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MO PHONG VA KIEM NGHIEM HE THONG LOC NUGC BIEN CO TiCH HQP
NANG LUQNG TAI TAO CHO VUNG BIEN PAO CONG SUAT 200-300LiT/GIO

EXPERIMENT ON A DESALINATION SYSTEM INTEGRATED WITH RENEWABLE
ENERGY WITH CAPACITY OF 200-300 LITERS/HOUR

Poan Anh Tuin', Huynh Thi Minh Thu?

Truong Dai hoc Bach khoa, Dai hoc Da Niéng, datuan@dut.udn.vn
2Céng ty CP Pau tw & Phat trién Nang lwong Mt troi Bdch khoa

Tém téat - Nwédc sach va ndng lwong dang la van dé nan giai dbi
v@i cac vung hai dao, dac biét nhitng ddo nhd & nwdc ta va cac
noi khéng cé ngudn nwéc ngot hodc khé van chuyén nuéc ngot tir
dét lién ra dao. Trwédc thuc trang dd, bai bao nay trinh bay viéc
nghién ctru xay dung hé thdng loc nwéc bién cé thé tich hop st
dung nang lwong tai tao, duoc thiét ké va phat trién. Két qua thwc
nghiém cho théy, hé théng c6 thé x Iy nwéc cé ndng do muéi cla
nwéc bién, khoang 3,1% dén 3,3%, cho ra nwéc sach co tdng chat
rén hoa tan (TDS) thap hon 1000 ppm, thda man néng dé theo tiéu
chuén vé nwéc sinh hoat. Két qua ciing cho thdy hé thdng co thé
thu dwoc nwéc sach khodng 200-300 lit/gidr véi suét tiéu hao néng
lwgng khoang 4 kWh/m?,

Twr khoa - Ic,)c~ nwdc; bién; nang lwong tai tao; nang lwong mat troi;
cong nghé tham thau nguwoc; bién dao.

1. Dt van dé

Céc ving hai déo, dic biét nhitng déo nho, kho khan vé
ngudn nu6ce sach ludn 1a mot thue té thuong xuyén va dit ra
nhiing van dé nan giai trong cap nudc, dic biét vao mua kho.
Trong khi do, kha nang vén chuyén nuéc tir dat lién cung
cap cho déo dugc xem xét va danh gia kha ton kém vi cac
dao & xa dat lién, phuong tién di lai kho khin va thoi tiét doi
lac khong thuan loi; khong nhiing vay, do anh huong cua
bién ddi khi hau, tinh hinh mua bao va lu lut ngay cang tré
nén kho du doan. Do vay, yéu, cau vé mot giai phap cap nudce
sach tai chd 1a hét strc can thiét cho cac dao.
1.1. Cong nghé loc nwdc bién

Hién c6 nhiéu phwong phap khir man khac nhau, nhung c6
2 cong nghé chinh: Chung cét va sir dung mang loc thim thau.

- Churng cit: Duya trén nguyén 1y vé su boc hoi cia
nudce, thuong sir dung ngudn cung cap nhiét lwong nhu
nang luong mat troi, hoac bz?mg cach d6t cac loai vat lidu
dé chay khac: cti, than, du ... dé thuc hién.

- Sir dung mang loc thém thdu dé tach nudce tinh khiét
va céc chét hoa tan: Sir dung ngudn 4p luc dé diy ép nudce
min qua mot mang loc véi cac 16 di nho sao cho chi co
nude di qua va gat bo lai tat ca cac loai mudi va tap chét.

Tai Viét Nam, tir nhiéu nim nay da c6 nhimg nd luc
khiém ton nhim loc nuéc bién, cung cép cho cac dao xa
thiéu nudc nhung hiéu qua con han ché. Vi du dién hinh 1a
nha may xir Iy nude bién thanh nude ngot sir dung cong nghé
thdm thau ngugc (Reverse Osmosis RO), ¢6 cong suét 200

m3/mot ngay dém, v6i von dau tu 1 triéu USD do cong ty
Doosan ciia Han Qudc xay ting dao Bé (xa An Binh), huyen
dao Ly Son, Quang Ngii. Sau thoi gian dau cip nuéc mién
phi, nha may dimg tru¢e kho khan 16n vi gia nhién liu kha
cao, khién gi4 nudc ngot san xuét ra tir nha may cao hon gia

Abstract - Clean water and energy have been big issues for
remote islands and coastline areas of Vietham. Therefore, by
considering the current situation, the paper designs and develops
a small and mobile desalination system, which can integrate with
renewable energy. The results of testing system show that ithe
system can treat feed water from 3.1% to 3.3% of salinity to
produce clean water lower than 1000ppm of total dissolved solids
(TDS), which satisfies the TDS requirements of National technical
regulations of Vietnam on domestic water quality . The capacity is
about up to 300 liters of clean water per hour. In addition, the
energy-consumption rate of the proposed system is about 4 kWh
per 1 m® of clean water produced.

Key words - desalination; renewable energy; solar energy; reverse
osmosis; remote islands.

ngudi dan mua tir cac déo 16n gan do [1]. Trong mot nd lyc
khéc, dé khong phu thudc vao nhién lidu, nhém nghién ciru
thudc Khoa Co khi - Cong nghé, Truong Pai hoc Nong Lam,
Pai hoc Hué da nghién ctru, thiét ké va ché tao thanh cong
thiét bi chung cAt nude ngot tir nudc bién, st dung nang
luong mat troi thu dong [2]. Tuy vay, cong nghé nay cho
cong suat kha thap, can nhiéu dién tich, khong gian, khong
phi hop véi cac dao nho. Gan day, nhom nghién ctru ciia
Truong Pai hoc Ba Ria-Viing Tau ciing da nghién ctru va
phét trién mot may loc nudc bién nho cong suat ti da 100
lit/gio, cong sudt trung binh 1a 50 lit/gio str dung cong nghé
tham thiu nguoc (Reverse Osmosis-RO). Vi cong suat nay,
may chi thich hop cho céc tau danh c4, nha dan.

Hién nay, cong nghé tham thau ngugc da dugc phd bién
4p dung trong khir min nudc bién phd bién trén thé gi6i.
Trong hé thong khir man nay, dé vuot qua mang RO, nuéc
cép can phai dat dugc mot ap suit nht dinh. Ap sudt nay
dugc ting ap boi bom cao ap - thiét bi tiéu thy nang lugng
chu yéu trong hé théng RO truyén théng. Do dé, nhidu
nghién ctru da dwoc thyc hién nham giam thiéu ning lugng
tiéu thu hé thng bang cach giam tiéu hao ning lugng bom
cao ap. Mot trong nhitng phuong phap dugc danh gia cao
1a phwong phép thu hdi ning luong [3, 4, 5]. Trong phuong
phap nay, nang lugng dong nudc xa (vén con rat cao sau
mang RO) dugc thu hdi de hd tro bom ting ap trong viéc
tang ap cho dong nude cap; do vay, nang luong can thiét
dé van hanh hé thong dugc giam dang ké.

1.2. Cong sudt hé thong khir mdn ding RO

Do chi phi san xuat 1 m3 nudc sach giam dan khi cong
sudt hé thong cang 16n, hau hét cac hé théng xur 1y nudc
bién du c6 cong suat tir trung binh dén 16n. Thém nita, nhu
cdu cong suit nho & cac nude phat trién 1a rat it. Vi vay,
khong nhiéu nha san xuét tap trung vao viéc phat trién hé
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thong cong sudt nho, hodc néu c6 thi gia thanh kha cao.
Tuy vay, hé thong cong suat 16n doi hoi luong 16n ning
luong dé hoat dong, khong phu hop cho cac ving bién, hai
dao Viét Nam, nhirng noi vn khan hiém vé ning luong.

Trude yéu cau dé, dé tai da va dang nghién ctru va phét
trién mot hé théng loc nude bién quy mé nhé voi cong sudt
khoang 200 dén 300 lit/gio, tiéu hao ning lugng thap, c6
thé tich hgp ngudn ning lugng tai tao nhur nang lugng mat
troi/gio von doi dao ¢ nude ta. Trong hé thong, cac cong
nghé méi vé téi wu ning lwong dwoc ap dung, nhu: thu hoi
nang luong va bién tan dé t4i vu ning luong tiéu thu cho
bom cao ap. Trong bai bao nay, ngoai cac két qua mo
phong thiét ké cdu hinh mang tham thau RO, cac két qua
thir nghiém hé thong loc nuée ciing dugc trinh bay dé kiém
nghiém Kkét qua hoat dong cia hé théng.

2. So d6 hoat dong h¢ thong
So dd hoat dong hé théng loc nuée bién duge mo ta nhu
trong Hinh 1.

~’|_Cam bién luu luon,
o)
Hau loc Bbn chira nuéc
Nuére sach sach

Cam bién ap
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Hinh 1. So'd6 hoat déng hé thong loc nude bién

Nudc cép dau vao duoc dua dén ;ién loc béng mot bom
cap. Nude duge xir 1y qua cac bf tién loc voi duong kinh
loc nho nhét 1a 5 micron. Sau d6, bom cao ap tang ap luc
d€ dua nudce di qua mang thdm thau nguge RO. Nude sau
khi qua mang RO duogc chia thanh 2 dong: nudce sach ticp
tuc qua cac thict bi hau loc d€ cung cap cho ngudi s dung;
nudce thai ra dugce dua dén thiét bi thu hoi nang lugng ho
tro bom cao ap va xa ra ngoai.

_ Trong thu nghiém nay, cac thong s0 ctia h¢ thong duge
kiém soat va luu trit d€ t6i wu van hanh:

- Cam bién 4p suét P1 va P2 c6 dai do tir 0-10 bar duoc
st dung dé do ap lyc ¢ trude va sau tién loc, dé theo dai
cac tién loc.

- Cam bién ap suat P3 va P4 c6 dai do tir 0-100 bar dugc
su dung dé do ap luc & trude va sau mang RO, dé theo doi
mang RO.

- Luu luong nudc sach tai ngd ra (cong sut loc) duoc
ghi nhan va theo dai.

Bén canh do, cac van dé an toan khac duogc kiém soat
de bao v¢ thiet bi trong hé thong.

3. Thiét ké va lya chon cAu hinh mang loc

Vi yéu ciu cong suit loc ngd ra khoang 200-300 lit/gid,
hé thong dugc md phong dé lya chon dugc cau hinh mang loc
toi uu ve chi phi, kich thudc (khong gian) cling nhu higu suat.
3.1. Piéu ki¢n mé phéng

H¢ théng dwoc mé phong sir dung phan mém ROSA
voi diéu kién ban dau nhu sau:

- Nude ngd vao co tong lwong chat hoa tan (TDS):

~32000 ppm;

- Loai mang loc dugc lqa chon str dung trong hé:’ théng la loai
¢6 duong kinh 3,9 inch, chiéu dai 40 inch vdi ap suat 55 bar.

- Bom cao 4p c6 luu luong nude vao khoang 850 lit/gio;
hiéu suat bom 80%.

- Cong suit dién cia bom cao 4p trong phdn mém duoc
tinh theo cong thirc:

P=dp sudt*luu lwong vao/hiéu sudt bom
3.2. Két qué mé phéong
Phwong dn 1: Ciu hinh ditng mgt mang loc
CAu hinh hé théng chi co 1 mang loc, giao dién hé théng
duoc mo ta nhu Hinh 2.

Mudic ban

Dong nuwdc vao X
£ Nuwdc sach

Hinh 2. M6 phong trieong hop dimg cau hinh 1 mang loc

Dong nudce bién cép vao dugc loc qua 1 mang loc thim
thau nguoc RO va duogc chia thanh 2 dong: nudc sach cap
cho nguoi st dung va nudce ban dugc thai ra ngoai.

Sau khi chay mé phong, két qua thu dwoc nhu Hinh 3.

Project Information:
Case-specifie:
System Details
Feed Flow to Stage 1 od5m3h Pass 1 Permaeate Flow 020mIb Osmatic Pressure:
Rew Water Flovr to System. o85mifh Pass 1 Resarvery 2% Feed 26.09 bar
5500 bar Feed Temmperature Concetrate 34 48 bar
Flow Factar of5 Feed TS Average 3028 ber
Chem. Dose Wone Number of Elements AversgeNDP  a4fibar
Taotal Active Area 734M2 AveragePass 1y 27500mh Power 258KW
Water Classifiction: Seavater with Conventional pretreatment, SDI < 5 SpecificEnergy 1276 KWh/m®
Same Eemem PV $Ee FeedFlow FeedPress RecireFlow ComcFlow ComcPress PermFlow AvgFlux PermPress BoostPress PermTDS
o B (m/h) (bar) (m*fh)  (m3h) (ar) () (mh) (ber) (ber)  (mg)
1 SWiodoge 1 1 of5  5uf6 000 ofs  sub2 w0 s 000 500 26345

Hinh 3. Két qua mé phéng cau hinh ding mét mang loc

Két qua md phong cho thiy:

- Ti 1¢ thu hoi nudc 1a 23,74 %, tuong tmg luu lugng
nude sach thu dugce 1a 200 lit/gio tai ap suét 55 bar; thong
thuong, luu lugng nay co sai sO trong khoang +/-10%;
nghia 13, luu lugng s€ trong khoang 180-220 lit/gid.

- Suét tiéu hao nang lugng 14 12,76 kWh/m2.

Phwong dn 2: Ciu hinh diing hai mang loc

K/

s Cau hinh diung hai mang lgc noi tiép

M ban

Dong nwdc vao .
e Nwo'c sach

Hinh 4. Cdu hinh hai mdng loc néi tiép

Project Information

Case-specific

Hinh 5. Két qua mé phong cdau hinh hai mang loc noi tiép
Dong nudc bién cép vao dugc loc qua 2 mang loc thAm
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thdu nguoc RO va duoc chia thanh 2 dong: nudc sach cap
cho nguoi sir dung va nudc ban dugc thai ra ngoai.

Sau khi chay mé phong, két qua thu dugc nhu Hinh 5.

Két qua md phong cho thiy:

- Ti 1§ thu hoi nude 14 37,19 %, twong émg luu luong
nudc sach thu duge 1a 320 lit/gio tai ap suat 55 bar.

- Suét tiéu hao niang lwong 14 5,14 kWh/m?.

% Céu hinh diing hai mang loc mdc song song
5 C’éu hinh hé thcf)ng gdm 2 dng chiu 4p méc song song,

moi ong chira 1 phan tir mang loc.

Project Information:

Hinh 6. Két qud thi nghiém cdu hinh hai mang loc mdc song song

Két qua md phong cho thiy:

- Ti 1¢ thu hoi nude 1a 34,49%, twong (mg luu lugng
nudce sach thu duoc 1a 290 lit/gio tai &p suat 55 bar.

- Suat tiéu hao nang luong 14 8,78 kWh/m?.

Nhdn xét

- V6i clu hinh dung 1 mang loc, ti 18 thu hoi nude kha
thap. Trong di,éu kién thuec té, ti 1€ thg hoi co the bi giam
do nhiéu yéu to nhu: mang loc bi do bén... Do vay, dung 1
mang loc rui ro s€ cao hon, néu mang bi tac nghén, hoac
phai ton nhi€u thoi gian cho viée suc rtra.

- Véi chu hinh dung 2 mang loc, c6ng sué‘g loc & ca2
truong hop déu c6 phan cao hon so voi yéu cau ban dau.
Tuy nhién, trong diéu kién thuc te, ph?ln chénh 1éch nay sé&
dam bao hé thong loc dap tng nhu cau va giam thoi gian
cho viéc suc rua mang. Hon nira, luu luong nude ngd ra
cc‘)p co thﬁt dyto'c Qiéu chinh toi uu theo yéu cau nho vao hé¢
thong bién tan di¢u khién hoat dong ctia bom cao ap.

- V6i cung muc tiéu hao nang lugng cho bom cao ap
(cung 4p suat md phong), cau hinh hai mang loc RO noi
tiép cho ti 1¢ thu hoi cao hon; do do, sudt tiéu hao nang
luong cho trudng hop cau hinh noi tiép s€ thap hon (5,14
kWh/m? so véi 8,78 kWh/m?®).

“7—~

Hinh 7. Hé théng loc nwéc bién thir nghiém
voi kich thude 1625 x 540 x 1040(mm)

Vi nhiing 1y do trén, céu hinh sir dung 2 mang loc RO
mic ndi tiép s& duoc chon. Ngoai ra, dé tiét kiém khong
gian may loc, 2 mang loc s& duogc dat trong 2 dng chiu ap
nhu trén Hinh 7.

4. Két qua thi nghiém & thio luin

Thi nghiém duogc thyc hién v6i 2 truong hop co ndng
d6 mudi cua nudc dau vao twong ung 1a 3,1% va 3,36%.
Nong d6 nay twong duong v6i dai nong do mudi trong nugce
bién. Ngoai ra, dé danh gia sy anh hudng ciia bom céap dbi
v6i h¢ thong, 2 loai bom cap véi cot ap la 2,2bar Vé‘3,5bar
duogc thir nghiém d¢ so sanh cho truong hop khi ndong do
mudi 3,1%.

< Cong suit lgc clia may

Ap sufit sau bom cao ap anh huong nhis:éu dén cong suat
loc hé thong. Két qua trong Hinh 8 cho thay:

- Luu lugng nude sach ngd ra ciia mdy loc tang 1én, khi
ap suat sau bom cao ap tang Ién.

- V6i diéu kién trong thi nghiém nay, cong suat loc cua
may dao dong tir 175 lit/gio dén gan 300 lit/gio, voi ap suat
trong tir 37 bar dén 45 bar. Két qua nay twong d6i phu hop
véi két qua mo phong khi chon cau hinh mang Igc.

350
g 250 = 7 ®
g 200 — N *
5 150 = hd
] By 7 5y 7
2 ¢ Nong do muoi dau vao 3.36%_bom cap 2.2bar
2100 X X o x £
8 BNoOng dd6 mudi dau vao 3.1%_bom cap 2.2bar
50 Néng d¢ mubi ddu vao 3.1% bom cip 3.5bar
0 T T T T 1

35 37 39 41 43 45
Ap suit (bar)

Hinh 8. Anh hueéng ciia dp sudt bom cao dp déi véi cong sudt loc

7

< Ap suit sau bom cao ap

Trong hé thong nay, bién tin dwoc sir dung dé ti wu
nang luong tiéu hao cho hé théng. Tan sé hoat dong bién
tan s& tac dong truc tiép dén 4p sudt tao ra sau bom cao é&p,
cling chinh 12 yéu t6 anh hudng lwong nude ngd ra thu dugc
nhu da dé cap trén.

50
£) 40 =
o 1 -
& : -
g 30 7
% 20 ¢ Nong d6 mudi dau vao 3.36%_bom cép 2.2bar
’g 10 B Nong d6 mudi dau vao 3.1%_bom cp 2.2bar
= ]
= Néng d6 mudi dAu vao 3.1%_bom cip 3.5bar
=
© O T T T T 1
g 25 30 35 40 45 50

Tén sb (Hz)
Hinh 9. Anh hong ciia tan sé bién tan dén dp sudt bom cao dp
Tir Hinh 9, ta c6 thé thiy rang:
- Ap suat ngd ra bom cao ap gan nhu tuyén tinh voi su
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thay ddi cua tan sb hoat dong bién tan.

- V6i cung mot néng d6 mudi dau vao, hé sb tuyén tinh
nay gan nhu khong doi: ap suat tao ra tir bom cao ap gan
nhu khong phu thude vao ap suat dau vao bom cao ap.

- V6i ndng d6 mubi cang cao, ap suit bom cao 4p cang
cao va ap suat s€ it thay doi khi tan so bién tan thay doi.

% Suit tiéu hao ning lrong

Ning luong tiéu hao trong hé thong chii yéu cho bom
cap va bom cao ap. Trong do, bom cao ap s& bi anh huong
boi nhiéu yéu t6 nhu: nong do mudi 1ngd vao, cAu hinh
mang loc RO, cong sudt ngd ra yéu cau.. ; trong khi do,
bom cép chi can dam bao nu6ce vao du ap suat qua cac tién
loc va thét thoat trén duong 6ng tir noi cAp nudc vao. Trong
thi nghiém nay, véi cung nong d6 mudi ngd vao, hai loai
bom cap khac nhau dugc chon d€ so sanh.

4.5
40 —&
@

nNow
g1 o

+Nong do mudi dau vao 3.36%_bomm cap 2.2bar

Néng d6 mubi diu vao 3.1%_bom cip 2.2bar

Suét tiéu hao ning lugng
(KWh/m?3)

Nong d¢ muoi dau vao 3.1%_bom cap 3.5bar

150 200 250 300 350
Cong sut loc ngd ra (lit/gid)
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Hinh 10. Sudt tiéu hao ndng lieong hé thong

Tir Hinh 10, két qua cho thay:

- Suét tiéu hao nang lwong trung binh ciia may loc thi
nghiém nam trong khoang 3 dén 4 kWh/m® nuéc sach.

- Trong thi nghiém nay, khi stir dung bom cép c6 cot ap
cao hon, suat tiéu hao ' nang luong ciing co phan cao hon
véi cung mot cong suat loc va diéu kién dau vao. Vi vy,
viéc lwa chon bom cap vira di nhu ciu cling 1a mét cach
tiét kiém nang lugng cho toan hé thong.

< Ngudn ning lwgng cho hoat dong cita h¢ thong
12
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Hinh 11. Céng sudt dién hé thong

Tir thi nghiém, v6i cong sudt loc duoc thiét ké, cong
suét dién can thiét cho hé¢ thong hoat dong 1a vao khoang
1kW, nhu két qua trong Hinh 11. V&i yéu cau nay, thiét bi
loc nude co thé tich hop t6t voi nang lugng tai tao, vi du
nhu ning luong mit troi. Hé thong nay c6 thé két hop véi
hé théng nang luong mat troi di dong hodc ¢b dinh, & cac
khu vuc khong co dién ludi.

- Hé thong gan v6i ngudn ning lugng mat troi di dong

V6i hé thdng ning lugng mit troi di dong cap ngudn
cong sudt khoang 1.5 kWp (gém 6 tim pin 250Wp), theo
diéu kién trung binh tai Viét Nam v&i 4 gio nang, hé thong
loc nudc bién co thé hoat dong cho cong suat 1,5m3/ngay.
V6i cong suat nay, hé théng co thé cung cip cho khoang
50 ngudi (voi tidu chuan trung binh 30 lit/ngay/nguoi).

- Hé théng gin véi ngudn ning lwong mit troi cd dinh

Trung binh hé thng loc ¢6 thé cho cong suit 6m¥ngay
(cong suat 250lit/gi®) khi hoat dong lién tuc 24/24h. Cong
suét hé thong nang luong dién mat troi twong ing 1a khoang
6 kWp. Hé thong cip ngudn mit troi nay hoan toan kha thi
khi lap ¢b dinh cho céc dao, phuc vu nuéc sach dugce dén
khoang 200 nguoi dan.

5. Két luan

Thiét bi loc nudc bién di dong véi kha ning tich hop
dugc nang lugng tai tao, phu hgp cho cac khu vuc hai dao
vé ven bién Viét Nam, da duoc nghién ciru, phat trién va thur
nghiém. Kich thuéc hé théng co dong, nhé gon phu hop
trong diéu kién giao thong khé khan & cac ving nay. Mac du
san pham hién chi & mirc d nghién ctru va phat trién, nhung
két qua cho thy, Viét Nam hoan toan c6 thé lam chii cong
nghé va phat trién cac giai phap cung cap nude sach, nham
phuc vu t&t hon cho doi séng nhan dan, dong thoi, gop phan
bao vé moi truong va g pho véi bién doi khi hau.

Véi cong cu diéu khién va giam sat thir nghiém nay, hé
thdng tram sac cho phép chu dong nang cép va ung dung
cac cong nghé tién tién nhét cho viée phuc hdi 4c quy tai
Viét Nam. Viéc ing dung hé thong quan ly gidm sat qua
trinh phuc héi ¢ quy da gop phan 16n trong viée cai thién
hiéu sut cong viéc va giam thoi gian lao dong.
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