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11. TOm tat cac két qua moi ctia luan an:

Cong nghé phan tmg nguoc dong qua Idp dém vi sinh yém khi (Upflow Anaerobic
Sludge Blanket - UASB) la cong nghé xu Iy yém khi cao tai trong xt 1y nuéc thai 6
nhiém hiru co cao nhung nd van con mot sé han ché nhu chi van hanh hiéu qua vai ban
hoat tinh dang hat, mat d6 ban vi sinh téi da du6i 10 g/l dan dén ning suat xu ly bi gidi
han. Viéc cai tién cac hé phan tng trén co s6 UASB dugc quan tdm nham cai thién hiéu
qua xtr Iy nudce thai 6 ham lugng hitu co cao. Cac két qua thu dugc trong luan an duoc
trinh bay tom lugc dudi day:

- Cdi tién ki thudt tuan hoan ngi (Internal Circulation - 1C) bang cach chia nhé cét
phan :ng nham ha thdp chiéu cao hé phan i#ng. Hé 1C thuc chat 14 hé UASB cai tién véi
chiéu cao cot phan tng twong ddi 16n két hop voi dong tuan hoan noi dé ting cuong kha
nang khudy tron. Hé tuan hoan néi cai tién (Modified Internal Circulation - MIC) trong
nghién ctru nay cling chinh 1a hé 1C cai tién bang céch chia nho cot phan tng va duoc lap
ndi tiép nhau. Hé 1C va MIC cung duogc khao sat & khoang tai lwong (TL) CODt dau vao
tir 3,00 dén 22,55 gCOD/l.ngdy, tuong wng Voi thoi gian luu giam dan tir 24 dén 6 gio.
Két qua thu duoc cho thdy ning suit xtr Iy (NSXL) CODt cua 2 hé IC va MIC 1a twong
duong nhau (69,2% va 70,9%). Tuy nhién, hé MIC c6 hiéu suat xt ly (HSXL) TSS cao
hon hé 1C (70,6% s0 Véi 64,2%).



- Cdi thién ndang sudt xir Iy COD cuia hé UASB bang cach bé sung vt liéu mang vi
sinh. Két qua so sanh 2 Ki thuat bon phan ttng mang vi sinh ¢b dinh (Fixed Bed Biofilm
Reactor - FBBR) va Ki thuat bon phan ¢ng mang vi sinh chuyén dong (Moving Bed
Biofilm Reactor - MBBR) sir dung 2 loai vat liéu mang vi sinh (Polyurethane - PU va
Polyethylene - PE) véi hé UASB co ban nhu sau: 2 hé FBBR va MBBR khi sur dung vat
lieu mang PU ¢ hai ché d6 TL 4 va 6 g/l.ngay thu dugc NSXL COD trung binh 12 fiong
dwong nhau (~70%) va HSXL TSS trung binh cling twong dwong nhau (~60%). Con khi
sir dung vat liéu mang PE, NSXL COD va HSXL TSS trung binh cia hé¢ MBBR & ba ché
d6 TL trung binh 4, 6 va 10 g/l.ngdy déu cao hon hé FBBR (cac gié tri twong ung la
NSXL COD: 70,5% so vai 59,6% va HSXL TSS: 67% so véi 63,9%). HSXL COD trung
binh cua 2 hé FBBR va MBBR khi sir dung vat liéu mang PU va PE déu cao hon hé
UASB co ban (55%).

- M6 hinh va mé phdng qué trinh xi Iy yém khi ciia hé MBBR

+ Xac dinh dugc ham luong c4c thanh phan hiru co c6 trong gia tri COD tong.
Trong d6, ham lugng cacbonhydrat chiém 16,3% gia tri CODt (tuong (g Vi ti 1¢ thanh
phan cacbonhydrat f., = 0,163), protein chiém 34,4% (f,, = 0,344), lipit chiém 0,6%
(fi = 0,006), thanh phan tro khong tan chiém 13,1% (f,; = 0,131) va thanh phan hitu co
tan cham phan hay sinh hoc chiém 35,6% (f; = 0,356). C4c gi4 tri thu duoc nay cung cap
dir liéu dau vao cho phan mém mé phong GPS-X di tich hop md hinh ADM1 cac
phuong trinh dong hoc qué trinh phan hiay yém khi.

+ Céc hé sd/hang sb trong cac phuong trinh dong hoc cua céc qué trinh sinh hoc
yém khi phuc vu cho tinh toan va mé phong trong mé hinh ADM1 cua phan mém
GPS-X: Xac dinh dugc cac hé sb toc do phan ra (k') ctia COD tong, toe d6 phan huy (k)
cua cachonhydrat, protein, lipit v&i cac gid tri twong ung la K'gis = 2,8; Kear = 15,5;
Korr = 5,2 va kyir = 8,6 ngay™, cac gia tri hang s6 toc d¢ phat trién sinh khéi riéng cuc dai
(m) cua axit propionic, axetic va hidro twong tng la myy = 51,5; myn = 26; My, = 31,5
ngay™ va gi tri hang sé ban bo hoa (K) cua axit axetic 1a Ky, = 12 mgCODI/I.

+ Méi twong quan giita két qua md phong véi két qua thuc nghiém cua céac thanh
phan COD tong, cacbonhydrat, protein, lipit, axit butyric, axit propionic, axit axetic, TSS
va khi métan déu tuan theo phuong trinh dang y = ax. Gia tri a trong phwong trinh tuyén
tinh d4i véi cac thanh phan dat trong khoang tir 0,9755 + 1,0053 thé hién su tuyén tinh
rat cao. Sy phl hop gitra cac két qua thuc nghiém va md phong con thé hién théng qua hé

s6 hdi quy R? cua cac thanh phian COD téng, cachonhydrat, protein, TSS va khi métan



v6i R? = 0,8212 - 0,9144, trong khi d6 hé sé hdi quy cua lipit, axit butyric, axit propionic
va axit axetic c6 gid tri thip hon (R? = 0,6404 + 0,715) thé hién su phi hop chwa cao. Cac
thong sé nay cho thay su phi hop gitra cac phuong trinh dong hoc cac qua trinh sinh hoc
yém khi trong md hinh ADM1 cua hé bun lo ling cing véi cac hé sé/hing sé dong hoc
tim duoc phi hop véi dién bién cac thanh phan hitu co va TSS cia hé UASB str dung vat
liéu mang vi sinh chuyén dong.

12. Kha ning tmg dung thuc tién:

- Hé MIC thu duoc dua trén co s cai tién hé IC béng cach chia nhé ¢t phan ing
va duoc lap dit ndi tiép nhau nham 1am giam chiéu cao, nd c¢6 vu diém thuan tién cho
viéc ché tao va van hanh trén thuc té.

- Dya vao mdi quan hé gitta nang suat xtr ly va hiéu suat xu ly vai tai lugng COD
dau vao 1am co sd cho viéc thiét ké hé théng xtr Iy nuéc thai chan nudi lon trén thuc té
theo cac céng nghé cai tién da nghién cau.

- Hé UASB str dung vat liéu mang dé lam ting mat do vi sinh trong hé thi nghiém
xur ly nuéc thai bang vi sinh dong thoi 1am giam thoi gian van hanh khéi dong.

- M& hinh qué trinh phan hiay yém khi (gém cac phuong trinh dong hoc theo mo
hinh phan hay yém khi ADM1 va cac hang s6 dong hoc) tim duogc gidp hiéu rd ban chat,
kiém soat qua trinh, phuc vu hiéu qua cho viéc nghién ctu, tiét kiém thoi gian, chi phi va
c6 kha ning ap dung trong thiét ké céc hé théng xtr Iy & quy mé thuc té.

13. Cac hudng nghién ctru tiép theo:

- Tiép tuc nghién ctru vé qua trinh phan huy yém khi khi st dung cac vat liéu
mang bién tinh trong cac hé UASB cai tién nham nang cao ning lyc xtr 1y hitu co trong
nude thai chin nudi va kiém soat qua trinh.

- Ap dung moé hinh hoa hé théng xir 1y cac dbi twong nudc thai giau hitu co khéc.
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11. Summary of the new findings of the thesis

The Upflow Anaerobic Sludge Blanket (UASB) is high-load anaerobic treatment
technology in treatment of rich organic pollution, but it still has some limitations such as
efficient operation with granular activated sludge, maximum microbial sludge
concentration is less than 10 g/l leading to limited treatment removal rate. The
modification of the reaction system based on UASB system is interested to improve
wastewater treatment efficiency with high organic content. This thesis obtained results
are summarized below:

- Modification of the IC by dividing the reaction column for lowering the height of
system. In fact, the IC system is essentially a modified UASB system with a relatively
large reaction column height combined with internal circulation flow to enhance the
mixing ability. In this study, the Modified Internal Circulation (MIC) was also the
modified I1C by dividing the reaction column and installed them in series. Both IC and
MIC were investigated with the input total COD loading rates in the range of 3.00 to
22.55 gCOD/l.day at the hydraulic retention times descending from 24 to 6 hours. The
results shown that total COD loading removal rates of both systems were similar (69.2%
and 70.9%). However, TSS removal efficiency of MIC system was higher than those in
IC system (70.6% and 64.2%, respectively).



- Improvement of COD removal rate of the UASB system by using biological
carrier materials. Results of comparison between Fixed Bed Biofilm Reactor (FBBR)
and Moving Bed Biofilm Reactor (MBBR) using two types of carrier materials
(Polyurethane - PU and Polyethylene - PE) and the conventional UASB system are as
follows: When both FBBR and MBBR systems used PU carrier materials at two organic
loading rates of 4 and 6 g/l.day, their average COD removal loading rates and TSS
removal efficiency were similar (~70% and 60%, respectively). For PE carrier materials,
the average COD removal loading rates and TSS removal efficiency of MBBR system
were all higher than those of FBBR system at three organic loading rates of 4, 6 and 10
g/l.day (COD removal loading rates: 70.5% - 59.6% and TSS removal efficiency: 67% -
63.9%, respectively). Both FBBR and MBBR with using PU and PE materials achieved
COD removal efficiency higher than those in UASB system (55%).

- Modelling and simulation of the anaerobic processes in MBBR

+ The organic components in CODt were detemined. In which, the carbonhydrates
content of 16.3% in the value of CODt (corresponding to the ratio of carbonhydrates
component was fc, = 0.163), proteins of 34.4% (f, = 0.344), lipids of 0.6% (f; = 0.006),
the insoluble inert component of 13.1% (f; = 0.131) and the slowly soluble
biodegradable organic component of 35.6% (fs = 0.356). These obtained coefficients
provided input data to the GPS-X simulation software that has integrated the ADM1
model of anaerobic digestion kinetic equations.

+ The coefficients/constants in the kinetic equations of anaerobic biological
processes serve to compute and simulate in the ADM1 model of GPS-X software:
Disintegration rate of the total organic compound (total COD), hydrolysis rates of readily
biodegradable carbohydrates, proteins, lipids have been determined and the achieved
values were as follows: K'gis = 2.8; Kear = 15.5; Ky = 5.2 and ki, = 8.6 day'l, respectively.
The values of maximum specific growth rates of readily biodegradable propionic acid,
acetic acid, hydrogen were myy = 51.5; myn = 26; My, = 31.5 day'1 and half-saturation
coefficient on growth of readily biodegradable acetic acid was K, = 12 mgCODI/I.

+ Correlation between the simulation and experimental results of total COD,
carbohydrates, proteins, lipids, butyric acid, propionic acid, acetic acid, TSS and methane
gas showed according to the linear equation of y = ax. “a” values in this equation of
components achieved in the range of 0.9755 + 1.0053 with very high linearity. The

agreement between experimental and simulation results were also expressed in the



regression coefficients R? of total COD, carbohydrates, proteins, TSS and methane gas
achieved relatively high above 0.8 (R* = 0.8212 + 0.9144), while the regression
coefficients of lipids, butyric acid, propionic acid and acetic acid reached only in the
range of 0.6404 -+ 0.715. These parameters showed that the agreement between the
Kinetic equations of anaerobic biological processes in the ADM1 model of suspended
sludge system together with the achieved kinetic coefficients/constants consisted with the
change of organic components and TSS in the UASB system using a moving carrier
materials.

12. Practical applicability, if any:

- The MIC system obtained based on modified IC system by dividing the reaction
column and installeded in series for lowering the height of system is more advanced and
convenient for fabrication and operation in practice.

- The achieved correlation between removal loading rates and treatment efficiency
with input COD loading rates can be the basis for designing a piggery wastewater
treatment system in practice.

- The UASB system used carrier materials are able to increase the anaerobic
microbiological concentration in the biological wastewater treatment system as well as
reduce the start-up time.

- The achieved model of anaerobic digestion process (including the Kkinetic
equations according to the anaerobic digestion model ADML1 and the kinetic constants)
is to help understanding deeply the biological processes, process control, effectively
supporting for investigation, saving time, cost effectiveness and possible applicability for
the designing the treatment systems in practice.

13. Further research directions, if any:

- Continuing study the anaerobic digestion processes using modified carrier
materials in modified UASB system to improve organic removal rates for piggery
wastewater and proceesed control.

- Applying modelling and simulation for others organic-rich wastewater treatment
systems.
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