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TOM TAT

Nghién ctu danh gia dac tinh héa ly va ti&m nang sinh metan (BMP) t& bdn ngudn phu pham hiru co: thirc &n
thiva, phan lon, phan ga va rac thye vat théng qua lén men yém khi mé trong 42 ngay. Thi nghiém dwoc tién hanh
bang hé théng BMP trong phong. Cac chi sé hiéu suat dwoc tinh toan dwa trén nhu cau oxy hda hoc (COD) va hiéu
qua san xuat dién - nhiét. K&t qua cho thay thirc an thira 1a nguyén liéu ti wu nhat véi san lwgng CHy tich Iy
(21.482NmL) va BMP cao nhét (638,5NmL CH./g VS). Rac thuwe vat ¢6 chi sé BMP dat 513,5NmL CH4/g VS, nhung
c6 ty lé chuy&n héa COD thap (6,98%) bdng 1/2 thirc &n thira do lwgng carbon cao hon. Phan ga cé ham lwong chét
rén cao nhat nhwng chi s BMP chi dat 346NmL CHa/g VS. Phan lgn c6 chi s BMP thap nhat, nhwng chét lwong khi
metan (CH,4) vuot troi dat téi 72,16% nhe lwong lipid cao. Hiéu qua sén xuét dién va nhiét cha cac nguyén liéu giam
dan tlr thire &n thira > phan ga > rac thuc vat > phan lon. Nghién ciu khang dinh tiém nang va chét lwong khi metan
phu thudc chat ché vao nguyén liéu dau vao, 1a co s& st dung nguyén liéu cho san xuat khi sinh hoc va khai thac
dién & Viét Nam.

Tw khoa: Lén men ki khi, khi sinh hoc, rac hiru co, phan lon, phan ga, thirc an thwa.

Potential of Metan (CH,) Digested from Organic Waste Sources in Vietnam

ABSTRACT

This study evaluated the physicochemical properties and methane production potential (BMP) of four organic by-
products: feed waste, pig manure, chicken manure, and plant waste, through batch anaerobic fermentation over 42
days. The experiment was conducted using a laboratory BMP system. Performance indicators were calculated based
on chemical oxygen demand (COD) and electrothermal production efficiency. The results showed that feed waste
was the optimal feedstock with the highest accumulated CH, yield (21,482NmL) and BMP (638,5m| CHa4/g VS). Plant
waste had a BMP of 513,5NmL CH4/g VS but a low COD conversion rate (7.01%) (half that of feed waste) due to its
higher carbon content. Chicken manure had the highest solids content, while BMP was achieved at 346NmL CHa/g
VS. Pig manure had the lowest BMP index, but its CH4 gas quality was superior, reaching 72.16% due to its high lipid
content. The efficiency of electricity and heat production of the materials decreases gradually from food waste
> chicken manure > plant waste > pig manure. The study confirms that the potential and quality of methane gas
depend closely on the input materials, which form the basis for using these materials for biogas production and
electricity generation in Vietnam.

Keywords: Methane fermentation, biogas, organic waste, pig manure, chiken manure, foodwaste.

nghé 1én men yém khi (Anaerobic Digestion -

1. DAT VAN DE AD) déng vai trd 1a giai phap xt ly chat thai

Trong b6i canh an ninh ning lugng va bién
ddi khi hau dang tré thanh thach thtc toan
cAu, viéc chuyén dich sang nén kinh t& tuan
hoan thong qua khai thac niang lugng tai tao tu
chat thai hitu co 12 mot 16 trinh tat yéu. Cong
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hiéu qua, 1a céng cu then chét trong viéc giam
phat thai khi nha kinh, d#c biét 14 metan (CH,)
va carbon dioxide (CO,) tit rac thai (Jameel &
cs., 2015). Theo uéc tinh ctia Cd quan Ning
lugng Quéc t&€ (IEA), tiém nang khi sinh hoc
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toan cau c6 thé dap tng téi 20% nhu cau khi
d6t hién nay, néu cac ngudén phu phdm nong
nghiép va rac thai thuc phdm dudc tan dung
to1 uu (IEA, 2020).

Tai Viét Nam, khéi lugng phu phidm tit
trong trot va chin nudi uée tinh 1én dén hang
tram triéu tdn moéi nam. Tuy nhién, hiéu qua
khai thac khi sinh hoc tai Viét Nam van con d6i
mat véi nhiéu rao can k§ thuat. Nghién ctiu cta
Roubik & cs. (2025) chi ra rang da s6 cac ham
biogas quy mé ho gia dinh va trang trai tai Viét
Nam dang van hanh & trang thai l1én men don
ngudn (mono - digestion) v6i nguyén liéu chu
yéu la phan lon. Diéu nay dan dén hiéu suit
sinh khi thédp, chat lugng metan khong én dinh
va dé xay ra hién tuong tc ché do tich liy
amoniac tu do khi nong dd nito hitu co qua cao
trong phin déng vat (Kalamaras & cs., 2021).

Mot trong nhiing cong nghé 1én men ki khi
dudc cho 1a hiéu qua khi déng phan véi nhiéu
ngudn nguyén liéu khac nhau nhu phan déng
vat két hgp rac hitu co (Co-digestion) (Wang &
cs., 2012; Zhang & cs., 2021). Cac céng nghé nay
nhim t6i uu héa khai thac khi metan lam chat
dé6t, san xuat dién va lam phan bén da dudge ap
dung & cac nuéc tién tién. Cac loai nguyén liéu
s6 hitu ham lugng chat rdn dé bay hoi (VS) cao
va giau carbohydrate, déng vai tro 1a ngudn co
cha't mbi gitp can bang ty 1&é C/N cho cac ngudn
thai dong vat (Xue & cs., 2020). Mot s6 nghién
ctiu tai Viet Nam da budc ddu danh gia tiém
ning sinh khi tit ban thai bé tu hoai (Nguyén
Phuong Thio & Nguyén Viét Anh, 2014), thiic
an thita (Nguyen & cs., 2014) hay rac hiiu co két
hop phan lgn (P6 Quang Trung & cs., 2019).
Msic du vay, nhiing khoang trong vé danh gia
cac dic tinh khac nhau ctia cidc ngudén nguyén
liéu tac dong dén ning suat, chat lugng khi
trong cung diéu kién phan huy cua cic nguyén
liéu nay van chua dugc lam ré.

Vi vay, nghién cu nay dugc thuc hién
nham danh gia dic tinh héa 1y va dong hoc
sinh khi dua trén hé théng BMP tu dong cta
cac nhém rac thai hiu co phd bién, gébm thiic
dn thua, phén lgn, phan ga va rac thuc vat
trong cung diéu kién thi nghiém va co chat

nén. Thong qua viéc phan tich chi s6 BMP, ty
1é chuyén héa COD va hiéu qua phat dién dé
danh gia su anh hudng clia cac nguyén liéu rac
thai phd bién dén san lugng khi va chét luong
metan dau ra. K&t qua nghién cu khéng chi
g6p phan nang cao tiém ning ning lugng sinh
khéi tai Viet Nam ma con cung c&p cd s6 khoa
hoc dé t6i uu hoéa tai st dung chit thai so
cdp, huéng t6i mot nén ndng nghiép khong
chdt thai.

2. PHUONG PHAP NGHIEN CUU
2.1. Vat liéu

Thi nghiém dugc tién hanh tai Phong
Nghién ctiu cay tréong Viéet Nam - Nhat Ban,
Khoa No6éng hoc, Hoc vién Néng nghiép Viét
Nam tir thang 4 dén thang 9 nam 2025. Vat
liéu nghién ctiu gébm 4 loai rac thai hitu co thu
thap dugc tit cac ngudn thic &n thia, phan
Ign, phin ga va rac thuc vat la cac loai thén la
rau, ci, qua thai loai trong khu vuc xa Gia
Lam va lan can. Cac ngudn vat liéu thu thap,
lam sach tap chat, nghién nhd téi cap hat
< 0,Amm va dudc bdo quan trong diéu kién
nhiét d6 thap (4°C) dé phan tich hodc st dung
trong cac thi nghiém. Chat nén dugdc st dung
14 dung dich chat 1ong 14y tit hAm khi sinh hoc
(pH 7,0; téng lugng chat kho (TS) 2,55%; lugng
ch4t rdn dé bay hoi (VS) 39,4% TS; khéi luong
riéng 1,0036 g/ml) thudéc Phong Thi nghiém
chan nuéi, Khoa Chan nubi, Hoc vién Néng
nghiép Viét Nam.

Cac nguyén liéu dugc phén tich tai phong
thi nghiém B6 mon Khoa hoc D4at va Vién Téng
trudng xanh, Hoc vién Nong nghiép Viét Nam
theo cac tiéu chudn tuong tng dudc liét ké trong
bang 1.

2.2. B6 tri thi nghiém

Thi nghiém st dung phuong phap 1én men
yém khi bing hé théng buéng BMP (TOYO,
Nhat Ban) (Hinh 1). Hé théng bao gom bo diéu
khién trung tdm, binh 1én men 3,51, hé théng 6n
nhiét, may khudy va may do luu ludng khi
(Bang 2).
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Bang 1. Chi tiéu phan tich va phuong phap thuc hién

Chi tiéu Bon vi Phwong phép phan tich
pH - AGG/L-SOP-PB.03 (US EPA method 9040C + US EPA method 9045D)
Téng lwong chét khd (TS) % TCVN 138-387 -VN 1-2023
Chét ran dé bay hoi (VS) %-TS SMEWW 2540 E
Nhu cau oxy héa hoc (COD) g/kg* AGG/L-SOP-MT.10/ SOP-PB.06
Carbon téng sé (TC) %-TS AGG/L-SOP-MT.09/ SOP-PB.05
Nito tdng s6 (TN) %-TS AGG/L-SOP-MT.08/ SOP-PB.04
Lwu huynh téng sé (TSf) %-TS AGG/L-SOP-MT.11/ SOP-PB.07
Lan téng sé (TP) mg/kg AGG/L-SOP-MT.12/ SOP-PB.08
Kali téng s6 (TK) mg/kg AGG/L-SOP-MT.13/ SOP-PB.09
Carbohydrates % AGG/L-SOP-MT.14/ SOP-PB.10
Lipid % AGG/L-SOP-MT.15/ SOP-PB.11
Protein % AGG/L-SOP-MT.16/ SOP-PB.12

Ghi chd: * Don vi quy déi tir g/1.

Hinh 1. Hé théng BMP lap rap hoan chinh

Bang 2. Thong s6 ky thuat cia hé thong BMP trong thi nghiém

Muc Thoéng sb ky thuat
Binh I&n men Thé tich thye: 3,51
Nhiét do va téc dd khudy Nhiét do: 0-100°C; Téc d6 quay: 18-280 vong/phat
Lwu lwong ké Pham vi: 1-6.000 ml/h
B6 ghi de liéu va may tinh B6 ghi di liéu luu luong ké
B& diéu nhiét Pham vi: 5-95°C
Tai khi 101
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Nguyén liéu truée khi dua vao thi nghiém
dugc loai bd tap chat va nghién nhd. Luodng
nguyén liéu duge xac dinh dua trén ty 1& chat
rén dé& bay hoi gitia nguyén liéu va chit nén dau
vao (F/I) dong nhat ¢ mic 0,7 (Bang 3), trung
binh cta khoang 0,5-1 (Yoon & cs., 2014). Qua
trinh 1én men dugc thuc hién trong diéu kién
kiém soat hoan toan cac yéu td phi thi nghiém.
DAu tién, chat nén dugc dua vao binh 1én men.
Sau d6, khong khi bén trong budng lam sach
bing khi N,. Hé théng may khudy, may 6n dinh
nhiét dugc duy tri lién tuc 6 38°C. Mau déi
chiing dudc thuc hién va thu thap khi ban dau &
diéu kién chua c6 nguyén liéu dau vao. Sau do,
tiép tuc dua nguyén liéu thi nghiém vao binh
1én men da c6 chit nén nhu mé ta (Bang 3). Tat
ca qua trinh déu dugc thuc hién trong diéu kién
yém khi hoan toan. Thoi gian theo ddi thi
nghiém 1a 42 ngay. Toan b6 qua trinh dugc lap
lai ba lan.

- Do luu lugng khi sinh ra

Lugng khi sinh ra dude do bang may do luu
lugng khi BPC-GO (Nhat Ban). Két qua dudc
tinh toan dua trén néng do CH, trung binh dudgc
tao ra khi chi c6 nguyén liéu dau vao theo cong
thic sau:

Lugng khi sinh ra ti nguyén liéu = Lugng
khi sinh ra (chat nén + nguyén liéu dau vao) —
Luong khi sinh ra é Miu d6i chtng (chi c6
cha't nén)

Khi phat sinh hang ngay dugc luu tri vao
tai chuyén dung dé phan tich. Cudi méi chu ky
thi nghiém, mot mau khi duge chiét ra tu tai
khi v& dugdc phan tich vé ham lugng CH,, CO,,
H,S, CO va NH, bang may phan tich cam tay
Biogas 5000 (QED/GEOTECH-My).

- Tiém n#éng khi metan (BMP) dua trén
tong lugng chat ran dé bay hoi (VS)

BMP = Téng lugng khi sinh ra [1] x CH,c[%]
VS[%] x Wnguyén liéulg]

Wguyen ieu: KhO1 lugng nguyén liéu dau vao
- Hiéu qua chuyén hoa chét hiiu co - Hiéu
chinh tt COD

Lugng CH, sinh ra sau mdi ky chuyén hoéa

COD 14 0,35 [l/g COD] (Tauber & cs., 2019).

Ty lé Téng lugng khi sinh ra [1] x
chuyén CH,c[%] + 0,35 [I/g COD]
héa COD COD[%] X anuyén liéu[g]

- Uéc tinh hiéu qua san xuit dién va nhiét
thu hoi

Dé danh gia hiéu qua tit qua trinh sinh khi
ctia cac ngudn nguyén liéu khac nhau, véi gia
dinh hiéu qua thu hoéi 1a 35% lugng dién va 50%
lugng nhiét (Havukainen & cs., 2012) va nhiét
tri thap cia metan 1a 9,97 kWh/m?® (IEA), cong
thtc tinh hiéu qua st dung dién va thu hoi
nhiét dugc tinh theo cac cong thic:

Lugng dién sinh ra (kWh/ngay) = Téng VS
[kg/ngay]l x BMP [m%*kg VS] x 9,97 kWh/Nm?
x 35%

San ludng dién (KW) = Luong dién sinh ra
(kWh)/24h

Luong nhiét thu héi (kWh/ngay) = Téng VS
[kg/ngay]l x BMP [m%kg VS] x 9,97 kWh/Nm?
x 50%

2.3. X0 1y s6 liéu

S6'liéu thu thap duge xt 1y bang phan mém
MS Excel 365. S6 liéu dude xt 1y thong ké bang
phan mém SPSS (IBM, 22). Sai khac gita cac
cong thiic thi nghiém dude so sanh bang phuong
phap phan tich ANOVA 6 mtic tin cay 95% va
x&p hang bing kiém dinh LSD, ;.

3. KET QUA VA THAO LUAN

3.1. Pic tinh va thanh phan co ban ctia mét
s6 nguyén liéu trong nghién cttu

Cac nguyén liéu khao sat dugc phan tich
déu c6 pH dao dong tit 5,4 dén 6,4 (Bang 4). Két
qua nay tuong dong véi nghién ciiu cia Zhang &
cs. (2014) khéng dinh nguyén liéu hitu co tuosi c6
xu huéng axit héa do cac axit béo bay hai
(VFAs) hinh thanh trong giai doan diu caa qua
trinh phan hty. Ham lugng vat chat kho (TS)
clia phan ga (28,19%) va phan lgn (26,26%) cao
gip d6i so v6i thiic 4n thwa (15,73%) va rac thuc
vat (13,09%). Tuy nhién, thic 4n thta va rac
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thuc vat c¢6 ty 1é chat rén d& bay hoi (VS) cao 1an
lugt dat 91,28% va 90,16%. Trong khi, phan lgn
va phin ga c6 ty 18 VS chi dat 72,76% va
80,96%. Theo quan diém cua Xue & cs. (2020),
cac loai phu phidm thuc vat chia chat rin dé
bay hoi cao dé dang bi phan huy hoan toan
trong diéu kién yém khi, do dé, cac loai nguyén
liéu nay c6 thé anh hudng ré rét dén niang suét
khi sinh ra.

Ham lugng C va N téng sd trong cac loai
nguyén liéu khac nhau c¢6 su khac nhau khong
rd rét. Ham lugng C cta bon loai nguyén liéu
dao ddng tu 38,7% (phan ga) dén 47,8% (rac
thuc vat), ham lugng N dao déng t 4,64% (thic
4n thiura) dén 5,15% (phan ga). Dang chu y, ty 1é
C/N ctia tat ca cac mau déu nim trong khoang
7,51-10,60. Rac hiiu co thuc vat c6 ty 1&é C/N cao
nh4t (10,60), s6 htu ham lugng kali téng
s6 (TK) (6.300 mg/kg) va lan téng s& (TP)
(1.200 mg/kg) vugt tréi so véi cac loai nguyén
liéu con lai. Sy khac biét nay dugc giai thich béi

déc tinh tich Iy khoang da lugng trong mé thuc
vat cao hon so véi qua trinh bai tiét cua dong vat
(Ayele & cs., 2025). Bén canh cac thanh phan da
lugng, chi s6 luu huynh téng s6 (TS trong rac
thuc vat (0,84% TS) va thic an thua (0,59%) cao
gap hai 1an so v6i phan ga va phan lgn (mg/kg).
Ham lugng luu huynh cao 1a tién chat tao ra khi
H,S, mot tac nhan giy 4n mon thiét bi, tic ché vi
sinh vat va c6 thé lam giam t6i 30% tiém ning
sinh khi metan (Abera & cs., 2025).

Ham lugng carbohydrate cao nhat 6 phan
dong vat (44,86-45,9%) cao gap hai lan so véi
thiic 4n thtta va rac thuc vat (21,7-23,8%).
Tuong tu, ham lugng protein 6 phan dong vat
(8,43-9,05%) ciing cao hon so véi thtc 4n thta
va rac htu cd (3,67-4,58%). Phin lgn chta ham
lugng lipid rat cao (6,57%), trong phin ga thip
nhat chi dat 1,08%. Cac két qua phan tich cho
thay thanh phéan, chat lugng nguyén liéu dau
vao sé c¢6 anh hudng dén tiém ning khai thac
khi metan.

Bang 3. Luong nguyén liéu dau vao thi nghiém dua trén tong chat rin

Ty 1& chét ran Thirc an thira Phan lon Phan ga Ré&c thwc vat Chét nén
dé bay hoi F/l (%) (@ (9) (@ (@ (mf)
0,7 122,89 92,35 77,32 149,51 2.500

Bang 4. Chi s6 phan tich mét s6 dic diém va thanh phan co ban ctia nguyén liéu

Chi tiéu bon vi Thrc an thira Phan Ign Phéan ga Rac thyc vat
pH - 57 58 6,4 54
Téng lwong chét kho (TS) % 15,73 26,26 28,19 13,09
Chét ran dé bay hoi (VS) %-TS 91,28 72,76 80,96 90,16
COD g/kg 1,653 1,322 2,975 2,479
Carbon tong sé (TC) %-TS 40,04 42,9 38,7 47,8
Nito tdng s6 (TN) %-TS 4,64 5,14 5,15 4,51
Ty |&€ CIN - 8,63 8,35 7,51 10,60
Dam Amoni (NH,"-N) mag/kg 381,97 248,69 364,8 515,61
Lwu huynh téng sb (TSf) %-TS 0,57 0,19 0,28 0,84
Lan téng s (TP) mg/kg 400 500 500 1200
Kali téng s6 (TK) malkg 2,200 2,300 4,800 6,300
Carbohydrates % 21,7 45,9 44,86 23,78
Protein % 4,58 8,43 9,06 3,67
Lipid % 2,76 6,57 1,08 4,55
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3.2. Tich lily metan theo théi gian u tit cac
nguon nguyén liéu khac nhau

San lugng khi sinh hoc tich liiy cho thay su
khéac biét rd rét vé kha ning sinh khi va toc do
phan huy gitia cac nhém nguyén liéu, thé hién
trong hinh 2. Thic &n thita thé hién uu thé vugt
troi véi san lugng khi tich liy (xap xi
21.500NmL). Pang chid y, d6 thi sinh khi caa
thiic 4n thia c6 d6 doc tang lién tuc dén ngay
thi 30, cho thdy qué trinh thiy phin va metan
héa dién ra manh mé. Két qua nay tuong déng
v6i cac nghién ctu truée ddy (Browne & cs.
2013; Yasim & Buyong, 2023). Pang chu ¥,
trong thi nghiém nay véi cing luong chét rin dé
bay hoi (VS) nap vao nhung thtc &n thita van
cho th&y su vugt troi, ¢6 thé do thanh phan cia
thttc &n thita ¢6 su cdn bang hon so véi cac
nguyén liéu khac (Chuenchart & cs., 2020)

Réac hitu co thuc vat dat san lugng khi tich
liy dat 15.000NmL. Pic diém sinh khi cta rac
thuc vat dién ra rat nhanh, dat dinh téc d6 sém
nhat chi sau 10 ngay (Hinh 2). Theo Yasim &
Buyong (2023), téc d6 phan huy nhanh ctua rac

e Th(pc an thira
= «= Phanga

thuc vat phan anh su phin huy nhanh chéng
ciia cac hgp chat carbohydrate don gian nhu
duong, tinh bot. Tuy nhién, duong cong nay co
xu huéng bdo hoa sém tif ngay thit 14, c6 thé do
su can kiét nguén co chat dé phan huy hay su
téon du cta cac thanh phan cham phan hiy nhu
lignocellulose lam giam qua trinh sinh khi
(Kaur & Phutela, 2016).

Ngudc lai, nhém phan dong vat cho thay
hiéu su&t sinh khi th4p hon dang ké trong ciing
diéu kién thi nghiém. Phan ga dat san lugng
trung binh khoang 10.000NmL, duy tri toc do
sinh khi én dinh nhung th&p. Phan Ign cho thay
mitic sinh khi thap nhat (2.300NmL) va duong
cong gan nhu di ngang trong suét chu ky. Su
han ché sinh khi ctia phan lgn trong trudng hgp
nay c6 thé do lugng lipid cao (6,57%) da tao ra
cac axit béo chudi dai gy can trd qua trinh
chuyén héa ctua vi khudn methanogen
(Alhraishawi & Aslan, 2022). Trong khi dé6, 6
phan ga, nguyén nhan chinh c¢6 thé do ham
lugng N cao hon (5,15), ty 16 C/N thap (7,51) dan
dén hién tugng tic ché hoat dong caa vi khudn
methanogen (Kalamaras & cs., 2021).
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Hinh 2. San lugng tich lily khi metan trung binh ctia cac loai nguyén liéu
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Bang 5. Tong lugng tich lay va ty 1é khi thu duge tit cac ngudén nguyén liéu

Chi tieu Thirc an thra Phan logn Phan ga Rac thwe vat
Téng tich Ity khi sinh hoc (NmL) 21.482% + 705 2.373°+98 9.729° + 180 15.084" + 619
Ty 1& CH4 (%) 52,39°+ 0,99 71,16°+ 1,05 62,79 +0,92° 60,06 + 1,30
Ty 1& CO, (%) 47,60% + 1,00 28,83°+ 1,08 37,20+ 0,96 39,93°+ 1,25
Ty |& loai khac (%) 0,0022% 0,001° 0,00049° 0,00052°

Ghi chi: NmL: milli-lit tiéu chuén; ky tu chit cai trong bang thé hién su khac biét giiia cc cong thiic véi miic do

tin cdy 95%.

3.3. Ty 1é va tong khdi lugng tich liiy metan
ti cAc nguén nguyén liéu khac nhau

Két qua thuc nghiém cho thay da dang vé
ty 1é va thanh phan khi ctia cac nguyén liéu dau
vao (Bang 5). Ty 1é metan trong thtic an thiua
thap ro rét (52,39%) so v6i cac nhom con lai.
Ngugc lai, phan lgn cho thdy chit lugng khi
vuot troi voi ty 18 metan dat t6i 71,16%, tiép dén
la phén ga (62,79%) va rac thuc vat dat 60,06%.
Theo nghién ctiu cia Xue & cs. (2020), ham
lugng protein va lipid cao trong phan dong vat
thuong tao ra dong khi c6 gia tri nhiét lugng cao
hon, tuy nhién, qua trinh phan hty cac hop chat
nay ciing giai phéng nhiéu amoniac (NH;), dan
dén su chénh léch vé téng thé tich khi so véi cac
ngudén gidu carbohydrate dé& phan huy. Ty 1é
CO, trong phan dong vat thap hon nhiéu so véi
thiic an thua (47,61%) va rac thuc vat (39,94%)),
cho thdy qua trinh metan héa trong cidc mau
phan dong vat c6 thé dién ra triét dé hon, it bi
anh hudng bdi cac phan ting phu tao ra khi CO,
(Wang & cs., 2012).

Vé cac thanh phan khi khac, tat ca cac mau
déu duy tri é mic cuc thap (< 0,0022%). Cac
thanh phan nay chu yéu bao gom H,S, NH, va hoi
nudc. Nong @6 & rac thuc vat, phan ga cao hon so
v6i thiic an thita va phéan lon 14 do su khac nhau 6
ham lugng N tdng s6 va S tong s6 (Bang 4).

3.4. Panh gia tiém ning khai thac metan
(BMP) tir cac nguén nguyén liéu khac nhau

Chi s6 BMP phan anh kha ning chuyén héa
Iy thuyét cta cac hop chat hiiu co c6 trong
nguyén liéu thanh khi metan. Két qua cho thay
thiic &n thua c6 chi s6 BMP cao nhat dat
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638,5NmL CH,/g VS, tiép dén la rac hitu co thuc
vat c¢6 chi s6 BMP dat 513,5NmL CH,g VS
(Hinh 3). Theo nghién ctiu cua Jiang & cs.
(2022), cac loai thuc phdm va thuc vat chia ty 1é
carbohydrate va protein dé phan huy béi vi sinh
vat, trong khi chat thai dong vat thuong chtia
cac thanh phan da qua quéa trinh tiéu héa sinh
hoc, khién cac lién két hitu co con lai khé bi bé
gy hon. Do d6, tiém nang khai thac metan cua
thiic 4n thtra va rac thuc vat vugt tréi so véi cac
nhém phén dong vat.

Gia tri BMP cta phan ga chi dat khoang
346NmL CH,/g VS, bing 1/2 so véi thiic &n
thtta. Phan Ign c6 gia tri BMP thap nhit
(95,6NmL CH,/g VS), cho th&y hiéu sudt chuyén
héa ctia nguyén liéu nay trong diéu kién thi
nghiém mé 14 khéng cao, c6 thé do su tich lay
cac chat tc ché sinh hoc trong qua trinh chan
nuodi céng nghiép (Kalamaras & cs., 2021).

Két qua cho thay cac thanh phan khac
nhau ctia nguén nguyén liéu c6 anh hudng khac
nhau dén tiém ning sinh khi va chat lugng khi
thu duge. Kulichkova & cs. (2020) chting minh
ty 1& C/N cao c6 lién quan chit ché véi san lugng
khi tich lity ti d6 1am téng chi s6 BMP. Thiic #n
thtta va rac httu co thuc vat ¢6 C/N cao hon
(Bang 3), san lugng khi tich liy 1an lugt diing
diu va thd hai. Dic biét, duong tich lay dong
hoc ctia rac thuc vat cho thay téc dd sinh khi
vugt troi trong 10 ngay dau; dudng tich liy cta
thtic 4n thua tang déu dén 30 ngay (Hinh 2).
Tuong duong véi d6 1a tiém nang sinh khi BMP
cua hai loai nay cting cao nhat (Hinh 3).Trong
khi d6, nhém phan déng vat (Ign va ga) du co
ham lugng vat chat kho (TS) va lugng
carbohydrate cao, nhung lugng khi sinh ra thap
hon dang ké so véi thic an thita hay rac thuc
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vat (Bang 5, Hinh 2), do cac hdp chat hiiu co
phtic tap da qua hé tiéu héa ctia vat nudi, khé
phan htuy hon (Xue & cs., 2020). Phan ga véi
C/N thép, chi dat 7,51, lam giam dang ké lugng
khi meatan va mic BMP thap hon dang ké so véi
nguén rac hitu co va thi an thiua (Hinh 3) tuong
tu két qua cac nghién citu truée day (Kulichkova
& cs., 2020; Jameel & cs. 2024). Ngudce lai, nhém
phan dong vat, déc biét 1a phan lgn, c6 uu thé vé
chat lugng khi véi ty 1& metan cao (Bang 5). Theo
Zhang & cs. (2014), ham lugng lipid cao 1a nhan
t6 chinh thic ddy néng d6 metan cao & phan lon
(Bang 4), nhung dong thdi ciing tiém &n nguy co
tic ch& hé théng do tich lity axit béo chudi dai lam
gidm rd rét chi s6 BMP.

3.5. Hiéu qua phan huy chat hitu co va san
xuat dién - nhiét clia cadc ngudén nguyén liéu

Hiéu qua chuyén héa COD cta cac nguyén
liéu trong thi nghiém dudc thé hién & hinh 4. Ty
1é chuyén héa COD dat cao nhét & thic &n thia
(15,85%). Phan ga va rac thuc vat co ty lé
chuyén héa COD kha tuong ducng so véi thiic
an thua, 1an lugt dat 7,58% va 6,98%. Phan lon
¢6 ty 1& chuyén héa COD thap nhét, chi dat mic
3,95% so véi lugng COD nap vao. Ty 1é chuyén
héa COD cua cic nguyén liéu déu 6 mtic thap so
v6i mot s6 nghién ctu (Li & cs., 2026). Diéu nay
¢6 thé do ham lugng COD trong cac nguyén liéu
rat cao trong khi ty 1& N, P thap, nén dan dén
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hoat dong cta vi sinh vat bi han ché& do thiéu
can bang vé dinh dudng trong nguyén liéu, dic
biét ty 16 COD/N/P § cac nguyén liéu dau vao
dau sai khac 1én so véi ty 1& chudn (250/5/1)
(Hamza & cs., 2019).

Hiéu qua san xuat dién va thu héi nhiét &
thic 4n thita dat cao nhat tuong tng 312,1 va
458,7 kWh/ngay nhdo chi s6 BMP cao vugt troi.
Phan ga méc du cé chi s6 BMP thap nhung nho
ty 1& chdt ran cao trong nguyén liéu (Bang 3)
nén lugng dién va lugng nhiét thu héi ciing &
mtc cao (276,5 va 395 kWh/ ngay). Rac thuc vat
c6 cac chi s6 tuong duong véi phan ga, trong khi
phan lgn c6 hiéu suat thdp nhat chi dat
64 kWh/ngay va 91,4 kWh/ngay. Tuong tng véi
d6, san lugng dién ti cac ngudn nguyén liéu cé
gia tri ti 2,7kW vé6i phan lgn va cao nhat 1a
13,4kW véi thic an thua.

Két qua nghién cu cho thay tiém ning
khai thac khi phu thudc ro rét vao nguyén liéu
dau vao (Kulichkova & cs., 2020). Theo Zhang &
cs. (2021), nghién ctu phéi hgp da nguyén liéu
dé can bing san luong va chat lugng khi metan,
gitip khéc phuc han ché cta nguyén liéu don
trong san xuat khi sinh hoc. Diéu nay cho thay
cin c6 nhiing nghién cu tiép theo phdi hop gitia
nhém cho n#ng suit metan cao nhu thic an
thita v6i nhém cho ch4t lugng metan cao nhu
phan lgn 14 can thiét dé t6i wu viéc tai st dung
rac hiiu co cho san xudt khi metan.
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do tin cdy 95%.

Hinh 3. Tiém niang khai thac khi tit cac nguén nguyén liéu dau vao
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Ghi chi: Ky tu chii cdi trong bang thé hién su khéc biét gitia cac cong thiic ¢ mie do tin cay 95%.

Hinh 4. Ty 1&é chuyén héa COD cuia cac ngudn nguyén liéu trong thi nghiém

Bang 6. Hiéu qua san xuit dién va thu hoi nhiét tit caAc nguén nguyén liéu khac nhau

(quy d6i 1 tdn nguyén liéu/ngay)

Chi tiéu Don vi Thae an thira Phan lgn Phan ga Rac thyc vat
Hiéu suét phat dién kWh/ngay 321,1 64,0 276,5 212,2
San lwgng dién kw 13,4 2,7 11,5 8,8
Lwong nhiét thu héi kWh/ngay 458,7 91,4 395,0 303,2

Ghi chu: kW: coéng suat dién ndng; kWh: Dién nidng tiéu thu trong thoi gian 1 gio.

4. KET LUAN

Cac nguédn rac thai hiiu co c6 thanh phan
khac nhau nhu téng lugng chét rén, ty 1é chat
réan dé bay hoi, ty 16 C/N va lugng lipid c¢6 anh
hudng rd rét dén san lugng va tiém ning phat
sinh khi metan. Thiic an thwa 1a nguyén liéu
cho san lugng metan tich liiy, chi s6 BMP,
chuyén héa COD cao nhat din t6i hiéu qua khai
thac dién - nhiét tot nhat. Rac hitu co thuyc vat
c6 ty 1& C/N cao nhat cho tiém nang BMP cao
nhung hiéu qua chuyén héa COD va san xudt
dién - nhiét thap hon phan ga do ty 1é chat ran
thap hon. Nhém phin ddong vat c6 san lugng
sinh khi va chi s6 BMP thap, nhung cho chat
lugng metan cao hon cac nguyén liéu thuc vat.
Mic dua vay, hiéu qua chuyén héa COD cua céc
nguyén liéu déu 6 miic trung binh thap (duéi
20%). Do d6, can cé cac nghién ciu tiép theo vé
phéi tron cac ngudn nguyén lidu rac thai dé t6i
uu tiém ning khai thac ning lugng tai tao va xu
1y moi truong bén viing tai Viét Nam.
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