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Tom tit:

Hién nay, tren thé gi¢i nudc thai do thi dugc xir ly téi cap 2 (xu ly huu co, TN téi nitrat, vi sinh), cap 3 (xirly TN,
TP), mot s0 noi da xir ly nang cao téi mire tai st dung hoiac bo cap nguon an toan. Xir ly cap 2 1a cach tlep cin théng
thuo’ng dugc khéi dong tir dau thé ky XX & chau Au, My va Viét Nam ciing dang di theo huéng nay, doi khi phat
trién téi cap 3. Tuy nhién, xir Iy kiéu nay ton nhiéu dién ning (trung binh thé giéi hién 1a 4% lwong dién quoc gia,
va téi 2040 s€ 1a 8%), lang phi céc tal nguyén cé thé tai tao trong nudc thai. Méit khac, lwgng rac thai sinh hoat ting
khong ngirng theo din so va mire song, cac thanh pho 16m ¢ Viét Nam phai chi t0’1 3-3,5% ngan sach dé thu gom, van
chuyen va xir ly rac thai sinh hoat, trong do, khoang 60% la rac hiru co, chi yeu l1a dung cong nghé chon lap hop vé
sinh. Tt khoing hon 20 nim tré lai day, nhiéu nghlen ciru bat dau hién thwe héa cac cach tlep cin moi ddi véi cong
nghlep vé sinh m01 truong, dé 1a huéng phat trién bén virg - nén kinh té tuin hoan (circular economy), thu hdi t6i
da tiém nang vé mat ning lu’(rng, vat chit va nuée tir nwéc thai do thi, nwéc thai giau hiru co tir cong nghlep va khu
vure chiin nudi ciing nhw phin hiru co trong rac sinh hoat (RSH). Bai b4o nay tong quan nhirng thay dbi trong cong
nghié€p xi ly nwée thai theo hwéng phat trién bén virng ma Viét Nam cé co hgi theo dudi.

Tir khéa: chit thai, cong nghé xir Iy nwée thai, nwée thai, nwéc thai do thi.
Chi s6 phén logi: 2.7

Mat khac, lugng rac thai sinh hoat tang khong nging theo
su gia tang cua dan sO va mirc song.
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Hién nay, trén thé gidi nudc thai do thi thuong dugc xir

1y toi cdp 2 (loai bo hitu co - HC, téng nito - TN c6 thé
chuyén hoéa t6i nitrat, xt 1y vi s1nh) xtr 1y cép 3 (loai bod
thém TN, tong phospho - TP), mot sé noi da xu 1y nang cao
t6i mire dat cc tiéu chuén co thé tai su dung hodc bod cap
ngudn nudc. Pay 1a cach tiép can thong thudng duoc khoi
dong tir dau thé ky XX & chau Au, My va vé nguyén tic
la dam bao cac yéu cau vé vé sinh méi truong. Hién nay,
Viét Nam cling dang thyc hién theo hudng nay. Tuy nhién,
phuong thic xir 1y kiéu nay tiéu tén nhidu dién ning, trung
binh thé gidi hién nay th vue nude cap va nude thai tiéu
thy téi 4% lugng dién qubc gia, va toi 2040 s& 1a 8%) [1],

ddng thoi lang phi cac tai nguyén co thé tai tao co trong
nude thai (nuéc, nang luong, N, P, K...). Nhiéu nha khoa
hoc gan day coi kiéu xur Iy nudc thai nay 1a sai duong, mot
s6 khac thi kéu goi hiy “khai mo trong nudc thai” [2, 3].
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Céc thanh phd 16n ¢ Viét Nam phai chi t6i 3-3,5% ngan
sach dé thu gom, van chuyén va xir Iy rac thai sinh hoat,
trong d6 khoang 60% la rac hitu co, chi yéu la ding cong
nghé chon 1ap hop vé sinh [4]. Phuong thure xtr Iy nay kéo
theo nhu cdu 16n va khong ngimg ting vé dién tich dat xay
dung bii chon 1ap, dan dén nhiing thach thirc khong nho vé
viéc phai ddi pho véi cac hé qua moi truong phét sinh tir
cac bai chon 1ap rac nhu nude ri ric, mui, cac vecto truyén
bénh, phat thai khi nha kinh (KNK)... Day la giai phap rat
lang phi tai nguyén, chi ¢6 tiém ning nho trong viéc thu hoi
nang lugng tir khi bai rac, cdc cong nghé khac (lam phan
compost, dot, nha may phan loai...) ¢6 sudt dau tu va chi
phi van hanh rat 16n, khé khan trong viéc tiéu thy san phém
(phan compost) nén thiéu tinh bén viing. Tt khoang hon
20 nam tré lai day, nhiéu nghién ctru cua cac nha khoa hoc
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Abstract:

At the present practice of urban wastewater treatment in
the world, secondary treatment (removal of organics, patho-
gens, TN to nitrate), tertiary treatment (plus removal of TN,
TP), and advanced treatment are applied to reclaim water
for safe reuse or recharging groundwater sources. Secondary
treatment is a conventional approach which originated since
early 1900s from Europe and America, and Vietnam is now
applying this approach with some improvement. However,
this kind of treatment consumes a lot of energy (the world
average consumption is 4% of total electricity produced, and
it will reach 8% by 2040), and waste renewable resources in
wastewater. On the other side, the amount of municipal sol-
id wastes (MSW) constantly increases along with the growth
of population and living; in Vietnam, the large cities have to
spend about 3-3.5% of their budget just for MSW (contain-
ing ~60% organics) collection, transportation and treatment
for landfilling. During the last 20 years, a lot of researches
have been conducted in the direction of new approaches in
the field of waste treatment, this is the concepts of sustainable
development - circular economy. This mean energy and ma-
terials including wastewater are recovered and reused. Ur-
ban wastewater, industrial rich organic wastewaters, animal
breeding wastewater, organic fraction of MSW can be the
input into this treatment system, outputs such as renewable
energies, reclaimed water and fertilizers, and other useful
materials can also be produced. This paper reviews real de-
velopments in this promising field, a sustainable development
opportunity that Vietnam should pursue.

Keywords: urban wastewater, waste, wastewater, wastewater
treatment technology.
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két hop voi ¢b ging tir cac nha cong nghiép, cac nha quan
ly da bat dau hién thuc hoa cac cach tiép can méi ddi véi
cong nghiép vé sinh méi trudng, d6 1a cac cach tiép can theo
hudng phat trién bén vimg - nén kinh té tuan hoan (Circular
Economy), thu hi téi da tiém ning vé mit nang luong, vat
chét va nude tir nudce thai d6 thi, nude thai giau hiiu co tu
cong nghiép va khu vuc chan nudi ciing nhu phan hitu co
trong RSH. D3 xuit hién mét s6 pilot, budc tién dang ké
nhit 14 thang 6/2017 & Billund, Pan Mach d3 xuat hién nha
may xir Iy chét thai dau tién theo hudng nay. Nha may xur
Iy nude thai d6 thi theo kiéu “chi phi, xtr 1y - thai bo” da va
dang dan tién hoa thanh “chi phi, xt 1y - thu hdi tai nguyén
- khong phat thai”, né xt Iy ddng thoi nude thai do thi véi
cac dong thai giau hiru co, bao gdbm ca phan chat théi rin
hitu co trong RSH va cong nghié¢p glau hiru co, bao gom ca
chat thai chan nudi. Bao cdo nay tong quan nhiing thay doi
trong cong nghiép xtr Iy nudce thai theo hudng phat trién bén
viing néu trén. Viét Nam [a mot dat nude dang do6 thi hoa
nhanh nhung chua cao (mutrc d6 thi héa khoang 35%), ndong
thon dang d6i mai theo hudng san xuat hang hoa tap trung,
phét thai rat 16n nén rét can c6 sy thay ddi va c6 co hoi thay
do6i nganh cong nghi¢p xtr Iy mdi truong theo hudng kinh
té tuan hoan nay.

Hién trang va thach thiic

Do thi hoa - hién dai hoa la sy phat trién tat yéu cta thé
gi61 noi chung va Viét Nam noi riéng, tuy nhién, kéo theo
16 14 nhitng thach thirc ma mudn dat cic myc tiéu phat trién
bén ving loai ngudi bt budc phai vuot qua [5], d6 1a: 6
nhiém khong khi; nudce va nudce thai; chét thai ran; phat thai
cac KNK; nghéo déi va cac khu nha 6 chudt; bat 6n xa hoi.

Vay, cong nghiép moi truong vdi chire nang lam sach co
thé “tuan hoan” nhing gi tir luong chét thai khong ngimg
gia ting? O muc do nhat dinh, con nguoi da va dang tai
ché, tai str dung thanh cong rat nhiéu chét thai nhu kim loai,
nhya, gidy... Nudc thai cong nghiép, rac cong nghiép theo
quy dinh thi thudc trach nhi€ém cta nguoi phat thai. Con
nhitng dong thai khong 16 khac nhu nudc thai, rac thai tir
khu vyc dén sinh hién nay nha nudc dang phai cang strc dé
giai quyét. Vay hién trang van dé nay nhu thé nao?

Trong linh vuc xt Iy nude thai sinh hoat, néu chi tinh
riéng cho dan cu do6 thi, voi muc do do thi hoa hién nay va
tuong lai luén 16n hon muc ting dan sb trung binh, t&i 2030
Viét Nam s€ c6 khoang 106,3 triéu dan voi 47,87 triéu dan
d6 thi (44,87% dan s6) [6]. Vi dinh mirc cAp nudce do thi
hién nay 1a ~200 I/nguoi/ngay, hi¢u qua thu gom xur 1y 1a
80%, gia thiét 1a toan bo nudc thai ctia dan sd d6 thi dugc
xir 1y thi tong cong sudt xir Iy nudc thai d6 thi cin co nim
2017 va 2030 tuong ung 1a 5,25 triéu m*/ngay va 7,63 triéu
m?®/ngay. Theo [7] thi t&i nay, Viét Nam mdi c¢6 37 nha may
xtr 1y nude thai tap trung véi tong cong suat 890.000 m3/
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ngdy - dém, téi 2020 s& c6 thém 50 nha may vai tong cong
sudt 2 triéu m*/ngdy - dém, nghia la tong cong suat chua dat
50% cta nhu cau 2030. Dé c6 dugc cong suat xir 1y ndy, voi
sudt dau tu 250 USD/ngudi toi 2030, theo [8] Viét Nam s&
can tong chi dau tu x4y dung cac nha may xu Iy 1a 11,925
ty USD. Tiép theo 1a chi phi xir Iy nudce thai, thai bo bun
thai. Gia thiét 1a toan bo nudc thai d6 thi duge xtr 1y bang
cong nghé pho bién nhat hién nay 1a bun hoat tinh (BHT),
tam tinh con s6 chi phi truc tiép (dién nang, hoa chét, nhan
cong, sira chita nho, chua tinh khiu hao) & mirc khiém t6n
14 4.000 dong/m?, voi luu lugng nude thai néu trén, chi phi
2017 va 2030 dé xur ly nudc thai do6 thi tuong g la 18,4 ty
dong/ngay, 6.716 ty ddng/nam va 24 ty dong/ngay, 8.760 ty
dong/nam (chua tlnh truot gia) tuong ung, néu tinh ca chi
phi khau hao, con s chd doi 1a gan gip doi [2]. Rét tiéc,
viée dau tu xr Iy nude thai & Viét Nam hau nhu chi tép trung
0 cac khu cong nghiép va cac do thi 16n, khu vuc phat thai
nang né hon la nong thon chua dugce déu tu, cac do thi cling
chi méi dép tmg trén 10% nhu cau can xir 1y [7].

O khia canh thu hdi ning lugng va tai nguyén tir chat
thai, vé nguyén tic, nude thai va RSH c6 tiém nang thu hoi
- tai str dung nhét dinh, d6 14 tiém ning: nudc, ning luong
(dién, nhiét), cac thanh phan khac trong nuéc/chat thai. Loi
ich khac cua viéc xtr 1y theo cach tiép can “Kinh té tuin
hoan” ddi véi cac loai nude thai giau hiru co va phan hitu
co trong RSH bao gém: vé sinh méi truong; giam phat thai
KNK; giam thiéu nhu cau chén lap, tao diéu kién dé phat
trién cong nghiép thu hoi, tai ché rac thai; thu hdi, bao vé tai
nguyén, nhat 1a P - tai nguyén khong tai tao va dang can kiét
nhung 13 yéu t6 can thiét dé dam bao mot nén nong nghiép
ning suit cao va bén vimng.

Néu Viét Nam 4p dung cac nguyén 1y cta “Kinh té tudn
hoan” hay 1a “Phat trién xanh” nhu da d& cap [9], chic chin
cong tac xir 1y nude thai sinh hoat va RSH s& gop phan
quyét dinh trong viéc giam thiéu tic dong cua ca 6 thach
thirc trén con dwong dat cac SDG ma Chinh phu Viét Nam
mong muon thuc hién [10]. Sau day sé& 1a tong quan ngin
gon vé nhitng thanh tyu trong linh vuc nghién ctru xu 1y
nudc thai sinh hoat theo huéng phat trién bén viing va nhat
1a vé nhitng img dung & quy mo cong nghiép trong linh vurc
nay.

Nhiing nghién ciiu quan trong trong linh vuc Xi Iy nudc thai

Vé khia canh lich sir quan 1y - xtr Iy nudc thai, con nguoi
da bat diu quan tAm dén van dé nudc thai sinh hoat tir thoi
c6 dai. Nhiing di chi khao ¢6 cho théy, nha vé sinh da c6 mat
& Mohenjo-Daro gan song Indus (Pakistan) tir nim 1500
trugc Cong nguyén (CN), & Cloaca Maxima, Rome (Y) da
phat hién nhiing cong trinh thu gom - thoat nudc thai dugc
xdy dung tir nam 500 trude CN, tai lidu lich st cho thiy
nhitng hé thong thu gom - thoat - thai bo nudc thai da co tir
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2000 nam trude CN [11]. Cach mang cong nghiép (CMCN)
lan thtr nhit (khoang cudi thé ky XVIII, nira dau thé ky
XIX) va nhat 1a CMCN lan th{r hai (ntra sau thé ky XIX)
da dan toi su ra doi ctia hang loat thanh ph 16n, dién hinh
1a London - thanh phé 16n nhét thé gidi thoi do. O London,
1865-1868 la thoi diém hé théng kénh thodt nude thai hién
dai ra song Thames dugc xay dung va phuc vu t6i ngay nay.
Buc tranh tuong tu ciing dugc thuc hién ¢ toan chau Au
va Bic My [11], rdi lan ra toan cau, trong d6 c6 Viét Nam.
Vian dé chét lugng nudce cip duge chinh quyén London rat
quan tam, ho da dé cir Vién Hoang gia Anh Frankland thuc
hién nhiém vu béo céo chét luorng nude séng - ngudn nude
cip hang thang, Uy ban 6 nhiém song do Frankland phu
trach da phat trién cac phuong phap phén tich chat lugng
nudc. Nam 1868, trong mot cudc hop Frankland da bao
c4o vé hién tuong nudc cip cua London ldy tir cac dong
chay tir nai Cader Idris va Plyalimmon (Bic Wales) da bi
6 nhiém bdi cac vi tring c6 hai (unhealthy germs) va hoa
chét. Tuy nhién, téi nam 1871 cac phuong phap phan tich
do Frankland méi duoc ap dung rong rai dé danh gia chat
lugng nude va hd trg cong tac nghién ctru xtr Iy nudc thai.

Ngay nay, vai tro chu dao ctia cong nghé sinh hoc, trong
d6 vi khuan, mot mat 1a tac nhan gdy cac bénh dich lan
truyén theo duong nudc, nhit 1a dich ta va st phat ban,
mat khac 1a tdc nhan chu lyc thuc hién cac qua trinh xtr 1y 6
nhiém nudc thai sinh hoat, duoc moi nguoi cong nhén, tuy
nhién, toi cudi thé ky XIX, cau hoi “hoa hoc hay sinh hoc”
thuong xuyén dugc tranh cai trong gidi khoa hoc.

DAu tién, cac nha khoa hoc cht y dén hién tuong “ty lam
sach” ctia hon hop nude song va nude thai. Co 1& Alexander
Miiller vao 1869 da khing dinh 1a 6 nhiém hitu co trong
nudc duge phan hily nho cac qua trinh vi sinh. Téi nam
1883, J. Kénig dwa mot tAm ludi vao nude thai va ghi nhan
su hinh thanh cac mang vi sinh kém theo 1a sy phan huy cac
chét hitu co hoa tan, dudi su hudng dan ctia Robert Koch thi
nghiém nay dugc 13p lai boi Wolffhiigel va Thiemann, két
luan 1a mang vi sinh c6 thé xudt hién trén nhiéu loai vat liéu
mang. Sau do, tu 1885 tdi 1890, cac nha khoa hoc chau Au
(Emich 1885; Konig 1886; Knauff 1887; Weigmann 1888;
Winogradsky 1890) da chirng minh 1a bén canh viéc 6xy
hoa hitu co téi CO,, cac qua trinh vi sinh con oxy hoa NH,*
thanh NO,” ma nay ta goi 12 nitrat hoa - budc diu tién trong
qua trinh khlr téng nito TN trong cac hé xtr Iy nudc thai
hién dai. Trén co s6 qua trinh ty lam sach cua nudc thai,
nhitng cong trinh “xtr 1y nude thai” dau tién s dung cac
hd, kénh chira, cac canh dong loc di dugc hinh thanh. Tuy
nhién, dién tich 16n, hiéu qua xi 1y thdp va hién tuong tic
cac canh dong loc thiic ddy su ra doi ctia nhitng cong nghé
manh m¢ hon.

Trudc nim 1913, khong c6 ai cht y dén vai trd ciia mat
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d6 vi sinh trong xtr Iy nudc thai. Sy ra doi cua cong nghé
xtr 1y nudce thai hién dai BHT dugc gin v6i phat minh cia
Edward Arden va William T. Lockett tir Uy ban song thudc
Tap doan Manchester vao nam 1914. Két qua nghién ctru ciia
ho dugc trinh bay tai cudoc hop & Grand Hotel, Manchester
ngay 3/4/1914. Thi nghiém dugc thuc hién trong binh thuy
tinh 2,27 1 boc gidy den dé tranh tac dong cua tao, nudc
thai duoc lay tir cdng & Davyhulme. Néu mat do vi khuan
tang dén muc thé tich bun ling chiém téi 25%, cac hop chat
cacbon va N-amoni bién mét sau 24h suc khi. Cac két qua
déu tién cho thdy, trong 4h dau, chit hiru co giam nhanh,
tir 4-8h giam cham dan, sau d6 gan nhu 6n dinh, day ciing
la thoi diém ting tdc clia quéa trinh nitrat hoa. Sau nhiéu
thi nghiém & Anh va My, nam 1920 nha may xu 1y nudc
thai dau tién dya trén nguyén ly BHT da dugc xay dung &
Sheffield, UK, sau d6 1921 ¢ Indianapolis, USA, 1926 ¢
Essen-Rellinghausen va 1929-1931 & Stahnsdorf gan Berlin
[11]. Bén nay, BHT dugc cong nhan 1a phuong phép chii luc
trong xur Iy nudc thai, phd bién rong rai trén toan thé gioi,
ké ca & Viét Nam.

Tuy nhién, bén canh nhiém vy vé sinh mo6i truong, cong
nghé moi truong tir nhitng nam 1970 nhan thém chirc nang
bao vé moi truong, trong d6 van dé thu hoi tai nguyén ngay
cang dugc chu y. Nam 2010, tai Hoi thao moi truong do
thi & Xiamen (Trung Qudc), GS Verstraete (Pai hoc Gent,
B1) d3 néu quan diém “BHT truyén théng: huéng di sai
1am” [2]. Phan tich tir [2] chi 13, nudc thai sinh hoat cia
con nguoi thuc sy 1a kho tai nguyén tai tao co6 gia tri 80,4
Euro/nguol/nam (gia ¢ chau Au) néu két hop voi rac nha
bep (RNB) - phan gay hoi théi, am uét va can tro xur Iy RSH
bang cac cong nghe ma Viét Nam muén phat trién 1a thu
hi - tai ché, dbt, con sb s& 1a 84,5 Euro. Quan trong hon,
cach tiép can nay s& giam thiéu nhu cau dién tich dit cho
cac bii chén 1ap - cong nghé xir Iy RSH kinh t& nhat hién
van rat pho bién trén thé gisi, ké ca & Viét Nam. Piém quan
trong & déy 1a lugng niang lwong ¢ thé thu hdi théng qua
qué trinh xtr Iy yém khi - dong phat dién nhiét. Véi hiéu
suét chuyén hoéa biogas la 70%, hiéu sudt phat dién 1a 38%,
phét nhiét 1a 40%, con s6 thu hdi 4 16 va 17 tinh theo dién
nang (kWh-el)/ngudi/nam va nhiét nang (kWh-th)/nguoi/
nam tuong img. Tam tinh cho dan sb d6 thi Viét Nam 2017
(32,8 triéu nguoi), tong tiém ning thu hodi ning lugng 1a
33%32.813.400 = 1,083 ty kWh/nam, so vdi san lugng dién
Viét Nam (2017) 1a 191,593 ty kWh, tiém ning thu hoi 1a
0,57%. Néu quy ra tién, ta c6 con s6 84.5%32.813.400 =
2.772.732.300 Euro, chuyén sang USD (2010), con sb =
3.698.824.888 USD. Véi Viét Nam, thuc té hon sé& 1a 50%
con s6 nay (do chénh léch gia nudc, gia ning lugng) song
1,8 ty USD/ndm ciing 1 con sb can suy nghi.

V& mit cong nghé dé hién thyc hoa ¥ tudng nay, ngay
tor nhitng ndm 1980, GS Lettinga (Pai hoc Nong nghié¢p
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Wageningen, Ha Lan) va cic cong sy ké thira, sau thanh
cong vang doi cua cong nghé xir 1y yém khi tdc do cao
(UASB), di phat trién y tuong ldy cong nghé vi sinh yém
khi [am trong tdm, hay thuc hién qua trinh khoang hoa sinh
hoc ty nhién (Natural Biological Mineralization route-
NBM) dé thuc sy bién nudc thai, RNB va céc nguf")n thai
hiru co khéc thanh tai nguyén tai tao dwoc [12], ddy la xuét
phat diém cua “cong nghé loc sinh khéi” - BioRefinery sé& dé
cap ¢ phan sau, v6i vi du 1a Nha may Billund.

O cép d6 nghién ciru, ciing v6i nhitng véi muc tiéu nham
thu hoi ting phan tir cac dong thai cta con nguoi, vi du
nhu thu hoi P dudi dang phosphat hodc struvit, hodc thu hoi
ning luong dudi dang biogas, nhidu nghién ctiru mang tinh
téng thé nham t&i myc tiéu thu hoi tdi da tai nguyén ning
luong, vat liéu tur cac dong thai cua con nguoi da dugc thuc
hién. Cac két qua nay duogc thé hién qua nhiéu cong bd, dic
biét 1a tr nhom Lettinga cia GS G. Zeeman [13]. Cac két
qua nghién ctru da cong bd rat da dang, tuy nhién dé khong
phai 1a myc ti€u cta bai nay, ¢ day chung t6i tap trung vao
hién trang ap dung cach tiép can Kinh té tun hoan trong xir
Iy nuéc thai d6 thi va chét thai hitu co, trong d6 c6 RNB &
quy mo san xuat.

Ung dung
Thu hoi, tdi st dung nuwéc (lam nguén nwdc cip)

O My, Cong ty nudc quan Cam - Orange County Water
District (OCWD) xir Iy nudc cap tir 1933, phuc vu 2,3 triéu
dan. OCSD xir Iy nudc thai bang hé thdng Advanced Water
Purifcation Facility dugc goi la Water Factory 21 (WF21)
- Nha may nudc thé ky XXI. Cong nghé co ban cia WF21
bao gdm: loc MF (4p dung tir 1993) - RO (4p dung 1976,
19.000 m*/ngay), sat tring UV. Day chuyén xir Iy nude thai
sau xur Iy vi sinh t6i cAp do tai str dung c6 cong suét 265.000
m*/ngay, t6i da 1a 492.000 m*/ngay, nude sau xu 1y dugc
bom lai bl cho nudc ngam theo chuong trinh Groundwater
replenishment system (GWRS) hoat dong tir 2008. Hién
nay, di du trong tai tao nuéc & My 1a Florida va California.
Mirc d6 sir dung nudc téi tao dang ting nhanh. O noi khai
sinh ra khai niém * nuérc taitao” (Orange County) nuoc duge
tai st dung chu yéu dudi dang glan tiép (bo cap ngudn) dé
dap g d6ng thoi hai myc tidu: bd cap ngudn nude ngot va
chong nudc man xam thue.

O Singapore c¢6 Chuong trinh NEWater (nudc méi),
chuong trinh nay bao gém cac nha may: Nha may Bedok
nghiém thu 2002, hoat dong tir 2/2003, cong suit 80.000
m*/ngay; Nha may Kranji nghiém thu 2002, hoat dong tir
2/2003, cong sudt 80.000 m*/ngay; Nha may Ulu Pandan
(do Keppel Seghers dau tu) nghiém thu 2007, cong suét
148,000 m*/ngay (gia nudc nim dau 1a 0,3 SSD/m?); Nha
may Changi (Sembcorp dau tu) nghiém thu 2009, hoat dong
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tir 2010, cong suat 228,000 m*/ngay (gia nam dau 1a 0,3
USD/m?® khong tinh phi van chuyén); Nha may BEWG-
UESH Newater ¢ Changi, cong suat 190,000 m*/ngay; Nha
may & Seletar, nghiém thu thang 2/2004 dugc dong cua
2011 khi co quan quan ly chuyen no vé He thong xir 1y tai
su dung trung tam trong H¢ théng ham cdng sau. Tong cong
sudt NEWater hién bang 726.000 m*/ngay, dap ung 40%
téng nhu cdu nude sach cua Singapore 1a 1,8 triéu m*/ngay.
Trén thyc té, do yéu t6 tam 1y, Sigapore c6 ké hoach ting
dan phan nude thai thu hdi trong phin nude cap, du kién toi
2030 s¢& dat 30%.

O Australia chwa c6 hé théng nudc tai sir dung tryc tiép
quy mo toan thanh phd, nhung cac nghién ctru dang duoc
thuc hién & B phan nghién ciru Nam cuc cua Uc (Australian
Antarctic Division) ¢ trai nghién ctru Davis & Nam cyc. Cac
cong nghé ap dung: ozon hoa, st tring bang UV, clo, loc
UF, hép phu trén than hoat tinh va loc RO. Brisbane la thanh
phé di dau trong linh vyc tai su dung nudc, cac thanh phé
khac tham gia Dy 4n tuan hoan nudc & hanh lang phia Tay.

Tai Israel, s6 liéu nam 2010 cho thiy, qudc gia nay dan
dau thé gidi vé mirc d6 tai sir dung nude. 80% nudc thai (400
triéu m*/nam) duoc xir ly, & ving thu do Tel Aviv, 100%
nudc thai dugc xu 1y va tai st dung trong ndng nghiép va
cac muc dich cong. Hién nay, nudc tai st dung chi cho nong
nghiép, cong cong va cac muyc tiéu tai tao moi truong.

Cho t61 nay, vi du dau tién vé st dung nudc tai tao
truc tiép lai thudc vé Tp Windhoek & Namibia. Nha may
tai tao nudc thai New Goreangab Water Reclamation Plant
(NGWRP) bit dau hoat dong tir hon 40 nim trudce, nudc thai
sau xUr 1y tai tao da duoc tron 1dn véi nude sach cho ngudi
sir dung. Cong nghé xir 1y/tai tao nude bao gdm: tién ozon
hoéa, keo tu ting cuong két hop tuyén ndi, loc cat nhanh, hau
ozon hoa, loc than hoat/vi sinh, loc UF, clo hoa. Hién nay ty
1€ nudc tai tao/nudce cép thanh phé dat 14%.

O Nam Phi, dong luc chinh dé st dung nudc tai tao
12 kho han. O Beaufort West, Nha may nudc tai tao truc
tiép duoc xay dung cubi nim 2010, cong suat 2.300 m*/
ngay. Day chuyén cong nghé: loc cat, loc UF, loc RO hai
dot, sat trung bf“mg deén cuc tim (UV).

Thu hoéi nang lwong (phdt di¢n, nhiét)

Vé Iy thuyét, nudc thai sinh hoat c6 du trir ning luong
duéi dang cac chat 6 nhiém hitu co (COD) 16n hon nhu cau
dién ning can dé xu 1y no, tuy nhién mirc d¢ thu hoi lai phy
thudc vao cong nghé [14]. Sau day la mét s vi dy thanh
cong trong san XUuat.

Ao [15]: Nha may xu 1y nudc thai Strass, phuc vu 31
khu dan cu & Thung liing Strass v6i dan s6 dao dong manh
tir 60.000 t&i 250.000 déan, tang vao mua du lich. Y tuéng
bat dau tir dau nhitng nam 1990, Nha may nay da thu hoi/
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san xuét nang lugng nhiéu hon né tiéu thu. K& hoach ban
dau 1a: t6i 1996 hé s6 thu hdi nang luong dat hon 50% lugng
sir dung, t6i 2005 nha may di thu hdi vuot qué luong ning
luong st dung, trd thanh nha may phat dién - nhiét. Cac giai
phéap 4p dung: qua trinh hai cong doan A/B (Adsorption -
Belebung). Cong doan A 1a hap phu 55-65% tai lugng hitu
co bang sinh khdi vi sinh tudn hoan c6 thoi gian luu té bao
(solids retention time - SRT) thap, nho hon 0,5 ngay. Cong
doan B ¢6 SRT t6i 10 ngay dé thuc hién qua trinh xir 1y toi
80% TN. Khi d6 phan 16n hitu co duéi dang bun du tir qua
trinh A s& dugc chuyén sang phan huy yém khi (AD) thu
hoi biogas - ning luong. Theo cong nghé nay, dong nudc
tuan hoan tir bé phan huy yém khi (AD) ¢6 ndng do améni
rat cao, tir 2004 di dwa vao hé xir Iy nito - amoni DEMON®
ding qué trinh annamox nén rét tiét kiém nang lugng va hoa
chat, ddng thoi danh hiru co (ddng nhé dé kh nitrat) cho hé
AD ting thu hdi biogas. Biogas thu hoi tir AD dugc dung dé
ddng phat dién - nhiét (CHP) véi hiéu suét 38% dién (cao
hon dién than ctia Viét Nam). Tu nam 2008, dé tang san
luong dién, hé AD cuia nha may bat dau tiép nhan rac hiru
co va thyc hién qué trinh dong phan hity v6i bun vi sinh tir
day chuyén xtr Iy nudc thai.

Pan Mach: ¢6 nha may xt Iy nudc thai Marselisborg,
Aarhur. Dy 4n bat ddu duoc nghién ctru tir 2006 v6i muc
tiéu giam chi phi nang 1u’(_yng, giam phat thai CO,, ké hoach
la thay 14 nha may nho bang 4 nha may mdi 16n, hién dai
hon, thyc hi¢n trong giai doan 2011-2015. Marselisborg 1a
nha may 16n nhét, phuc vy 220.000 dan, cong suit 32.918
m®/ngay [16]. Nha may da ap dung hang loat giai phap tiét
kiém va thu hoi nang luong, ké ca diéu khién ty dong, trong
d6 tiét kiém 16n nhit 1a qua trinh annamox dé xtr 1y N, thu
hoi niang lugng qua hé AD san xuét biogas tir bun thai va
ddng phat dién - nhiét CHP.

Thu hoi phin bén

Vé 1y thuyét, nuée thai ngoai dy trir nang lwong (dudi
dang cac hop chat carbon - C, c6 thé chuyén héa thanh
biogas dé thu hdi ning luong) c6 thé thu hdi, con c6 mot
luong 16n N, P, K, cac kim loai (bao gém ca kim loai nang)
néu khong thu hdi dugc, trir K (gan nhu khong tac dong
t61 moi truong) s€ phai chi phi xtr ly; sau xu 1y phat sinh
bun cin chi yéu 1a hitu co tro, khong xur 1y duoc bang vi
sinh. Hién nay, cong nghé da dugc phat trién t6i quy mo
san xudt dé thu hdi hodc xu Iy N, P, can bun hitu co. Thu
hoi kim loai ning dang trong qua trinh nghién ciru va phat
trién. Hién nay, cong nghé thu hdi phét pho (P) dudi dang
phéan bon P da dugc phat trién thanh cong, htra hen bao vé
ngudn P ¢6 han (Viét Nam con du trir appatit, voi mirc tiéu
thu phén P nhu hién nay, chi du dung 20-30 ndm nira). Hon
nira, phot pho la thanh phan trong nudc thai gy phu dudng
cac ngudn nudc rat manh, rat kho xir 1y bang cac ki thuat vi
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sinh. Cong nghé thu hoi P tir nude va bun thai phd bién nhat
1a két tinh dudi dang struvit (NH ,MgPO,) - mét dang phén
P nha cham, ngoai P con c6 ca N, Mg ciing la nhitng thanh
phan phan bén quan trong, c6 gia tri thwong mai cao. Trong
nhiéu cong nghé duoc nghién ctru ¢6 t6i 9 cong nghé da va
dang duoc trién khai & quy mo san xut, som nhat 1a cong
nghé Phosnix do Cong ty Unitika Ltd. (Nhat Ban) phat trién
tr 1987, da va dang ap dung tr 1998 & Nha may xui Iy nude
thai HO Shinji, tinh Shimane, dé xir 1y 1.000 m¥/ngay dong
thai tir hé xir 1y bun véi hidu suat thu hoi P 1én t6i 80-90%.

O chau Au c6 cac cong nghé: Phospaq™ (Ha Lan) dang
ap dung ¢ cadc nha may nudc thai Olburgen (Ha Lan) va
Stoke Bardolph (Anh); AirPrex™ (Puc, Ha Lan) dang ap
dung tai 2 nha may xu ly nudc thai ¢ Puc, 1 ¢ Ha Lan
(AirPrex Technical Factsheet, 2015 [17]); Seaborne (Ptrc)
ap dung ¢ nha may nudc thai Githorn tu 2007, san lugng
270 kg san pham ngay (P-Rex, Gifhorn Technical Factsheet,
2015 [17]); & Phap c6 cong nghé cua Naskeo environment
(2014), san luong struvit dat 90 kg/ngay [18].

Thanh cong nhét 1 cong nghé Pearl do Dai hoc British
Colombia, Canada phat trién. Nam 2007 méi thir nghiém
quy md pilot & Bic My. Chi sau 2 nim (2009) da c6 nha
may dau tién & Durham Advanced Wastewater Treatment
Facility of Clean Water Services, Portland, Oregon (USA)
v6i cong suét thu hoi 1a 760 tan/nim. Pén nay, cong nghé
Pearl da hién dién tai 17 nha may xtr ly nudc thai dang hoat
dong & 6 quic gia (Canada, My, Anh, Ha Lan, Tay Ban Nha,
Ba Lan) véi tong cong suat 19.000 tan struvit/nim dudi tén
thuong mai la Crystal Green® (Ostara, 2018).

M6 hinh BBR [Billund BioRefinery (Nha mdy “loc
sinh khoi” Billund)]

BBR 14 mot nha may trong hé théng cua Cong ty dich
vu cong Billund Vand A/S, Pan Mach, la Cong ty cé trach
nhiém cung cip dich vu trong linh vyuc cip nudc, xir Iy nude
thai va cAp nang lugng cho thi tran Billund va khu vyc xung
quanh. BBR 1a nha may xt ly nudc thai (XLNT), déng thoi
1a nha cung cép ning lugng. O day hé thong XLNT duoc
két ndi voi hé xir 1y bun yém khi thé hé méi dong phan huy
bun tir nha may XLNT két hop véi phan hitu co trong RSH
(ODW) va céc chat thal hitu co tir cong nghi¢p (OIW). BBR
khong nhung tu tac vé mit nang lugng, né con cung cap
cho nhu cau xung quanh hon 150% nang lugng (dién, nhiét
ndng) “xanh” so véi nang lugng né tiéu thy, tai tao nudce
thai dé tai st dung, va san Xuét phan hitu co chét lugng cao
phuc vu nong nghiép. N6 thu hoi téi 98% tiém nang co thé
thu hdi c6 trong nude thai va chét thai. Nha may BBR dugc
coi 1a vi du & quy md cong nghiép vé khai niém “Kinh té
tuan hoan”, diéu nay rat quan trong d6i véi su nghiép phat
trién bén ving [19].
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bPé dat duogc cac két qua 4n tugng trén, BBR 4p dung
hang loat tién bo khoa hoc cong nghé trong linh vuc xir ly
nude/chat thai, trong d6 tréi tim ciia hé thong 1a cong nghé
phan hiy yém khi (AD) ban quyén Exelys™ ciia Veolia.
Cong nghé nay cho phép phan huy yém khi chét hitu co sdu
hon, tang thu hdi biogas 1én 20-40% so v&i thong thuong,
luong cén bun sinh ra dé 1am phan compost giam vé luong
ddng thoi thay ddi vé chét: d& tach nudc, 1am kho hon. Cing
v6i Exelis™, BBR con 4p dung nhiing thanh tyu t6t nhat
ctia nganh cong nghiép nude thai, quan trong nhét la: STAR
Utility Solutions; ANITA™Mox; BioPasteur™; Loc dia
Hydrotech™ [20].

C6 thé coi, BBR 1a mot bude tién hoa ciia nha may nudc
thai Marselisborg dd néu & trén vé khia canh thu hdi ning
luong. Bang 1 so sanh cac thong s giira hai nha may vé
khia canh thu hdi nang lugng xanh.

Bang 1. Can béang nidng lugng niam, so sanh BBR va nha may
nudc thai Marselisborg.

10°Nm* kWh
27.000.000

So sanh
100,0%

Marselisborg

Piu vao Biogas tu sinh 42

San lrong dién 10.800.000  40,0%

San lugng nhiét 12.100.000  44,8%

Ton thét 4.100.000  15,2%

TONG, kWh/nam 22.900.000 9.628.000

Xuiit ra Dién nang 10.800.000  100,0% 817.000

Nhiét nang 5.000.000  41,3% 2.500.000

Dién nang (mua) 3.200.000 29,6% ban

58,7% tu san

Tiéu thu ning lugng
& BBR

Nhiét ning 7.100.000 A
xuat
TONG, kWh/ndm 10.300.000 6.311.000
Hé sb ning luong bi¢n niing 33
(sinh ra:tiéu thu) Nhiét ning 24

Nguf}n: [21].

Luu y 14 vé miat cong suat nha may XLNT Marselisborg
c¢6 cong suit 16n hon nhiéu (32.918 m3/ngay) [22] so véi
BBR (~7.000 m*/ngay). Tuy nhién, bén canh nudc thai sinh
hoat, BBR con nhéan xttr Iy mdt luong 16n nudc thai, chét
thai giau hitu co tr cdc nha may va khu vuc chan nu6i xung
quanh, bao gém ca phan hiru co trong RSH véi tong luong
hiru co quy chat kho (DS) 1a 4.200 tAn/nam [22].

Vé hiéu qua thu hdi nang lugng tai tao qua phéan hiy hitu
co thanh biogas va phan hitu co, BBR dat t&i 99,9%, trong
d6 70% thanh biogas. Hiéu suét phat dién - nhiét tir biogas
& BBR dat ti gan 85%, ton that nhiét c6 15,2%, day la con
s6 1y tuong néu so sanh véi cac nha may nhiét dién & Viét
Nam hién nay. V& khia canh thu hdi P (52 tAn P/nim), BBR
dat toi 96%, tuy nhién, do ap dung qua trlnh annamox (0xy
hoa yém khi NH, béng NO,), hi¢u sudt thu hdi N (duéi
dang phan hitu co) chi dat 32%, phan N con lai dugc thai
vao moi truong dudi dang N, ngoai ra mot lugng di¢n nang
dang ké phai chi phi cho qua trinh nitrit hoa khoang 50%
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ctia 182 tAn N-améni/nam. Phan hitu co thu dugc 1.562 tan/
nam voi ham luong dinh dudng kha cao: 5,9%N, 3,2%P, cac
con sd nay vuot xa cac loai phan hitu co vi sinh hién nay &
Viét Nam.

C6 thé thay, diém manh cua BBR la cong nghé AD rit
hi€u qud, can bun phat sinh chat luong cao vé mat dinh
dudng va ca vi sinh, c6 thé sir dung cho nong nghi¢p. Hon
nira, cong ngh¢ BBR cho phep xir ly dong thoi ca phan hitu
co trong RSH, diéu nay rat quan trong v6i Viét Nam vi ¢o
thé giam thiéu nhu cau chon lap rac, tao thuan loi cho cong
nghiép thu hoi - tai ché chat thai rdn. Piém con chua hoan
thién 1a phan N thu hdi con thap, diéu nay kéo theo chi phi
dién nang trong qua trinh xr Iy TN & day chuyén xir Iy nudc.
Két luan va kién nghi

Duéi 4p luc cua 6 nhiém mai truong, cta sy can kiét
tai nguyén, ctia sy bién d6i khi hau, mé hinh “Kinh té tuin
hoan” trong cong nghiép xir Iy nudc thai la didu phai va nén
theo dudi. Sy thanh cong cia M6 hinh BBR ¢ Pan Mach
1a rit nén hoc tap. M6 hinh BBR cho phép loai bo nhu cau
chon RSH, xur Iy ddng thoi nude thai do thi, phan hitu co
trong RSH tir ca d thi 1an nong thon, nude thai giau hitu co,
bao gom ca nudc thai chan nudi, gop phan phat trién nong
nghiép bén viing thong qua xir 1y chit thai va cung cap cac
dang phan bon, hinh thanh lién két d6 thi - nong thon kiéu
méi.

Vé mit thugn li, thir nhdt 1a mic d6 do thi hoa cua
Viét Nam dang & muc rat thip so véi mirc trung binh cia
thé gioi, dong thoi mirc d6 xir Iy nuwdc thai d6 thi hién ciing
con rat khiém tn so véi nhu cau phai thyc hién. Didu nay
6 nghia 14 cac d6 thi méi hinh thanh s& can ¢ cac tram xur
ly nude thai xdy méi, cong voi nhu cau xir Iy RSH mdi, ké
ca nudc thai giau hitu co ¢ vanh dai xanh xung quanh dé
thi méi, diéu nay s& 1a thuan loi dé ap dung ngay cach tiép
can BBR méi voi ha ting méi phit hop dé thay thé mé hinh
BHT di duoc danh gia 1a “sai” vé mat bao vé tai nguyén
[2]. O cac nudc phat trién, voi mirc do d6 thi hoa di rit cao,
ha t?lng d6 thi d3 hoan thién & murc cao, s& kho hon nhiéu
dé quyét dinh chi phi cho viéc pha cii, xdy moi, Viét Nam it
kho khan hon vé khia canh nay.

Thuan loi thir hai, rat quan trong la Chinh phu Viét Nam
rt coi trong chinh sach “khéng danh ddi méi trudong lay
phat trién kinh t&”, Viét Nam c6 nhu cau 16n vé& mat nang
luong dé phat trién, tuy nhién COP21 van cam két giam
phét thai 8% KNK. M6 hinh BBR s& dong thoi giai quyét
bai toan vé sinh méi truong (nude thai, rac hiru co), thu hoi
nang lugng tai tao va giam phat thai KNK. S¢€ thuan lgi hon
khi mot s6 thanh phd ¢ Viét Nam da bat d¢au chinh sach phan
loai RSH, tach riéng rac nha bép bét budc.

Thuén 10i thi ba 13 dau ra, nhit 1a dbi v6i phan hiru co
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chét luong cao va an toan cho vanh dai xanh - noéng thon
xung quanh cac d6 thi moi dé phat trién néng nghiép hitu
co, mot chlnh sach moi nira cua nganh nong nghlep Viét
Nam, v6n 13 mot nude thuan nong dang phat trién. Hon
nita, md hinh BBR con sin sang nhan cac chit thai hiru co
tir chin nudi, ché bién thuc phétm. .. 0 vanh dai thuc phém
xung quanh do6 thi dé thuc hién chu trinh xu ly - tai tao tai
nguyén, gidm nhe ganh nang xu ly mdi truong cho néng
thon xung quanh vén rat kho khan vé ngudn luc dé xur 1y
mdi trudng, gop phan phat trién chinh sach nong thén mai.

V& mit khé khan, Viét Nam s& phai di mit véi stc y
ctia “thoi quen” 1am theo cai ma s6 dong thuong van lam.
Kho khan tiép theo s& 1a van dé td chirc lai hé théng v¢€ sinh
mbi trudng hién c6. Kho khin 16n nhat va can vuot qua som
nhét 1a tu duy quy hoach. Hi¢n nay, quy hoach d6 thi, nong
thon gan nhu doc lap, su thé hién cua cac hé thong m01
truong trong d6 rit mo nhat, cach tiép can theo BBR rat can
su théng nhat, hon nita, mot s6 thay doi can thiét trong thiét
ké ha tang can dugc nghién ctu (vi du, duong dan nudc
thai tir d6 thi néu 4p dung nghién rac nha bép tai chd hay
hé thdng dan thai vé trung tdm xu 1y tir khu vuc nong thon).
Khoé khin cudi ciing 13 vén dau tu, cong nghé méi nén c6 thé
dat? Tuy nhién, yéu t6 gia c6 thé tham khao tir dw 4n BBR
va ¢6 thé khic phuc nho céc lgi ich ma n6 mang lai (dién
- nang lugong, nudc sach, phan bon). Cac kho khan nay chi
¢6 thé vuot qua dugc néu tép hop duorc doi1 ngti can bd da
nganh, da linh vic ¢ quyét tim va sin sang thuc hién cac
cong tac nghlen ctu, tuyén truyén dé co su tng ho cua hé
thong chmh quyén céac cdp va dan cu & khu vuc dlI an. Dac
biét 1a can sy tham gia cua nhitng nha dau tu co tAm va co
tam v6i twong lai cia dat nude.

M6 hinh BBR hoan toan c6 thé ap dung ¢ Viét Nam va
nén ap dung cang sém cang tot, khi mirc d6 d6 thi héa con
chua qué cao (6 murc 35-40%). Viéc ap dung mo hinh BBR
doi hoi su thay doi tu duy tir buée quy hoach, can két hop
quy hoach d6 thi véi phat trién nong thon. Cac ndi dung
nghién ctru k¥ thuat can két hop véi cac yéu td kinh té dé
1am 5 hon tinh kha thi ciia phwong an nay. Hon nita, vin dé
x4 hoi, to chitre thue hién, nhu sy chuyén ddi vai tro cua cac
Urenco cling can dugc quan tam.
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