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Y pobomi docniooceno epexmugnicmo sukopucmanns mikpogooopocmi Chlorella vulgaris ax cuposunu ons 6iomemanizayii.
[Iposedeno nopieHsIHHs eHepeemuyHo20 nomenyiaiy piokoi ma sucyuweHnoi biomacu, supouienol y gpomobiopeakmopi. Ymosu ana-
epobH020 30P00ICYBAHHS 8 ME30DINbHOMY PedCUMi NOKA3AIU, Wo eucyulena biomaca 3abezneuye suwuil euxio dvioeasy (620 a/ke
COP) nopisuano 3 piokoio (430 n/ke COP), 3 emicmom memany 0o 60%. Ompumani pe3yromamu niomeeposucyroms 00YibHICHb
sacmocyeanns Chlorella vulgaris y 6ioenepeemuyi ax 6ucokonpoOyKmueHo2o ma cmadiibho2o 0xcepena 0peanivHoi cCuposuHu.

This study evaluates the efficiency of Chlorella vulgaris biomass as a substrate for biomethane production. Liquid and dried
biomass cultivated in a photobioreactor were compared under mesophilic anaerobic digestion conditions. Results showed that dried
biomass yielded 620 L/kg VS of biogas, while liquid biomass produced 430 L/kg VS, with methane content reaching up to 60%. These

findings highlight the potential of C. vulgaris as a productive and stable feedstock for bioenergy applications.

bibmn. 8, puc. 4.

Kurouogi ciioBa: Chlorella vulgaris, MikpoBogopocTi, OiomeraH, 0ioras, aHaepoOHe 30popKyBaHHsI, (HOTOOI0pEaKTop.

Axmyansnicmep. CydacHi eKOJIOTi4HI BUKIIMKH Ta 3pO-
CTAalOYM{ MOMUT HA YHCTY CHEPril0 BUMAararoTb po3poOKu
1 BOPOBAKEHHS €HEProe(eKTUBHUX TEXHOJIOTIH, a TaKOX
MOIIYKY aJIbTEPHATHBHUX JDKEpEIN MainBa. 3 METOI0 BH-
pobuunTBa OioeHeprii Ta OioTpaHchopmariii opraHiIHHX
BiJIXO/IiB, 3HAYHOTO TOIIUPEHHsI Halynaa TEXHOJIOTis aHae-
pobHOTro 30pomKyBaHHS — 010XIMIYHOTO MPOLECY, MiJ] Yac
SIKOTO OpraHiYHa PEYOBHMHA PO3KIAAAETHCS 3 YTBOPEHHSIM
Oiorasy, OCHOBHUMH CKJIQJIOBUMH sIKOTO € MeTaH (CH4) 1 By-
mnekuciuit a3 (CO2). 3HMKEHHS 3aJI€KHOCTI BiJ] BUKOITHO-
TO TaJuBa Ta HEOOXiMHICTh MiHIMI3allli BUKUIIB TTAPHIKO-
BHX Tra3iB poOsATh Oi0METaH OTHUM i3 OCHOBHHX €JIEMEHTIB
CTaJIOTO PO3BHUTKY €HEpreTHuHoi raimysi. OCKiIbKH Tpo-
nec OiomeraHizanii € ofHi€l0 3 HAHOLIBII e(EeKTHBHUX
TEXHOJIOTIH NepeTBOPEHHsI OPraHiYHUX BiIXOIIB Ha YUCTY
eHeprito, 6iomaca i 6i0ManuBO CKJIAIAI0Th 3HAYHY YaCTHHY
MaiOyTHBOTO JaHIIa(Ty BiTHOBIIIOBAHUX JKEPEI EHEeprii.
B 3B's3ky 3 unm, B pamkax peamizauii miany REPowerEU,
KpaiHamu €Bpomneiicbkoro Coro3y MOCTaBIEHO 3a METY 10
2030 poky BupoOmsatu 35 mipa kKyOoMmeTpiB OiomeraHy
mopiuno. OjHaK, AJIs JTOCATHEHHS 1IbOT0 00CSTY, BUHUKAE
[UTAHHS OO 3a0€3ME4YEHHS JOCTATHbOK KIiJIBKICTIO
OpraHivHOi CHPOBUHH SIK BiITHOBIIIOBaHOTO pecypey [1, 2, 3].

OmHUM 13 TEPCIEKTHBHUX PIllIeHb € OioMeTaHi3allis
MiKpoBomopocTei [4].

3aBasKH BUCOKIM TIPOyKTHBHOCTI OiOMacH, 37aTHOCTI
JI0 IHTEHCHBHOI (hikcarrii CO, ta BiJICYTHOCTI KOHKYPEHIIii
3a CUThCHKOTOCIIOAAPCHKI YTi/Ist, MIKPOBOJOPOCTI CTaHOB-
JSATh 3HAYHUW 1HTEPEC 1 MOXKYTh CTaTH KJIFOUOBHM KOM-
noHeHTOM y cdepi BimHOBMIOBaHOI eHepreTuku [5, 6]. Ix
iHTErpalist B cucremy OioMeTaHi3allii MOXE CIPHITH HE
JIUTIIE TTABUINICHHIO BUXOMY OioMeTaHy, ajie i 3a0e3meunT
e(heKTHBHY YTHIII3AIlif0 OPTaHIYHUX BiJIXOIIB.

Kpim toro, BupoOHHLITBO 6iorasy HUISIXOM aHaepoOHO-
T0 30pOIKYBaHHS JO3BOJISIE YHUKHYTH €HEPTOEMHHUX €TalliB,
TaKUX SIK CYUIIHHS Ta eKCTpaKiist 6iomacu. MikpoBOAOPOCTi
MOXYTh OyTH TaKO)XX YCIIIIHO IHTETPOBaHI B TIPOIIEC
010JTOTIYHOTO OYHUITICHHS CTIYHUX BOJ 1 MOETHYBATH B COO1
repeBary BUIAJICHHS PI3HOMAHITHUX XIMIYHHX CIIOJIYK, BH-
poOnuuTBa eneprii ta yrunizauii CO, [7, 8].

Ominka  0IOXIMIYHOTO  METAaHOBOTO  TOTCHINAIY
MIKPOBOZOPOCTEH € BaXKJIMBUM €TallOM Y BH3HAYCHHI
TXHBOT eHEepPreTHYHOI MIHHOCTI. JOCIIPKEHHS IPOBOSTHCS
3a JIOTTIOMOTOI0 CIIEIliaTi30BaHUX TECTIB, IO IMITYIOTh TIPO-
1ec anaepoOHoro 30pomkyBaHHs. [Ipu oMy opraHigyHUIA
cyOCTpaT y KOHTPOJIhOBAHUX YMOBAX 3MINIYETHCS 3 aKTHB-
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HAM 1HOKYISITOM. Buxim OioMeTaHy OOYHCIIOETHCS IILIS-
XOM TIOPIBHSIHHS OTPUMAHUX PE3YILTATIB i3 KOHTPOJIHHIMH
3pa3KaMu, 110 MICTATH JiAiie iHOKYIAT [9, 10].

TakuM guHOM, IHTETpaIlisl MiKpOBOIOPOCTEH Y TIpoIIecC
OioMeTaHi3allii BiIKpUBae HOBI MOYKIIMBOCTI IJIST PO3BUTKY
CTaJI01 GHePTEeTHKH, 3a0e31euyodn ¢)eKTHBHE BUKOPUCTAH-
HS PECYpCIB Ta 3MEHIIICHHS €KOJIOTIYHOTO HaBAHTAKECHHSI.

Mema pooomu Ouinntd e(DEKTUBHICTH KyJIbTHBAIll
MikpoBomopocteir Chlorella vulgaris, nys GiomeraHizarii,
TTOPIBHIOIOYH Pi3HI TUIIH 6i0MacH — PiAKy Ta CyXy.

Memoou oocnioyncennsn. s BUpouTyBaHHS OioMacu
Chlorella  vulgaris 0Oyno BHUKOpPHUCTaHO TpyOUacTHi
(hoTobiopeakTop kommawii “Algoliner” (Germany ) 06’eMom
100 £ 3 1. doTobiopeakTop OCHAMECHUN CBITIOMIOAAME
TPHOX CHEKTpiB: depBoHOTO (660 HM), cuHBOTO (450 HM)
ta Outoro (6500 K). Pexxum ocsitinenns — 16:8 (ron),
MOTYKHICTh OCBiTIEHHS — 60%); MITbHICTE POTOCHHTETHY-
HOTO TIOTOKY (hoTOHIB cTaHoBHIa 1020 MkMoms/M>ec [11].

Bupomysanus Chlorella vulgaris mpoBomuiaocs mpo-
TaroM 21 mobwm. it KynpTHBaIii BUKOPHUCTAHO TTOKHBHE
cepenosurie Bold Basal Medium [12].

Brponoskx KyJIsTHBYBaHHS BHMIPIOBAIHCS Taki IIO-
Ka3HUKH SK TeMIepaTypa, 3Ha9eHHs pH Ta KUTBKICTh CyXol
pevoBnHH. llokazHuku (ikCyBamucs MIOACHHO, B ONWH 1
TOH ke "ac, MICJISI 9oTo BimOmpamacs mpoda KyJIsTypH BO-
mopocteit 06’emom 100 Mt IJ1s BU3HAUEHHS BMICTY CyXOl
pedoBnHH. JJIs BUMiproBaHHS Temmeparypu Ta pH BuKo-

Aluerutiuem structure

Solar collector,

pHUCTOBYBaJ M JNaryuk pH/Temmeparypu, sSKWH 3HAXOAMTH-
Cs Ha BHXOJI 3 COHSYHOTO KojiekTopa (oTobiopeakTopa
(Hamilton EASYFERM PLUS PHI ARC 120). Ix 3nauenns
MiATPUMYBAJIUCh B Jiana3oHi 6-7 Ta 25-28 °C, BiIOBIIHO.
Perymsiis pH mpoBoguiack HUISIXOM BIIOPCKYBaHHS YH-
croro CO, 3a BUMOTOI0 i3 3a1aHuM 3Ha4eHHAM 7,5. Ilonaua
CO, BinOysanacs 4epe3 komnpecop 3 kinananom (FESTO
VEMD-L-6-14-20-D21-M5-1-R1-V4:  makc.  BuUTpata
20 n/xB) y cBimioBiit ¢a3i. Konmu 3nauenns pH neperu-
IIyBaJI0O BCTAHOBJICHUI TOpIr 7,5, cucreMa KOHTPOJIIO aB-
TOMaTUYHO aKkTWByBana kiamaH st nogadi CO:2 3 Gap6o-
taxxem (0,5 51/xB). Taka cucrema peryssiii 3ade3nedyBajia
cTabilbHE TIATPUMAHHS ONTUMAIBHUX YMOB JUIS POCTY
MiKpPOBOZOPOCTEH.

Bu3HaueHHs BMICTy CyXoi pe4OBHHU TIPOBOJIUIIN Baro-
BUM MeTojioM. [licis uenTpudyryBanHs ofepxany oioMacy
BUCYILIyBaJu B aHamizaropi Bosioru (Precisa XM 10 SE) npu
105 °C.

B ymoBax otobiopeakTopa OyJio IPOBEICHO KYIBTUBY-
BanHs Chlorella vulgaris 3a cranux napameTpiB OCBITICHHS
Ta TeMneparypu. OnepaHo 1Ba TUIH O10MacH:

* Pigka ¢pakuis — Oiomaca, oTpuMaHa B Ipolieci
Oe3rnepepBHOr0 BUPOIYBaHHS B (DOTOOI0pPEaKTOPi 3a OITH-
MaJIbBHUX YMOB JJIsl POCTY BOAOPOCTEM.

* Cyxa 0Oiomaca — 6iomaca, BUCYIIICHA ITiCJIs 30UpaH-
Hs 3 (oTobiopeakTopa Ui MOAAJIBIIOI0 BUKOPUCTAHHS B
npoiieci 6iomeraHizarii.
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Fig. 1 Photobioreactor design
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Pict xyapTypm B pigkoMy BHIIAII OyB CTaOUTEHUM
mpu  Temmeparypi 25°C Ta IHTEHCHBHOCTI CBiTJIa
200-300 wmxmomes/M?ec. Ilicns BucymryBanHsS Oiomaca
30epiraia CBOIO BHCOKY IMHTOMY CHEPIeTHUYHY IIHHICTB,
a 11 BOJIOTICTh MpH IOMY 3HIKyBasach a0 10-12%, mio
3a0e3meuye TOBrOCTPOKOBE 30epiraHHs.

Jlns mpoBemenHs OiomeTanizamii Oyl0 BHKOpHCTa-
HO 0aTd-cHCTeMy B Me30(UTEHOMY peXnMI (Temreparypa
37°C). Ilporec 30pomxyBanas TpuBas 30 mi0. [lopiBHIHHS
pe3yIbTaTiB OKa3ao0:

*  Pigka ¢dpakmis qeMOHCTpyBaia TOTEHITIaT BHPOO-
HunrTBa 6iorazy Ha piBHiI 430 1/kr*COP, 10 € X0opormmm pe-
3yJIBTaTOM, 3 OTJISIY Ha BIITHOCHO BHCOKHI BMICT BOJIH.

* Cyxa Oiomaca Maja BUIIHKA MOTEHIAN Oiora3zy —
620 1/xkr*COP, mo BKa3zye Ha MiIBHINEHY €(EKTUBHICTH
30pOMKYBaHHS TICIS BHUIAJICHHS BOIW Ta, BiATOBIIHO,
ITiIBUIIIEHHST KOHIICHTPAIlii OpraHiIHOl pEUOBHHH.

Pe3ynbraTti eKCIepruMEeHTY IMOKa3yloTh, IO BUCYIIIE-
Ha Oiomaca Chlorella vulgaris Mae BAITUN TIOTEHITIAT TSI
BHPOOHHITBA 6ioTa3y MOPIBHIHO 3 pinkoro (pakmicro. Lle
MOYKHA TIOSICHUTH THM, 1110 TIPY BUCYITYBaHHI 3MEHIIY€ThCS
BMICT BOJIH, 1110 TIOKPAIITy€ CITiBBiAHOIIEHHS OPTaHIYHOI pe-
YOBUHH J0 BOAM 1 cripusie OUThI e(heKTHBHOMY 30pOIKY-
BaHHIO. KpiM Toro, BHCyIIeHa Oiomaca 3abe3meuye MEHIIe
BTpar Tix 4dac 30epiraHHs, 1Mo poOUTH ii OLTBIT 3pYyIHOIO
JUTS TIOAQITBIIOT OOPOOKH.

Chlorella vulgaris € BHUCOKOSKICHUM JDKEPEIOM
OpraHiyHOi 06ioMacH, IO Ma€ BHCOKY ITUTOMY C€HEpreTHd-
HY I[IHHICTH 3aBISKW 3HAYHOMY BMICTYy OiKa Ta JIIMimiB.

3,5

1 2 3 4 5 6 7 8 9 10

Konnenrparis 6iomacu Chlorella vulgaris

Ile poOUTH 11 IEPCTIEKTUBHOIO TSI BUKOPUCTAHHS B TIPOIIe-
cax OiomeTaHi3arii, 16 OCHOBHOIO METOIO € TICPETBOPCHHS
opranigHoi Oiomacu B Oioras. 3a3Ha4yeHi MiKPOBOIOPOCTI
MaroTh 3JaTHICTh IO IIBHIKOTO POCTY, IO 3abe3medye
BeNMKi 00caTy 6i0MacH MPH HEBEITMKIX BUTPATaX PECYpPCiB.

Iaterpamiss 6iomacu Chlorella wvulgaris y cucremy
OiomeTani3allii MOXKe 3HAYHO TiABUIIATH €(DEKTHBHICTh BHU-
poOHuIITBA Oiorasy. 3Bakaroud Ha CTAOUTHHY BPOXKANHICTH
KYJBTYPH, 11 BAKOPUCTAHHS MOXKE CTATH BAXKINBUM KPOKOM
Yy PO3BHUTKY IHIYCTpii BIIHOBIIOBAIEHUX IDKEPEN CHEPTii.
BrnockonaneHHs mpolieciB KyJIbTHBAIll Ta 30WpaHHS ITiEl
OioMacwm MOXKE TIPHU3BECTH O 3HIDKEHHS CO0IBapTOCTI
Oiorasy, o poOHTH I1eii MPOTIeC OITBIT JOCTYITHUM IS IITH-
POKOTO 3aCTOCYBAaHHSI B CHEPTCTHUHIN TaTy3i.

3a pe3ymbTaraMu KyJIbTHBYBaHHS T0OymOBaHO rpadik,
SIKUH TTPEJICTaBIEHO HA PUCYHKY 2.

Pesynpratm  gochmipkeHHS — TOKa3and, IO THI
miarotoBku 6iomacu Chlorella vulgaris 3Ha4HOIO MIpOIO
BIUTMBAE Ha MIPONYKTHBHICTh aHaepOOHOTO 30pOIKyBaHHS:

* Pinka 6iomaca: 430 n/kr COP 6Giora3y.

* Cyxa 6iomaca: 620 n/kr COP 6Giora3sy. (puc. 3).

OmauM 13 KIIOUOBUX (DAKTOPiB, IO OOYMOBIIIOE ITO
PI3HHINO, € 3HAYHA KOHIIEHTPAIisl OpTaHiYHOI PEUOBUHU Y
MIATOTOBIIEHOMY cyOcTpaTi. Pinmka KymsTypa, TIOpH CBOIO
TEXHOJIOTIYHY 3PYYHICTh, MICTUTh 3HAYHY KUIBKICTh BOIH,
10 PO30aBIIsie OpPraHigHI KOMITOHEHTH ¥ 3HWXKYE MIUTHHICT
cyOcTpary B peakTopi.

Kpim Toro, B pinkiii ¢dopmi Oiomaca Mae BHITY
MOCTYITHICTD IS TiIPOJIi3y, OMHAK IIBUAKE HAKOTTHUICHHS

pH

11 12 13 14 15 16 17 18 19 20 21
Jlo6a

Puc. 2 Tunamirka konyenmpauii 6iomacu Chlorella vulgaris ma pH npomszom nepiody Kyn1omueyeanns

Fig. 2 Dynamics of Chlorella vulgaris biomass concentration and pH during the cultivation period
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JIETKUX XUPHHUX KHUCIIOT, Y CBOIO Yepry, MOXKE MPU3BOIUTH
JI0 3HWKEHHS BeNMYMHHU pH, 110 MOTEHIIHHO TpUTHivye
AKTUBHICTh METAaHOTEHHUX MiKpoopraHi3miB. lle gacTkoBO
TIOSICHIOE HIDKYMHA METAaHOBHWM BUXIN Y paszi BUKOPHUCTAH-
HA pigkoi cycmensii. Y BucymIeHii 6iomaci BigOyBaeThCs
cTadimi3alliss KOMIIOHEHTIB, IO 3abe3meuye piBHOMIpHIIIIe
HaBaHTAKEHHS Ha MIKpOOIOIIEHO3 Ta 3HIKYE PHU3HK KHC-
JIOTHOTO TIOKY.

AHaJi3 CKJIaIOBUX YaCTHUH Oiorasy mokas3as, III0 METaH
CTaHOBUTH OCHOBHY YacTHHY Oiora3y — 55-60% 3a 06'emom,

0 € THUTIOBUM VIS TIPOTIeCY OioMeTaHyBaHHS OpraHigHOL
6iomacu [13]. BaxxnuBo, mo Ay BUCYIIeHOT OiomMacH Tieit
MMOKa3HUK OyB BUIUM (10 60%), 10 TMiATBEpKYE 11 BAITY
e(heKTUBHICTE y MpoTieci 30pOIKyBaHHS.

Chlorella vulgaris MiCTUTb BUCOKHH BIJIICOTOK OUIKIB
(mo 50%), mimigiB (mo 20-25%) i moOMipHY KiTBKIiCTh
ByIJIEBOMIB. BikoBi pakiiii mpu 30pomKyBaHHI MOXYTh
CIPUYMHATH HaJMIpHE HAKOMWYEHHS amiaky, sSKAd Hpu
BHCOKHX KOHIIEHTpPAIiSAX € IHTIOITOPOM T METaHOTCHIB
[14, 15]. IIpoTe mocmimkeHHs TOKa3aio, IO BHUXIJ MeTa-

[[{ono6oBuii Buxia 6iorasy
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Puc. 3 Buxio 6ioza3y i3 3paszkie 6iomacu Chlorella vulgaris

Fig. 3 Biogas yield from Chlorella vulgaris biomass samples
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Puc. 4 Kymynamuenuii euxio 6iozasy i3 3paskie diomacu Chlorella vulgaris

Fig. 4 Cumulative biogas yield from Chlorella vulgaris biomass samples
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HY 3aJIUIIABCS B MEXKaxX THIOBOI €(DEKTHUBHOCTI, III0 MOXKE
CBIJTYMTH PO BUPAXKEHI OyepHi BIaCTUBOCTI cepeioBUINa
1 BITHOCHO BUCOKUI piBeHb ajanTailii MikpoOHOT KOHCOPITii
JI0 BUCOKOOJIKOBOT'O CyOCTpaTy.

Takok  BaXJIMBOIO € TPUCYTHICTH B  CKJIadi
MIKPOBOAOPOCTEH KapOTHHOIMIB Ta XJIOPOQiTy, IO MPOsB-
JSIIOTh BUPQKCHUH aHTHOKCHIAHTHUHM €(EKT 1 MO3UTHBHO
BIUIMBAIOTHh Ha MIKp0OioJIoriuHy cTabinbHicTh npouecy. Li
CIIOJTyKH MOXKYTb HIATPUMYBATH aKTUBHICTH T1APOTITHIHUX
OakTepili Ha paHHIX erarax (epMeHTarlii, Mo B MiACYMKY
CHpUsi€ 3aralibHOMY ITiJIBUIICHHIO 010ra30BOT0 IMOTCHIIIATY.

BucHOBKH Ta nepcneKTHBY MOJAJBIIOT0 PO3BUTKY
B JAaHOMY HANPSAMKY

Inrerpanis mikpoBomopocteit Chlorella vulgaris 'y
mporecu BUPOOHHUITBA OiOMETaHy IEMOHCTPYE BHCOKHM
MOTEHIIiaN SK eHEPreTHYHO, TaK 1 eKOJIOTIYHO eEeKTUBHOI
ctparerii. MikpoBOIOpOCTI 3/1aTHI JO aKTHBHOTO ()OTOCHH-
te3y Ta yrwiizanii CO2, ToMy iX KyJIbTHBALis MoXe OyTH
CUHEPTivHO MoeHaHa 3 mormuHaHHIM BUKuIiB CO:2 3 TEILI,
0lora3oBHX CTaHIIIN Ta IHITUX TPOMUCIOBUX 00'EKTIB.

VYV pa3i moemHaHHSA 3 CHCTEMaM{ OYMINEHHS CTIYHUX
Bon, Chlorella vulgaris MoXxe TIOTTMHATH HaJTUIIKOBHHA
HiTporeH i ¢pocdop, THM caMUM HOKPALLYIOUU SKICTh BOIH
Ta 3MEHIIYIOYM HAaBaHTa)KEHHS HA OUYMCHI CIIOPY/H.

[Tpy 1bOMY 3aJUIIOK TUTeCTaTy MoXe OyTH BHUKOpPH-
CTaHO B SIKOCTI I[IHHOTO OpraHiYHOTO JOOpHBa, o 30arade-
HE MIKpOEJEeMEHTaMH Ta 3aJIMIIKaMu 010Macu BOILOPOCTEH.
B cBoro uepry, e CTBOPIOE MOMKJIMBOCTI Uil 3aMKHEHOI
LMPKYJALIT elleMeHTIB y Ol0TeXHIYHill cucTemi depes eTar
EHEePTreTHIHOI TeHepallii.

Ha ocHOBI ofiep)kaHUX JaHUX MEPCIEKTUBHUMMU € TaKi
HaNPSMKH JIOCITiPKEHb:

* TepmoximiuyHa mepenodpoOka Oiomach, 30Kpe-
Ma Tigpodi3 abo mapoBa 00poOKa, MOXKE ITOKPAITUTH
01010CTYNHICTh CTPYKTYPHUX KOMIIOHEHTIB KJIITHHHOI
CTIHKH BOJIOPOCTEH, 1110 TIO3UTHBHO BIUTMHE HAa €PEKTHBHICTh
30pOIKyBaHHS.

*  MikpoOHa ajanTamis: MONEepeIHE MPUCTOCYBAHHS
1HOKYJISITY O BUCOKOOUIKOBOI OioMacu MiKpOBOAOPOCTEH
MOJKE TIJIBHIIUTH ToJepaHTHICTh 10 NHa" Ta 30inbmuTH
BHXiJ Oiorasy.

»  Jlouinerao nopiBasTH Chlorella vulgaris 3 iHIMMH
BUAaMHU MikpoBogopoctel (Scenedesmus spp., Spirulina
platensis, Nannochloropsis) ansi BUSBICHHS BUIIIB 3 HABU-
UM O10CHEPTETUYHUM TTOTCHIIIAIOM.
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Objective: This study aims to explore the potential of
Chlorellavulgarisasan efficient substrate for biomethanation,
focusing on both liquid and dry biomass types. The research
addresses the critical need for sustainable bioenergy sources
and highlights the role of microalgae in bioenergy systems
due to their high productivity, ability to capture CO-, and
compatibility with various bioprocesses.

Tasks:

1. Cultivate Chlorella vulgaris in a photobioreactor
under controlled environmental conditions to obtain liquid
and dry biomass samples.

2. Conduct detailed analysis of the physical and
chemical properties of liquid and dry biomass, including
moisture content, organic matter composition, and energy
potential.

3. Perform batch anaerobic digestion experiments
in a mesophilic regime to evaluate biogas and methane
production from both biomass types.

4. Compare and analyze the differences in biogas
yields, methane content, and overall energy efficiency
between the liquid and dry biomass.

5. Assess the broader implications of integrating
Chlorella vulgaris into biomethanation systems in terms of
environmental sustainability and resource efficiency.

Research Methods: The study employed a tubular
photobioreactor (Algoliner PBR-100, Germany) for
cultivating Chlorella vulgaris. Controlled parameters such
as light intensity, temperature, and pH were maintained

to ensure optimal growth conditions. Bold Basal Medium
(BBM) was used as the cultivation medium. Biomass was
harvested after a 21-day growth period and categorized
into two types: liquid biomass (as-is) and dry biomass
(dehydrated to a moisture content of 10-12%).

Batch anaerobic digestion tests were conducted at 37°C
for 30 days, using a batch reactor system. Biogas production
and methane content were measured daily, and cumulative
biogas yields were calculated. Moisture content and volatile
solids (VS) of the biomass were determined using standard
gravimetric and biochemical methods.

Results:

1. Moisture content analysis revealed a significant
difference between liquid and dry biomass, with the latter
being more concentrated in organic matter.

2. Liquid biomass yielded approximately 430 L
of biogas per kg of volatile solids, while dry biomass
demonstrated a superior yield of 620 L per kg of volatile
solids.

3. Methane content in the biogas from dry biomass was
higher (up to 60%) compared to the liquid form (55-58%),
underscoring the enhanced efficiency of the dry substrate.

4. The results highlight that Chlorella vulgaris
biomass, especially in its dry form, is a viable and efficient
substrate for biogas production.

Conclusion: The findings emphasize the potential of
Chlorella vulgaris as a high-performance feedstock for
biomethanation, capable of yielding substantial amounts
of biogas and methane. The integration of microalgae
into bioenergy systems offers multiple benefits, including
the utilization of CO: emissions, waste valorization, and
enhanced energy output. This study contributes to the
broader adoption of algae-based bioenergy strategies and
paves the way for further optimization of cultivation and
digestion processes.
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