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TOM TAT

Van hanh t6i wu chi phi cac ngudn phat dién la mot van dé then chét trong cac hé thong nang lugng hién dai. Bén canh cac ngquén phat truyén thong, su gia
tang nhanh chong clia nang lugng tai tao nhu dién gi va dién mat trgi da dat ra nhiing thach thiic méi cho bai todn diéu d kinh té (Economic Dispatch - ED),
ddc biét khi can dong thi giam thiéu phat thai khi CO,. Trong nghién ctiu nay, ching toi dé xudt sir dung thuat toan t6i uu bay co Egret Swarm Optimization
Algorithm (ESOA) dé gidi bai todn trong hai kich ban: ¢6 va khdng xét dén thué phat thai carbon. Hé thong thi nghiém IEEE 30 niit dugc md phong va danh gid
trén phan mém MATLAB. Cac két qua thu dugc dugc so sanh vdi thudt toan Grey Wolf Optimizer (GWO) nhdm lam r6 uu thé ctia ESOA trong viéc t6i uu chi phi vén
hanh va giam phat thai trong bdi canh hé thdng dién ¢4 tich hgp nguén nang lugng tai tao.

Tir khéa: Phdt thdi carbon; tdi uu chi phi; thudt todn Egret Swarm Optimization (ESOA); t6i uu cong sudt.

ABSTRACT

Optimal cost-based operation of power generation units is a critical issue in modern energy systems. In addition to conventional power sources, the rapid
integration of renewable energy such as wind and solar power has introduced new challenges to the Economic Dispatch (ED) problem, especially when the
reduction of (0, emissions is simultaneously considered. In this study, we propose the use of the Egret Swarm Optimization Algorithm (ESOA) to solve the ED
problem under two scenarios: with and without carbon tax considerations. The IEEE 30-bus system is used as a test case and simulated using MATLAB software.
The results are compared with those obtained using the Grey Wolf Optimizer (GWO) to highlight the superior performance of ESOA in minimizing operational
costs and emissions in power systems with integrated renewable energy sources.

Keywords: Cost optimization; carbon emission; Egret Swarm Optimization Algorithm (ESOA); power dispatch optimization.
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1. GIGI THIEU

Bai toan phan b6 cong suat téi uu (Optimal Power
Flow - OPF) la mét trong nhiing cht dé nghién ctru trong
tam va cé pham vi ing dung rdng rai trong linh vuc hé
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théng dién ké tirkhi dugc dé xuat. Muc tiéu chinh ctia OPF
la t6i thi€u hoa chi phi phét dién théng qua viéc xac dinh
t8i uu cac bién diéu khién, bao gobm cong suat tac dung
phét ra va dién ap tai cac nat trong hé thong dién. Qua
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trinh t6i uu héa phai dam bao thoa man day du cac rang
budc ky thuat, bao gém: gidi han cong suat phat cla cac
may phat, giGi han truyén tai trén dudng day, gisi han
dién ap tai cac nut va diéu kién can bang cong suat trong
toan hé théng. Trong boi canh hién nay, khi van dé phat
thai khi nha kinh dang tr& nén ngay cang nghiém trong,
viéc tich hop yéu t6 chi phi phat thai (carbon tax) vao moé
hinh OPF da tr¢ thanh mot yéu cau cap thiét trong qua
trinh van hanh va téi uu héa hé théng dién hién dai. Dong
thdi, véi su gia tang nhanh chéng ctia cac nguén nang
lugng tai tao nhu gié va mat troi, dac trung bai tinh bat
dinh va gidn doan, bai todn OPF cang tré nén phuc tap va
doi héi cac cong cu tinh toan manh mé hon dé dam bao
tinh hiéu qua va do6 tin cay cta hé théng. Trong vai thap
ky gan day, nhiéu thuat toan metaheuristic tién tién da
dugc phat trién va chiing minh hiéu qua trong viéc giai
quyét bai toan OPF. Mét s6 Uing dung néi bat c6 thé ké
dén nhu: Artificial Bee Colony (ABC) [1, 2], Black Hole (BH)
[3], Teaching Learning Based Optimization (TLBO) [4],
League Championship Algorithm (LCA) [5], Differential
Search Algorithm (DSA) [6], Krill Herd Algorithm (KHA) [7],
Gravitational Search Algorithm (GSA) [8, 9], Imperialist
Competitive Algorithm (ICA) [10] va Group Search
Optimization (GSO) [11]. Tuy nhién, do su da dang vé muc
tiéu va dac diém hé théng trong tiing bai toan OPF cu thé,
khong cé thuat toan nao dugc xem la t6i uu tuyét déi cho
moi trudng hop. Do dé, viéc nghién cliu va phat trién céc
thuat toan mdi, c6 kha nang thich ting t6t va giai quyét
hiéu qua nhiéu bién thé khac nhau clia bai toan OPF, van
la mét hudng nghién clu can thiét va day tiém nang.

Trong nghién ctu nay, ching téi dé xuat thuat toan
Egret Swarm Optimization (ESOA) [12] nham tim I5i gidi
cho bai toan t6i uu chi phi phat dién, xét dén hai trudng
hgp: c6 va khong cé yéu té thué phét thai carbon. Qua
trinh mé phong dugc thuc hién bang phan mém MATLAB,
vGi hé théng dién chudn IEEE 30 nat dugc lua chon lam
md hinh th&r nghiém dé danh gia hiéu qua cta thuat toan
dé xuat.
2. MO HINH BAITOAN

Bai toan van hanh t6i uu hé thong dién c6 tich hop
nang lugng téi tao nham muc dich cuc tiéu héa ham muc
tiéu déng thoi thoa man cac rang budc can bang va
khong vi pham cac rang budc khong can bang.

Min f(x,u)

Diéu kién rang budc:

glx,u)=0
h(x,u) <0
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Trong d6, f(x,u) la ham muc tiéu; g(x,u) va h(x,u) la cac
rang budc can bang va bat dang thuc, x la cac bién trang
thai va u la cac bién diéu khién tuong ung.

Bién diéu khién bao gém: Céng sudt tac dung clia nha
may nhiét dién, nha mdy dién gi6, nha may dién mat troi,
dién 4p tai nut may phat.

T
U =[P 310 Prc g 1 s 100 B g P 10001 Pss g 1Vt oo Vg v |

Bién trang thai bao gém: Cong suat tac dung tai nat
can bang, cong suat phan khang tai nat may phat, cong
sudt truyén trén dudng day, dién ap tai nut tai.

T

X" =[P stack 1Q6,11+4 Q6 NG Vi 1r VI NL 1001511001 St ]
2.1. Ham muc tiéu

-T6i uu chi phi phat dién

F1 :CTO(PTG)
Nwe CWj(PWS])+CRWj( ws, j Pwav,j)
+Cuj Puay,; —Pas,))

j=1 wav, j ws, j
N
n Zsci Cs k(Pss k ) + CRs,k (Pss,k - Psav,k)
=1 +CP5 k( sav,k ss,k)

Trong d6: Nsg la tong s6 mdy phat dién mat troi
Nws 1a téng s6 may phat dién gié
-T6i uu chi phi phat dién c6 phat thai:
Fy =F, +CyoE 2)

tax

2.2, Cacrang buoc

VZV[G cos(8,)+B,.5in(5,) |=0;VieNB  (3)

NB
Qu—~Q, ~V ) V[ G,sin(®,)+B;.cos(§) |=0;vieNB  (4)
Jj=

PT'”g':‘ <P <P i =T Ny (5)
Pﬂ? SRy <Pt 1 = e Ny (6)
Pm'n P <P k=1, Neg )
Q;:;i" Qg £Qr i =10, Nog (8)
Q. <Q,, Q=N Ny 9)
ssk—stk—QgB:'k L (10)
Vo <V, SVIi=1,., NG an
Vo <V, SV, p=T NL S <50%,G =Nl (12)

Trong do6: Pg, Qi lan luot la 1an luot 1a cong suat tac

dung nguén phat (MW) va phan khang nguén phat tai

nut i (MVAr)
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Pp;, Qpi lan luot la lan lugt la cong suat tac dung tai
(MW) va phan khang tai tai nat i (MVAr).

in in in . LA ~ . 5 .
PTS,-, PW:j, Psr:k lan lugt la cong suat phat clia cac

nguén nang nhiét dién, nang lugng gié va nang lugng
mat tr&i (MW).

. i in . NP e 2 . >
Qmr, Q,E? Q:k [an lugt la cong suat phdn khang cua

cac ngudn nang nhiét dién, nang lugng gié va nang
lugng mat trai (MVAr).

v, Vi, siq lan lugt la dién 4p tai cac ndt méy phat,
dién ap tai cac nut tai va cong suat trén dudng day.
2.3. M6 hinh chi phi may phat nhiét dién

Ham chi phi cia cdc nha may nhiét dién [13] dugc biéu

thi dugi dang phudng trinh bac 2 nhu sau:

N1G

CTO(PTG):ZGI +biPTG,i +CiPTzG,i (13)
i

Trong do6: a; b; ¢ la hé s6 chi phi ctia may phat dién thi i
Nrcla téng s6 may phat

Tuy nhién, mé hinh héa ham chi phi véi hiéu Ung tai
diém van c6 tac ddng chinh xac va thuc té€ han dén ham
chi phi bac hai. D€ mé hinh héa nhiing hiéu (ing tai diém
van nay, ham chi phi ca ban trong Phuong trinh (14) dugc
thay d6i bang cach thém gia tri tuyét déi ca ham sin,
téng chi phi phat dién ctia cdc may phat nhiét dugc tinh
nhu sau:

Mgl a, +b,P

TG,i
Cro(Pg) = -
rore ,Z:; +|d,..sin(e,.P""”—P

TG,i TG,i

+C,P2

TG,i

) (14)

Trong d6: d, e; 1a cac hé s6 biéu thi hiéu ting diém van.

Pe: 1a cong sudt phat t6i thidu cia may phat dién thi
i khi van hanh.

Trong nhitng ndm gan day, nham giam lugng khi thai
carbon va khuyén khich st dung nang lugng sach, thué
carbon da dugc ap dung. Chi phi phat thai (tinh bang
USD/gid) dugc biéu dién theo cong thic sau:

C.=C,E
Trong do6: Ceax la thué carbon.
E la chi phi phat thai, dugc tinh theo céng thic:

N1g 16
E=Y [(a,+BPr +y,PTzG,-).O,O1+w,e(“"PTG”J (1)
i=1

(15)

2.4. Mo hinh chi phinang lugng gié va nang lugng mat
troi

Chi phi van hanh clia cac nguén nang lugng téi tao
nhu dién gié va dién mat troi thudng rat thap so véi cac
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nguén phat dién truyén théng, do khong can nhién liéu
va it yéu cau bao tri. Tuy nhién, dé dua vao bai toan toi
uu héa, chi phi phat tir cdc ngudn nay dugc mé ta nhu
sau [13]:
- Chi phi truc ti€p lién quan dén nang lugng gio tir nha
may thu j dugc moé hinh héa:
C, (P

wi(Pus,i)=9,P (17)

Tong dé: g;la hé sé chi phi truc ti€p ctia nha may dién
gié thuj.

Pysjla cdng mong mudén clia nha may.

- Chi phi truc tiép lién quan dén nang lugng mat trdi
tu nha may thu k:

Cs,k(Pss,k):hkPSS,k (18)

Trong dé: hi la la hé s6 chi phi truc tiép clia nha may
dién gi6 thu k.

Pss i la la cdbng mong muén clia nha may.

Dé dam bao cung cdp dién khéng bi gian doan cho
ngudi tiéu dung, nha diéu hanh hé théng can duy tri céng
sudt du phong trong nhiing trudng hop céng suat thuc té
dugc phat tur trang trai dién gié thap hon gia tri udc tinh:

Cij (Pws,j - Pwav,j) = KRW,j (Pws,j - Pwas,j)

Rws,j

:KRWJIO (Pws,j _PW,j)fw(Pw,j)dej

(19)

Trong do6: Kaw, 1a hé s6 chi phi du phong lién quan dén
nha may dién gié thij.

Puasjla cong sudt thuc té€ dugc phat ra tir nha may.

f, (P, ;) lahammat d6 xac suat cong suat gi6é clia nha
may dién gio thu j.

Ngugc lai, néu céng suat phat ra cao hon cong suat
udc tinh, mot lugng cong suat du thiia sé bi lang phi néu
khong dugc tan dung tham chi sé phai trad chi phi phat
tuong ung véi lugng dién du nay.

Cij (Pwav,j - Pws,j) = KPWJ (Pwav,j - Pws,j)

Pwr j

(20)

=K (P, =P, (R,)dp,,

Pw,j ws, j

Pws,j

Trong d0: Kpw,; 1a hé sé chi phi phat d6i v6i nha may
dién gi6 thuj.

P.jla cong sudt phat dinh miic ciia nha may dién gié
thj.
3. THUAT TOAN EGRET SWARM OPTIMIZATION
ALGORITHM (ESOA)

Ldy cdm huing tu chién lugc “Ngéi chd” clia co tuyét
(Snowy Egret) va chién lugc“Tan cong” ctia co I6n (Great
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Egret), thuat todn Egret Swarm Optimization Algorithm
(ESOA) [12] da két hgp cac uu diém clia ca hai chién lugc
nay va xay dung mot mé hinh toan hoc tuong tng dé
dinh lugng hanh vi. Thuat todn ESOA la mét thuat toan
song song bao gom ba thanh phan chinh: Chién lugc
Ngo6i Chg, Chién lugc Tan Céng va Diéu kién Phan biét.
Trong mot nhom co, c6 ba con co: Co A ap dung co ché
dan hudng tién vé phia trudc, trong khi Co B va Co C lan
lugt st dung ca ché di bé ngau nhién va bao vay. Mdi
phan sé dugc trinh bay chi tiét bén dudi.

- Chién lugc ngdi ché: Co A du doan gia tri méi & vi tri
hién tai theo phuong trinh:
(21)

Sau d6 tinh §; dua vao dao ham ctia ham 16i gilra gia
tri du dodn va gia tri that.

Vi = Wi X;

Tinh tich hop gradient téng hgp tur:

e Gradient cuc bo d;

e Gradient theo ca thé t6t nhat theo t6 hap d,

e Gradient t6t nhat trong toan quan thé dy

Cap nhat vecto trong s6é w; bang phuong phap giéng
Adam.

Tinh vi tri m&i du kién ctia Co A theo phuong trinh:

X,; =X; +exp(-t /(0,1 ,).0,1.hop.g, (22)

ya,i :f(Xa,i ) (23)

Trong do: t, tmax lan lugt 1a s6 vong lap hién tai va s6
vong lap téi da.

hop la khoadng cach gita can dudi va can trén trong
khon gian nghiém.

Yaila gia tri do thich nghi tuong ung.

- Chién lugc tan céng: Co B c6 xu hudng tim ki€ém con
moi mot cach ngadu nhién va hanh vi clia né cé thé dugc
mo ta nhu sau:

X, =X +tan(r,,).hop/ (1+1) (24)

Yo :f(Xb,i) (25)

Trong d6: ry,; la mot sé ngau nhién trong khoang (-1/2,
1/2).

Xpila vi tri du kién tiép theo cia Co B.

yyila gia tri do thich nghi tuong ung.

Co C ¢6 xu huéng truy dudi con méi mét cach quyét
liét, do d6 co ché bao vay dugc st dung lam phuong phap
cap nhat vi tri:

110 | Tap chi Khoa hoc va (dng nghé Trudng Dai hoc Cong nghiép Ha Noi

D, =X =%, 20
Dg :ngest _Xi (27)

X.; =(1=r,=r)x,+1,D, +1.D, (28)

Trong d6: Dy la khodng cach gitra vi tri hién tai va vi tri
tot nhat cta té Co.

Dy la khoang cach so véi vi tri t6t nhat clia toan dan Co.

x;la vi tri hién tai cia co C.

Xivest 12 Vi tri t6t nhat cta té Co.

Xgpest 12 Vi tri t6t nhat cla toan dan Co.

.1, €[0; 0,5) la hé s6 ngau nhién.

- Piéu kién phan biét: Sau khi timg thanh vién trong
t6 Co da xac dinh dugc ké hoach hanh déng clia minh, ca

t6 sé lua chon phuong &n t8i uu va cung thuc hién hanh
dong do.

e Tap hop tat ca cac vi tri du kién:

Xy =[X, 1 %,,.%,] (29)
e Tinh d6 thich nghi tuong Ung:

Vi =WairYoirYeil (30)

¢, =argmin(y, ;) (31)

Chon vi tri t6t nhat:

NéEu min ys; < y; thi cap nhat vi tri x; theo gia tri tét nhat.

Néu ngau nhién r > 0,3 thi c6 30% co héi chap nhan
phuaong an kém han.

- Ap dung thuat toan ESOA vao bai toan

Budc 1: Xac dinh cac dit liéu clia bai toadn

Budc 2: Khéi tao cac tham s6

Budc 3: Udc lugng vi tri con moi hién tai theo cong
thuc (22)

Budc 4: Cap nhat trong so6 theo quy tac Adam

Budc 5: Cap nhat vi tri méi du kién theo céng thic (22,
23)

Budc 6: Tim kiém ngau nhién va bao vay con moi theo
vi tri t&t nhat clia t6 va dan theo cong thiic (24-28)

Budc 7: Tap hop cac vi tri du kién

Budc 8: Tinh do thich thi cia ting vi tri theo céng thic
(30)

Budc 9: Tim vi tri c6 dé thich nghi t6t nhat theo cong
thuc (31)
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Budc 10: Tra vé vi tri t6t nhat va gia tri ham muc tiéu 8 4,5 34 135
tuong ung. 9 6.5 5 2%
4. KET QUA MO PHONG 10 9,25 74 35
4.1.Théng sé dau vao 1 11,75 94 45

Cac théng s6 mang dién chuan IEEE 30 nut va sg do 12 15,5 12,4 475
don tuyén ctia hé thong dién nay dugc trinh bay nhu hinh 13 17.75 142 50
1. Caﬂ\c ngu,on PAhat r.],hlef dlep d,lIQC dat tai nEt 1, 2,, 8; hal " 20,125 167 175
ngudn phat dién gié dat tai nat 5, 11; nguon phat dién
mat troi dat tai nat 13 [14]. Cac théng s6 chi tiét vé dir liéu 1 22,75 18,2 M3
nut, dir liéu dudng day, cac hé s chi phi ctia may phat va 16 24 19,2 36
cac gidi han vé cong suat va dién ap may phat ctia hé 17 21,5 17,2 27,5
théng nay dugc cap nhat trén Matpower 7.1. 18 20,25 16,2 15

Fh 19 17,5 14 6,5
2 1 . ‘I‘L_ 20 14,625 1,7 25
— © 21 10375 83 0
' n 8,125 6,5 0
23 7,25 58 0
24 6,625 53 0
4.2. K&t qua méd phéng
-Trong truéng hop khéng xét phat thai CO,, két qua
trong bang 2 cho thay thuat toan ESOA hoat déng 6n

dinh va hiéu qua hon so véi GWO. Du khong cé su tham
gia ctia chi phi carbon trong ham muc tiéu, ESOA van duy
tri dugc |6i gidi cd cac chi s6 van hanh ndm trong gidi han
ky thuat, dac biét la cac rang budc vé cong suat phat, dién
ap tai cac nut quan trong. Téng chi phi van hanh theo gi&
trong trudng hgp nay cho thay ESOA thap hon dang ké so
vGi GWO.
Bang 2. Két qua md phong mang dién [EEE 30 nut

Hinh 1. S¢ d6 don tuyén mang dién IEEE 30 niit [14]
Cac tham sé clia mdy phét dién gié theo phan bo
Weibull dugc trinh bay trong bang 1. Cac hé s6 chi phiva

phat thai, trong dé bao gém cac tham sé ctia phan bé Min | Max ESOA GWO
Lognormal va cac tham s6 ham mét do xac suat cia | py, (MW) 10 | 200 | 190,457 135,983
nguoén nang lugng gié va nang lugng mat trai dugc trinh Prcy (MW) 10 150 59 446 26,189
bay trong [14]. ' '
Pre; (MW) 10 100 23,639 54,491
Bang 1. Nang lugng gid va ndng lugng mat trdi trong 24 gic
- Py (MW) 0 40 5,992 5.829
] (ong suat .p’hat Cong suavt ph‘a.t nang Puca (MIW) 0 10 0 0
Théi gian nang lugng gi6 (MW) | lugng mat tréi (MW)
Psg (MW) 0 30 3,825 0,9094
Bus>5 Bus 11 Bus 13 v
1 6,25 5 0 1(pu) 0,95 1,1 1,06 1,06
5 5,875 47 0 Va (pu) 0,95 11 1,045 1,045
3 575 46 0 Vs (pu) 095 | 11 1,016 1,013
4 5,875 47 0 Vs (pu) 095 | 1, 0,98 0,97
5 55 44 0 Vay (pu) 0,95 1,1 0,97 0,96
6 5,625 4’5 2’5 V13 (PU) 0,95 1,1 1,0 1,07
7 475 38 5 Prar (MVAY) -20 | 150 | 23,209 37,102
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Pro2 (MVAT) -20 60 52,123 34,199
Pros (MVAT) -30 35 0 0
Pwar (MVAr) -15 40 0 0
Pwa2 (MVAr) -25 30 47372 45,612
Pss (MVAr) -35 25 0 0
Total cost (USD/h) 770,998 855,456
Execution time (s) 27,724 -
Carbon emission (ton/h) 0,0148 0,0260
Carbon tax (USD/h) 0,02963 0,5208
- Sosinh ity rung i

g

Hinh 2. Ddc tinh hoi tu cla hai thugt todn

Bi€u d6 hdi tu trung binh trong hinh 2 chiing minh kha
nang hoi tu cta thuat toan ESOA so véi GWO trong viéc
dat gia tri muc tiéu t6t hon, tranh dugc cuc tri cuc bo -
diéu nay thé hién tinh vugt trdi vé chat lugng nghiém.

-Trong truéng hop khi tinh dén phat thai CO, va chi
phi thué carbon: su khac biét gita hai thuat toan cang
trd nén ro rét. Thuat toan ESOA tiép tuc thé hién kha ning
tim 13i gidi tot hon ca vé mat ky thuat lan kinh té va moi
trudng. Cu thé, ESOA tim dugc muc phat thai thap hon
(0,0257 tan/h) so véi GWO (0,0277 tan/h), dong thai chi
phivan hanh tiép tuc giam. Khéng chi hiéu qua vé chi phi,
gidi phap ctia ESOA con ddm bao van hanh hé théng én
dinh, véi cac gia tri dién ap tai cac nut va cong suat phan
khang déu nam trong gidi han ky thuat. Chi phi thué
carbon ma hé théng phai chiu cling thap hon cia ESOA
(0,5148 USD/h) so v&i GWO (0,5541 USD/h), gép phan
khang dinh rang ESOA khong chi gidm chi phi ma con cét
gidm lugng phat thai hiéu qua hon, huéng t&i muc tiéu
van hanh bén viing va than thién moi trudng.

Hinh 3 cho thay thuat toan ESOA dat dugc muic chi phi
thap hon so véi GWO, dac biét tai cac khung gid cao diém
tur 9h dén 18h, nhd kha nang khai thac tét khong gian tim
kiém va tan dung hiéu qua nguén nang luong tai tao.
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Hinh 4. Phat thai cla hai thudt todn trong 24 gi&

Vé khia canh méi trudng, biéu dé phat thai hinh 4
cling khdng dinh uu thé cla ESOA khi lugng phat thai
thap hon dang ké so vsi GWO trong hau hét cac khung
gid, cho thay chién lugc phan phoi cong suat hiéu qua véi
uu tién cao han cho cac nguén phat sach.
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Hinh 6. (ong suat phan khang cta hai thuét todn trong 24 gi¢

Bi€u d6 hinh 5 va 6 cla hai thuat toan cho thay ca hai
déu dap ung tét nhu cau tai, tuy nhién ESOA c6 xu hudng
diéu phdi Q én dinh hon, giip hé thdng van hanh trong
gidi han ky thuat dat ra. Nhin chung, cac biéu d6 khéng
chi minh hoa ré tinh hiéu qua cia thuat toan ESOA vé chi
phi va phat thai ma con khdng dinh tinh 6n dinh va phu
hgp véi yéu cau van hanh cla hé théng dién phan tan
hién dai.

ESOA ciing giam tUr 0,57 tan xuéng con 0,50 tan, tuong
duong muc gidm ~12,3%. Trong khi d6, téng dién nang
phat ra trong 24 gi¢ cta hai thuat toan gan nhu tuong
duong nhau (6.801,6MWh), cho thdy viéc giam chi phi va
phat thai cia ESOA khéng lam anh huéng dén kha nang
dap ung phu tai.

- So sanh mirc khai théc ngudn tai tao trong 24 gi
L T T T

Higu suét khai thac RES (%)

Hinh 8. Hiéu sudt khai thac ngudn nang lugng tai tao ctia hai thudt toan

Két qua & hinh 8 cho thady thuat toan ESOA dat hiéu
suat khai thac nguén nang lugng tai tao cao han ré rét so

So sanh tdng hop két qua giira ESOA va GWO (24h, with CO2)
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Hinh 7. So sanh két qua toi uu gilta hai thudt todn

K&t qua trén hinh 7 cho thdy thuat toan ESOA thé hién
hiéu qud vugt troéi hon so véi GWO trong ca ba tiéu chi
danh gia chinh: chi phi van hanh, phat thai CO,, va dién
nang phat. Cu thé, téng chi phi van hanh 24 gid ctia ESOA
dat 18.416,69USD, thap hon khoang 1.786,3USD (=8,8%)
so v6i GWO (20.202,97USD). Bong thai, phat thai CO, cla
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Tong Phat thai CO2 (ton) 24h

Téng Dién nang phat (MWh) 24h
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vGi GWO trong hau hét cac thai diém trong ngay. Cu thé,
trong cac khung gid cao diém (tir 9h dén 17h), hiéu suat
clia ESOA thudng dao déng trong khoang 70 - 95%, trong
khi GWO chi dat trung binh khoang 30 - 60%. G céc thai
diém céng sudt gié va mat trdi thap (tir Th- 6h hodc sau
20h), ca hai thuat toadn déu c6 xu hudng giam hiéu suat,
tuy nhién ESOA van duy tri kha nang khai thac 6n dinh
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haon, ching té co ché tim kiém can bang gila khai thac
nang lugng tai tao va dam bao rang budc ky thuat hoat
dong hiéu qua. Trung binh trong 24 gio, ESOA khai thac
dugc khoang 78 - 85% cong suat kha dung tir RES, cao
hon 15 - 25% so véi GWO. Diéu nay cho thay ESOA khai
thac tét hon tiém nang clia cdc ngudn nang lugng sach,
giup giadm phat thai CO, va chi phi van hanh téng thé cda
hé théng dién.
5. KET LUAN

Qua céc két qud mo phong, ¢ thé thdy thuat toan
ESOA thé hién nang luc tim kiém vuat tréi so véi GWO
trong viéc giai bai toan t6i uu van hanh hé théng dién tich
hgp ngudn tai tao. ESOA khong chi mang lai chi phi van
hanh thap han ma con dam bao muic phat thai CO, hop ly
va tuan tha tét cac rang budc ky thuat. Vi vay, ESOA la lua
chon phu hgp hon dé gidi cac bai toan t6i uu héa van
hanh hé thong dién hién dai, dac biét khi c6 xét dén yéu
t6 moi trudng nhu phat thai va thué carbon.
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