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Abstract: This study develops and evaluates a hybrid solar energy system
integrated into shrimp farming in the Mekong Delta, Vietham, aiming to improve
energy efficiency, reduce operating costs, and minimize environmental
impacts. Four scenarios are analyzed: grid-connected systems with and
without battery storage (S1, S2), an off-grid system with battery and diesel
backup (S3), and a conventional grid-only system (S4). The system is
optimized using the Non-dominated Sorting Genetic Algorithm [l (NSGA-II) in
MATLAB, considering key techno-economic and environmental indicators,
including annual cost and CO2 emissions. Results show that all solar-based
configurations outperform the baseline (S4), significantly reducing both costs
and emissions. Among the scenarios, S1 achieves the best overall
performance, with the lowest annual cost (275.58 million VND) and substantial
emission reduction (66.7 t-COz2/year in operation). Although S3 yields the
lowest operational emissions, its high cost limits practical applicability. When
considering life-cycle emissions, battery integration introduces additional
indirect emissions; however, S1 still provides the best balance between
economic and environmental performance. These findings highlight that the
optimal solution lies in balancing cost, reliability, and environmental impact,
offering a scalable approach for sustainable aquaculture and low-carbon
energy transition.

Keywords: Solar energy system; energy optimization; techno-economic-
environmental analysis; sustainable aquaculture; shrimp farms
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Panh gia cac khia canh ky thuat, kinh té va
moi trwrdng cia mé hinh nang lwong mat troi
cho cac trang trai nuéi tom

Nguy&n Mong Long?, Nguyén Trong Hiéu', Tran Thi Hong Chau', Hoang Dang
Khoa?, Nguyén Nhut Tién2"

Trwong Cao déng nghé Can Tho
2Khoa Ky thuat dién, Pai hoc Can Tho

Toém tat: Nghién ciru nay phat trién va danh gia mot hé théng ndng lwong mat
tr&vi lai tich hop vao mé hinh nudi tém tai Déng bang séng Clru Long, Viét Nam,
nham nang cao hiéu qua s dung nang lwgng, gidm chi phi van hanh va han
ché tac ddng moéi trwerng. Bén kich ban dwoc phan tich, bao gdm: hé thdng nbi
lwdi c6 va khéng cé bd lwu triv (S1, S2), hé théng doc lap két hop pin lwu triv
va may phat diesel (S3), va kich ban co s& sir dung hoan toan dién lu&i (S4).
Hé théng dwoc téi wu hoa bang thuat toan NSGA-II trong MATLAB, xét dén
cac chi tiéu ky thuat — kinh t& — mai trwdng, bao gdm chi phi hang nam va
lwong phat thai CO2. Két qua cho thay tat ca cac cau hinh tich hop nang lwong
mat troi déu vuot troi so véi kich ban co s& (S4), giup gidm dang ké ca chi phi
va phét thai. Trong sb céac kich ban, S1 dat hiéu qua tbng thé tét nhéat, véi chi
phi hang nadm thap nhat (275,58 triéu ddng) va mirc gidm phat thai dang ké
(66,7 t-CO2/nam trong qua trinh van hanh). Mac du S3 cé lwgng phat thai van
hanh thap nhat nhung chi phi cao khién phwong an nay han ché vé tinh kha
thi thwc t&. Khi xét dén phat thai vong ddi, viéc tich hop bd lwu triv 1am phat
sinh thém khi thai gian tiép; tuy nhién, S1 van dat dwoc sy can bang téi wu
gitra hiéu qua kinh té va méi truéng. Nhivng két qua nay cho thay phwong an
tdi wu khodng phai la phwong an cé phat thai thdp nhat, ma la phwong an dat
duwoc sw can bang gitra chi phi, d6 tin cay va tadc ddéng moéi truwdng, tv d6 cung
cap moét huwéng tiép can cé khd nang mé rong cho nudi tréng thiy san bén
vibng va chuyén déi nang lwong theo hwéng phat thai thap.

T khéa: Hé théng nang lwong mat trdvi; tdi wu héa nang lwong; phan tich k¥
thuat - kinh t& - méi trwdng; nudi trong thiy san bén virng; trang trai nudi tém.

1. Gi&i thiéu

Nganh nuéi tdm Viét Nam da khéng dinh vi
thé virng chac trén thi trwdng thay san toan cau,
nhwng dang déi mat véi nhiéu thach thire nhw bién
ddi khi hau, dich bénh gia tdng va canh tranh manh
tlr cac nwdc san xuat Ién nhw An Do va Ecuador.
Nhirng yéu té nay gay ap luc 1én 1én kha nang duy

tri chat lwgng san phdm va gia thanh canh tranh
ctia Viét Nam.

Mét trong nhirng kho khan néi bat la tiéu thu
dién nang cao trong qua trinh nudi. Cac thiét bi nhw
may suc khi va may tao oxy phai hoat dong lién tuc
dé duy tri chat lwong nwéc, khién chi phi ndng
lwong tdng dang ké, dac biét & cac trang trai lon.
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Cu thé, nudi tom thé chan trdng tham canh trén ao
|6t bat tiéu thu khoang 150.282 kWh/ha/vu, trong
khi nudi trong ao dét tieu thu 26.775 kWh/ha/vy,
nudi tdm su tham canh tiéu thu 21.540 kWh/ha/vu
[1]. Hé thdng suc khi chiém khoang 80% téng nang
lwong st dung trong hoat déng nudi tom.

Pé vuot qua cac thach thirc hién nay cla
nganh nudi tém Viét Nam, can trién khai nhirng giai
phap kip thoi va hiéu qua. Mot huéng tiép can
quan trong la thwdng xuyén cap nhat va ap dung
cac ky thuat nudi tém tién tién phu hop voi diéu
kién dia phwong. Trong doé, viéc gidm chi phi dién
nang la wu tién hang dau, doi hdi cac bién phap
chién lvgc nhw: ddng bd hoa thiét bj va quy trinh
van hanh dé nang cao hiéu suat nang lwong. Pau
tw vao ngudn nadng lwong tai tao, dic biét 1a dién
nang lwong mat tréi nham giam phu thudce vao lwéi
dién qubc gia. Xay dwng ké hoach sir dung nang
lwong mét cach khoa hoc nham téi wu héa mic
tiéu thu dién nang trong subt chu ky nudi.

Mot nghién ctru tai Bai Loan da st dung
phwong phap phan tich chi phi — lgi ich két hop véi
mo phdng Monte Carlo nhadm danh gia tinh kha thi
vé kinh t& va mirc do rai ro khi tich hop hé théng
dién nang lwgong mat troi vao moé hinh nudi tom thé
chan tréng [2]. K&t qua chi ra rang, véi mot sé cau
hinh nhét dinh, hé thdng nang lwong mat trdi co
thé mang lai loi nhuan kinh té dang ké, déng thoi
gop phan giam thiéu rui ro vé thi trwong va moi
trwong.

Ngoai ra, mot nghién ciru khac da phat trién
khudn khd hd tror dwa trén GIS, tich hop di liéu vé
vi tri ao nudi, diéu kién khi twong va tai dién cla
may suc khi nham téi wu kich thwéc hé thdng dién
mat tréi cho mé hinh nudi tdm. Phwong phap nay
cho phép danh gia va lwa chon cu hinh phu hop
nhéat trong nhiéu kich ban van hanh khac nhau [3].
Cac nghién clru gan day cho thay hé thdng dién
mat trovi ndi lwdi mang lai hiéu qua kinh té vwort troi,
gilip gidm dang ké chi phi nang lwong va nang cao
tinh bén virng khi cac yéu td khdng gian va van
hanh duwoc xem xét mot cach toan dién. Cac thuéat
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toan t6i wu hoa tién tién nhuw Queen Honey Bee
Migration (QHBM) va Grey Wolf Optimization
(GWO) da dwoc ap dung dé danh gia hiéu suét
kinh té, ky thuat, mdi trwdng cta hé théng nang
lveng lai, dién lvdi va may phat diesel. Trong do,
kich ban 1 cho thay hiéu qua vwot trdi, véi chi phi
hién tai rong dwoc cai thién, ty 1&é st dung nang
lwgng tai tao tang va lwgng phat thai carbon giam
dang k&, cho thay thoi gian hoan vén chi khoang 5
nam [4]. Bén canh d6, hé théng suc khi banh gudng
s dung ndng lwgng mat troi dat hiéu suat ndng
lwong t&i 89%, gdp phan nang cao ndng suét thu
hoach va hiéu qua kinh té tdng thé. Mac du chi phi
dau tw ban dau twong dbi cao, cac két qua nghién
ctru cho thay day la giadi phap bén virng va giau
tiém n&ng cho nganh nuéi tém trong twong lai [5].

Ngoai ra, hé thdng ndng lwong va lam mat lai
ghép mat trdi - gié cho nudi tréng thay san da duwoc
phat trién nham muc tiéu cung cap ndng lwong bén
virng, gidm phat thai khi nha kinh va han ché thét
thoat nwéc [6]. St dung dir liéu MERRA-2 cla
NASA va cac chi s6 kinh té nhw gia tri hién tai rong,
chi phi ndng lwong can bang va hé sb cong suét,
nghién clru da chirng minh tinh kha thi vé ky thuat
va tai chinh ctia mé hinh tai Karbala, Iraq, khéng
dinh tiém nang ng dung cla hé théng trong nubi
tréng thdy san bén virtng. D& hwéng téi nudi tém
than thién méi trwdng, mét nghién cru khac tai
Trung Java (Indonesia) da md phdng hé théng
nang lwong lai cho trang trai cé dién tich 2.000 m?
bang phdn mém HOMER. Trong cac cau hinh
dwoc thtr nghiém, kich ban S2 cho két qua téi wu
nhat, v&i ty 1& nang lwong tai tao dat 85,4%, tiét
kiém dang ké chi phi van hanh va gidm t&i 85%
lwgng phat thai carbon [7]. Mac du cac nghién ctru
trwdc day da chi ra tiém nang ky thuat, kinh té va
moi trdng cla viéc tich hgp nang lwong dién mat
tr&i va cac hé thdng nang lwong tai tao lai vao nubi
trong thay san, van ton tai mot sd thach thic
nghién ctru quan trong can dwoc [am ré. Thir nhét,
da s6 cac nghién ciru hién nay chid yéu tap trung
vao danh gia tinh kha thi kinh té tdng thé cta hé
théng nang lwong mét trdi hodc cac hé théng lai
theo mé hinh chung, ma chwa phan anh day da

51



JSTT 2026, 6 (4), 49-61

d&c thu tai dién thuwc té cla cac trang trai nudi tom.
Trong thwe t&, nhu cau suc khi, bom nwéc va cung
cap oxy thay dbi dang ké theo cac giai doan sinh
trwdng khac nhau cua tom, nhwng it nghién ctru
mo ta ré sw bién thién theo thoi gian nay trong qua
trinh thiét ké va tdi wu héa hé théng nang lwong.
Th hai, phan I&n cac cong trinh trwdc day tap
trung vao cac hé thdng doc 1ap hodc hé théng nang
lwong mat troi ndi lwéi don thuan, ma bd qua cac
mé hinh lai phtrc hop két hop dién mét trdi véi pin
lwu trir va may phat diesel dw phong. Diéu nay dan
dén thiéu nhirng danh gia so sanh toan dién gitra

TAm pin mit tréi  B§ hru trir dién
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cac kich ban nhw hé théng néi lwdi co lwu trir, hé
thdng néi lwsi khong lwu trir va hé thdng doc lap.
2. Phwong phap luan
2.1. C4u hinh hé théng

Hé thdng dién mat troi tai trang trai nudi tom
dwgc mo ta trong Hinh 1, bao gf“)m hai nhém chinh:
ngudn dién va tai dién. Ngudn dién gdbm cac tam
pin mat troi, hé théng pin lwu triy, may phat dién
diesel (trong ché dd doc lap) va luéi dién qubc gia
(trong ché d6 ndi lwai). Tai dién bao gdm may suc
khi, may bom nwéc, may nén khi va hé théng chiéu
sang phuc vu cho qua trinh nudi tém.
May phat Diesel

..I.||.

o 0

LH

Dién lrai

Phu tai sinh hoat

My nén

Maiy bom

Quat nwéc

Hinh 1. Hé théng dién mat troi cho trang trai nubi tdm

Trong qua trinh nudi tdm, viéc suc khi lién tuc
la yéu td bat budc nham duy tri chét lwong nudc,
trong d6 nhu cau oxy cao hon vao ban dém. Vao
ban ngay, nang lwong dwoc tao ra tir cac tAm pin
mat trovi s& cAp dién truc tiép cho cac tai dién, phan
dw duwoc lwu trik vao hé théng pin, phan con lai
dwoc hoa vao lwéi dién quéc gia (t6i da 20% cong
suét hé théng nang lwong mét tréi). Do qué trinh
quang hop tw nhién cla tdo trong ao, nhu cau oxy
trong ao gidm nén murc tiéu thu dién thap khi birc
xa mat troi yéu hodc vao ban dém, nang luwong
dién tlr cac tAm pin mat troi khong du dé dap tng
nhu cau tai, hé thdng pin Iwu tri¥ s& cung cip ndng
lwong dién dé bd sung ndng lwong thiéu hut. Trong
trwdng hop nhu cau cla tai dién vwot qua kha

nang cung cap cda pin, hé théng tw déng chuyén
sang s dung lwdi dién qubc gia, ddm bao hoat
dong lién tuc va 6n dinh trong ché dé ndi lusi. Déi
v&i ché do doc lap, pin lwu trir déng vai trd nguén
dw phong chinh, va khi céng suét pin khéng dap
rng duwoc, may phat dién diesel sé dwgc kich hoat
dé cung cap nidng lwong bdé sung, dam bao hé
théng van hanh lién tuc ma khéng bi gian doan.
2.2. M6 hinh pin quang dién mat tr&i (PV)

Co6ng suét cta hé thdng pin nang lwong mét
troi (Ppy) duoc tinh theo céng thire (1) [9].

Pev(H)=NpNeArv-G( (1)

trong d6 nmp 1a hiéu suét t6i da cta tAm pin
nang lwong mat troi (%), 7e 1a hiéu suét cua thiét
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bi diéu hoa cong suét (%), Apy la dién tich tAm pin
(m?2), G |a blrc xa t&i trén tAm pin (W/m?), t 1a thoi
gian btrc xa (h).
2.3. M6 hinh b6 lwu trir (BB)

Tai mot thoi diém cu thé, bd pin lwu trir ¢
thé hoat dong & mét trong hai ché dd, sac hodc xa,
dworc thé hién theo cong thirc (2) [10].

SOC(t)=SOCy(t-1)- g: fvbat 2)

trong d6 SOC(t) la trang thai sac ban dau, npat
biéu thi hiéu suét sac-xa (%), Eat l& dung lwong pin
(Wh), P, la cong suét dau ra (W), Veat la dién ap
cua pin (V).

2.4. M6 hinh may phat dién diesel (DG)

May phat dién diesel dong vai tro 1a ngudn
dién dy phong cho hé théng khi van hanh & ché do
doc lap trong cac thdi diém thiéu hut nang lwong.
Ngoai ra, mirc tiéu thu nhién liéu ciia may phat
dwoc xac dinh theo céng thire (3) [11]:

FCps=c1PB6 " +C2Ppg 3)

trong d6 Ppg va PESY twong tng la cong
suéat dau ra thuc va cong suét dinh mirc twong (rng
ctia DG (kW), ¢1 va ¢z twong ing la hé sé chan va
dd dbc cha dwdng cong tiéu thu nhién liéu (L/kWh).
2.5. Hdm muc tiéu
2.5.1. Chi phi hang nam cta hé théng (ACS)

Chi phi hang nam clia hé théng bao gébm chi
phi hang ndm cuia cac thanh phan trong hé théng
Cacc cung vé&i chi phi mua dién Cep va chi phi ban
dién Cgs, dwoc tinh theo céng thire (4) [12]:

ACS=CacctCcqp-Cas (4)

trong d6 Cacc la chi phi hang nam cua cac
thanh phan trong hé thdng, Cgp la chi phi mua
dién, Cgg la chi phi ban dién.

2.5.2. Khi thai carbon dioxide (EMI)

Téng lwong khi thdi CO. tir lwdi dién qudc
gia (EMlyn.giig) trong qua trinh van hanh ndi ludi
duworc tinh theo cong thiee (5) [13]:

EMlon_grig= Z;r=1 €grid ng(t) ()

Téng lwong khi thai CO, tr may phat dién
diesel trong qua trinh van hanh déc lap dwoc tinh
theo coéng thc (6) [13]:

EMlottgia= Xi1 eorPoc()  (6)
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trong do ey 1a hé sb phat thai cta lwéi dién
(g-CO2/kWh), epr 1a hé sé phat thai ciia nhién liéu
diesel (g-CO«/kWh).

2.6. Phan tich ky thuat - kinh té - méi trwong

2.6.1. Phan tich ky thuat

SCR Ia chi sb do lwéng ty 1& nang lwong mét
troi dwoc tao ra bdi mot hé thdng duoc tiéu thu
trwe tiép tai chd so voi tdng nang lwong duoc tao
ra. Ty I& nay la mét chi sb quan trong trong viéc
danh gia hiéu qua van hanh ctia cac hé thdng dién
mat tréri va duoc tinh bang cach st dung cong thire
(7) [14]:

SCR="PVZeessxq00  (7)

Epv

trong do6 Epy la tbng s6 dién nang lwong mét
troi phat tai chd (KWh), Eexcess 1& dién dw san xuét
tlr cac tAm pin mat troi & ché do doc 1ap hodc dién
dw ban cho lwéi dién qudc gia & ché d6 ndi lwoi
(KWh).

SSR 1a mét chi sé quan trong cho biét mirc
dd ma hé théng dién mat troi cé thé dap ¢ng nhu
cau phu tai mot cach doc lap, ma khéng phu thudc
vao cac ngubn nadng lwong bén ngoai, chang han
nhw lwdi dién qudc gia & ché dd ndi lwdi hodc may
phat dién diesel & ché d6 doc 1ap. Chi sb nay dwoc
tinh bang cach st dung cong thirc (8) [14]:

SSR= "0t 1 0; SSR=EeaEoe 10 (8)

load load

trong d6 Epad 1 nhu ciu phu tai dién (kWh),
Eon-grig 1a lvgng dién mua tw lwdi dién (kWh), Epc la
lwong dién sinh ra tr may phat dién diesel & ché
d6 doc lap (kWh).
2.6.2. Phan tich kinh té

Ty 18 loi ich (BCR) clia hé théng duoc tinh
theo céng thaee (9) [15]:

BCR= 9)

trong d6 CF la dong tién hang nam (triéu
dong), TC la tbng chi phi ctia hé théng (triéu déng).

Gié tri hién tai rong (NPV) cla hé théng dwoc
xac dinh bang cach 14y gia tri hién tai rong cla loi
nhuan hang ndm dw kién tri di chi phi diu tw ban
d4u, dwoc tinh theo cong thire (10):

CF
NPV (n)=-Ccap+ X h-q (1+(i;13

(10)
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Ty suét hoan vén ndi bo Ia I suat ma tai d6
gia tri hién tai rong cla tat ca cac dong tién phat
sinh t&r mot dw an bang khong. Ty sut nay con
dwoc goi la hiéu qua can bién cla vén, loi tirc dau
tw hodc ty |é chiét khau ctia dw an, dwoc tinh bang
cbng thuee (11):

NPV= 511 i =0 (11)

Thoi gian hoan vén (PBP) duoc tinh bang
(12):

PBP=A+2 (12)

trong d6 A 1a ndm cudi cung clGa dw an cé
dong tién tich Ity am, B biéu thj gia tri dwong cua
dong tién rong trong nam tiép theo A, C la téng lwu
chuyén tién té clia nam sau A.

2.6.3. Phan tich moi trwong

Trong nghién clru nay, lwvong khi thai CO-
dwoc xac dinh cho ca hai ché do van hanh: két ndi
lwdi dién va doéc lap. Viéc tinh toan dwoc thwe hién
bang cach nhan lwong dién mua tir lwdi dién hodc
lwgng dién do may phat dién diesel tao ra v&i cac
hé sé phat thai twong (rng. Cac gia tri phat thai thu
duoc 1a co s& dé phan tich va danh gia tac dong
méi trwéng cla cac kich ban van hanh hé théng.
3. Két qua va thao luan
3.1. Vi tri nghién cru va théng s6 cai dat cho
mo phéng

Hé théng dién nang lwong mat trei duoc trién
khai tai mét trang trai nuéi tom & Séc Trang. Dia
diém nay ndm & kinh do 105°57'45,3" va vi d6
9°22'51,5", thudc mui gi GMT+7, v&i d6 cao 8 m

0,
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so v&i muc nwéc bién. Cac tAm pin nang lwong
mat troi sé dwoc 13p dét phia trén ao lang cé dién
tich 5.000 m2. Viéc bé tri cac tAm pin trén mat nwéc
mang lai hai loi thé chinh I& gidm thiéu sw bay hoi
nwéc trong ao nudi va tang hiéu sut hoat dong
clia cac tAm pin mat troi nhd hiéu (ng lam mat tw
nhién t&r mat nwoc.

Dién nang tiéu thu ciia mét vu nudi tom dwoc
thu thap tai mot trang trai & Séc Trang (Hinh 2) cho
thdy sw bién dong rd rét vé co ciu tiéu thu dién
nang cla cac loai thiét bj qua ba giai doan ctia mét
vu nudi. O giai doan 1, tdm con nhé nén nhu cau
oxy va tuan hoan nuéc thap, do dé, ty 1& dién nang
danh cho quat nwéc & mirc vira phai, trong khi
bom nwéc va bom chét thai chiém 11% do céac
hoat déng cap — thao nwéc va vé sinh ao. Buwéc
sang giai doan 2, khi mat do sinh khéi tang, cac
thiét bi cung cap oxy chiém ty 1& cao hon, lam thay
dbi dang ké trong phan bd tiéu thu dién ning gitra
cac nhom thiét bj. Dén giai doan 3, ty 1é dién nang
tiéu thy tang manh & quat nwéc (27%) va may suc
khi, do tdm da trwdng thanh, nhu cau oxy cao va
lwong chat thai nhiéu; quat nwéc hoat ddong dén 18
gid/ngay, may suc khi hoat dong lién tuc 24
gid/ngay, khién hai nhém thiét bi nay chiém ty 1&
dién nang I&n nhét trong ca ba giai doan. Trong khi
dé, bom nwdc va bom chat thai van duy tri vai tro
quan trong, chiém 16% tong dién nang tiéu thu.
Théng sb kinh té va ky thuat ctia céac thiét bi trong
hé thdng sr dung lam dau vao cho md phéng dwoc
trinh bay trong Bang 1.

0,

o
o .
60%

40%
20%
69% 65% 56%
0%
Giai doan 1 Giai doan 2 Giai doan 3
May suc khi ® Quat nwéc

B May bom nuwéc

® Chiéu sang

Hinh 2. Ty I& phan tr&m dién nang tiéu thu ca cac loai thiét bj trong ba giai doan ctia mét vu nudi tém
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Bang 1. Théng sb kinh té va ky thuat ctia cac thiét bj ctia hé théng sir dung cho mé phéng

Tén thiét bj Thong sbé ky thuat Gia trj
C6ng suat dinh (Wp) 450
TAm pin quang dién Vong doi (nam) 25
1916 bao tri (%) 15
Chi phi dau tw (triéu ddng/kWp) 4,5
Dung Iwvong dinh mae (Ah) 100
R . Vong doi (nam) 15
BO luu trl TV I& béo tri (%) 4
Chi phi du tw (triéu ddng/kwh) 5
N7 V .. Vong doi (nam) 15
Bobientan hoaluot o\ b dau tw (triéu ddng/kw) 4
Do déc cta dworng cong tiéu thu nhién liéu (L/kWh) 0,2461
Hé s6 chan cltia dwdng cong tiéu thu nhién liéu (L/kWh) 0,0815
o Chi phi d&u tw (triéu ddng/kW) 5.8
May phatdiesel i ohi nhien ligu (déngiL) 18,455
Tudi tho (nam) 7
Ty |é bao tri (%) 2
3.2. Kich ban mé phéng dong & ché do néi lwdi két hop vai pin lwu triv. Kich

Hé thdng dién mat trovi 1ap cho trang trai nudéi  ban thir hai S2 hoat ddng & ché d6 ndi lwdi khong
tdm dwgc danh gia theo ba kich ban van hanh, dya st dung pin lwu triv. Kich ban thir ba S3 la hé théng
trén nhu ciu dién nang tiéu thu trong ba giai doan  ddc lap, bao gébm cac tAm pin mét trdi, pin lwu triv
khac nhau ctia mét vu nudi, nhv minh hoa trong va may phat dién diesel.

Hinh 2. 3.2.1. Két qua mé phéng cua ché dé néi lwéi coé
Trong kich ban dau tién S1, hé théng hoat  Iwu trir & kich ban S1
80
70 .
60 %
o2
or - B
o) 50 %3
O - Q@
Z 40
= 593 |
3 30 i§
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.‘.‘.gqa%z
0 '@ ;oo am
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Hinh 1. Bién Pareto gitra chi phi hang nam va lwgng phat thai trong kich ban S1
DPuwong cong Pareto cho kich ban S1 duoc Kich ban nay bao gdm hé théng dién mat troi, bod
trinh bay trong Hinh 3 thé hién méi quan hé gitta  Iwu triv va lwdi dién. Két qua cho thay rang khi chi
chi phi hang nam (ACS) va lwgng khi thai CO,.  phi hang nam tang, lwgng khi thai CO, gidam twong
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(rng. Dac biét, trong khoang chi phi tr 274-422
triéu ddng, lwong khi thai giam manh tr 66 tan
xudng dwdi 10 tan, cho thdy méi twong quan chat
ché gitra mirc dau tw va kha nang giam phat thai.
Khi chi phi vwot qua 422 triéu dong, téc dd giam
lwong khi thai tré nén cham hon dang ké. Tai mrc
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85
84
O 83
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= 81
80
79

78

280 320

360
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chi phi hang ndm 587,86 triéu ddng, lwong khi thai
CO, dat murc téi thiéu, chi con 0,24 tan, phan anh
hiéu qua tdi da vé mat méi trwdng trong kich ban
nay.

3.2.2. Két qua mé phéng cua ché dé néi lwoi &
kich ban S2

\
O t (7\(\’1 '\

400 440

ACS (triéu déng)

Hinh 2. Bién Pareto gitra chi phi hang nam va lwgng phat thai trong kich ban S2

Puwong cong Pareto cho kich ban S2 dwoc
trinh bay trong Hinh 4 dbi véi hé théng dién mat
trei ndi lwdi khéng cé bd lwu triv. Két qua cho thay
lwong khi thai CO. gidm dan khi chi phi hang nam
tang, phan anh méi quan hé nghich gitra chi phi
dau tw va lwong phat thai.

Tuy nhién, téc dd gidm phat thai cham lai khi
chi phi dat khodng 395-448 triéu ddng, cho thy hé

1.6

0

720

760

théng da tién gan dén mac hiéu qua tbi da. Diéu
nay cho thay lgi tirc d4u tw bat dau gidm dan, nghia
la khi chi tiéu vwot qua nguéng nhét dinh, khoan
dau tw bd sung chi mang lai mirc gidm nhé vé
lwong khi thai, khdng con mang lai hiéu qua kinh
té rd rét.

3.2.3. Két qua mé phéng cua ché doé doc lap &
kich ban S3

800 840

ACS (triéu ddng)

Hinh 5. Mt trwéc Pareto cho thdy sw can bang gitra chi phi phat thai trong kich ban S3
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Hinh 5 cho thay lwong khi thai CO, ban dau
gidm manh khi chi phi hé théng ting, sau d6 dan
chirng lai khi hé théng dat hiéu qua téi da. Cu thé,
khi chi phi hang nam dao déng trong khoang 651-
738 trieu déng, lwong khi thai CO; gidm dang ké
tir khoang 1,43 tAn xudng con dwéi 0,2 tan. Khi chi
phi vwot qua 738 triéu déng, lwong khi thai duy tri
& murc thap 6n dinh, cho thay hiéu suét gidm phat
thai dat ngwéng b&o hoa va lgi nhuan dau tw bd
sung bat dau gidm. Mirc phat thai thAp nhat chi 0,1
tdn twong tng véi chi phi hang ndm cao nhét 14
907,45 triéu ddng. Xu hwéng nay nhan manh tinh
hiéu qua cla hé thdéng dién mat troi két hop bd lwu

Nguyen & nnk

tri dwoc thiét ké tdi wu trong viéc gidm thiéu sw
phu thudc vao may phat dién diesel va han ché
dang ké lwong khi thai CO2 ngay ca trong diéu kién
hoat dong ddc lap khong néi lwéi.
3.2.4. So sanh cac kich ban

Bang 2 thé hién c4u hinh cta hé théng cho
ba kich ban mé phdéng va kich ban S4 trong trudng
hop hé théng nang lwong dwoc cung cip hoan
toan tlr lwdi dién, déng vai trd 1a kich ban co s& dé
so sanh. Viéc dwa vao kich ban S4 cho phép danh
gia dinh lwvong hiéu qua cua cac giai phap nang
lwong tai tao so vé&i phwong an truyén théng dang
dwoc ap dung phd bién tai cac trang trai nudi tom.

Bang 2. So sanh gilra cac kich ban

S1 S2 S3 S4

Cong suét PV (kWp) 146 128 241 0

Dung lwgng pin (kwh) 100 0 640 0
ACS (triéu ddng) 275,58 290,21 648,27 470,5
EMI (t-COy) 66,7 86 1,1 141,5

Két qua cho thay kich ban S4 cé chi phi van
hanh hang nam va lwgng phat thai CO2 cao nhét,
lan lwot dat 470,5 triéu ddng va 141,5 tan. So véi
kich bén co s& nay, cac hé thdng tich hop nang
lwong mat trei déu cho thay hiéu qua rd rét.

Cu thé, kich ban S1 gilp gidm khoang
41,4% chi phi van hanh va 52,9% lwgng phat thai
COg, trong khi kich ban S2 giam khoang 38,3% chi
phi va 39,2% lwong phat thai. Diéu nay khang dinh
tiém nang dang ké cda viéc tich hop nang lwong
tai tao trong viéc nang cao hiéu qua kinh té va gidam
tac ddéng mébi trwdng cho md hinh nudi tdm. Trong
sb cac phwong an, kich ban S1 (hé thdng néi ludi
6 bo lwu trivr) mang lai chi phi hang nam thap nhét,
& mirc 275,58 triéu dong, dong thei duy tri lwong
phat thai CO, & mlrc 66,7 tan. So véi S2, viéc tich
hop bd Iwu trir giup gidm sy phu thudc vao Iwéi
dién vao ban dém, tir dé cai thién hiéu qua van
hanh va gidm chi phi tbng thé.

Kich ban S3 (hé théng doc lap) dat lwong
phat thai CO. th&p nhét, chi 1,1 tan, do gidm thiéu
gén nhw hoan toan s phu thudc vao lvdi dién. Tuy
nhién, chi phi hang nam cuta hé thdng nay rét cao,

|én t&i 648,27 triéu déng, cao hon khoang 2,35 1an
so v&i S1 va cao hon dang ké& so véi kich ban co
s& S4. Diéu nay cho thay viéc theo dudi muc tiéu
giam phat thai téi da trong S3 phai danh dbi bang
chi phi dau tw va van hanh I&n, 1am giam tinh kha
thi vé mat kinh té.

Dwa trén phan tich tbng hop céc tiéu chi ky
thuat, kinh té va méi trwdng, kich ban S1 dwoc lya
chon la phwong an t6i wu. Mac du khéng dat mirc
phat thai thp nhat nhw S3, nhuwng S1 mang lai sw
can bang hiéu qua gitra chi phi va méi trudng, véi
chi phi thap nhat va mdc gidm phat thai dang ké so
véi kich ban co s&. Do d6, S1 dwoc xem la giai
phap kha thi va pht hop hon cho tng dung thuc té
trong diéu kién nuéi tém tai Viét Nam.

3.3. Phan tich ky thuat

Hé théng dwoc lwa chon dé danh gia ki thuat
la hé théng dién mat troi ndi lwdi tich hop bo lwu
trir. Khi dwoc mé phong va phan tich, nghién ctru
nay tap trung danh gia cac chi sb hiéu suét tinh,
dac biét la ty |é tw tiéu thu va ty |é tw cung tw cép.
Bang 3 minh hoa chi sé ty |é tw tiéu thu trong subt
ca ndm luén duy tri trén 80%. Gia tri cao va 6n dinh
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nay chirng td hé théng van hanh hiéu qua, téi da
hoa viéc str dung nang lwong mat trdi tai ché va
giam dang ké sw phu thudc vao lwéi dién qubc gia.
Sw 6n dinh cla chi s6 nay phan anh kha nang quan
ly nang lwong hiéu qua, véi sw phdi hop hop ly
gitra san xuét, tiéu thu va lwu tri» dién nang, ngay
ca khi diéu kién birc xa mat trovi va thoi tiét thay dbi.
Ty Ié ty tiéu thu cao duy tri trong kich ban S1 cho
théy murc d6 tw chd nang lwgng vuot trdi, déng thoi
doéng gop tich cuwc vao hiéu qua kinh té va tinh bén
virng moéi tredng clia hé thdng. Bang 3 thé hién chi

Nguyen & nnk

sb tw cung tw cAp cla kich ban S1, cho thay sw
bién thién hang thang trong subt ca nam.

Thang hai, thang sau va thang muoi ghi
nhan gia tri tw cung tw cAp cao nhét, dat khodng
70%, chirng t6 hé théng dién mat troi cé khé nang
dap ng hiéu qua nhu cau dién cua trang trai trong
nhirng thang nay, véi mirc d6 phu thudc téi thiéu
vao ludi dién. Hiéu suat cao nay chi yéu 1a do diéu
kién thoi tiét thuan lgi va cwdng dé birc xa mat troi
manh, gitp hé théng phat dién téi wu trong cac giai
doan nay.

Bang 3. Ty lé tw tiéu thu va tw cung tw cAp cda kich ban S1 trong 1 ndm

Thang 1 2 3 4 5 6 7 8 9 10 11 12
SCR 082 081 081 08 082 08 083 082 083 082 083 0,82
SSR 056 0,71 046 054 06 072 046 054 058 0,7 043 0551

3.4. Phan tich kinh té

Cac chi sb kinh té cho kich ban S1 dwoc tom
tat trong Bang 4. Dwa trén phan tich chi phi - loi ich
va di¥ liéu dong tién hang nam, cac chi sé tai chinh
chinh bao gdém ty s6 lgi ich — chi phi (BCR), gié tri
hién tai rong (NPV), ty suét hoan vén noi bd (IRR)
va thoi gian hoan vén (PBP) da dworc tinh toan.

Kich ban S1 thé hién kha nang tai chinh va
tiém nang loi nhuan manh mé. Cu thé, BCR dat
1,99, cho thay hé théng tao ra 1,99 ddng lgi ich cho

moi ddng dau tw, khang dinh sirc hap dan kinh té
cta dy an. NPV dat 1,79 ty déng, c6 nghia la dw
an khong chi thu héi khoan dau tw ban dau ma con
mang lai lgi nhuén dang ké khi dwoc diéu chinh
theo gia tri thoi gian cla tién. IRR 1a 10,44%, cao
hon dang ké so v&i ty 1& chiét khAu gia dinh, phan
anh loi tec dau tw manh mé. Thoi gian hoan vén
(PBP) la 6,86 nam, ngan hon dang ké so v&i tubi
tho dy kién cta hé thdng, cho thdy dw an c6 kha
nang thu hdi vén nhanh va mang lai loi ich kinh té
lau dai.

Bang 4. Céc chi tiéu kinh té cta kich ban S1

Théng sb BCR

NPV (ty déng)

IRR (%) PBP (nam)

Gia tri 1,99 1,79

10,44 6,86

3.5. Phan tich méi trwong

Hinh 6 so sanh lwgng khi thai CO, gilra cac
kich ban van hanh khac nhau ctia hé théng, bao
gdm S1, S2, S3 va kich ban co s& S4. Can lvu y
rang, khéng gibng nhw Bang 2 chi phan anh lwong
phat thai trong qua trinh van hanh, cac gia tri trong
Hinh 6 da bao gbm ca khi thai gian tiép phat sinh
tlr qua trinh san xuét va van hanh cac thanh phan
cta hé théng, dac biét 1a bo lwu trir ndng luvong.

Két qua cho thay kich ban S4 cé lwgng phat
thai cao nhét, dat khodng 141,5 tAn CO,, do phu
thudc hoan toan vao ngudn dién luéi. Kich ban S2
cé mirc phat thdi twong dwong, khodng 86 tan

CO,, do mac du cé tich hgp nang lwgong mat tréi
nhwng van phu thudc dang ké vao dién ludi, dac
biét trong thoi gian ban dém.

DPbi voi kich ban S1, lwong phat thai CO,
tang lén khoang 84,3 tan khi xét thém céac yéu td
phat thai gian tiép tr bo Iwu trir. Mic du cao hon
S0 V@i gia tri phat thai van hanh trong Bang 2, kich
ban nay van duy tri méc phat thai thAp hon dang
ké so vo&i kich ban co s& S4. Bng thoi, viéc tich
hop bd Iwu trir gilp nang cao kha nang khai thac
nang lwong mat troi, giam phu thudc vao dién lwoi
va cai thién tinh dn dinh cta hé théng.

Kich ban S3 tiép tuc cho thay loi thé vuot troi
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vé méi trwdng véi lwong phat thai khoang 113,2
tAn CO, khi xét theo vong ddi. Mac du hé théng
doc lap gan nhuw loai bé nhu cau st dung dién luéi
trong qua trinh van hanh, nhwng dung lwong pin
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I&n va sy phu thuéc vao may phat diesel lam gia
tang dang ké lwong phat thai gian tiép, dan dén
tdng phat thai cao hon so v&i ky vong khi chi xét
riéng giai doan van hanh.

Hinh 3. So sanh lwong khi thai ctia cac ché dd van hanh cla hé thdng

Téng hop céac két qua phan tich cho thay kich
ban S1 — hé théng dién mat troi ndi lwéi tich hop
bd lwu trir — van | phwong an phu hop nhat khi xét
dong thoi cac khia canh ky thuat, kinh té va moi
trwdng. V& mat ky thuat, hé théng ddm bao kha
nang cung cap dién 6n dinh v&i ty 1é tw tiéu thu va
tw cung tw cAp cao. Vé mat kinh té, S1 dat hiéu qua
tai chinh tét v&i chi phi van hanh thip va thoi gian
hoan vén hop ly. V& mat méi truérng, méc du phat
sinh thém khi thai gian tiép tlr bd lwu trir, S1 van
gitp gidm dang ké lwong phat thai CO; so véi kich
ban co s&, dong thoi duy tri sw can bang hop ly
gitra hiéu qua kinh t& va méi trwong.

Nhirng két qua nay cho thay viéc tich hop hé
théng lwu trir can dwoc danh gia trén toan bod vong
doi, thay vi chi xét riéng giai doan van hanh. Béng
thoi, chung khang dinh rang giai phap ti wu khdng
nhét thiét 1a phwong an cé phat thai thap nhat, ma
la phwong an dat dwoc sw can bang hiéu qua gitra
chi phi, hiéu suat ky thuat va tac dong moéi trwdong
trong diéu kién thyc té.

4. Két luan

Nghién cru da xay dwng va danh gia mé

hinh hé théng dién mat trdi lai cho trang trai nudi

tém, dwa trén dir liéu phu tai thwe té, phan anh sw
bién thién nhu cau nang lwong theo tirng giai doan
sinh trwdng cla tém. Théng qua téi wu hoéa da muc
tiéu bang thuat toan NSGA-II, bdn kich ban van
hanh da dwoc phan tich toan dién theo cac tiéu chi
ky thuat, kinh té va méi trwéng, bao gém ca kich
ban co s& str dung hoan toan dién lwdi.

Két qua cho thdy cac hé théng tich hop nang
lwong mat troi déu mang lai hiéu qua vwot tréi so
v&i kich ban co sé, gilip gidm dang ké chi phi van
hanh va lvong phat thai CO.. Trong do, kich ban
S1 (ndi lwdi o bd lwu trir) dat hiéu qua téng thé tot
nhét, v&i chi phi hang nam thap nhét, ddng thoi
gidm dang ké phat thai so v&i hé thdng truyén
théng.

Mac du kich ban S3 (hé théng doc lap) dat
mirc phéat thai van hanh thap nhat, nhwng chi phi
cao lam han ché tinh kha thi trong thuc té. Khi xét
dén phat thai vong doi, viéc tich hop bd lwu trir [am
gia tang khi thai gian tiép; tuy nhién, kich ban S1
van duy tri sy can bang hiéu qua gitra chi phi va
moi tredrng, ddng thei ddm bao dd tin cay van hanh
clia hé théng.

Nhirng két qua nay cho thdy phwong an tbi
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wu khéng phai la phwong an co phat thai thap nhat,

ma la phwong an dat dwoc sy can bang gitra hiéu

qua kinh t&, do tin cay ky thuat va tac déong moi

trwdng. Nghién clru cung cép co s& khoa hoc va

thwe tién quan trong cho viéc trién khai cac hé

thdng ndng lwong tai tao trong nudi trong thiy san,

gop phan thac day phat trién bén vivng va chuyén

ddi nang lwong theo hwéng phat thai thap tai Ddng

bang séng Ctru Long.

L&i cam on

Nghién ctru nay duwgc tai trg bédi Tredng Dai

hoc Can Tho, M4 s6: CTCS2025-02-05.
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