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T6i uu héa da tieu chi tram xa ly nudc thai

Multi-critical optimization of waste water treatment plant
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TGM TAT

Tram xr Iy nudc thai (TXLNT) phy thuge rét nhigu yéu td, dé
tang cudng higu qué xir Iy coa tram cén thyc hign theo qua
trinh tdi vu hoa céc thang sd lign quan. Qua trinh tdi vu hoa
tram xir ly nuac thai dege phat trién khé nhigu trong nhimg
ndm gén day. Tuy nhién vigc tdi vu hda nay thuing chi tap trung
vao mat tigu chi (thang sd) cy thé nao da ma it co nghién citu
téii wru haa cho nhiéu tigu chi dang thi (da tigu chi). Nghign cou
nay ap dung Iy thuygt vé tdi vu haa da tiu chi dva trén sd ligu
do dac cia Tram xir |y nudc thai Benchmark duec cac nha
nghién ciu chau Au xay dung, van hanh va thi nghiem. K&t qua
nghién citu cho thay khi tdi vu hda 2 tigu chi cong lic sé lam
gidm chi phi van hanh cia TXLNT khoang 11.3% so vai vai tdi vu
haa | tieu chi. Neu so vai van hanh thuc t€ coa TXINT, sau khi tdi
tru hda chi phi van hanh giam 40%.

Tir khoa: Tdi vu hda; da tieu chi; tram xir Iy nudc thai; TXINT:
Benchmark.

ABSTRACT

Wastewater treatment plant (WWTP) depends on many factors, in
order to enhance the treatment efficiency of the plant, it is necessary
to optimize the related parameters. The process of optimizing
wastewater treatment plants has been developed quite a lot in recent
years, however, this optimization usually only focuses on a specific
criterion (parameter) and there are few optimization studies for many
simultaneous criteria (multi-criteria). This study applies the theory of
multi-criteria optimization based on the measurement data of the
Benchmark Wastewater Treatment Station built, operated and tested
by European researchers. The research results show that optimizing 2
criteria at the same time will reduce the operating cost of the WWTP
by about I1.3% compared to optimizing | criterion. Compared with the
actual operation of the wastewater treatment plant, after optimization,
the operating cost is reduced by 40%.

Keywords: Optimization; multi criteria; waste water treatment

plant; WWTP; Benchmark.

1. PAT VAN BPE

Van dé t6i uu hda can dugc xem xét nhiéu yéu té (tiéu chi)
déng thai mai mo ta dung hanh vi cda déi tugng nghién ciu.
Tuy nhién, cac tiéu chi nay thudng mau thudn (d6i nghich) vai
nhau, dé dat dugc t6i uu déng thdi cho nhiéu tiéu chi la khéng
thé thuc hién dugc. Viéc téi uu héa da tiéu chi rat khé thuc hién
ca vé mat ly thuyét 1an ky thuat, phan I6n cac nghién ctu cla
cac tac gia trudc day déu tap trung chi yéu vao t6i uu hoa don
tiéu chi. D6i véi t6i uu hdéa TXLNT, cac nghién clu téi uu hoa
don tiéu chi gan day goém c6 SinaBorzooei va cong su véi muc
dich gidm nang lugng tiéu thu cho TXLNT; Sylvie Gillot va céng
su nghién cu vé gia thanh dau tu va van hanh TXLNT; Nadja
Hvala, Darko Vre¢ko va Cirila Bordon nghién ctu qua trinh t6i
uu héa dé xu ly Nito va Photpho trong nudc thai; Roberta
Muoio va cdng su thuc hién t6i uu hda dé tim thai gian ldng
trong hé théng x& ly nudc thai; Run Ting Siew va cdng su thuc
hién t8i uu héa chi phi van hanh; Andreja Nemet va céng su
thuc hién t8i uu héa dé xac dinh thai gian x ly nuéc thai trong
méi bé sinh hoc; D.H. Nguyen va cong su thuc hién mé phéng
va t6i uu héa di lieu déng dé tim ra cach thay déi cap khi cho
cac bé& phan ing; Wanqiu Hu va céng su thuc hién qua trinh t6i
uu viéc b8 sung cac bon cho qua trinh x{ ly nudc thai;...
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D6i véi TXLNT, c6 hai tiéu chi cé thé k& dén 1a chi phi van
hanh (CO) va chat lugng nudc thai (QE). Hai tiéu chi nay déi
nghich nhau, muén chat lugng nuéc thai dugc cai thién thi chi
phi van hanh phai ting Ién, va ngugc lai. Viéc can déi gia tri
gita hai tiéu chi ndy nhu thé nao dé c6 phuaong an thiét ké van
hanh hgp ly 1a kho xac dinh. Nghién ctu nay sé trinh bay t6i uu
héa dong thai vé chat lugng ca nudc thai va chi phi van hanh
trong khi van tuan tha cac quy dinh d6i v6i nudc thai.

2. POI TUONG NGHIEN CUU

Qua trinh dugc xem xét & day la tram Benchmark bao gém
mot bé bun hoat tinh 5 ngan (2 bé anoxic dat trudc, 3 bé hiéu
khi dat sau). Qua trinh nitrat héa va khi nitrat dugc két hgp dé
loai bd nito. Phia sau cac bé Idng sinh hoc 1a bé Idng hai véi hai
dong ra: mot dong thoat ra ngoai moi trudng va dong con lai
tuan hoan vé ngan dau tién. Bén canh d6, mét dong bén trong
tai ch& bun tUr bé hiéu khi cudi cung dén bé anoxic dau tién
(Hinh 1).
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Hinh 1- Cdu tao TXLNT



Cac s6 liéu thiét ké clia tram xt ly dugc néu trong Bang 1.
D{r liéu do dac dugc xac dong vao va ra dugc thé hién trén
www.benchmarkWWTP.org.

Bdng 1. Kich thuéc ctia tram xu ly nuéc thdi

Théng s6 Giartri kia (h)
Bé sinh hoc 1 1000 m3 n/a
Bé sinh hoc 2 1000 m3 n/a
Bé sinh hoc 3 1333 m3 10
Bé sinh hoc 4 1333 m? 10
Bé sinh hoc 5 1333 m3 3.5
Chiéu cao bé léng 4m -
Dién tich bé ldng 1500 m? -
Thé tich bé lang 6000 m? -

3. COSG LY THUYET TOI UU HOA

Co6 mét vai cach téi uu hoa da muc tiéu, & day tiép can theo
cach clia (Hwang & Masud, 1979) dugc danh gia la c6 do chinh
Xac cao va cd s& khoa hoc ré rang. Viéc tién hanh t6i uu héa da
muc tiéu dugc dua trén su tdng hgp cac tiéu chi thanh mot tiéu
chi duy nhat. D6 1a viéc chuyén déi t6i uu héa da muc tiéu
(MOP) thanh t8i uu héa don muc tiéu (MOPw) dé két hop cac
ham chi phi khac nhau (fi) cia van dé thanh mét ham muc tiéu

F:
:Za)if,-(x) (1)
p
2 ) n w; =1 )
g day “ <[0-1] va =l : trong s6 cla cac tiéu chi
khac nhau.

Hinh 2 minh hoa hoat dong cGia phuong phép téng hgp.
Giai phap Pareto t6i uu la diém ma siéu phang cé tiép tuyén
chung (diém x trong hinh). Cac két qua thu dugc MOPw phu
thudc nhiéu vao cac tham sé dugc chon cho vecto trong lugng.
Cac trong s wi cling phai dugc chon lién quan dén cac muc
tiéu. Do d6, cach ti€p can thudng dugc s dung bao gom giai
quyét van dé (MOPw) véi cac gia tri khac nhau cla o.
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Hinh 2- Phuang phap t6i uu hda tong hop cic tiéu chi
Néu cac muc tiéu khac nhau khéng cling @6 16n, c6 thé viét
phuong trinh dudi dang:

F(x)=Y o/ @

i=1

Trong d6 ci la hang s6 dat cac muc tiéu khac nhau trén cling
mot ty 1&. Cac hang sé ci co gia tri ban dau la 1/fi*(x), vai fi*(x) 1a
giai phap t6i uu lién quan dén ham muc tiéu fi.

4. TOI UU HOA TXLNT

Trong nghién ctu nay, t6i uu héa TXLNT la xac dinh cac
théng sé van hanh hop ly hé théng suc khi va va bom bun tuan
hoan bén trong hé thdng nham giam thi€u chi phi van hanh va
chi phi phat sinh do khong tuan tha chat lugng nudc thai dau
ra.

Chi phi van hanh dugc thiét 1ap nhu sau:

fi=Ceo=ay-AE+ag-PE+agp-SP , (€/ngay) (3)

Trong d6 AE, PE va SP tuong ung la nang lugng cap cho hé
théng suc khi, bom va x{ ly bun thai. Theo (Alex et al., 2001) xac
dinh nhu sau:

Smt 14 days 5
= Vi-kya;(t)dt» (kKWh/ngay) — (4)
~T-1.8-1000 dj Z i
1 t=14 days
PE=— f (0.004-0, (£)+0.008-0, (1)+0.05-Q,(¢))dt’
t=7 days
(kWh/ngay) (5)
SP=17SS,-0,, , (kg.d”) (6)

Chat lugng clia nudc thai dugc xac dinh bai:
1 f:JI“ {BSS “TSS, (1) +Beop - COD, (1) + By - Sy (z)} @)
T-1000 3 |+Byo - Syo.e (#)+ Bgon, - BODs, (1)

Ngoai ra, chi phi dugc phét sinh do khéng tuan thu chat lugng
nuéc dau ra dugc thé hién bang:

fo=Cpp =agy-EQ ,(€/ngay) (8

G day:
SNkj,e = SNH,e + SND,e + XND,e +iXB (XB,H,e + XB,A,e)+iXP (XP,e + Xl,e ) ©)

ag.agp.app |a cdc hé s6 cta chi phi van hanh, x ly bun va

EQ=

chat lugng nudc thai (Bang 2).
Bdng 2. Cdc hé s6 (Alasino et al, 2007)

Hé s6 Gia tri Don vi

o 25/365 € (kWh.ngay)"
Ay 50/365 € (kg PU. ngay)"'
Qg p 75/365 € (kg SS. ngay)™

Sser SNO.er Sster SND.es X ND.os X 0s X B 4erXpor X1, CAC hOP
phan trong nudc thai.

Bgs.Beop-Byyj-Byo-Bgo, 12 cactrong s cac loai 6 nhiém khac
nhau, xac dinh nhu Bang 3 (Vanrolleghem et al., 1996).

Bdng 3. Cdc gid tri Bi

Bgg Bcop By Byo Bgop,

2 1 30 10 2

Van dé t6i uu héa da tiéu chi dugc xac dinh béi:

Min F=[f,,f,] (10)
Tuan thi gidi han:
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7SS, <TSS

max + INo <TN,.. i BODs, < BODs,,,, i COD,<COD,... i
kLai SkLama)c i N SQaanc

DPé thuc hién, bai toan da tiéu chi dugc chuyén thanh bai
toan don tiéu chi bang cach téng hgp hai tiéu chi dudi dang
trong sé téng.

Min F ={a\fi + o2 /> } :{wfi +(1—w)f2}

¢ day @), @, la cac trong s0 lién quan dén cac tiéu chi f 7,

(m

nhula: o,0, >0 Vao +o, =1.

Trong s6 (®) thé hién tdm quan trong lién quan dén céc thuéc
tinh cta tiéu chi. Méi vecto ¢ dinh (®) chi cho mot giadi phap
Pareto t&i uu, dé c6 dugc moét tap hap nhiéu gidi phap Pareto téi
uu thi phai thuc hién nhiéu lan.

Tu phuong trinh (1), bai toan t6i uu héa cé thé dugc viét
nhu sau:

(12)

C
Min w~@ +(1-w)- f
QH,KLa,(t),i:&“.,S CCO CEQ

O day Cho V& 7, lacactham s6 chuan héa chi phi CpoVa Ceo-

5. KET QUA TOI UU HOA

Trén co s& ly thuyét t6i uu da trinh bay & trén, viéc téi uu
héa cho TXLNT & day dugc thuc hién bdi phan mém gProms, la
phan mém thuong mai rat manh cé kha nang giai quyét bai
toan nhiéu vong lap nham dua ra két qua t6i uu héa.

Qua trinh t6i uu hoa trong nghién clru nay dugc ap dung cho
hai trudng hop: (1) thuc hién van hanh TXLNT véi mot muc thoi
gian tuong Uing vai 7 ngay lam viéc lién tuc (cap khi khong thay d6i
trong 7 ngay lién tuc); (2) thuc hién van hanh TXLNT bay muc thoi
gian tuong Ung véi 7 ngay lam viéc riéng ré (c&p khi thay déi theo
tiing ngay). Muc dich cla qua trinh la xac dinh cac hé sé cap khi
kiai t6i uu nhat cho hé thong.

Sau khi thuc hién t6i uu hoa, két qua cla trudng hap (1) thé
hién nhu Hinh 3.

Thuc hién véi nhiéu gia tri cla » khac nhau dé tim gidi phap
t6i wu tuong ung. Cac két qua thu dugc khac nhau cta o dugc
trinh bay trong Hinh 3, dudi dang cac bién thién cia CCO va
CEQ.

Dua vao bién thién o trong Hinh 3, c6 thé& tim kiém diém x
vGi chi phi thdp nhat, tuong tng diém c6 o = 0.45 v&i chi phi la
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Hinh 4- Ché d0 c&p khi t6i uu cho ché d6 cap khi 6n dinh
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Hinh 5- Anh hung ctia gié tri co dén t6i uu héa (trudng hop 7 mic thai gian)
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Hinh 6- Ché do cap khi t6i uu bdy mic (ng
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1720 (€/ngay). Lac nay biéu thj tham s6 cdp khi cho TXLNT
dugc thé hién nhu Hinh 4.

V& mat gia tri, cac tham s6 van hanh hé théng cap khi dugc thé
hién trong Bang 4.

Bdng 4. Gid tri cdc tham s6 t6i uu (trudng hop cdp khi 6n dinh)

kias (ngay™) kias (ngay ™) kias (ngay ™) Qa (m3/ngay)

301.8 278.2 27.1 64 237.9

K&t qua trong Hinh 4 va Bang 4 cho thdy sau khi t6i uu hoa,
dong tuan hoan Qa tang lén va hé sé kLa3 va kLa4 16n hon so
V@i gia tri van hanh thuc cla tram Benchmark, trong khi hé s6
kLa5 thap hon. K&t qua nay la hop ly vi cac diéu kién déu dugc
théa man vai téng chi phi thap nhat, déng thsi théa man dau
ra cGa chat lugng nudc thai.

Déi véi trudng hap (2), chon 7 muc thai gian tuong Ung vai
7 ngay theo file di liéu do dac. Tuong tu nhu trong trudng hop
clia mot muc, két qua thu dugc cla gia tri o trinh bay trong
Hinh 5. C6 thé xac dinh diém x tuong Ung véi tdng chi phi t&i
thi€u, tuong Ung véi ® = 0.5 va chi phi t8i thiéu la 1546
(€/ngay). K&t qua nay tiét kiém it hon 11.3% so vdi trudng hop
van hanh 6n dinh mét ché dé cap khi.

Hinh 6 trinh bay hinh dang ché& d6 suc khi khac nhau & méi
muc thdi gian dé€ phu hgp véi cac bién thién vé luu lugng va
thanh phan nudc thai dau vao nhdm gidm thiéu chi phi van
hanh TXLNT. Gia tri kLai cGia bé& thi 3 va thi 4 cao hon so véi bé
tha 5. Diéu nay phu hop véi thuc té vi ty I& cap khi ty 1é thuan
vGi lugng chat hitu co cé trong nudc thai.

Bdng 5. Gid trj cta cdc tham s6 sau khi t6i uu héa ing véi bay
muc

Thoi gian
(ngay)

kias (ngay™) | 2744 |212.4(203.3| 231.2 | 206.4 | 179.7 | 130.5

kias (ngay™) | 243.3 |230.2|177.7| 230.3 | 207.9 | 168.9 | 150.6

kias (ngay™) | 714 | 89.1 |131.9| 85.5 |127.6 | 115.9 [121.1

Qo (m3.ngay ™) 63 989.4

6. KET LUAN

Ca hai trudng hgp cap khi (1 muc va 7 mac) dugc nghién
clru & trén cho thdy rang néu st dung van hanh én dinh mét
gia tri duy nhat (1 muc), téng chi phi cao hon so vdi trudng hgp
van hanh thay déi theo 7 muc. Trudng hgp van hanh 7 muc c6
thé tiét kiém hon trudng hgp thd nhat 174 (€/ngay) hay 63510
(€/nam), tuong tng 11.3%. Ngoai ra, néu so sanh vdi hiéu qua
vGi van hanh thuc té cha tram Benchmark thi gidm dugc
khodng 40% chi phi van hanh néu ap dung phucng é&n téi uu
hoéa.

K&t qua t6i uu héa ciing xac dinh dugc lugng tuan hoan bén
trong Qa ~ 64000 m3/ngay cao hon gia tri dang van hanh thuc
té cla tram Benchmark (Qa = 55338 m3/ngay) dé c6 hiéu qua
van hanh tét hon.

Nhu vay, qua trinh t6i uu hoa da dua ra dugc cach thiic van
hanh TXLNT hiéu qua hon, d6ng thai xac dinh lai cac théng sé
van hanh dé dam bdo nudc thai dau ra dat quy dinh cho phép
cla co quan quan ly.
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