiaibHi OTOKU. CrucTeMa BUPOOHMIIT-
Ba TeIUIOBOi eHepril 3 Tpicku Salix Viminalis L. (puc. 1.)
BKJIIOUAE€ CUPOBMHHMII IMKII 3 OTPUMAHHSM TPICKU BepOU
Ha BUXOJli 1 MijicuCTeMy NMepeTBOPEHHS, B SIKill BiI0yBa€ThCA
CHAJIIOBAaHHSl BEepOOBOI TPICKM Yy KOTEJIbHIN YCTaHOBII
notykHicTio 500 kBT i3 BUpOOHULITBOM TEMJIOBOT €HEPrii.

JlaHi mOfI0 BCIX BXIIHMX €JIeMEHTApHUX TIOTOKIB,
ileHTU(IKOBAaHNX B MEXaX CHUPOBMHHOIO LMKIY, OyJH
oTpuMaHi B paMKax BHKOHaHHS npoekTy FORBIO (www.
forbio-project.eu). [laHi 1IOAO TEXHOJIOTIYHMX OMepalin
Ta HEOOXIJIHOT TeXHIKM OYyJM OTpHUMaHi y KOHCYJbTalisIX 3
BUPOOHUKOM eHepreTuyHoi BepOu y KwuiBcbkiil 00JacTi.

Ta6a. 1. TexHiYHI XapaKTEPUCTUKN KOTJIA HA JIEPEBHIN TPIiCIii.

BxipmHi aHi 181 miicicTeMu nepeTBOPEHHST B3SIT1 sl KOTAa
«Bomnb-Kanspic» 500 kBt (Tadm. 1).

BHeceHHs1 [0OpPMB NpPOTArOM  KUTTEBOTO  LMKIY
IUIAHTAL{l BKJIOYANO BHECEHHs Y MiIrOTOBYMI PiK Cymnep-
¢ocdary nopsiitHoro amonizoBanoro N9P30 ta Kamiiimary
K44, a Takox BHeceHHs Kamiii-amoHiitHOi cenmitpu (KAC)
y KoxeH 3-fi pik micas 36opy Bpoxkato. I'epOinpmm Ta
IHCEeKTULIM/] BHOCWIIMChH JIMILIE y MNEepHIMi piK TMJIaHTaril.
IHBeHTapu3alis eJeMEeHTApHUX MOTOKIB CMPOBUHHOIO LiH-
KJIy IpeficTaBlieHa y Tadu. 2.

BpoarinicTs BepOu Bifipi3HIETHCS /IS PI3HUX COPTIB,
KJIIMaTUYHAX YMOB Ta YMOB JIUJISTHKH, Ha SIKiil BUPOLLLY€E€ThCS
nianTauis. [1is po3paxyHKiB NpUAMAIIOCh, 10 BPOXKANHICTh
BepOu y nepioy 360py ckinaae 601/ra cBixkoi 6iomacu. Bpa-
XOBYIOUH, 1110 BPOKANHICTb MEPLIOTO Ta OCTAHHBLOIO 300py
Oyne ckiamati 60% Bif OCHOBHOT BPOXKAHOCTI (3 2-TO 1O
5-11 36ip). Cepennst BposkaiHicThb 3a 20 pokiB OyJia po3paxo-
BaHa BiJMOBIHO /10 piBHsHHS (7):

1 Bpoxai®2+2 ppoxait X 5
12 )

BpomaiHiCTb BepOHcepenun =

[Mnoma nuadTanii Bep6u OyJjla po3paxoBaHa BiMOBIHO
M0 TEXHIYHWX XapaKTepUCTUK KOTJIa Ha MEPEeBHIM TpicIi
(Tabm. 1), a TakoX cepeiHbOI BPOKANHOCTI BEpPOM MPOTSI-
rOM KUTTEBOTrO MKy (9,3 T/ra/pik cyxol Macu) Ta ckjiaia
39,7 ra.

IToka3unku 3HavyeHHs
BcTaHoBneHa noTyKHICTb 500 kBt
HaBanrtaskeHus 4272 rop./pik
HowmiHanbHe HaBaHTa>KEeHHS 70%
KK]I xorna 85%
Butpara nanusa (Tpicka Bepou) 696,6 T/pik
Bupo6Hu1TBO TENI0BOT €Hepril 5383 I'/Ix/pik
Brpartu Tennosoi eHeprii 5%
TennoBa eHeprisi OTpUMaHa CIIOKMBAYEM 5114 I'Ix/pix
EKoHOMIST CrIO>KMBaHHS IPUPOJIHOTO Ta3y 171 Tuc. m*/pik

Ta6m. 2. [aBeHTapU3alisl eleMeHTapHUX TIOTOKIB cTaflil BupolryBanHs Salix Viminalis L.

Enemenrapuuii notik Ha Bxofi/Buxofi mo cramii 2K11 3HavenHs, Kr-pik'-ra’!
N 54

PO, 23

K O 20
IMecTuummomn 048

uzenb 10

Bpoxxaii cyxoi macu 9300
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CrnioxxuBaHHs iu3ero (Tabun. 3) po3paxoByBajoCh Bijl-
MOBIJHO J10 piBHsIHHS (8). [1J1s1 CIOXKUBAHHS qU3EII0, MEeCTU-
UUIiB Ta OOPUB TaKOX BPAaXxOBYBAJIMCh BUTPATU NEPBHUH-
HOI eHeprii js ix BUpoGHUITBA. [lyist BCIX CTajjiil KUTTE-
BOTO LWIKITy Ha SIKMX BUKOPHMCTOBYBAIMCH CLIBCHKOrOCIIO-
MapchbKi MalllMHU 1 OOJIaJJHAHHS BpPaxOBYBAIKMChH BUTpATH
NEepPBUHHOI eHepril Jyisl 1X BUPOOHMUTBA MPOMOPUIAHO JIO

0 = LX%XK”' KT/TOf1.; (8)
1000 o

e Qm - I‘O]II/IHHI BUTpPATU NAJIMBA; N - HOTY)KHICTI) JBH-
TyHa; qO MATOMI BUTPATU MAJINBA; K - KOC(l)lHlGHT 1o
BpPaxOBY€ BIUIMB 3dBAHTA>KCHHA HBI/IFYHa 'Ha IATOMI BUTPATU

yacy iX BUKOPUCTaHHSI.

manmBa [14].

Ta6a. 3. IHBeHTapu3alisi eleMeHTapHUX MOTOKIB CUPOBMHHOIO IMKJY Tpicku Salix Viminalis L. y sikocTi manusa.

Oneparist ObnapHanHs ps Tun o6nagHaHHS Hanuso, Burpara Yacrora 3a K11
BUKOHAHHS onepanii 110 BUTPAYAETHCS najnBa
JIrcKkyBaHHs Ha TpaxTtop + bopoHna Baxkka XT3-242K + UBEILHE TAIHEO 10 5/ra | onepauis
rubuny 1o 12 cm [IMCKOBA MPUYEIHA BJIBII-5.5 A pan
Opanka TpakTop + nayr John Deere 8360R + n3eJIbHE MAJIMBO 21,7 n/ra 1 onepariist
P PAKTOp 1Ly KUHN-6 kopn. | ™ : patl
KynbTuBauis TpakTop + KyJbTUBATOP XT3-242K + KIIC-8 | pu3enbHe MaauBo 3.8 n/ra 1 onepauis
TpakTop + John Deere 8360R + .
IMocanka JM3eJIbHE MAJIMBO 18 n/ra 1 onepatis
cajiniibHa MalllMHA Egedal 4 psinH.
MixpsiaHuit TpakTop + KylIbTUBATOP XT3-242K + .
00pobITOK (hpe3oro | BepTUKAIBHO-(Ppe3epHHIt Celli Ranger 400 AHBEIBHE TATMBO 74 aira I onepais
MixpsiHe Tpaxrop + John Deere 6930 +
JTymmabHUK JM3eJIbHE MaJIMBO 4.4 n/ra 2 onepatii
JIMCKYBaHHS N . JICI-3.,7
CTEPHbOBUI IMCKOBUIA
TpaHcnopTyBaHHs TpakTop + John Deere 6930 + 3.5 a/T; 1 onepauist
. JM3eJIbHE MAJIMBO
BOJIU [1J151 Tepoiuuay MpUYEN IHACTEPHA P3C-6 2 a/t 2 onepauit
Brecenns TpakTop + onpuckyBau MT3-892 + MU3eJIbHE MaJIMBO 1 n/ra 3 oneparit
repoinuny p p pHcKy Xapnmi Permkep a patl
Buecenns Tpakrop + po3kujay, XT3-242K + PYM-8, .
. i 4.2 1/, 1 onepauisi,
MiHEpaJIbHUX TpakTop + BaKyyMHUil JohnDeere 8360R + | au3enbHe manauBo oo
. . 5,6 n/T 7 onepauiit
no6puB HaliBOpUYil UUCTEPHA BHII-20
30ip ypoxaro Komb6ain 3 Hacagkoro Claas J?guar + 21 n/ra 2 omeparnit
3 NOPiOHEHHSIM 1151 3600V GioMack HSAB's SRC JIM3eJIbHE MaJIMBO (24 n/ra) (6 onepauiit)
y TPICKY . Py Chipping Head patt
TpaHCHOpT}./BaHHH John Deere 6930 .
a) capKaHIlB, 0,15 a/T, a) 1 onepauis,
. (XT3-242K, o
0) MiHepaIbHUX TpaxTop + npuyen MT3-892 ) + JIM3eJIbHE MaJIMBO 3,75 o/, 6) 7 onepauiii,
106puB, 0,74 n/T B) 8 onepatiii
: 2I1TC-6
B) Giomacu (5 kM)
TpancriopTyBaHHS MAZ3-6501C9-
TpicKu . 8525-000 19,2 r/T*KMm;
BauTtaxkHuii TpaHcnopT JM3eJIbHE MaJIMBO .
10 LEHTPATLHOTO 3 [IPUYETIOM 13.5 r/T*km
CKJIay/KOTeJbHI MA3-856103-010
CKnaHyBaHHﬂ a . . €Hepro3aTpary Ha MaTepiajiu 70 MJTx/m3 MIiCSTYHUI
36epiraHas MiJT METaJICBUM HaBiCOM
.. Ta CIOPY/IKEHHS CKJajty 3armac najvBa
IePeBHOI TPiCKA
SaBaHTaXyBALH/ cpponTaNLHMIT MAN BME-1560
PO3BaHTaXyBaJbHI JM3EJIbHE MAJIMBO 0,5 xr/T 2 onepalii
poGoT HaBaHTAXKyBay (1,57
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Pe3yavmamu oyinku enepeemu4Hoi
ehekmusHocmi ma ex0.102i4HoOi cmaaocmi
HCUMMEBO20 YUKAY BUPOOHUYMEBA MENA0B0T
enepeii 3 mpicku Salix Viminalis L.

Ha ocHogi piBusnb (1), (2), (3), (4) Ta (5) 6yno npo-
BEJICHO JIOCJI/PKeHHSI eHEpreTHYHOI e(DeKTUBHOCTI BUPOO-
HULITBA TEIJIOBOI eHeprii y Kotiai noTyxkHicTio 500 kBT 3
Tpicku BepOu. B Tabnmili 4 HaBeieHi 3HAUSHHST BCiX CKJIIaJIo-
BUX BUTPAT NMEPBUHHOI €HEPTil MPOTSATOM XKUTTEBOTO IUKITY
BUKOPUCTAHHSI TPiCKM BepOW. 3HaueHHs! BCiX MOKA3HUKIB,
OTpUMaHi B JJaHOMY PO3paxyHKy (Tabi. 4), BiNMOBIfalOThH
pekomenaioBanum fianasonam (EYC >5) [9]. Pesynb-
TaTW PO3PaXyHKIB TOKa3yIOTh, 10 BIPOBAPKEHHS KOTJa

Ha Tpicli BepOu € eHepreTMYHoO e(PeKTHBHUM 3a BiJICTaHi
TpaHcnopTyBaHHs 70 180 kM.

3 JaHMX, TMPEJICTABIEHUX B TaOmuii 4 BUJHO, IO
HaiOUIbILI BUTPATH NMEPBUHHOI €HEpril BUKOMHOIO MaJMBa
BiIOyBArOTHCSI HA CTaJlii BUPOILIYBAHHS Ta 300py BPOKAIO
i3 mopipiOHEeHHSIM y Tpicky. Takox, BAaroMMMH CKJIaJIOBUMU
BUTpAT € TPAHCIIOPTYBAHHS BXK€ TOTOBOTO MAJIMBA Y BUTJISIL
TPICKM Ta BUPOOHUUTBO TEIMJIOBOI €HEprii B KOTEJbHIiN
ycTaHoBLi. Burpatu eneprii Ha BUTOTOBJICHHS, IEMOHTAX,
00CJIyrOBYBaHHSI Ta PEMOHT KOTEJIbHOI yCTAHOBKU CTAHOB-
nsTh MeHie 3% Bif yCiX BUTpPAT NEPBUHHOI €Hepril BUKOTI-
HOT'O MaJuBa.

Taba. 4. BurpaTy nepBUHHOT €HEprii NPOTSTOM XXUTTEBOIO UMKy BUPOOHULTBA TEMJIOBOI €Heprii 3 Tpicku BepOM B KOTII

500 kB, I'TIx/pik.

N eramy BurtpaTtu nepsunHoi eneprii, I'/I>x/pik
1 OO6poGITOK IPYHTY 6,32
2 ITocanika 5,06
3. BHecenHst ToOpWB (BKITIOYAIOUN MiHEpaJbHI JOOpUBA) 71,06 (65,63)
4 Buecennst repoiyay (BKIFOUAI0OUYX TepOiyym) 2,78 (2,18)
5 TpancnopTyBaHHs B'OIII/I (JIIFF[ rep6iu1z111y Ta MiHI0OpUB), 1338
MOCajIKOBOr0 Matepiany, MiH100OpUB, GioMacu ’
6. 306ip 3 nopioHeHHsM y TpPicKy 3a MK 20 pokiB 31,75
1-6 Bcboro 3a eTan BUpoLLyBaHHs Ta 360py 130,35
8. BaHTaxkeHHS-pO3BaHTAKEHHS TPICKU 46,96
9. CkuayBaHHs1 Ta 30epiraHHsi Tpicku 25
10. Burpara nanusa (Tpicka) B KOTIi 6333
1. Crnopy/>KeHHs KOTebHOT yCTaHOBKH . 177
(BUrOTOBJIEHHS OOJIajIHAHHS1, Oy/IIBEIbHO-MOHTA>KHI pOOOTH)
12. Crno>KuBaHHS €JIeKTPOCHEPril KOTIOM 1163
13. BuTpaTu eneprii Ha 06CTyroByBaHHsI KOTJIa NEPCOHAIOM 8.9
14. BuTpaTtu eHeprii Ha peMOHTYBaHHS KOTJIa 0,6
15. JleMoHTaX, yTHITi3allist 00JTalHAHHS KOTEJILHOI YCTAaHOBKI 2,2
16. Tpal—?CHOpTyBa.HHSI:I.‘piCKI/I [0 CHOXKMBAaya Ta 30111 0 kM 50 km 100 km 180 km
O MICLA yTHM3aL]] 0 189,7 3794 6829
CED, I'Tx/pix 6658 6848 7038 7341
EYC 0,77 0,75 0,73 0,7
CED,,, I'llxx/pik 325 515 705 1008
EYC, 15,71 9,93 7,25 507
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BignosinHo mo cuctemu criBBifHOLLEHbL (6) O6yB mpo-
BEJICHUII PO3PaXyHOK CKOPOYCHHSI BHMKMJIIB MapHUKOBUX
ra3iB y TOBHOMY IMKJIi BUPOOHMITBA TEIUIOBOI €Hepril
3 Tpicku Bep6bu Salix Viminalis L. B KOTIIi MOTYXHiCTIO
500 kBT (Tabn. 5). AHami3 OoTpUMaHMX pe3yJbTaTiB TO-

Kasye, 110 CKOPOYEHHs] BUKWJIB MAPHUKOBHX ra3iB MpH
BUKOPHCTaHH| TPICKU CHEPIeTHYHKX KYIBTYD € JOCHTb BU-
coknm — 60,3...91,3% B 3aneKHOCTI Bij BijicTaHi TpaHCmop-
TyBaHHs1 6ioMacH (B po3risiHyToMy npukiafi — 0-390 km).

Ta6n. 5. Bananc BUKU/iB NAPHUKOBUX 'a3iB MPOTSIrOM XUTTEBOIO LMKJY BUPOOHMLITBA TEIJIOBOI €HEPril 3 TPiCKM BepOu B

Kot noTyskHicTio 500 kBT.

Crapist KUTTEBOTO IUKJTY Bukumu IIT', T COz.m/piK

O6poOITOK TPYHTY 0,36

ITocanka 0,13

BHecenHs 1o6puB (BpaxoByOUYM MiHEpaJIbHI 100pHBa) 495 (4,65)

Buecennst repOiuuay (BpaxoByrouu repoiuuan) 0,28 (0,26)

TpancriopTyBanHs Bofu (Jyist repOinuay Ta MiHA0OpUB), 227

NOCagKoOBOro MaTepiany, MiHIoOpuB, 6ioMacu ’

36ip 3 moApiOHEHHSIM Y TpicKy 3a 1K 20 poKiB 1,3

3aBaHTaXyBaJIbHI pOOOTH 35

CrioxkuBaHHSI €/€ KOTJIOM 13,19

TpaHcriopTyBaHHS TPICKM /IO CTIOXKMBAYA Ta 30JIM JI0 MICIs yTHITi3aIil Okm | 100 kv | 200 km | 390 km
0 35,6 713 1390

Bukuay napHUKOBUX ra3iB MPOTSITOM KUTTEBOTO LIUKITY 31,1 66,7 102 4 170,1

PesynbraTii 1aHOrO AOCHIKEHHS MOKa3yIOTh, 1110 CH-
POBMHHUMI UMK Oi0€HEPreTWYHOI CHUCTEMH BUPOOHMIIT-
Ba TEMJOBOI eHeprii 3 Tpicku BepOou mpyToBuHOI Salix
Viminalis L. nopiGHuii 10 CUPOBUHHOTO LMKIY 3aroTiBii
JIEpeBHOT TPICKM Y JicaX YKpaiHW 3a CHOXKUBAHHSIM Mep-
BUHHOI EHEeprii, JOCATarouM TOKa3HUKA EYCNR>5 TJIsT
BificTaHi TpaHcnopTyBaHHs /1o 180 kM, mopiBHSHO 13 150 KM
I JIepeBHOI Tpicku y mocmimkenHi [15]. CkopodeHHs
BUKWJIIB MApHUKOBUX Ta3iB y JAHOMY JOCJI’KeHHI MEeH-
e 3a TUX K€ BiICTaHe! TPaHCMOPTYBaHHS HiX B [15], 1m0
NOSICHIOETHCSI BUKOPUCTAHHSIM TIECTULIMIB Ta IOOPUB, $IKi
MalOTh BUCOKI NMTOMI MOKA3HUKM BUKU/IB, IPOTE BCE OJHO
cTaHoBUTH Oinbiie 60% naist BificTaHi TPaHCTIOPTYBAHHS JIO
390 km.

Bucnoexku

Hocsruennst uinei, noctasienux HITABE no 2020 po-
Ky Ta EHepreTnuHoOO cTparerielo YKpaiHu Ha Mepiof J10
2035 poky MOXKJMBE JIMIIE 3a aKTUBHOTO 3aJIydeHHsT 0io-
Macl €HEepreTMYHUX KyJbTYp Yy CEKTOp BUPOOHMITBA i
nocrayaHHs TerioBoi eHeprii. Cranom Ha 2015 pik mif
EHepreTUYHUMHU KyJbTypamMd B YKpaiHi Oynau 3ailHATI
mume 4190 ra 3emenb, Xouya 3a AaHMMM [lep>KKoMcTa-
Ty YKpalHu iCHye OJM3bKO 4 MITH Ta MaJOTPOJyKTUBHUX
CIITBCBKOTOCTIOAPCHKUX 3€MeNTb, sIKi MOTEHI[IHO MOXYTh

OyTH BMKOPHMCTaHI Mijl MUIAHTALii €HEPreTUYHUX KYJbTYP.
MoXJMBUM CTPUMYIOUYMM (DAKTOPOM JIO IIMPOKOTO BUPO-
[IyBaHHSI eHEPIreTUYHUX KYJIbTYP € HEBUPIIIEHICTh MUTAHHS
eHepreTMyHoi e(eKTUBHOCTI YKUTTEBOTO IMKIY BHPOIILY-
BaHHSI €HEPreTUYHUX KYJIbTYP Ta TX BUKOPHUCTAHHS JJIsl BU-
POOGHMLTBA TEMJIOBOT €HEprii, a TAKO>K MOXKJIMBUI HEraTHB-
HMI BIUIMB Ha €KOJIOTIO.

PesynbraTi npoBefieHOI OLIHKM BUKOPHUCTaHHs Oio-
Macu mianTaniin Salix Viminalis L. ayist BupoGHUMIITBA Ter-
JIOBOT eHeprii YNpoAoBK >KUTTEBOTO LMKIY TMOKa3alH, 110
HaiO1IbI BAarOMUM TapaMeTpoM, LIO BIJIMBAE HA eHepre-
TUYHY €(PEKTUBHICTb Ta €KOJIOTIYHY CTAJICTb € Bi[ICTaHb
TpaHcnopTyBaHHst. Bupounysatust Bep6u Salix Viminalis L.
B YKpaiHi i3 NOAAJIbIINM BUKOPUCTAHHSIM TPICKU ISl BU-
POGHMITBA TEMJIOBOI €Heprii y KOTeJbHUX Ha Oiomasmsi €
€KOJIOTiYHO CTaJIMM 3a BificTaHi TpaHcmopTyBaHHs 70 390 kM
Ta eHepreTUYHO e(PEeKTUBHUM 3a BiJICTaHI TPaHCTIOPTYBaHHS
o 180 km.
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LIFE CYCLE ASSESSMENT OF HEAT
PRODUCTION FROM WILLOW CHIPS OF SALIX
VIMINALIS L. IN UKRAINE

Tryboi O.V.

Institute of Engineering Thermophysics of the National
Academy of Sciences of Ukraine, Zhelyabova, 2a, Kyiv,
03680, Ukraine

The purpose of the paper is to define the energy efficiency
and environmental sustainability of bioenergy value chain
for heat production from willow chips of Salix Viminalis
L. in Ukraine. The methodology of Life Cycle Assessment
(LCA) was used, according to which, the scope of the
product system includes the feedstock cycle of willow Salix
Viminalis L. cultivation and harvest, and the subsystem of
willow chips conversion to heat in a 500 kW biomass boiler.
Cumulative energy demand and energy yield coefficient were
chosen as energy efficiency indicators. The product system
was compared with the similar one using natural gas. Non-
renewable energy yield coefficient was used to define how
many times the energy output was bigger than input of non-
renewable energy. An acceptable value for renewable energy
installations and systems is to receive twice as much energy
output as was spent of non-renewable energy, however the
recommended value assumed in the work is to receive a 5
times more energy output compared to non-renewable energy
input. As an environmental sustainability indicator, a reduction
of GHG emissions was used. The acceptable level of GHG
emissions reduction was chosen at a level of 60% for the whole
life cycle from cultivation-to-heat, compared to traditional heat
production in gas boilers. Results of the assessment identified
that the most significant parameter affecting energy efficiency
and environmental sustainability is transportation distance.
The growing of willow Salix Viminalis L. in Ukraine for the
subsequent production of biofuel in the form of chips and its
combustion in biofuel boilers is environmentally sustainable
with a maximum transportation distance of 390 km and energy
efficient with a maximum transportation distance of 180 km.

References 15, table 5, figure 1.

Keywords: energy crops, willow, Salix Viminalis L., LCA,
energy efficiency, GHG, Cumulative Energy Demand, Energy
Yield Coefficient, bioenergy heat.
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