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To6m tit. Sw thai bé dé phan hiy tw nhién va/hoic ddt bé cac phé thai lignocellulose tir rirng, san xuit ndng nghiép,...da thii ra
mét lwgng 16n CO2, CH4, gop phﬁn gdy 6 nhiém méi trwomg va hiéu tmg nha kinh. Trong khi dé, lignocellulose ¢6 chira cac thanh
phén du’ong ma vi sinh vit cé thé 1én men tao ra ethanol nén phé thai lignocellulose 1a nguyén li¢u tiém nang dé san xut ethanol
sinh hoc thé hé thir hai. Trong bai viét nay, lwgng phe thai lignocellulose ctia Viét Nam dugc thu thap, wéce tinh khodng 113,7 triéu
tAn/nam. Ngoai ra, wu nhwoc diém ciia cac cong nghé, phwong phap va cac tlep cin méi trong san xuét ethanol tir llgnocellulose
ciing dugc phan tich. Pay la co s aé day manh viéc nghién ctru sdu hon va ap dung san xuét ethanol sinh hoc tir nguon
lignocelluloses thai.

Tir khod: Téi ché lignocellulose; Ethanol sinh hoc; Phé thai lignocellulose; Cong nghé san xudt ethanol sinh hoc

Abstract. The disposal for natural degradation and/or burning lignocellulosic residues such as forestal, agricultural residue
generate CO2, CH4 etc. which are greenhouse gases and air pollution sources. Meanwhile, lignocellulose consists of sugars that are
carbon sources for fermenting of microorganisms in producing bioethanol. Therefore, they are potential feedstock for second
generation bioethanol production. In this paper, the data of lignocellulosic waste in Vietnam was collected, about 113.7 million
ton/year. In addition, the advantages and disadvantages of new techniques, strategies and approaches in bioethanol production
from lignocellulosic materials were also assessed. These are foundations for further study and application of bioethanol production
from waste lignocellulosic materials.
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1. GIOI THIEU mbi truong. Hién nay, lugng xing dau tir dau mé duoc tiéu
thy hing ndm tai Viét Nam ciing nhu thé gidi ngay cang ting.
Theo s6 liéu béo céo cua nganh dau khi Viét Nam, dén nim
2020, nhu ciu nhién liéu hoa 16ng ctia Viét Nam 14 2,1 triéu
tAn/nam [4]. Tuy nhién, Viét Nam dang duoc xem 1a nude
nghéo vé tai nguyén diu mé va véi xu hudng phat trién nhu
hién nay, dén ndm 2020, Viét Nam s& duoc xep vao nhom
rt nghéo vé loai tai nguyén nay [5]. Do d6, ethanol sinh hoc
khong nhitng khong dong gop vao su phat thai CO; ma con
1a giai phap cho nganh dau khi Viét Nam hién tai va twong
lai. Vi vay, san xudt ethanol sinh hoc tir sinh khéi
lignocelluloses thai I mot nganh san xuit ddy trién vong.

Voi su phat trlen ndng nghiép va rimg tir som, Viét Nam
6 thuén lgi vé nguon nguyén liéu phé thai lignocellulose dbi
dao. Pay 1a ngudn nguyén liéu chinh cho san xuét nhién liéu
sinh hoc noéi chung va ethanol sinh hoc néi riéng. Nam 2009,
co quan Hop tac qudc té Nhat Ban (JICA) d3 tai trg cho Viét
Nam dy an san xuét ethanol sinh hoc tir rom ra. Tuy nhién,
do han ché Ve khoa hoc, cong ngh¢ va ddc biét la cac danh
gia cu thé vé tiém ning ngudn nguyén liéu nén cac dy an
nghién ctru ciing nhu 4p dung thyc t& vé san xuét ethanol sinh
hoc thé hé tht hai & Viét Nam chua duge phé bién. Nham
g6p phdn thuc diy sy phat trién ethanol sinh hoc thé hé hai &
Viét Nam, bai bio di khéo sat tiém ning phé thai
lignocellulose cho san xuit ethanol sinh hoc tai Viét Nam,
ddng thoi phéan tich tém tit cac tiép can, cong nghé méi dugc
dung dé san xuét ethanol sinh hoc thé hé hai co thé ap dung
& Viét Nam.

Su day manh san xuit néng, 14m nghiép da thai ra mét
lwong 16n chét thai sau thu hoach nhw phé thai tir rimg (canh,
1a,...), phé thai ndong nghiép (co, béo dau, rom ra, b mia,
than mi, cac loai vo,....) va cac chit thai hing ngay nhu gidy,
ban, ghé,. ... Cac chat thai nay duogc goi la vat li¢u
lignocellulose thai v&i thanh phan chi yéu Ia cellulose 35-50
%, hemicellulose 15 — 30 % va lignin 10-25 % [1, 2]. Chi
mdt phin luong chit thai nay duogc tai s dung lam thirc 3n
gia stc, chét don,...phan con lai thuong duge dét hay thai bo
dé phan huy ty nhién. Céch xtr ly nay s€ thai ra CO, CO; hay
CHa,...Day 1a cac ngudn gbp phin gy 6 nhiém mai trudng
va hi¢u tng nha kinh. Trong khi do, gn day nhidu nghién
ctru da chirng minh mét so nhién liéu sinh hoc nhu ethanol
sinh hoc, khi sinh hoc, ...va mot s6 hop chét, duoc phém quan
trong c6 thé dwgc san xudt tir ngudn lignocellulose nay. Su
san xuét niang lwgng sinh hoc tir ngudn lignocellulose thai
duoc goi 1a nang lugng sinh hoc thé hé thu hai. Khac véi thé
hé thu nhit, nang lugng sinh hoc dugc san Xuét tir luvong thuc
nhu bép, sén, dau hay mot sb loai cay dAu, su san xuét nhién
lidu sinh hoc thé hé thir hai khéng gay ap lyc 1én nhu ciu
cung cip lwong thyc. Trong d6, san xuét ethanol sinh hoc tir
sinh khéi li gnocellulose thai nhan dugc nhiéu sy quan tdm vi
n6 o thé giai quyét vin dé 6 nhidm méi truedng tir chat thai
néng nghiép va ting loi ich kinh té. Khi CO3 sinh ra tir qua
trinh san xuét va st dung ethanol it hon nhiu so v&i khi CO2
sinh ra tir qua trinh san xudt va st dung xing truyén thong
xét trén cung mot mirc nang lugng [3]. Do dd, ethanol sinh
hoc con co thé ding dé thay thé cho xang dugc chung cét tir 2. NOI DUNG
ngudn nhién liéu hoa thach dang dan can kiét va gy 6 nhidm
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2.1 Phé thai lignoceelulose: nguyén liéu tiém niing cho
san xuat ehanol sinh hoc ¢ Viét Nam

Viét Nam la quéc gia co nén ndéng nghiép va lam nghiép
phat trién. Theo quy hoach ciia Chinh phu dén 2020, néng
nghiép Viét Nam khéng nhiing phat trién theo chiéu siu ma
dién tich néng nghiép ciing tang thém khoang 306 nghin
hecta so véi 2015 [6]. Ngoai ra, trong va khai thac rimg trong
thoi gian qua ciing dugc manh. B¢ che phu ring ting tir 28
% nam 1942 1én 41 % nam 2014 [7]. Do vy, day s& la ngudn
nguyén liéu lignocellulose thai di dao cho sy phat trién ning
lwong sinh hoc ¢ Viét Nam hién tai va twong lai. Thanh phan
chinh ctia phé thai lignocellulose tir rimg c6 phé thai tir khai
thac rirng tu nhién va rung tr?)ng nhu ngon, canh, 13, phé liéu
g0, cay cong nghiép va cdy in qua,.... Phé thai lignocellulose
tor nong nghié¢p cling rat da dang. Mot ) ngu(“)n phé thai
lignocelulose chinh tir ndng nghi€p nhu rom ra, vo céc loai
hat, than cay mia, ngo, khoai mi, ... va cac loai béo, co. B?mg
phuong phap thu thap tai liéu, sb lidu tir cac bao cdo, nghién
ctru da co, sinh khdi lignocellulose thai ctia cac ngudn thai
chinh cia Viét Nam da duoc xac dinh va dugc trinh bay trong
Béang 1.

Bing 1. Sinh khéi lignocellulose tir phé thai néng nghiép, rimg va
cdy an qua tai Viét Nam [8,9]
Khdi lwong
(triéu tn
/nam
Romra 61,9
Tréu 5,6
Than 16i ng6 kho 4,8
Phé thai tir trdng mia 1,5
Ba mia 5,0
La va xo dua 5,8

Phan A

loai Nguon

Phé thai
nong
nghiép

Than cay mi 4,6
Rung ty nhién 6,8
Rumg trong 3,7

Phé thai
rung va
ciy an
qua

Dat khong rimg 3,9
Cay trong phan tan 6,1
Cay cong nghiép va dn qua 2,4
Phé lidu gb 1,6
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Tir nhitng ngudn thai chinh duoc liét ké & bang 1, hing
nam, téng luong lignocellulose thai ¢ Viét Nam rat 1om,
khoang 113,7 triéu tin/nim. Rom ra la ngudn thai
lignocellulose nhiéu nhat (54, 4%) vi san Xuét néng nghiép
chinh cta Viét Nam Ia trong Ita. Céc nguon thai
lignocellulose khéc tuy khong nhiéu nhur rom ra nhung ciing
rit dang ké (bang 1). Hon nira, ngudn nguyén lidu nay dugc
tai tao héng nam sau khi thu hoach mua vu. Do vay, véi
nguén phé thai lignocellulose ddi dao va duoc tai tao, Viét
Nam hoan toan c6 wu thé trong san xuat ethanol sinh hoc thé
h¢ hai.

2.2 Cong nghé san xuit ethanol tir lignocellulose
2.2.1 CAu tric lignocellulose

Lignocellulose 14 thanh phéan chinh cia thyc vat than gb
va cac thyc vat khac nhu co, laa, ngo... gém 3 hop phﬁn
chinh 1a cellulose, hemicellulose va lignin (hinh 1).

Cellulose 1a cac mach thing dai cta cac don vi glucose
lién két sép ngira v6i nhau bang lién két 1,4 B glucozit. Ngoai
ra, phin 16n cellulose c6 c4u truc tinh thé nén bén va c¢é tinh
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dan hdi. Do do, cellulose kho bi hoa tan trong nudc va mot
s6 dung méi [1,2,10,11].

Hemicellulose cling 1a cac dai phan tir nhung mach duoc
ciu tao tir cac duong ndm cacbon pentose va cac dudng sau
cacbon hexose. Tuy nhién, cac duong nam cacbon la chu
yeu Déi véi cac loai gd mém va cac loai ¢6, béo,..., phin
16n duong pentose trong hemicellulose 12 mannose, trong
khi d6 dbi véi gd cimg la duong nim xylose. Do mach
hemicellulose ngan hon va c¢6 ca mach nhanh nén so voi
cellulose thi hemicellulose d& bi thity phan hon [2].

Thanh phin thtr ba cua lignocellulose 14 lignin. Lignin 1a
mot polymer dang vong dugc tdng hop tir tién
phenylpropanoid, bao gdm p-coumaryl alcohol, coniferyl
alcohol and sinapyl alcohol. Lignin c6 cu tao phic tap va
chu triic vimg bén voi thanh phan cac polymer nay 14 khac
nhau gitra cac loai. Lignin c6 nhiém vu bao v¢ thanh phan
cellulose va hemicellulose cua lignocellulose. Do vay, lignin
rét kho bi phan hiy.
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Hinh 1. Cdu triic ciia sinh khoi lignocellulose.
Do céu trac bén viing cua lignocellulose (Hinh 1), viéc
san xut ethanol sinh hoc tir sinh khéi lignocellulose cin trai
qua cac giai doan chinh nhu Hinh 2.
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Hinh 2. Quy trinh san xudt ethanol tir lignocellulose.

2.2.2Tién xir Iy (pretreatment)

Vi ¢6 mang lignin bao boc xung quanh nén mudn thu
dugc cac loai duong cAu thanh cellulose va hemicellulose,
déu tién sinh khoi lignocellulose phai dugc loai bo chu trac
lignin, dwoc goi 14 giai doan tién xir 1y. Nguyén tic va uu
nhuogc dlem clia cac phuong phap tién xir 1y lignocellulose
dugc tom tit trong Bang 2.
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Bing 2. Cic phiong phdp tién xir Iy lignocellulose [12-14].

TA4c nhan Tic dong Uudiém  Nhwoc diém
Co hoc Dao, may Giam kich Tao sw ddng Tén ning
; nghién thude nhat vat liéu lugng
it tén nang
luong.
Sinh  Visinh vty ;4 Jignin bio e gy Hitu qui thip
hoc (nam muyc) bi Ton thoi gian
Khong tao ra
doc tb
Chiéu xa Tang kich
(chum thudc bé mit,
electron, tia  tang kich
gama, Vi thuée 16 Chua dugc nghién ciru nhiéu
song) Lam yéu céu
Dién truong  trac lignin va
(phong dién)  hemicellulose
Vatly Nhigt thiy ~ Loai b lignin Ap sudt thp va
: phan va mot phan xylan it bi that
(nudc nong)  hemicellulose thoat
Lam céu tric PI}én hay hiu
Néhoi (hoi  lignin va lﬁzrniceuulose
nuéce ap suat  hemicellulose  Pon gian Phén hity
= ongin
toan lignin
Téch chiét An mon thiét bi
bang kiém Thoi gian Hemicellulose
(Ca(OH),, ngén ciing bi phan
NaOH, Hiéu qua cao huy
NH,OH) Tao doc t6
i e e
(H:COs, HCI Thoi gian Hemlcc_sllulose
HNO; > ? ngén cling bi phan
H3PO; ) Hiéu qua cao huy .
H25043 Pha hity cau Tao doc to
trac tinh thé o A1 1A
lignocellulose Thg 1 glan Pl}an Rl
Phé hiycau [ean . bt
N6 ammonia  tric lignin va It Fao fi octo herAmce!lulose
hemicellulose Co the thu Phén huy
Hoa hoc hoi ammonia khong hoan
va lignin toan lignin
Bes el T Thoi gian Chi phi cao
g)l;tr;mgl;a ng_zim ) '[_'hich hop cho
héa u d’t) Hiéu qua cao llgnogellglose
It tao doctdo  co it lignin
Thoi gian
Dung méi ngan X 1s o 2
hiru co Hiéu qua cao De chiy, 1o
it tao doc t&
T g
Chitlong ion (it iy HiSuquicao 2LV
protic (PIL) j It tao doc to ha j
Cothé thy PR
W Bt hemicellulose

Co hoc 1a bién phap diu tién trong tién xv ly. Vat lidu
lignocellulose s& dugc ria loai bo tap chét va phoi khd (néu
can thiét). Tiép theo ching s€ dugc chat nho va nghién min
(0.1-2 mm hodc 16n hon) dé tao thuan loi cho su déng nhit,
tham nhap va bé giy mang lignin ctia cac bién phap tién xir
1y khac va thity phan. Do vdy, tién xtr 1y thuong gdm co hoc
két hop vai cac bién phap tién xir Iy khac.

Tién xtt 1y sinh hoc vat liéu lignocellulose 1a dung vi sinh
vit dé phan huy mang lignin bao quanh cellulose va
hemicellulose. Céc sinh vat thudng ding 14 cac ndm muc gb
nau, tréng vi ching thudong cé enzyme peroxidases va
laccase dé pha huy cau tric lignin & pH trung tinh trong méi
truong hiéu khi va yém khi. Day 1a phuong phap ré tién, than
thién v6i méi tredng. Do méi trrdng tién xir 1y sinh hoc trung
tinh va nhiét d§ thuong nén hemicellulose khong bi phan

hay, do d6 khéng gy ra su that thoat xylose. Ngoai ra, cic
dbc td ciing khong phat sinh. Tuy nhién, hidu qua khéng cao
va ton rat nhidu thoi gian [12,13].

Nhiét thuy phén, chiéu xa va nd hoi 1a cic phwong phap
tién xir 1y vat li 4p dung cho vat lidu lignocellulose. Ching
khong c6 nhidu hiéu qua viéc bé hdy cau trac lignin nhung
chung lam phong, yeu céu truc, tao thuan lgi cho sy thity
phan cac mach nguyén liéu cua giai doan ké tiép [12].

Tién xtt 1y hoa hoc thudng dung cac hoa chit nhu axit
(HzCO}, HC], HNO3, H3P04, H2SO4) hay bazo (Ca(OH)z,
NaOH, NH4OH), dung méi hay dung dich ion dé pha huy
cAu trac lignin. Uu diém cua cac phuong phap nay 1a hiéu
qué cao va it tn thoi gian. Tuy nhién, ching gy dn mon
thiét bi va gay that thoat hemicellulose (xylose) néu tach bo
hay rira hdn hop tién xtr 1y [14]. Ngoai ra, néu tiép theo giai
doan thuly phan bing enzyme duoc 4p dung thi vat liéu sau
khi tién xir 1y bing hoa chit phai dwoc didu chinh pH vé
khoang 4.5 - 5.0 trude khi thuy phan.

2.2.3 Thuy phéan lignocellulose (hydrolysis)

Thity phan 14 giai doan quan trong cho san xut ethanol tir
lignocellulose. Qua qué trinh thuy phén, cellulose va
hemicellulose giai phong ra cac duong don nhu glucose,
xylose,.... Hai phuong phap thity phan phd bién dwoc trinh
bay trong Bang 3.

Bing 3. Cac phwong phap thuy phan [2,10]

Phuong Uu diém Nhuoe diém
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Hiéu qué cao, chi phi thap An mon thiét b
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Enzym

Hemficellulose <
e - Ty
N - %
- > « 4 A :
lucose Mannose Galactosey | Nylose Arabinose, r

h.:néc@/m @/cno n ~

Hydrosymethyt furfural [HMF)] Furfural l

l H
'I'i Cic hop chit phenol
Hy

e N AN .-ll
| \DH H.f:/ \njH
Formic acid

=0

Levulinic ac o Acetic acid

Hinh 3. Sy hinh thanh cdc chét vre ché hoat dong vi sinh vat
tir lignocellulose.

M3i phuong phap thiy phin c6 wu nhuge diém riéng.
Phuong phap thuy phan héa hoc ¢6 wu thé hon thity phan
sinh hoc vi thudng cho hiéu qua thuy phan cao va thoi gian
ngin. Tuy nhién, vi moéi truong 1én men can pH hoi acid
(khoang 5) nén sé& phai didu chinh pH néu thity phan bing
acid. Tuy vay, co thé két hop véi tién xir Iy biang acid,
phwong phap nay goi 1a thity phan béng acid hai giai doan,
va acid hay dung 1a sulfuric. Phuong phap nay cho hi¢u qua
thity phan rét cao [15,16]. Tuy nhién, vi sy thiy phan bing
héa chét thuong xay ra trong diéu kién dac biét, nhiét do cao,
4p suat cao nén d& tao ra cac doc t6 hay chét kim ham nhu
furfural, hydroxymethyl furfural (HMF) va cac hop chét
phenol (Hinh 2 va 3), do vay, khir doc 1 giai doan tiép theo
can duoc tién hanh [15,16].

Thiy phén bing enzym dugc tién hanh bang cach thém
enzym thwong mai hay nudi cdy vi sinh vét dé tiét enzym cho
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su thiy phan cellulose va hemicellulose. Hé enzym cellulose
bao gdm (1) Endo-1,4-B-glucanases (EG), (2) Exo-1,4-B-
glucanases or cellobiohydrolases (CBH) and (3) B-
glucosidases (EC) [15]. Hé enzyme phéan hiuly hemicellulose
bao gdm endo-1,4- P-xylanase (endoxylanase), 1,4-B-
xylosidase, a-Larabinofuranosidase, a-4-O-methyl-D-
glucuronidase, acetyl xylan esterase, ferulic acid esterase and
p-coumaric acid esterase, acetyl-4-Omethylglucuronoxylan
[18]. Chirc niing va hoat dong ciia cic enzyme nay duoc thé
hién 6 Hinh 4 va 5.
Crystalline region Amorphous region

v r
Cellulose

Pretreatment
Reactive region
A

Cellulose tign x{ ly

l Endoglucanases

Tao dirt gy chudi

l Exoglucanases

* Glucose - Cellobiose
Tao cellobiose

va oligomers

l B -glucosidase

Tao glucose

Hinh 4. Hoat dong ciia cac enzyme cellulose (phong theo [17])
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| (]
vV o

OO
o T

| Feruloyl esterase
O D-Xylose @ Ferulic acid
@ L-Arabinose 0 D-Galactose
Q 4-Methyl-D- Y Acetyl group

galacturonic acid

Hinh 5. Hoat dong cua cdc enzym hemicellulose
(phong theo [18])
Sau qué trinh thity phén, khéi lugng cac duong thu duoc
tir quaé trinh 1én men nhu sau:
1. Tu pentan/xylan thanh duong pentose/xylose

nCsHsO4 + nH20 — 1 CsHio0s
n132DVC! n18DBVC nl150bVC
(1 gam) (0.136 gam)  (1.136 gam)
2. Tu hexan/glucan thanh hexose/glucose
nC¢Hi00Os + nH0 — nCeHi206
n162DBVC nl18DVC n 180 bVC
(1 gam) (0.111 gam)  (1.111 gam)

' Pon vi cacbon.
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2.2.4 Giai doan khwr doc (detoxification)

Vi sy hinh thanh cac chét kim him vi sinh vat trong qué
trinh tién xir Iy va thuy phan (thwong bang phuong phap hoa
hoc), budc khir doc dugce tién hanh dé loai bo cac doc t6 nay.
Péu tién, san pham thuy phin dwoc trung hoa, sau d6 cac doc
chét thuong dugc loai bo bang co ché hip phu. Bay hoi va
hat chan khéng céc chit doc hiru co dé bay hoi ciing dugc ap
dung, tuy nhién, néng d6 mot sd doc chit khong bay hoi cling
ting. Do vdy, can phai xem xét khi 4p dung bién phap khir
dbc. Ngoai ra, khir déc bang cach kiém héa san phim thuy
phan khi thily phan bang acid ciing duoc tién hanh. Nguyén
téc ciia phrrong phap nay 1a cac doc t6 hay chat kiém ham s&
lang ty lai, tach ra khoi hdn hop thity phan. Loai trir doc tb
béng vi sinh vt ciing dwoc xem 1 mot giai phap tiém ning.
Tuy nhién, giai phap nay chua duoc 4p dung nhidu vi chua
¢6 vi sinh vt loai bo cac chat e ché mot cach hiéu qua [2].

Viéc khir doc khong nhirng ton chi phi ma phwong phap
nao ciing lam that thoat mot lugng cac duong khi loai bo doc
chat nén cin phai cin nhéc c6 nén tién hanh khir doc hay
khéng. Vi vay, liwa chon phuong phap tién xtr 1y, thuy phan
it tao ra chit can tré, it 1am that thoat cac loai duong la diéu
quan trong trong san xudt ethanol tir lignocellulose. Ngoai
ra, lya chon céc ching vi sinh vat 1én men c¢6 strc chéng chiu
cao v&i doc t& va cac chét can tro 13 xu huéng hién nay dé
cong nghiép hoa quy trinh san xuat ethanol tir lignocellulose.

2.2.5Lén men duong (fermentation)

Lén men duong 1a qua trinh sinh hoc trong d6 cac duong
nhu glucose, xylose c6 thé duoc bién dbi thanh ning lugng
cho hoat dong t& bao va cac san pham cua qua trinh trao ddi
chat nhur ethanol, cacbondioxit CO, va cic san pham phy nhur
glycerol tir glucose hay san phim trung gian xylitol tir
xylose.

Lwong ethanol 1y thuyét duge tao ra 14 0.511 gam/gam cé
duong nam (xylose) va duong sau cacbon (glucose). Nhu
vay, lugng ethanol tao ra tir xylan va glucan lan lugt 1 0,58

va 0.57 gam/gam.
Xylose: 3 CsH100s — 5CHsOH + 5CO2
3x 150 bVC 5x46bDVC  5x44DVC
(1 gam) (0.511 gam) (0.489 gam)
Glucose: CeHi206 — 2 C:HsOH + 2CO2
180 bVC 2x46 BVC 2x44DBVC
(1 gam) (0.511 gam) (0.489 gam)
Bing 4. Cic kiéu Ién men ethanol tir lignocellulose phé bién [17].
Kiéu 1én men Uu diém Nhuge diém
T,huy p}l an va 1én men Quy trinh phurc
tach biét - Separate oA £
. Hiéu suatcao  tap
Hydrolysis and Chi phi cao
Fermentation (SHF) p
T?uy pl}atn va 1én men Quy trinh don THen sust thip)
dong thoi-Simultaneous gian ) Kkho 4p dung khi
Saccharification and Chi phi thap tai lu:(l))n .légn
Fermentaion (SSF) hon SHF ong
Quy trinh don o
S o gian nhat Hiéu suat thap,
Quytrinhsinhhochop  “cp; piingy  chua tim duge vi
nhat - Consolidated £ " s AR .
Eiapssasing () nhat sinh vat hi¢u qua
P & Than thién khi tai lwong 16n.
moi trudng
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Dé 1én men ethanol tir lignocellulose, nhidu ki_éu 1én men
duoc nghién ctru va 4p dung. Tuy nhién, ba kiéu 1én men
thuong duoc ap dung dugc tom tit trong Bang 4.

Thity phan vé 1én men tach biét 1a kiéu 1én men dau tién
trong san xuét ethanol tir lignocellulose. Trong d6 qua trinh
thiy phan va 1én men dugc van hanh ¢ nhitng diéu kién thuan
loi nén hiéu suét cua ca hai qua trinh déu cao. Néu qua trinh
thiy phan tao ra nhiéu doc té thi khtr doc co thé duoc tién
hanh truée khi cdy vi sinh vt dé 1én men (hinh 6) [16].

T'ac nhan

; - Vi sinh vt
thiy phan ¥

lén men

lllJ ]

““:E \l———b Fermofuatinn|

Vit liéu

dwoc tién

xur by

it
Hinh 6. Kiéu thity phdn va lén men tach biét.

Khéc voi thuy phan va 1én men tach biét 1a thiy phan va
1én men ddng thoi, trong d6 thity phan va 1én men duoc thuc
hién cung liic trong ciing mét thiét bi. Do d6, qua trinh thiry
phan & day thuong la thuy phan bing enzym thuong mai va
enzyme dugc dua vao thiét bi khi céy vi sinh vat dé 1én men
(hinh 7). Do thily phan bing enzyme va ca hai qua trinh thity
phan va enzyme khong dién ra & nhitng diéu kién t8i wu nén
hiéu suét thip va ton thoi gian hon thuy phén va 1én men tach
bigt [16].

Téc nhin Vi sinh vat
[ thity phéin 1én men
Vit licu Hydrglysis
<k —_— e :
duoc tien {Fermefitation
xu v

Hinh 7. Quy trinh thity phdn va lén men dong thoi.

Quy trinh san xudt ethanol tir lignocellulose thu hut nhidu
quan tAm gan ddy 1a qué trinh sinh hoc hop nhét. Pay la quy
trinh ¢ chi phi thip, than thién véi méi trudng vi cac qua
trinh di&n ra trong ciing mét thiét bi va chi ding vi sinh vét
dé thyc hién cac qua trinh nay (hinh 8). Tuy nhién, vi dam
nhiém nhiéu nhiém vu cung liuc nén hiu nhu chua c6 mot vi
sinh vét nio c6 thé dap tmg mot cach hidu qué cac cong viée
clia quy trinh sinh hoc hop nhit. Mic du vay, day 1a xu huéng
déy trién vong cua trong lai [16].

Vi sinh vat vira thily phan
va ]én men microorganisms

H\'Il
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Hinh 8. Quy trinh sinh h_oc h_op nhat.
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2.2.6 Vi sinh vat cho san xuét ethanol tir lignocellulose

Trong san xuit ethanol tir lignocellulose, vi sinh vat ding
cac enzyme tu téng hop dé thyc hién viée tién xir ly, phan
huy cellulose, hemicellulose hay 1én men cac duong. Enzym
thiy phan thuong dugc thu tir cac loai nim soi nhu

Trichoderma reesei hay Aspergilus niger hodc ca hai, tir vi
khuén nhu Clostridium thermocellum va nhiéu loai khéc.
Viéc thiy phan cellulose va hemicellulose cansu hop luc cta
nhiéu loai enzyme [10]. Cac enzym nay co thé tach chiét
riéng va dua vao thiét bi thay phan hay dugc dung truc tlep
tir sy diéu tiét enzym ciia cic ndm thuy phan dugc nu01 cay
trong thiét bi. Trong kiéu 1én men dong thoi, cac ndm nay
con ¢o thé nudi cdy ghép cung lic véi cac vi sinh vat 1én
men.

Do xylan d& dang bi thuly phan, bi mét trong qua trinh tién
xir ly, hon nita vi sinh vt rat khé st dung xylose nén trudc
déy cong nghé san xuit ethanol tir lignocellulose chi yéu la
tir glucose. Do d6, vi sinh vat thuong duoc nudi cdy 1a cac
chiing Saccharomyce cerevisiae, Zymomonas mobilis,... vGi
hiéu suét ethanol va ngudng ethanol cao [10]. Tuy nhién,
ngdy nay dé nang cao hiéu qud san xuét ethanol tir
lignocellulose va nang tinh canh tranh cta ethanol sinh hoc
tir lignocellulose v6i cac ngudn nguyén lidu khac, sy 1én men
xylose ddng thoi v6i glucose duge quan tim. Do vay, tién xir
1y khong nén dugc tién hanh hoic phai duoc di lién voi thity
phan (khong tach rira vat liéu sau tién xir 1y). Ngoai ra, khir
ddc ciing khong nén tién hanh dé tranh that thoat duong dugc
thity phan. Do d6, vi sinh v4t thuong 13 nhiing gidng c6 stc
chbng chiu véi cac chit trc ché cao. Va hon hét, vi sinh vat
1én men phai c6 kha nang tao ethanol tir cac dudong nam
cacbon nhu xylose cung luc v6i glucose. Mot sé vi sinh vt
¢6 kha ning len men ethanol tir xylose dugc biét dén thoi
gian qua nhu Candida shehatae, Pichia stipites,...nhung
hiéu qua san xuét ethanol van con thip [10]. D& 1én men déng
thoi hay vira thuy phén, vira 1én men, c4c vi sinh vét c6 thé
cung nudi cdy dé thuc hién dong thoi cac nhiém vu. Ngoai
ra, cong nghé bién ddi gen vi sinh vt duge quan tim nhleu
gin day dé tai ra cac vi sinh vét o cac dac tinh mong mubn
cho qué trinh san xuét ethanol sinh hoc tir lignocellulose. Tuy
hién tai, quy trinh san xuét ethanol hop nhit CBP con nhiéu
han ché v& vi sinh vat nhung day s& 1a nhitng huéng di ddy
htra hen cho san xuit ethanol tir lignocellulose.

2.2.7 Mt s6 nghién ciru san xuét ethanol sinh hoc tir phé
thai lignocellulose & Viét Nam

Trudc xu hudng phat trién ethanol sinh hoc thé hé thur hai,
Viét Nam ciling da c6 mot sb du an va nghién ciru san xuét
ethanol rat kha quan. Ttr nam 2009 dén 2014, duoc sy hd tro
vé& cong nghé va tai chinh ctia Co quan hop tac qubc té Nhat
Ban (JICA), Pai hoc Bach Khoa Thanh phé Hb Chi Minh di
Kkét hop Vién Khoa hoc Cong nghé - Pai hoc Tokyo trién
khai dy an “Két hop bén vitng nén néng nghiép dia phirong
Vv6i cong nghiép ché bién biomass”. Bang phuong phap nd
hoi cho tién xi 1y, dung enzyme dé thuy phan trude khi 1én
men, tir rom ra d3 tao ra ethanol sinh hoc v&i hiéu suét dat
5% (150-180 kg rom ra twoi s& cho 20 lit cdn 97%, twong
duong 0,12 lit cdn/kg rom ra tuoi) [19]. Mot nghién ctru khac
véi nguyén liéu 1a than cdy ngd, Nguyén Xuan Cu va cong
sw di tién hanh tién xir Iy bing acid sulfuric, thiy phan bang
vi sinh vat truée khi 1én men dé tao ra 0,33 lit cf)n/kg than
ngod khé [20]. Ngoai ra, con cé rat nhiéu cac nghién ctru
chuyén sau vé tién xir 1y, thity phan hay 1én men khéc.

3. KET LUAN

Véi ngudn nguyén liéu doi dao tai chd (113,7 tridu
tén/ném), Viét Nam ¢6 wu thé dé san xuét ethanol sinh hoc
thé hé hai tir ngudn lignocellulose thai. Pay 1a huéng di co
tinh khoa hoc va thyec tién cao, c6 y nghia vé mat méi trudng,
nang lwong va ting loi ich san xuét cho néng, 14m nghiép.
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Tuy nhién, dé trién khai duoc qua trinh san xuit nay, rit cin
su tiép can, nghién ciru sau vé céng nghé ciing nhu s hd tro,
dinh hudng ctia chinh phii trong san xuét va tiéu dung ethanol
sinh hoc thé hé hai.

4. CAM ON

Téac gia xin cam on co quan hop tac qudc t& Nhat Ban
(JICA), vién Cong nghé Tokyo, Nhat Ban, Truong K¥ thuat
Diliman — DPai hoc Philipin, Philipin va Truong Pai hoc Lac
Hdng di tao didu kién vé thoi gian, tai chinh dé tic gia chinh
¢6 thé hoc tap, tiép can hudng nghién ciru nay.
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