KET QUA NGHIEN CUU VA UNG DUNG

XU LY PHAN BUN BE TU HOAI
BANG PHUONG PHAP PHAN HUY KY KHI,
THU HOI BIOGAS

Nguyén Phwong Thao', Nguyén Viét Anh *

Tém tat: Céc tac gia da thuc hién mot sé thi nghiém phan hiy ky khi theo mé trong phong thi nghiém & ché
dé 1én men néng dé danh gié kha nang xtr Iy phan bun bé tw hoai bang phuong phép 1én men ky khi. Két
qué nghién ctru cho thay véi ty Ié phéi trén bun bé tw hoai va chét thai thuc pham la 1:1 theo COD, tuong
g 9:1 theo thé tich cho hiéu suét sinh khi metan cao, 72-80% va luwong khi metan sinh ra (Nml/gCOD)
cao hon 1,3 - 1,4 14n so véi xcily riéng bun bé tu hoai. Két qua nghién ctiu cho thdy huéng xir Iy két hop bun
bé tir hoai va chat thai thuc pham la huéng di kha thi, khéng chi xir ly duwoc chat thai ma con thu héi duoc
nang lrgng khi biogas.

Tirkhéa: Bun bé twhoai: thu hbi biogas; xt¢ly ky khi.

Summary: The authors have made a number of batch experiments in laboratory to assess the ability of
thermophilic fermentation of septic tank sludge. The results showed that with the mixing ratio of septic tank
sludge and food waste 1:1 by COD values, 9:1 by volume respectively, high methane gas concentration
(72-80%) and more methane gas were yielded (Nml/gCOD) (1,3-1,4 times higher than that produced via
anaerobic digestion of septic tank sludge only). The study results show that anaerobic co-digestion of
septic tank sludge and food waste has a potential application, not only for waste treatment but also for
biogas-based energy recovery.

Keywords: Anaerobic co-digestion; biogas recovery; septic tank sludge.
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(® 1.patvanadé

Hang ngay, mét lwgng lén bun bé tw hoai phat sinh tai cac dé thi. Chitinh rieng Ha Noi, lwong bun bé
tw hoai can dwoc hat, van chuyén va xi ly khoang 500 m*/ngay [9]. Hién nay, bun bé tw hoai chli yéu dwoc
xa thang ra hé théng thoat nwdc hodc ra bai chén lap, gay & nhiém méi tréng. Trong khi dé, bun bé tw hoai
chira ham lwgng chat hivu co va dinh dwéng cao. Néu loai chat thai nay co thé dwoc phan hiy ky khi, sé cho
phép thu héi dwoc khi sinh hoc (biogas) dé san xuat dién nang va nhiétnang.

Trén thyc té, da co nhiéu cdng nghé dwoc ap dung dé x( Iy bun bé tw hoai, nhw san phoi bun, bailoc
trdng cay, 6n dinh ky khi, 6n dinh hiéu khi, i compost hoac két hop cac loai trén. X ly bun bé ty hoai trong
diéu kién ky khi c6 nhiéu wu diém, nhu tao ra san pham la khi biogas, phuc vu cho sén xuét dién nang hodc
nhiét nang va phan bén cho cay tréng. Tuy nhién, bun bé tw hoai kho x( ly riéng bang phuwong phéap ky khi,
do trong buin bé ty hoai chira ham lwgng nito amoni cao, ty 1& C/N thap, khéng thich hep cho qua trinh x(r ly
ky khi. Nghién ctru nay xem xét giai phap phdi trén bun bé tu hoai véi ngudn chét thai giau cac bon hivu co'1a
chét thai thuc phdm, nham tang cwdng hiéu suét phan hiy ky khi, thu hdi khi metan. Chét thai thuwe pham
dwoc nghién clru la thive &n thira. Loai chét thai nay thwdng bao gdm cong rau thiva, thit, ca trieng, com, ...
¢6 kha ndng phan huy sinh hoc cao. Chét thai thyc phadm thuéng chiém ty 18 9% trong thanh phan chat thai
ran dd thi va chiém 20% chét thai ran hiru co [11]. Tai Viét Nam, chat thai thwe pham chiém ty 1& 20 - 30%
trong thanh phan rac thai sinh hoat sinh hoat hd gia dinh [2]. Tai cac lang nghé ché bién lvong thuc, thue
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pham, ty 1& nay |&n t&i 46% [3)]. Do bun sau phan hiy co thé dwoc st dung lam phan bén, ché dé 1én men ky
khi lya chon la ché d6 1én men néng (55°C), cho phép nang cao hiéu suat sinh metan va tiéu diét mam bénh
cétrong bun.

2. Mo tathinghiém

Thi nghiém dwoc thwe hién tai Vién Khoa hoc va Ky thuat Moéi trwdng, Trwdng Pai hoc Xay dung.
Nguyén liéu thi nghiém |a bun bé ty hoai va chét thai thuc phdm (Bang 1). Bun bé tw hoai dwgc thu gom tir
cac bé tw hoai gia dinh trén dia ban Ha Nai. Két qua phan tich thanh phan, tinh chéat ctia 13 mau bun bé tw
hoai l4y tai khu vue Ha Néi cho thay gia tri COD dao déng tir 12.600 dén 79.500 mg/l, VS tlr 2.860 dén
22.400mg/l, ty 1& VS/TS dao ddng tir 63 dén 82%. Diéu nay chirng té bun bé ty hoai cé kha nang phan hay
bang phwong phap sinh hoc. Két qua nghién ctru nay twong dong véi cac két qua nghién ciru khac vé thanh
phén, tinh ch&t clia bun bé tw hoai [10]. Twong tw, chét thai thie phdm dwoc thu gom tir cac nha hang thude
khu vire quan Hai Ba Trwwng, Ha Noi, co gia trf COD cao, trong khoang 135.000 - 241.000 mgl/l.

Bun bé tw hoai va chét thai thwe phdm duoc trén véi bun co chét, giau vi khuén sinh metan da dugc
nudi cdy & 55°C tir trudc, theo ty 1& trong Bang 2. Thi nghiém dwoc thue hién theo mé, véi 2 hé, méi hé gém
6 binh tam giac c6 dung tich 500ml, dwoc bit kin, phia trén c6 dwdng 6ng thu khi, Cac binh dwoc dat trong
hé &n nhiét & nhiét dd 55°C, dwoc khudy trén bang khudy tiv. Khi sinh ra tir méi binh dwec thu qua dng dan
silicon, qua xy lanh nhya chira soda khd dé hap thy, loai bé CO, va dan vao cac éng xy lanh nhya dé do
lwgng khi metan sinh ra (xac dinh bang cach hat khi ra khéi xy lanh, tao chan khéng va danh dau myc nwéc
dang I&n trong xy lanh, sau dé do thé tich khi choan chd lam muc nwéc trong xy lanh tut xuéng sau méi
ngay) (Hinh 1).

Thanh phén, tinh chat cla nguyén liéu nap
vao thi nghiém dwoc trinh bay trong Bang 1. Méi
dot thi nghiém (mé 1 va 2) dwoc thyc hién voi 6
binh phan tng. Mét binh chira mau ddi chirng, véi
500ml biin co chat. Nam binh khac, mdi binh chira
400ml bun co chatva 100ml hdn hop bun bé tw hoai
va chat thai thuwe pham, dwoc phbi trdn véi ty 18
khac nhau, twong &ng la 1,2:0, 1:1, 1:10; 1:100,
0:1,2 theo COD, hay 10:0, 9:1; 1:1; 1:9; 0:10 theo
thé tich (Bang 2 va 3). Thi nghiém v&i cac ty 1& phbi
trén khac nhau sé cho biét anh huéng cla tai trong _
hiru co, ty 1& F/M, méi trudng trong bé phan (rng, ' {

o
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vai tro clia viéc x(r Iy ket hop cac nguyén ligu khac  punp 5 w16 hink thi nghiem phén hiy ky khi theo mé & 55°C
nhau so v&i x ly riéng biét. Viéc Iya chon ty |& phoi

trén chi yéu dwa vao két qua phan tich mau bun va chét thai thwe phdm, dam bao ty 1& F/M va ty 1& C/N/P
pht hop. Ham lwgng axit béo dé bay hoi (VFA), san pham trung gian sinh ra trong qua trinh phan hay ky khi,
la théng sb cé anh hudng rd rét dén hoat déng cla hé vi sinh vat trong bé phan (rng. Luwong VFA khéng
dwoc vwot qua 1000 mg/l. Dé kiém soat dwgc VFA, nén khéng ché lwong F/M trong gidihan 0,1-0,5. Ty 1é
F/M trong thi nghiém la 0,3 (xem céng thirc (1). Ty 1& phdi tron trén cho phép kiém soat dwgc pH va ham
lwong VFAdé hé hoat déng ondinh [2][13]. Tai lwgng COD nap vao cac binh thi nghiém trong mdi mé dwoc
trinh bay trong Bang 4.

Bang 1. Thanh phén, tinh chét clia nguyén liéu nap vao thi nghiém

— Gia trj COD (mg/l) D6 am (%)
N 1
i Mé 1 Mé 2 & 1 Mé 2

Bun co chat 9.600 6.900 99,0 98,7
Bun bé tw hoai 12.600 16.100 99,7 Sis ki)
Chéat thai thuc pham 135.000 172.000 88,2 88,5

Cong thire xac dinh ty 1& F/M:

F/M = (Vbun bé tu hoai X CODh‘un bé tiy hoai +

Vchél thai thie pham X CODcnét thai thiec phém) ! (Vern co chat X CODnun co chz‘n) (1 )
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Bang 2. Ty Ié phdi tron Bun bé tw hoai: Chét thai thuc phdm nap véo hé thi nghiém Jan 1

Ché do 1én men Ty Ié phéi tron (Bun bé tw hoai: Chét thai thwe pham
Ty 1& phéi trén theo COD (g) | Dbi chirng 1,2:0 1:1 1:10 1:100 0:1,2
Ty |& phoi trdn theo thé tich | Béi chirng 10:0 9:1 1:1 1:9 0:10
Baéng 3. Ty I& phoi trén bun bé tw hoai: chét thai thue phdm nap vao hé thi nghiém lan 2
Ché db 1én men Ty 1& phéi tron (Bun bé tw hoai: Chét thai thwc pham)

Ty 1& phéi tron theo COD (g) | Bi chirng 0.8:0 1:1 1:10 1:100 0:0.8
Ty |& phéi tron theo thé tich | Dbi chivng 10:00 9:1 T 1:9 0:10
Béng 4. Tai lvong COD nap vao hé thi nghiém 1&n 1 va l&n 2
Mé Pon vi Ty I8 phéi trén theo thé tich (Bun bé tw hoai: Chat thai thwe pham)

* | Béiching 10:00 9:1 1:1 1:9 0:10
Mé 1 g/l 9.6 10.2 16.3 49.0 106.6 119.8
Me 2 gll 6.9 8.7 11.5 456 90.1 101.4

(@ 3.Kétquavathaoluan

Lweng khi metan sinh ra hang ngay va lwong khi metan tich Ity theo ngay ctia cac thi nghiém (mé 1
va 2) dugc thé hién trong ng trong Hinh 2 va Hinh 3. Véi cac ty 1& phéi trén bun bé tw hoai: Chét thai thue
pham twong ting la 10:0, 9:1, 1:1, 1:9, 0:10, so sanh vé&i mau dbi chirng chi céd bun co chét, két quéa biéu dd
sinh metan (Hinh 2) cho thay mau chi cé bun bé tw hoai (ty 1& 10:0 theo thé tich) cho lwgng khi metan thap
nhét. Khi lwong chat thai thuc phdm trong hén ho'p bun: Chét thai thwe phdm tang lén, lwong khi metan sinh
ra tang dan theo cac ty 1& 9:1, 1:1, 1:9. Tuy nhién, v&i ty 1& bun bé tw hoai: Chéat thai thwe phdm twong Gng
0:10, lwong khi metan sinh ra it hon so véi ty 18 1:9. Nguyén nhan do khéng ¢d méi trieérng dém |a bun bé tw
hoai, khi lwong thirc an thira nhiéu, qua trinh |&n men axit dién ra manh. Trong giai doan axit héa, pH cula
mai trwdrng bj giam do s hinh thanh axit béo dé bay hoi (VFAs) va cac hgp chat trung gian cé tinh axit. Cac
chiing vi khuan tao metan chi phat trién thuan lgi trong maéi tredng trung tinh pH = 6,8 - 7,2. Vi vay, chiing sé
tré nén kém hoat ddng khi lwgng axit sinh ra dw thira so véi lvgng tiéu thu cha bé phan trng tao thanh
metan, déng nghia v&i ndng dé VFA cao (hién twong chua trong bé ky khi). D& khéc phuc tinh trang trén,
can tao ra thé can bang gilra hai qua trinh axit hoa va metan héa, bang cach thic day hoat tinh cta vi sinh
vat metan hoa va duy tri méi treéng dém hop ly.
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Hinh 2. Lurgng khi metan sinh ra hang ngay Hinh 3. Lurong khi metan tich Idy theo thoi gian
& mé thi nghiém 1 & mé thi nghiém 1

Thi nghiém theo mé Ian 2 dwoc tién hanh I&p lai, twong tw nhw thi nghiém theo mé 1an 1, véicacty 1&
phditrén blin bé tw hoai : Chét thai thire pham twong teng theo thé tich : Mau déi chirng (0:0), 10:0, 9:1, 1:1,
1:9, 0:10. Lwong khi metan sinh ra hang ngay va luwgng khi metan tich Iy dwgc thé hién trong Hinh 4, Hinh
5. Twong tw nhw mé 1, két qua thi nghiém cho thay lwgng khi metan sinh ra tang dan theo cacty 18 9:1, 1:1,
1:9 s0 v&i mau chi cé bun bé ty hoai (ty 1& 10:0) (Hinh 4). Tuy nhién, véi ty 1& bun bé tw hoai: Chéat thai thuc
pham twong (rng 0:10, lrgng khi metan sinh ra ithon ty 1& 1:9 do thiéu méi trudng dém 14 bun bé tw hoai.
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Hinh 4. Luong khi metan sinh ra hang ngay Hinh 5. Lwong khi metan tich Iy theo thoi gian

& mé thi nghiém 2 & mé thi nghiém 2

Hiéu suat sinh khi metan dwoc xac dinh dwa vao két qua phan tich gia try CODvao, CODrava thé tich
khi metan do dwoc. Hiéu suét ctia qua trinh chuyén héa chat hivu co (tinh theo COD) thanh khi metan dwoc
tinh voi gia thiét hiéu suét sé dat 100% néu toan bd lwgng COD nap liéu vao bé, mét phan tao ra lwgng sinh
khdi vi sinh vat sinh axit va métan, phan con lai dwoc chuyén hoa hoan toan sinh metan. Hiéu suét sinh
metan duwoctinh theo céng thirc sau:

COD,.,
n=—— S 100,% )
cob,,, -CoD,,

trong d6 VCH, laténg lwgng khi metan sinh ra tir thi nghiém (ml); CODloai bé 1a lwgng COD bjloai bé (g).

coD,,, —COD
6D, . 0D, ~COD, =

loaiba
mauthinghiém

trong d6 Vs, i sgnen 12 thé tich mau thi nghiém (ml); COD,,,, 1a lwong COD duoc chuyén héa thanh CH, (g);
COD,,, la téng lwgng COD nap liéu vao binh thi nghiém, (g); COD,, 1a lwgng COD ctia bun con lai trong bé
khi két thiic thi nghiém (g); va 1g COD sinh ra 350ml khi CH,.

Két qua thi nghiém cho thay hiéu suét sinh khi metan & ché d6 1én men néng cao nhat véi ty 1& phoi
trén bun bé tw hoai: Chét thai thirc pham twong rng theo COD 1:1 hay ty 1& thé tich 9:1. Hiéu suét sinh
metan khi dé dat 72 - 79% (Hinh 6). Lwgng khi metan sinh ra (Nml/gCOD) cao hon 1,3 - 1,4 1&n so v&i x@ Iy
rieng buin bé ty hoai (Hinh 7). Néu chi xt ly biin bé tu hoai riéng (ty 1& 10:0 theo thé tich), lwgng khi metan
sinh ra rat thap, do buin bé tw hoai da twong d6i 6n dinh va méi truwérng khéng thuan lgi cho phan hiy ky khi
(C/N thap, amoni cao [4]). Khi lwgng thirc an thira tang 1&n, twong (ng ty 1& phéi tron theo thé tich 1:1, 1:9,
0:10, hiéu suét sinh khi metan giam, twong ty nhw két qua thu dwoc tlr mé thi nghiém 1.
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Hinh 6. Hiéu suét sinh khi metan ttr 2 mé thi nghiém Hinh 5. Lurong khi metan sinh ra tir 2 mé thi nghiém

Dua vao tailwong COD, ta xac dinh dwgc kha nang sinh nang lugng (dién va nhiét) tir khi biogas thu
dwoc tir qua trinh phan hady ky khi bin bé tu hoai va chét thai thuwe phdm (Bang 5). Cir 1g COD bi loai bd sé&
tao thanh 0,35 NI khi metan & diéu kién tiéu chudn [4]. Cac tinh toan duoc thue hién véi gia tri COD cla bun
bé ty hoai trung binh 25.283 mg/l; COD chét thai thwe phdm trung binh 186.152 mg/l.
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Bang 5. Tiém néng sinh ndng luong (kWh/Tén chét thai)

Biin bé tw hoai Chét thai thwe phdm
Tiem néng sinh néng lugng Gia tri TB Gia tri TB

Kha néng sinh khi metan (Nm’CH,/tAn chét thai) 8,8 65,8

Tiém néng sinh nang lwong (MJ/ tAn chét thai) 277 2.070

Tiém nang sinh dién (kKWh/ tn chét thai) 30 230

Tiém nang sinh nhiét (MJ/ tAn chét thai) 139 1035

Tiém nang sinh nhiét (kWh/ tan chét thai) 38 288

Nang Iu:g'ng t!ién nang cén cung cap xa Iy ky khi 50 50

(KWh/ tAn chét thai)

Chuthich: 1m’ CH,= 31,46 MJ; 1MJ = 0,278 kWh [6]; Hiéu suat sén xuat dién: 40% [6]; Hiéu suét sinh nhiét:
50% [6]; Tiém nang sinh dién( kWh/tan) = Tiém nang sinh ndng luong x 0,278 x 40%; Tiém néng sinh nhiét
(MJ/tan) = Tiém nang sinh ndng lvong x 50%.

Bang 5 cho thay: ti&m ning sinh dién trung binh clia chat thai thwe phdm 230 kWh/tan chét thai, cao
hon so véi bun bé tw hoai 30 kWh/tan chat thai. Twong tw, tiEm néng sinh nhiét trung binh clia chét thai thic
pham cao nhatla 288 kWh/tan chét thai, cao hon so véi bln bé tw hoai 38 kWh/tan chat thai.

Hinh 8 trinh bay so' d6 nguyén Iy x( Iy ky khi két hgp bun bé ty hoai va chat thai thyc pham trong khu
dd thi, véi nhiéu muc dich: xtr ly dwoc chat thai, kiém soat & nhiém, tao ra nang lwong dién nang va nhiét
nang phuc vu cho van hanh tram x( ly va cho cac muc dich khac.

M Bun wét Bun kho
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Hinh 8. So dé nguyén Iy thu héi ndng lwong nhiét va dién tir qua trinh x Iy ky khi
két hop bun bé tw hoai va chét thai thue phdm

(®, 4.kétluanvakiénnghi
X0 Iy két hop bun bé tw hoai va chét thai thire pham cho phép hién thuc hda dwoc viéc xir ly cac loai
chat thai nay bang phwong phap phan hady sinh hoc ky khi. Két qua nghién ciru cho thay ty 1& phdi trén bun
bé tu hoai: chét thai thuwe phdm 1:1 theo COD, hay 9:1 theo thé tich cho hiéu suét sinh khi metan cao nhét,
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dat 72 - 79%. Hwéng xt ly két hop bun bé tw hoai va chét thai thue phdm cé nhiéu hira hen 4p dung & cac
do thi Viet Nam, véi nhiéu loi ich: xi ly dwoc chatthai, phat huy hiéu qua khai thac cac cong trinh ha téng ky
thuat, cho phép thu hdi dwoc nang lwong nhiét, dién tlr khi biogas, phuc trong qua trinh van hanh ban than
tram x& ly va cac muc dich khac.

Ky hiéu va tlr viét tat

C: Cacbon; N: Nito'; C/N: Ty 1& Cacbon: Nito; VS: Chét rén bay hoi; VS/TS: Ty & giiva chat rdn bay
hoi va téng chét ran; F/M: Ty I& thirc an/vi sinh; VFA: Ham lwgng axit béo bay hoi; Nml: Lwgng khi do (ml) &
diéu kién tiéu chuan; NI: Luwgng khi do (lit) & diéu kién tiéu chuan; Nm’: Lwong khi do (m’) & diéu kién tiéu
chuan; Bun co chat: Bun chira ngudn vi sinh vat phan hay ky khi, sinh metan.

Tailiéutham khao

1. Nguyén Viét Anh, Wagner M, Yasui H, Prehn D (2011), “X& Iy chét thai va thu héi tai nguyén - giai phap
bén virng cho cac dé thi Viét Nam”, Bao cdo Héi thdo, Trwdng DH Xay dung - Trwéng BH Téng hop
Darmstadt (Blre) - Treerng DH Téng hop Kitakyushu (Nhat Ban) - Céng ty Méi trwéng Dé thi Ha Nbi - T
chire GIZ (Bre), Ha Noi.

2.Nguyén Van Phudc (2009), Gido trinh quan ly va xirly chat thai ran, NXB Xay dung.

3. Dan - Tam (2014), “Khai niém quan ly rac va nwéc thai tbng hop cho cac lang nghé & Viét Nam. Huéng
tiép can va kinh nghiém ctia duw an INHAND”, Héi thdo Nghién ciru vé nuéc va phat trién bén viing trong hop
tac khoa hoc va céng nghé Viét Nam - CHLB Dutrc, Ha Noi.

4. Bitton G (1999), Wastewater microbiology, John Wiley & Sons, New York.

5. Creating a Recycling - Based Community, http: //kururun.jp.

6. Dieter D, Angelika S (2008), Biogas from Waster and renewable Resources.

7. Hartmann, H. and Ahring, B.K (2005), “Anaerobic digestion of the organic fraction of municipal solid
waste: influence of co-digestion with manure”. Water research, Vol. 39: 1543-1552.

8. Nayono. Satoto Endar (2009), Anaerobic digestion of organic solid waste for energy production.

9. Pham Nguyet Anh, Harada H, Fujii S, Nguyen VA, Huynh TH, Tanaka S (2014), “Accumulation rates and
Characteristicss of sludge in septic tanks of Hanoi”, 37" WEDC International Conference, Hanoi.

10. L.Shoebitz, M.Bassan, A. Ferr, TH.A. Vu, V.A. Nguyen, L. Strandle (2014), "Faecal Sludge
Quantification and Chareacterization - field trial of methodology in Hanoi, Vietnam® 37" WEDC
International Conference, Hanoi.

11. Tchobanoglous G, Theisen H, Vigil S (1993), Intergrated Solid Waste Management, McGraw-Hill Inc.
12. Urenco (2011), S6 liéu diéu tra khdo sat ciia URENCO 12 - thang 4/2011 tién hanh tai N§i thanh Ha Noi.

13. Yasui.H, Goel.R, Li.Y.Y, Noike.T (2008), “Modified ADM1 structure for modelling municipal primary
sludge hydrolysis®, Walerresearch 42, 249-259.

TAP CHI KHOA HOC CONG NGHE XAYDUNG %






