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TOM TAT

Nghién ciru dp dung phiwong phdp Pdnh gid vong doi nham dinh lwong cdc tac dong méi
triweong chii yéu phat sinh trong giai doan vdn hanh cia hé thong xir Ii nuée cdp. Phan mém SimaPro
va phwong phdp ReCiPe (H) V1.09 duoc sit dung dé danh gid cdc nhém tae déng o cap do trung
gian va diém cudi. Két qua cho thay tiéu thu dién nang va héa chat polyaluminium chloride (PAC)
la hai nguon déng gop tac dong méi truong I6m nhdt. Cy thé, dién nang la tde nhan chinh gdy ra su
néng lén toan cau VA can kiét tai nguyén hoa thach (déng gop tir 57,5%—-77,3% ¢ cdc hang muc
twong tng); héa chat PAC chi phéi cdc tac dong lién quan dén dic tinh gdy ung thu (78,4%) Va can
kiét tai nguyén khodng san (99,7%). Tong thiét hai diém cudi ciia hé thong la 9,97 mPt, trong do
9,19 mPt lién quan dén sirc khée con nguoi. Nghién ciru da danh gid kich ban thu hoi nhém tiv bin
thai chira PAC va kich ban sir dung dién ndang lwong mdt troi. Két qua cho thdy hai kich ban thay
thé dat dege cdi thién dang ké vé moi triong, véi cdc chi s tae dong trung gian lan lwot giam tir
5%—65% va 40%—74%, tong thiét hai diém cudi lan luwot giam 23% va 41%. Nghién ciru khdng dinh
tiém néng ciia viéc két hop xir li nude véi chién hege tuan hoan tai nguyén va sir dung nang lwong
tdi tao nham huwéng t6i tinh bén ving trong nganh cdp nurdc.

Tir khoa: danh gia vong doi; hé thong xir li nude cap; tac dong méi truong; thu hoi chat keo
tu nhom; dién nang lugng mat troi

1. Giéithigu

Nudc 1a ngudn tai nguyén thiét yéu ddi vai hé sinh thai tu nhién va cac hoat dong sinh
hoat, san xuét ciia con ngudi. Muc tiéu phat trién bén viing thir 6 (SDG6) cua Lién hop quéc
da nhan manh viéc dam bao tiép can ngudn nudc sach va vé sinh 1a mét nhu cau co ban caa
con ngudi. DU vdy, muc tiéu thy ning lwong cho qué trinh xu Ii nude twong ddi 16n va muc
tiéu thu nay duoc du bdo s€ tang 60%-100% trong 15 nam t6i (Hamawand, 2023). Su tiéu
thu nang lugng kéo theo nhitng tac dong tiéu cuc téi moi truong, do d6 viée tang cuong hiéu
suit niang luwong trong nganh xt 1i nuwdc 1a mot yéu cau cap thiét (Skoczko, 2025). Phuong
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phap danh gia vong doi (Life Cycle Assessment - LCA) duoc phat trién dé dinh lwong cac
tac dong méi trudng nham kiém soét va giam thiéu tidu thu nang luong, giam thiéu chat thai,
ddng thoi thac day cai tién quy trinh xir 1i. Cac nghién ctu gan day da tng dung rong réi
phuong phap LCA trong hé théng xu 1i nude do thi, (Mo et al., 2018) danh gia hiéu qua moi
truong — kinh té cua céc kich ban hé thong cap nuée ubng, (Xiong et al., 2018) xay ding mot
khuon khd t6i wu nham kiém soat nhu cau nudc. (Shiu et al., 2023) khang dinh tac dong moi
truong caa nha may xt 1i nudc phu thudc vao hiéu suat xtr I va cac giai phap tai ché, tiét kiem
nuéc ¢ thé giam thiéu déang ké cac &p luc sinh thai. Gan day, (Wang et al., 2025) sir dung
LCA dé danh gia phat thai khi nha kinh tir cac kich ban xir i nude dién hinh va chi ra ring cac
tuyén thu hoi toi uu c6 kha nang giam phat thai so voi phuong phap xir If truyén thong.

Mic du, cac nghién ciru da cung cip nhitng hiéu biét vé vai tro cua LCA trong viéc
danh gia hé théng xtr 1i nude, nhung cac nghién ciru tai Viét Nam con rat han ché, chua c6
nhiéu nghién ctu dinh luong tac dong méi truedng theo céch tiép can vong doi va phat trién
hé thng xt 1i theo huéng bén ving. Nghién ciru nady nham giai quyét khoang tréng nghién
ctru noi trén, thong qua viéc danh gia cac tac dong méi trudng cua hé théng xir 1i nuée cap
dung cho sinh hoat tai nha may cip nudc Hoa An, Dong Nai (Viét Nam). Nghién ctu st
dung phuong phap ReCipe va co so dit liéu nén Ecoinvent trong phan mém SimaPro 9.6,
ddng thoi so sénh kich ban xr 1 truyén thdng véi hai kich ban thay thé. Két qua caa nghién
ctru & cung cap dir lidu cho cong tac xay dung céc chinh sach méi truong, thuc day phét
trién va tng dung cac cdng nghé xir 1i nudc bén viing.

2.  Phwong phap nghién ciru

Cong cu danh gia vong doi duoc st dung trong nghién cau tuan tha theo tiéu chuan
1SO14044:2006: (1) xac dinh muc tiéu va pham vi danh gia, (2) phan tich kiém k&, (3) danh
gia tac dong, (4) trinh bay két qua (1SO, 2006)

2.1. Muc tiéu va pham vi danh gia

Nghién cttu duogc thyuc hién trong 6 thang (tir thang 10 ndm 2024 dén thang 3 nam 2025)
v6i muc tiéu 1a danh gia cac tac dong maoi truong tiém an cua hé thong xtr 1i nude cap trong giai
doan van hanh. Ngoai ra nghién ctu con so sanh véi kich ban lién quan dén viéc thu hdi thanh
phan phén nhém PAC tir bun thai caa hé thdng xt 1 va kich ban str dung dién ning lwong mat
troi thay thé cho ngudn dién tir luéi dién qudc gia. Nha may cap nudc Hoa An 1a nha may xa li
nuéc mat dung cho sinh hoat Iy nguén nudc tir song Dong Nai véi cdng suat xir li
15.000m%/ngay dém, hiéu suat xu 1i dat 98%. Hiéu qua cua hé théng xu 1i dwoc thé hién bang
tidu chuan chat luong nude dau vao va dau ra trong tmg, nhu trong Bang 1, cho thdy chat lugng
nude dau vao dat chuan ding cho muc dich cp nudc sinh hoat véi cong nghé x Ii phi hop va
chat lugng nuée dau ra dat tiéu chuan nuéc sach s dung cho muc dich sinh hoat.
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Bdng 1. Két qua quan tric mdu nwedc mdt va mdu nidc cap

Chét lwgng nwéc mit (dau vao) Chit lwong nwéc cap (dau ra)
.z « . QCVN 08:2023/ N . QCVN 01-
Thong so Ket qua BTNMT (Miic A) Thong so Ket qua 1-2024/ BYT
pH 8,36 6,5-8,5 pH 6,72 6-8,5
. Khé 5 Kho 5
DO (mg/l) 6,02 6 M ong co ong €0
mui la mui la
BODs (mg/l) 3,7 <4 Do duc (NTU) 0,1 2
Mau sic
COD (mg/l 9 <10 KPH 15
(mg/h = (TCU)
TSS (mg/l) 23 <25 Amoni (mg/l) 0,09 1
Amonia
0,2 0,3 F I KPH 0
(ma/l) : ) e ((mg/l) 3
Clorua
18,46 250 Clod /1 KPH 0,2-1,0
Asen ( mg/l) KPH 0,01 Asen (mg/l) KPH 0,01
Coliform
F /l 0,42 0,5 KPH <1
e (ma/h (CFU/100ml)
E.coli 16 20 E.coli KPH <1
(CFU/100mlI) (CFU/100ml)
Coliform
800 <1.000
(CFU/100ml) -

Giai doan van hanh tao ra ganh nang mai trudong 16n nhat (Goga et al., 2019), do d6
nghién ciru danh gia vong doi hé thdng xtr 1i nuéc cp theo quan diém “tir cai ndi dén céi
ndi”, pham vi nghién ciru va so d6 dong chay cua hé théng duoc thé hién trong Hinh 1. Qua
trinh xi Ii bun thai khong duoc danh gia do han ché vé mit dix liéu.

Diuvio| NS tr('in BE chira
¥ Bé loc =
: lang trllng nwdc sach

Pham viLCA

Bun thai giao cho
Be chura g donvichicnang
thu gom

Kich bin 1 Kich bin2

Hinh 1. So' d6 dong chay cua hé thong xi i va pham vi LCA (2 kich ban)
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2.2. Kiém ké vong doi

Giai doan phan tich kiém ké trong danh gia vong doi cua hé théng xu 1i nudc cap duoc
thue hién tap trung vao ning luong, hda chat s dung va chat thai phat sinh. Bang 2 trinh
bay cac thong sb kiém ké cua hé thdng xir 1i nuge cap tinh trung binh thang va quy doi theo
don vi chirc niang (1m® nudc sach).

Bdng 2. TOm tdt kiém ké vong doi giai doan van hanh cua hé thong xit I nwéc cap

S6 lwong quy theo

Nguyeén liéu/ning lwgng/san pham So ll}’(_)’ng/ don vi chire niing/1m® Do.’n
thang R Vi
nwéc sach
Nudéc sach 441.000 1 m?3
Nudéc thd 450.450 1,0214 m?
Vi 2.985 0,0068 kg
Phén nhém PAC 10.232 0,0232 kg
Clo 411 0,0009 kg
Pién tiéu thy toan hé thong 66.753 0,1514 kWh
Bun thai 304 0,0006 kg
Nuéc thai 120 0,0003 m?

2.3. Ddnh gid tac dong vong doi

Sau qua trinh phan tich kiém ké, budc danh gia tac dong vong doi duoc tién hanh, day 1a
budc phan tich quan trong trong phan tich LCA. Nghién ciru sir dung phan mém SimaPro va
co so dit liéu nén Ecoinvent dé thuc hién véi nhimg vu diém vé co so dir liéu 16n, kha ning mo
hinh hoa va phén tich toan dién (Wernet et al., 2016). Phuong phap ReCiPe 2016 (H) V1.09
duoc st dung véi hai cap d6 danh gia: trung gian va diém cudi (Huijbregts et al., 2016).

Céc tac dong moi trudng trung gian (midpoint) gdm 18 hang muc, phan 4nh muc do
dong gop cua hé théng ddi véi cac tac dong moi truong cu thé. Chi s diém cudi (endpoint)
goém 22 hang muc tac dong va duoc téng hop thanh ba nhom tac dong 16n: stc khoe con
ngudi, hé sinh thai, tai nguyén; cho biét thiét hai cubi cing ma cac tac dong méi trudng gay
ra cho con ngudi, hé sinh théi va tai nguyén. Viéc chuyén déi tir chi sé trung gian sang chi
s6 diém cudi gitp dé dang thiy dugc hau qua thuc su chir khéng chi dirng & ap lec nhu cac
chi s6 trung gian, dam bao nhitng danh d6i méi trudng dugc xem xét mot cach toan dién va
la céng cu c6 do tin cay cao dé hd trg viéc ra cac quyét dinh va chinh séach.

3.  Kétquavathao luan
3.1. Két qud ddnh gid vong doi hé thong X li nwéc cap

Két qua phan tich vong doi cua hé théng xir 1i nuéc cap ¢ giai doan van hanh cho thay
cac tac dong méi trudng cha yéu phat sinh tir viéc tiéu thu nang luong dién va sir dung hoa
chat trong cac cong doan keo ty, ling, loc va khur tring. Két qua danh gia tac dong trung
gian duoc trinh bay tai Bang 3 va Hinh 2. Tiéu thu dién 12 ngudn déng gop 16n nhat vao cac
hang muc tac dong moi trudng trong hé thdng xir i nuée cap, dac biét 1 ¢ cac tac dong ndng
I&n toan cau (68,2%), suy giam tang ozon (57,9%), hinh thanh ozon quang hda (71,8%), hinh
thanh bui min (73,7%), axit hoa dét (77,3%), can kiét tai nguyén hoa thach (69,4%). Nguyén
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nhan chi yéu xuat phat tir viéc dién duoc san xuat chi yéu tir cac nha may nhiét dién (than,
dau, khi) dan dén phat thai CO2, SO2, NOx va bui min, hé sb phat thai khi nha kinh caa ludi
dién Viét Nam nam 2023 1a 0,6592 tCO2e/MWh ( Department of Climate Change, 2024),
cho thy su phu thudc 16n vao cac ngudn ning luong hoa thach caa nganh san xuat dién tai
Viét Nam. Bén canh do, viéc sir dung hda chat PAC ciing tao tac dong dang ké ddi véi cac
chi s6 nhu buc xa ion hoa (71,2%), doc tinh sinh thai (58,5%-61,9%), doc tinh giy ung thu
(78,4%), can kiét tai nguyén khoang san (99,7%). Phén nhdm PAC ¢ hiéu qua keo tu tét,
lieu dung thap va tao bun it, nhung doi hoi qué trinh san xuét tiéu ton nhiéu ning lugng va
tai nguyén khoang san (quang bauxit). Cac hoa chat khac nhu véi, clo ciing gy tac dong
moi trudng, nhung thip hon nhiéu so véi viéc st dung phén nhdm PAC, do luong phén
nhém sir dung (0,0232kg/1m? nudéc) gap 25 lan lugng clo (0,0009kg/1m?® nudc) va gap hon
3 lan lugng voi (0,0068 kg/1mS nudc).

Nudc thai caa hé thdng xir 1i nuée cip dong gop chu yéu vao cac tac dong phu dudng
bién (75,5%), phu dudng nudc ngot (22,9%), doc tinh sinh thai nudc ngot (15,4%). Trong
khi d6, bun thai duoc ghi nhan 1a khong gay ra tac dong 16n d6i véi méi truong, mic tac
dong cao nhit 1a lién quan dén suy giam tang ozon (2,67%).

Bdng 3. Tdc dong maoi truwong ¢ murc midpoint cua cac tac nhan
trong hé thang xi Ii nuéc cap

Impact . Tap . PC.’IY . - Waste Raw
catedo Unit Total water Lime aluminium  Chlorine  Electricity water | Sewage
gory chloride sludge
\?V:m'ng kgCOm, 01472 0 00067 0,039 0,001 0.1 6,06x105 /80
Stratospheric kg , W " o " o 1,17x10°
ozone gL 43700 0 4,96x10°  1,61X10 369X10°  253x10 242x10%
depletion “
:23;3%% ‘é%qm 00002 0 261x10°  0,0002 622x10°  519x10°  215x107 OO
~OVeq
Ozone )
formation, rlilgo 00004 0 6,03x10°  0,0001 221x10°  0,0003 133x107 4610
Human health “
Fine
fﬁg{gf'ate IF(’?\/IZ s 0003 0 231x10° 753105 175x10°  0,0002 goaxioe >80
5
formation
Ozone
fls)ngeaSttll’ci)gi hgo 00004 0 6,41x10°  0,0001 226x10° 0,003 136x107 o0
xeq
eCOSyStemS
Z;gﬁ?;gg'on 'é% 00008 0 5.77x10° 0,000 297x10° 0,000 178x107  L7AA0
2eq
Z‘:f:g;’\?;‘;ion kgPy  808x10° 0 212x10°  15x10° 548x10°  465x10°  185x108 197X10
m?rrégiication kgNeg  304x10° 0 518x10°  437x107  279x10%  221x107  23x10¢ 02010
ggg{gitirc'ﬁ; 'Bgclé“' 01945 0 00144 0119 0,0016 0,0582 00005 0,002
Freshwater kgld- 501308 0 1,59x10°  2,93x10° 391x107  110x105  7,74x10°  52x10°

ecotoxicity DCB
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Marine kald- o002 0 114x10°  0,0001 156x10°  519x10°  109x105 2070
ecotoxicity DCB
Human !
carcinogenic :‘Dgclé“' 00005 0 6,72x10° 0,004 111X10°5  966x10°  743x107 21210
toxicity
Human non- .
carcinogenic < 00002 0 00002 00048 742x105 00035 o006 206x10
toxicity

2, -
Land use rc':o";) 00012 0 00001 0,004 111x105 0,007 676x107  o17X10

eq

Mineral
resource kgCuy 00014 0 164x107 00014 228x107  347x10°  1,12x107  6,5x10°
scarcity
Fossil 45610
resource kgoily 00348 0 00007  0,0097 0,0002 0,0242 107x105 98X
scarcity
Water m? 10216 10214 535x10° 0,003 1,17x105 0,000 00003 22010
COnSUmpthn

Hinh 2. Péng gép ciia timg tac nhan vao cac chi so tdc dong méi trirong ¢ mirc midpoint

Céc chi s6 moi truong trung gian dugc tong hop theo phuong phap ReCipe 2016
Endpoint (H) V1.09 va trinh bay theo ba nhém chi sé chinh vé: sirc khoe con ngudi, hé sinh
thai va tai nguyén, nhu Bang 4 va Hinh 3. Hé théng xir 1i nudc cap dang nghién ciru ¢d téng
tac dong moi truong dat 9,97 mPt, trong d6 sic khoe con ngudi bi anh huang nhiéu nhét
(9,19 mPt). CAc thiét hai cua hé sinh thai va tai nguyén twong d6i nho, diéu nay duoc giai
thich bai hé théng xir 1i nuéc cap ¢d ngudn nude dau vao it 6 nhiém, dat chuan dé st dung
cho sinh hoat sau khi xt 1i phii hop. Thiét hai vé sirc khoe con ngudi phan 16n dugc quy cho
viéc str dung dién va cac loai hoa chat st dung trong xir 1i nudc.

Bdng 4. Tdc dong moi truwong ¢ muc endpoint (Single score)
cuia cac tac nhan trong hé thang xi If nuéc cdp

Damage Ta Poly Waste Raw
g Unit Total P Lime aluminium Chlorine Electricity sewage
category water . water
chloride sludge

Total mPt 997 423 014 151 0,04 4,06 -0,008 0,002
hHe‘;Tt‘ﬁ” mPt 919 368 013 144 0,03 391 0,007 0,002
Ecosystems mPt 0,73 0,55 0,006 0,05 0,001 0,13 -0,0007 5,98x10°
Resources mPt 0,05 0 0,002 0,02 0,0004 0,03 1,87x10°  1,09x10°
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mPL

0 [
Tap water Lime, ydrated Polyaluminium Chierine, liquid Electricity, mediu Wasewater avera Raw sewage shudg
packed {RoW chloride {GLO {RoW} market m voltage {VN ge {RoW} market & {GLO} treatmen

[ Humanhealth [0 Ecosystems [0 Resources

Method: ReCiPe 2016 Endpoint () V1.09 / Werld (2010) H/A / Single score / Ex duding infrastructure processes / Excluding long-term emissions
Analyzing | m3 Tap water:

Hinh 3. Péng gép ciia tirg tac nhan vao cac chi sé tdc dong méi triong
o muc endpoint (Single score)

Két qua nghién ciru cho thiy cac chi sé midpoint va endpoint cua hé théng xu Ii tap
trung vao viéc tidu thu dién va hda chét & giai doan van hanh. Két qua nay phu hop véi cac
nghién ctru trudc, nhan manh giai doan xay dung 13 ngudn phét thai khi nha kinh Ién ban dau,
con giai doan van hanh chiém phan I6n khi nha kinh hang nim, khoang 86% tong luong phat
thai (Gui et al., 2024), trong d6 tiéu thu dién va nang lugng la tac nhan chinh gay ra cac thiét
hai cho con ngudi, hé sinh thai va ngudn tai nguyén (Hofs et al., 2022; Ouattara et al., 2024).
3.2. So sanh vgi kich ban thu hai thanh phan ciia phén nhém trong bun thdi

Véi kich ban nay, ké hoach dugc dé xuat 1a thu hdi thanh phan nhdm cua phén nhém
PAC trong bun thai caa hé théng xu Ii. Trong bun thai chira phén nhém PAC, nhém ton tai
cha yéu & dang nhdm hydroxide két taa (Wang et al., 2014). Thu hdi nhdm trong bun thai
PAC thuc chit 1a chuyén nhém tir dang két tua vé dang AI** tan c6 trong mubi nhém nhur
Alx(SO4)3, sau d6 tai ché thanh hop chat nhdm sir dung tiép tuc cho qué trinh keo tu. Hiéu
qua xtr 1i nuwéc cua nhém thu hoi twong dwong véi PAC méi (Liu et al., 2024). Theo tiéu
chuan thwong mai phé bién caa phén nhdm PAC dang bot ding cho nganh xi 1i nuéc cép,
ham lugng nhdm Al203 dao dong tir 29-31% (Atamanchemicals, 2020), nhu vay ham lugng
nhom twong ung khoang 16%.

Bun thai tir qua trinh keo ty, lang, loc caa hé théng xt 1i nuéc cap, thuong ¢6 0,5-2,0
% chat ran (Jacquez, n.d.). Theo nghién ctru ciia Mora-Le6n va cong su (2022) dé thu hdi
nhdm trong 1 lit bun wét can 40ml axit H2S04.3,5N va ti 1& thu hdi phén nhdm 1a 76,3 %,
thé tich bun giam 67%. Kiém ké vong doi giai doan van hanh caa hé thong xu 1i nude cap
trong kich ban nay duoc thé hién nhu trong Bang 5.
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Bdng 5. Tom tat kiém ké vong doi giai dogn van hanh cua hé thong xii Ii nuréc cap
theo kich ban thu hoi nhém trong bun thai chiza PAC
S6 lwong quy theo

Nguyén li¢w/ning lugng/ S6 lwong/thang don vi chiic Pon vi
san pham < 3.
ning/1m° nwéc sach
Nudc sach 441.000 1 m?3
Nhdm hoan nguyén 1.249 0,0028 kg
Nuéc thd 450.450 1,0214 m?3
Voi 2.985 0,0068 kg
Phén nhém PAC 10.232 0,0232 kg
Clo 411 0,0009 kg
H.SO4 dam dac (98%) 105 0,00024 kg
Dién tiéu thy toan hé thong 66.753 0,1514 kwh
Bun thai 100 0,00023 kg
Nudc thai 120 0,0003 m3

Tac dong mdi truong cua 2 kich ban xir If ¢ chi s6 trung gian va diém cudi duoc trinh
bay & Hinh 4 va Hinh 5, cho thay viéc thu hdi nhém tir bun thai chira PAC mang lai nhiéu
loi ich dang ké. Vi céc chi sé trung gian, kich ban thu hdi nhém tir bun thai thé hién mirc
tac dong thap hon & tat ca cac chi sb so vai kich ban xu i truyén théng (muc giam 5%-65%).
Diéu nay c6 thé duogc giai thich bai loi fch tir viéc thu hoi mot lwong nhom dang ké dé tai sir
dung thanh PAC va tiép tuc tuan hoan vao hé thdng xt Ii, thay vi phai sir dung nhém nguyén
sinh dé san xuat PAC. Cac chi s6 endpoint tiép tuc khing dinh hiéu qua vé mit méi truong
cua kich ban thu hdi nhdm tir bun thai. Tong thiét hai giam tir 9,97 mPt xudng con 7,69 mPt
(giam 23% tong diém), trong d6 giam manh nhat 13 thiét hai stc khoe con ngudi (9,19 mPt
giam con 6,98 mPt). Tuy nhién, cac chi sé caa kich ban thu hdi nhém chwa thuc sy hiéu qua
t6i wu, do viéc tiéu thy thém mot lwong axit sulfuric. Piéu nay dit ra van dé 1a can phai nang
cao hiéu suét thu hdi nhém, hoic 12 sir dung phuong phap khac dé thu hoi nhdm it gay ra tac
dong moi truong hon.

Hinh 4. So sanh tac dong moi truong o mic midpoint cua 2 kich ban xar Ii nuéc
(Tap water - kich ban truyén thong, Tap water V2 - kich ban thu hoi nhém)
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Tap watar V2

[ Human haaith [0 Ecosystems [0 Resourcas

Method: ReCiPe 2016 Endpaint [H) V1.05 / World (2010) H/A / Single score [ Exduding infrastructure processas [ Excluding long-temm emissions.
Comparing 1 m3 ‘Tap water' with 1 m3 Tap water V2';

Fﬁnh5.Sosdnhtdcd@ngvnéiﬁu@ngéﬂnﬁcendeMthaZIQChbanﬁlinqéc
(Single score) (Tap water - kich ban truyén thong, Tap water V2 - kich ban thu hoi nhom)

3.3. So sanh vdi kich ban siz dung dién ning lwong mat troi

Vi kich ban nay, nha may 1ap ddt mot hé thdng pin ning lwong mit troi du dé cung cap
nguon dién cho nha may sir dung. Trong mo hinh LCA x4y dung trén phan mém SimaPro, toan
bd dong dién dau vao duoc thay thé bang ngudn dién san xuit tir ning luong mit trdi trong bd
co s& dit liéu Ecoinvent, cac yéu t6 khac trong kiém ké vong doi duoc giit nguyén. Két qua so
sanh tac dong méi truong cua 2 phuong an sir dung dién dugc danh gia 1an luot theo cc chi sb
trung gian va chi sé diém cudi, thé hién ¢ Hinh 6 va Hinh 7. Vi céc chi s6 midpoint, kich ban
sir dung dién nang lwong mat troi thé hién muc tac dong thip hon & tat ca cac hang muc so véi
kich ban truyén théng (muc giam 40%-74%). Két qua phan tich ¢ cap d6 endpoint cho thay
téng tac dong cua hé théng xtr 1i nuéc cap trong kich ban sir dung dién ning lwong mat troi
giam dang ké so vai kich ban truyén théng, voi tong diém giam tir 9,97 mPt xubng con 5,91
mPt (giam 41% tong diém). Muc giam tac dong phan &nh viéc giam phat thai khi nha kinh khi
sir dung ngudn dién nang lwong mit troi da gop phan cai thién chat luong méi trudng, sic khoe
cong ddng va tiét kiém tai nguyén.

W e [l e

st i 05 A D0 VLI W 1) [ £ e ting i s | g I smisims
L

Hinh 6. So sdnh tac ‘déng,mo”i truong o muc midpoint cua 2 kich ban su dung dién
(Tap water - kich ban truyén thong, Tap water V3 - kich ban sur dung dién nang lwong mat troi)

2150



Tap chi Khoa hoc Treong BPHSP TPHCM Vol. 22, No. 12 (2025): 2131-2141

m P

Tap water Tap water V3

[l Human health [T Ecosystems [ Resources

Metho ct ReCiPe 2016 Endpoint H) V1,09 World (2010) H/A / Single scare / Excluding infrastructure processes / Excluding long-term emissions
Comparing 1 m3 Tap water with 1m3 Tap waterv3;

Hinh 7. So sanh tac déng maoi truong o Muic endpoint cua 2 kich ban s dung dién
(Single score) (Tap water - kich ban truyen thong, Tap water V3 - kich ban s dung dién
) nang lwong mat troi)
4.  Ketluan

Nghién ctru da ung dung phuong phap danh gia vong doi dé danh gia cac tac dong moi
truong ciia mot nha may xu li nude cap phuc vu cho sinh hoat véi cong nghé xir 1i dién hinh
tai Viét Nam. Phan mém SimaPro 9.6 cling véi phuong phap ReCiPe (H) V1.09 cung cip
mot phan tich toan dién vé tac dong vong doi ciia hé thong trong giai doan van hanh. Két
qua nghién ctiu chi rd rang viéc tidu thyu dién va cac loai hoa chat 1a yéu té déng gop chinh
vao cac tac dong moi truong va thiét hai cho stiic khoe cua con nguoi.

Nham giam thiéu ganh ning méi truong phét sinh tir viéc sir dung hoa chét va tiéu thu
dién, nghién ctru da so sanh 2 kich ban xtr li nuée c6 thu hdi nhdm trong bun thai chaa phén
nhdm PAC va kich ban st dung dién ning lugng mat troi véi kich ban truyén théng. Két qua
cho thdy hai kich ban thay thé dat dwoc nhitng cai thién méi trudng dang ké, nhan manh loi
ich méi truong rd rét khi tich hop ki thuat xt Ii véi chién luoc tai sir dung tai nguyén va sir
dung ning luong tai tao. Trong bdi canh thé giéi huéng téi muyc tiéu phat thai rong bang 0
thi viéc giam phaét thai tir cac nha may xt 1i nuéc gop phan khdng nhé vao muc tiéu chung,
dic biét 1a khi phét thai lién quan dén xtr 1i nudc duoc udce tinh khoang 1,5% luong phéat thai
khi nha kinh toan cau (Knappe et al., 2022).

Mic du, da dat dugc nhitng két qua nhét dinh nhung nghién ctu van con tdn tai mot
s6 han ché can duoc xem xét. Thir nhat, viéc thiéu dit lidu xtr 1i bun thai c6 thé anh husng
dén tinh chinh x4c trong danh gia téng thé. Thir hai, hiéu qua méi trudng caa kich ban thu
hdi nhdm trong bun thai, chua dat dugc muc tdi wu do yéu cau sir dung mot lugng axit
sulfuric trong d6i 16n. Thir ba, nghién ciru chua danh gia dugc chi phi kinh té, ciing nhu tac
dong méi trudng tir viéc san xuat, lip dat va xa Ii cac tim ning lugng mat troi. Giai quyét
dugc nhitng han ché nay s& giup ning cao do tin cay va hoan thién hon mé hinh danh gia tac
dd6ng moi truong caa hé théng xir 1i nudc cap trong cac nghién ctru tuong lai.
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< Tuyén bé vé quyén lgi: CAc tac gid xac nhan hoan toan khéng c6 xung dét vé quyén loi.

% Loi cdm on: Bai bao nay |a san phdm cua dé tai nghién ciu ma sé CSB2024-40 duoc tai
tro bdi Trirong Pai hoc Sai Gon.
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ABSTRACT

This study applied the Life Cycle Assessment (LCA) methodology to a water treatment system,
aiming to quantify the primary environmental impacts generated during the operational phase. The
SimaPro software and the ReCiPe (H) v1.09 method were used to evaluate impact categories at both
midpoint and endpoint levels. The research results indicate that electricity consumption and the
chemical polyaluminium chloride (PAC) are the two largest contributors to overall environmental
impacts. In particular, electricity is the main driver of global warming and fossil depletion,
contributing 57.5%-77.3% to these respective categories, while PAC dominates impacts related to
carcinogenic toxicity (78.4%) and mineral resource depletion (99.7%). The system’s total endpoint
damage was calculated at 9.97 mPt, with 9.19 mPt associated with human health. The study
evaluated two alternative scenarios: aluminum recovery from PAC-containing sludge and the use of
solar power for electricity supply. The results indicated that both scenarios achieved significant
environmental improvements, with total midpoint impact indicators reduced by 5-65% and 40—-74%,
respectively, and total endpoint damages decreased by 23% and 41%. The findings highlight the
potential of integrating water treatment processes with resource circularity strategies and renewable
energy utilization to enhance sustainability in the water supply sector.

Keywords: life cycle assessment; water treatment system; environmental impact; recovery of
alum coagulant; solar power
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