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TOM TAT

Bai bao nay trinh bay phan bé t6i wu khoa mém (Soft Open Points - SOPs) va may phat phan tan
(Distributed Generator - DG) trong lu6i dién phan phdi (Distribution Power Grid - DPG) IEEE 33 nut
dé giam ton that cong suat trong mot gio va chi phi mua dién tir ludi trong mot ngay. Phuong phap
Equilibrium Optimizer (EO) duoc ap dung dé ti wu vi tri va cong suat cua cac DG va SOPs trong DPG.
Nghién ctru dat dugc tén that cong suit nho nhét so voi cac nghién ctru trude trong truong hop 1 dat 3
DG, va trudng hop 2 dat ddng thoi 3 DG va 1 SOP trong DPG. Ngoai viéc giam t6n that cong sudt, dién
ap tai cac niit trong DPG ciing dugc nang cao trén 0.95 pu va gan bang 1 pu. Truong hop 3 st dung giai
phap t6i wu dat dugc ¢ truong hop 2 dé van hanh t6i uu SOPs trong mot ngay nham cuc tiéu chi phi
mua dién, véi tai, cac DG va gia dién thay doi theo 24 gio. Két qua trudng hop 3 cho thiy rang tich hop
may phat dién gio (Wind Turbine - WT), 2 may phat dién mat troi (Solar photovoltaic - PV) va 1 SOPs
trong qué trinh van hanh cho chi phi mua dién tir luéi thap nhét, nho hon hé théng chi ¢6 1IWT va 2 PV,
va thap hon nhiéu hé théng co ban khi khong c6 DG va SOPs tham gia. Vi vy, sir dung SOPs trong
DPG c6 tich hop cac DG c6 thé mang lai cac loi ich 16n vé giam ton that cong suét va cuc tiéu chi phi
mua dién tir ludi.

Tir khod: Khoa mém (SOPs), may phat phan tan (DG), luéi dién phan phéi (DPG), may phat dién gio
(WT), may phat dién mat troi (PV).

1. GIOI THIEU

Luoi dién phan ph01 (DPG) cung cép dién cho céac phu tai dién va déng vai tro quan trong trong
hé théng dién. Tong ton that cong suét trén DPG c6 thé bang 13% tong cong suét dién phatra [1]. Vi
vay, giam t6n that cong sudt trén DPG ludn dugc cic nha nghién ctru quan tam. Dé giam ton that cong
suat, giai phap 1a giam dong dién va dién tré duong day [2] bang cach lap dit tu bu [3], may phat phan
tan (DG) [4], may phat dién gi6 [5], may phat dién mat troi [6], mdy phat phén tan nang luong sinh khoi
[7], tai céu trac ludi dién [8], lap dat kho4 mém (SOPs) [9] v.v. Bai bdo nay phan bd t6i wu cac DG va
SOPs dé dat dugc cac lgi ich kinh té va k§ thuat cho DPG.

Vé co ban, lap dat cac DG co thé cung cép cong suat tic dung va cong suat phan khang dé giam
bom cong sudt tir cac ngudn dién lu6i thong thuong, trong khi d6 SOPs ¢6 thé thay ddi cac dong cong
suét trén duong day [10]. Ca cac DG va SOPs c6 thé giam cac dong dién trén cac dudng day. Nghién
ctru [11] da gia ting mirc 6 tham nhép ciia cac DG tir 0% dén 200%, cac két qua tét nhat nho 1ap dat
SOPs 1a giam ton that 58,4%, can bang tai 68,3%, va cai thién cau hinh dién ap 62,1% khi so sanh véi
truong hop khong c6 SOPs. Nghién ctru [12] két hop SOPs, cac mirc dd thadm nhép khac nhau cua DG
va cac hé thong truyén tai xoay chiéu linh hoat. Két qua cho thy cac mirc tham nhap 48% va 79% la
ti wu nhét cho cac hé thdng véi muc tai 50% va 200%. Nghién ctru [13] t6i wu mirc thim nhap cua DG
va cac dong cong suét tac dung va phan khang ciia SOPs trong mot ngay, va nd co thé giam ton that
nang luong 10%. Nghién ctru [14] tap trung vao cyc tiéu ton thit cong suét va cuc tiéu chi s can bang
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tai cho hé thong DPG IEEE 33 nut. Két qua cho thay réng phan b6 SOPs hi¢u qua hon thyc hién tai cdu
trac ludi dién, tuy nhién, két hop phan bd SOPs va tai cdu tric ludi 1a hiéu qua nhat Nghién ctru [15]
t6i wu vi tri va cong sudt ciia 3 DG va 5 SOPs trén ludi dién IEEE 33 nat dé giam ton that cong sut va
cai thién cdu hinh dién ap. Phuong phép t6i vu PSO dugc sir dung trong nghién ctru nay. Két qua cho
thiy rang khi sir dung 3 DG va 5 SOPs giam t6n that cong suat 79,5% so v&i hé thong khong c6 cac DG
va SOPs. Nghién ctru [16] sir dung SOPs va tai cdu triic cho luéi dién IEEE 33 va 69 niit. Nghién ciru
nay thir nghiém 5 truong hop véi sé lugng SOPs tang tir 1 dén 5. Ton that cong suat giam dang ké khi
s6 lugng SOPs tang. Giam ton tht tir 30,94% t6i 58,65% ddi véi ludi dién 33 nit va tir 56,16% dén
75,05% cho ludi dién 69 nut. Tuy nhién, chi phi dAu tu va bao tri cia mdi SOPs 1a rat cao, vi vay su
dung nhiéu SOPs nhu & nghién ctru [15, 16] 1a khong kha thi d6i véi DPG.

Nhin chung, cic nghién ciru trude da ¢ cac dong gop dang ké dé giam ton that, xem xét cac mirc
tham nhap ctia ning luong tai tao va cai thién dién ap cho cac DPG IEEE tiéu chuan. Tuy nhién, viéc
str dung nhiéu SOPs trong DPG 1a chua hop 1y, hiéu qua cac thuét toan sir dung chua cao, cic nghién
clru nay da bo qua sy phdi hop ctia SOPs véi dir lidu thuc cua nang lugng gié va mit troi. Nhitng han
ché nay s& duoc khic phuc trong bai bao nay. Thuat toan metaheuristic EO [17] duoc ap dung dé t6i uu
vi tri va cong suét cac DG va SOPs trong DPG IEEE 33 nut. Dt liéu tde do gi6 va buc xa mat troi thuc
té duoc 14y tir website [18, 19] dé tinh toan cong sudt may phat dién gié va may phat dién mit trdi trong
24 gi¢ van hanh DPG.

2. THANH LAP BAI TOAN

Trong nghién ctru nay, WT va PV duoc sir dung dé giam cong suét nguén dugc cung cip tir niit can
bang va giam dong dién trén cac duong day phan ph01 Ngoai ra, mot thiét b SOPs cuing dugc sir dung dé
truyén tai cong sut tac dung gitra 2 nut va cung cap cong sut phan khang & mdi nut. Nhd van hanh cac
WT, PV va SOPs, dong dién, sut ap, ton that nang luong trén cac duong déy va chi phi mua dién tir lu¢i
c6 thé duogc giam. Vi vay, nghién clru nay tap trung vao giam ton that cong suat trong mat gid va cuc tiéu
chi phi mua dién tir lugi trong mot ngay va dép g cac rang budc van hanh cta hé thong.

2.1. Ham muc tiéu
Giam ton that cong sudt trong mot gid va cuc tiéu chi phi mua dién tir i trong mot ngay van hanh
la muyc tiéu chinh, dugc trinh bay nhu sau:

Nai
Giam: PL= Z 3.5 Ry (kW) (1)
di=1

Trong d6: PL 1a tong ton thit cong sudt trén cac nhanh trong mot gid, Ny 13 sb duong day phan
phoi, Iq; 1a dong dién van hanh cua duong day phén phoi thir dI, Ry 1a dién tro cua dudong ddy phén
phoi tha dl.

24

Cuc tiéu: CoG = Z (Pupr + PLuy — (Ppyshr + Pwrsnr))- Giadieny,, ()
hr=1

Trong d6: CoG la tong chi phi mua dién tir lu6i trong mét ngay, Py, nr. 1a tong cong suét tai tai gio
thi hr, PLy, 1a tong ton that cong suét tac dung tai gio thi hr, Ppysnr 12 tdng cong sudt cua PV & gio
thir hr, Pyrg e 12 tong cong suat cia WT & gid thir hr, Giadieny, 1a gia dién & gior thir hr.

2.2. Cac rang budc

Gidi han dong dién dwong ddy: Dong dién van hanh phai nhé hon hodc bang giéi han dong dién
cuc dai:

Iy <IH™ 3)

7% 14 1a dong dién cuc dai va dong dién van hanh cta duong ddy phéan phéi thir dl.
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Cac gioi han dién ap: Trong ludi dién phan phéi, dién ap O mdi nat 1én hon hodc béng gidi han
dién ap cuc ti€u, va nho hon hoac bang gidi han dién ap cuc dai:

ymin <y <ymax. i =1,.., N, 4)
Vmin ymax 13 oi¢i han dién 4p nut cuc tiéu va cuc dai trong ludi dién phan phéi, V; 1a dién ap tai
nut thir i, N, 1a s6 lugng nut trong ludi dién phan phoi.

Cac gidi han can bang cong suat Nghién ctru nay xem xét lap dat WT, PV va SOPs trong ludi
dién phan phdi. SOPs c6 thé cung cép cong suat phan khang, trong khi d6, WT va PV ¢6 the cung cép
cong suat tac dung. Vi vy, can bang cong suit tac dung va cong suat phan khang dugc viét nhu sau:

Npy Nwr Na
ZPPVm ZPWTk+Pcps 23 Ry Iy + ZPL/ (5)
a1
Nsop Nar
z Osopr 7O ps™ z 3. Xy Iy + z 0y (6)
a1

Npy, Nyt 12 s6 luong may phat dién mit trdi va may phat dién gio, Ppy,, 1a cong suit tac dung
cua mdy phat dién mt troi thit m, Py 12 cong suat tac dyng ciia may phat dién gio6 thir k, Py, Qcps la
cong suat tic dung va cong suit phan khang duoc cung cp boi ngudn dién ludi thong thuong, Py, QLj
1a cong suit tic dung va phan khang cia tai tai ntt thir j, Xy 1a dién khang cua duong day phan phdi
thtr dl, Qqp, 12 cOng suat phan khang cua SOPs thir f.

Cac gi6i han cong suat phat ciia PV, WT: Cong suét phét ctia cac thiét bi dién duoc rang budc boi

cong suét cuc dai va cuc tiéu:
P’;’I{Zn SPPVm SP?%z (7)
ik < Pwne <P (®)

Trong d6: Ppir. va Ppjs,, 1a giéi han cong suat phat cuc tiéu va cyc dai ciia PV thir m; P, va

e 1a gidi han cong sudt phat cuc tiéu va cyc dai cua WT thi k.

Cdc gi6i han vi tri cia PV, WT: Nghién ciru nay chi xem xét phat cong suét tac dung cho PV va
WT, ngoai ra PV va WT khong thé duoc lip dit cung vi tri. V& co ban, cac thiét bi nay c6 thé duoc lap
dit trong ludi dién phan phdi véi vi tri tir nut 2 &én nut N,. Vi vay, cac bat phuong trinh duéi déy 1a cac
rang budc vi tri:

2 SLPVrm LWTk S]Vn (9)

Lpym#FLwrx (10)

Trong d6: Lpy,, va Lyg 1a céc vi tri cua PV tht m va WT thir k.

2.3. M hinh ho4 va cac diéu kién rang budc ciia SOPs

DGl SOPs
o | VSCL |
Tuyén 1 :S(L AC |
I — !
May bién ap $ l Quscil DC| |
). I |
Tai 1 Tai2 Tai3
| HH
| |
Pyser | |
- DC |
Tuyén 2 $ l * Q. e ae |
vsc2
' / i | wvsc2 |
Tai 4 Tai 5 Tai6 @~ @—————

Hinh 1. SOPs két ndi tuyén 1 va tuyén 2 trong DPG
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Mo hinh ciia SOPs: SOPs 1a mot thiét bi dién tir cong suit c6 thé didu khién dong cong suit tac
dung va cong suat phan khang giira 2 tuyén két nbi. Bai bio nay xem xét SOPs 1a bo bién dbi ngudn ap
(back-to-back Voltage Source Converters - VSC), SOPs c6 thé thay thé cac khoa mé trong cac DPG,
két ndi 2 tuyén nhu Hinh 1.

Cdc rang budc ciia SOPs: Céc bién lién quan ctia SOPs trong hinh 1 bao gdm Pysci. Pvsca, Qusci va
Qusca. Trong nghién ciru ndy, ton that cong sudt cia SOPs duogc bo qua bai vi ton that cong suat cia
VSC rét thip, khoang 1% trén mdi bo bién d6i [20]. Méi lién hé giira cac thong sb cia SOPs duoc biéu
thi bf’ang toan hoc nhu sau [14, 21]:

Pysc1 + Pyscz =0 (11)
(12)

Svsc1 = PV2501 + Q5561
(13)

Svscz = Pvzscz + QI%'SCZ
0 <Sysc1> Svscz < Ssops (14)

Trong d6: Syscq va Syscp 14 cong suat biéu kién van hanh ciia SOPs tai nut 1 va nit 2. Ssops 12
cong suat bicu kién dinh murc ciia SOPs.

3. THUAT TOAN METAHEURISTIC EO
Thuét toan Equilibrium Optimizer (EO) dugc thé hién chi tiét trong tai liéu [17]. Trong qu4 trinh

ti uu hoa, EO ciing str dung dan s riéng & budc khoi tao, va mdi ca thé duge xem 1a mot giai phap
kha thi cho bai toan. Cau truc cia EO bao gom cac budc chinh nhu sau:

Cai dat dan s6 va s6 vong
1ap 16n nhat (MaxIter)

Y
Khéi tao Kiém tra gi¢i han cta céc giai phap dat
* dugc va hiéu chinh cac giai phap vi pham

- Tinh toan ham danh gia nghiém
- Cai dat Iter=0 Tim ham danh gi4 cua cac giai phap

- Tim 4 giai phap tét nhit
- Tinh to4n giai phap trung binh tét nhit

Cap nhat cac giai phap moi
[

Tim giai phap t6t nhit va
dung chuong trinh

Hinh 2. Luu db ti wu cua thuét toan EO
- Budc 1: Khéi tao
E,, = EM" + Rand x (EM% — EM™y withm = 1,...,Np (15)
N, la déan sd; E,','}i’?, EMe* 13 gi6i han cyc tiéu va cuc dai ciia khong gian tim kiém; Rand 1a s6 ngiu
nhién, chon tir 0 dén 1; E,, 1a giai phap tha m.
- Budc 2: Cap nhét giai phap

Errrllew = ref+(Em_Eref) XM + X (1_M) (16)

RP XV
Eref € [Erlﬂ ErZ,Er3' Er4' EM] (17)
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_ Erl + Er2 + ET3 + Er4 (18)
M 4

ER°" 1a gidi phap méi tha m; En, En, Eis va Ex la 4 giai phap c6 ham déanh gia t6t nhat trong dan s6 hién
tai; RP la h¢ s0 tra vé trong thé tich V; Err1a gidi phap tham chiéu; GP la hé s6 khdi tao; M 14 ham mdl.
- Budc 3: Hiéu chinh céc giai phap mai
Eq™ néu ERY < Epim
EReW = JEmMeX  néu ENEY > EleX (19)
Enev, khac

- Budc 4: Lya chon ham danh gia va giai phap tot nhat

_ (Ftp?™ néu  Ftp, = Ftp2”
Fm _{ Ft,, khac (20)
va
E'Y  néu  Ft, = Ft&V
E,=1"™ me o (21)
En, khac

Ft,, va Ft]}f" 1a cac gia tri ham danh gia hién tai va méi cua giai phap tha m.
- Toan b qua trinh tbi wu cua thuét toan EO duge trinh bay ¢ Hinh 2.

4. CAC KET QUA MO PHONG

Trong phan nay, phuong phap EO duoc sir dung de td1 wu vi tri va cong suét cia 3 DG & truong
hop 1. Trudng hop 2 t6i wu dong thoi vi tri va cong sudt ciia 3 DG va 1 SOPs. Trudng hop 3 st dung
giai phép toi wu & truong hop 2 dé van hanh t6i wu SOPs vai tai, 1 WT, PV1, PV2 va gia dién thay do6i
theo 24 gio. Sir dung Matlab R2022a cai trén may vi tinh c6 RAM 8.0-GB va bo xtr Iy 1.8-GHz dé chay
moé phong. Dan s6 va sb vong lap duogc cai dat 1a 500 va 1000 cho truong hop 1 va 2 [15]; 50 va 500
cho truong hop 3.

Céu hinh DPG IEEE 33 nut hiéu chinh duoc trinh bay & hinh 3. Di liéu hé théng dugc cho & [22].
SOPs c¢6 thé duoc lap dat 6 1 trong 5 vi tri 1a L1 (8-21), L2 (9-15), L3 (12-22), L4 (18-33) va L5
(25-29) [15]. bién ap dinh muc cua hé théng la 12,66 kV. Cong suit tac dung cua tai 1a 3,715 MW va
cong sut phan khang cua tai 1a 2,3 MVAr. Ton thit cong suit tac dung ban du cua hé théng co ban
khi khong ¢6 SOPs va DG 1a 210,9983 kW [22, 15]. Gidi han dién ap cuc tiéu va cuc dai dugc cai dat
0,95 pu va 1,05 pu. Gidi han cuc tiéu va cuc dai cong suét biéu kién ctia SOPs 1a 0 MVA va 3 MVA;
trong khi d0, cac giéi han ciia DG bang 0-2 MW. Cac két qua cua EO duoc so sanh véi TM (Taguchi
Method) [23], MOTA (Multi-Objective Taguchi Approach) [23], BA (Bat algorithm) [24], va HSA
(Harmony Search Algorithm) [25].

Ls

23 2425 26 27 28 [2930 31 32 33

L2
Tram bién dp

}_@1|2345 6 7 9 10 11 12 13 14 15| 16 17 |18
| L

19 20 21 22

Hinh 3. Hé thong IEEE 33 nit higu chinh véi 5 vi tri c6 thé dit SOPs

4.1. Truong hop 1: Toi wu vi tri va cong suit cia 3 DG

7Béng 1so sénh vi tri va 96ng suit cua 3 DG, tég that cong sudt gitta cac thuat toan khac nhau. EO
cho ton that cong suat nho nhat bang 72,7869 kW, tiep theo 1a PSO [15] 72,85 kW, BA [24] 75,05 kW,
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MOTA [23] 96,3 kW, HSA [25] 96,76 kW, va TM [23] c6 t6n that cong sudt cao nhat bang 102,3 kW.
EO chon dét 3 DG ¢ cac nut 24; 13; 30 véi cac cong suét teong ung 1a 1091,33 kW; 801,7 kW; 1053,64
kW. Cac vi tri ddt 3 DG cua EO trung véi cac vi tri cia phuwong phap PSO [15] nhung c6 tong cong sut
3 DG bang 2946,67 kW, thap hon 93,33 kW so vdi tong cong suat cia PSO [15]. Tir cac két qua trén

cho thay EO hiéu qua hon cac thuat toan trong [15, 23-25] khi lap dat 3 DG trong DPG.

Bang 1. So sanh tbn that cong suit trén DPG IEEE 33 niit v6i 3 DG

Thuét toan Téng cong suit DG (kW) Nut két ndi Tén thét cong suat (kW)
EO 2946,67 (1091,33; 801,7; 1053,64) 24;13; 30 72,7869
PSO [15] 3040 13;30; 24 72,85
T™ [23] 2879,5 15;33; 26 102,3
MOTA [23] 3280 7;30; 14 96,3
BA [24] 2721 15; 30; 25 75,05
HSA [25] 1725,6 18;33; 17 96,76

4.2. Truwong hop 2: Téi wu dong thoi 3 DG va 1 SOPs

Hinh 4 thé hién ton that cong suét trén DPG IEEE 33 nit hiéu chinh véi cac truong hop khac nhau.
Truong hop co ban (Base) khi khong c6 1ap dit 3DG va SOPs trong hé thong c6 ton that cong suit 1on
nhat 210,9983 kW, trudng hop khi t6i vu 3 DG (3DG) trong ludi phan phéi da giam ton that con 72,7869
kW. Tén thit cong suét tiép tuc giam khi tdi wu dong thoi 3 DG va 1 SOPs & cac vi tri L3
(3DG SOP L3); L1 (3DG SOP L1); L2 (3DG SOP L2); L4 (3DG SOP L4); L5 (3DG SOP L5)
v6i cac ton that cong suét tuong tng 13 44,5299 kW; 394,346 kW; 38,3301 kW; 21,0567 kW; 17,367
kW. Nhu vay, L5 ¢6 ton that cong suét nho nhét bé‘lng 17,367 kW, day la vi tri tdt nhat dé dat SOPs két
hop véi 3 DG.

@Base @3DG @3DG_SOP LI ©3DG SOP L2 =3DG_SOP L3 ©3DG_SOP L4 m3DG_SOP_LS

210.9983
210 7777

Tén thét cong sudt (kW)

21.0567 17.367

Ml

3DG SOP L5

Base 3DG SOP L1 3DG SOP L2

Truong hop

So sanh tbn thit céng sudt trén DPG IEEE 33 nit hiéu chinh

3DG SOP L3 3DG SOP L4

Hinh 4.

Bing 2. Céc két qua dat dwoc trén DPG IEEE 33 nat véi 3 DG va 1 SOPs

Vi tri Vi tri-Cong sudt cia | Céng suit van hanh t6i wu Tbn that cong suit (kW)-
DG (kW) ciia SOPs (MVA) Giam ton thit (%)

L1 24—1074,8369, SVSC,SZI,IZ;SVSC,N:O,Z; 39,4346—81 ,31
14-729,0636;
30-1031,5062

L2 30-961,1304; Svsc.o=0,88; Svsc,15=0,52; 38,3301-81,83
9-1009,6107;
24-1039,7542
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L3 30-1006,2224; Svsc,12=0,83; 44,5299-78.9
12-1135,5115; Svsc.22=0,28;
24-1052,2723

L4 32-1154,9333; Svsc.18=0,5; Svsc33=0,95; 21,0567-90,02

8-796,1244;
24-1035,7877
L5 7-762,0823; Svsc25=0,9; Svsc20=1,46 17,3670-91,77
14-632,7935;
29-1617,0022
PSO[15] 8-KBC; 24-KBC; - 43,167-79,5
32-KBC

KBC: Khong béo cao

Bang 2 thé hién chi tiét vi tri lip dat va cong suét tdi uu ciia 3 DG két hop véi 1 SOPs & cac vi tri
L1 dén L5, va so sanh v6i phuong phap PSO [15] khi téi vu ddng thdi 3 DG va 5 SOPs. Két qua cho
thdy L5 1a vi tri tbt nhat & dat SOPs, vi tri tdi wu dé dat 3DG lan luot 1a nut: 7; 14; 29 va cong suét tdi
vu tuong ung 1a 762,0823 kW; 632,7935 kW; 1617,0022 kW. Tbi wu 1 SOPs tai L5 (két nbi nut 25 va
nat 29) dong thoi véi 3DG giam ton that cong sudt 91,77% so vai hé thong co ban va giam 12,27% so
v6i PSO [15].

- - Base 3DG —3DG SOP Min
1.0050
1.0000
0.9950 I
0.9900 ;
0.9850 .
0.9800 < ol |
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Hinh 5. Céu hinh dién 4ap ciia DPG IEEE 33 nut

Hinh 5 hién thi cAu hinh dién 4p cia céc truong hop khac nhau. Truong hop co ban (Base) khi
khong dat 3DG va SOPs c6 nhiéu nt vi pham dién ap, di€n &p nit nhé hon 0,95 pu nhu cac nut tur nat
6 dén nut 18 va tir nut 26 dén nat 33. Nguoc lai véi truong hop co ban, truong hop 3DG (t6i vu 3 DG)
va truong hop 3DG_SOP (t6i wu 3 DG va SOPs & L5) da cai thién dién ap & tat ca cac nit, cac dién ap
nat déu 16n hon 0,95 pu, dic biét truong hop 3DG_SOP, dién ap gan bang 1,0 pu & tat ca cac nut. Két
qua cho thiy déng gbép dang ké khi tich hop DG va SOPs trong DPG 33 niit.

4.3. Truong hop 3: Van hanh t6i wu SOPs trong m§t ngay véi sw thay ddi ciia tai, DG va gia dién

Trudng hop 3 sir dung giai phép t6i vu dat dwoc & trudng hop 2 dé mé phong van hanh cua DPG
IEEE 33 nit trong mdt ngay véi ham muc tiéu 1a cuc tiéu chi phi mua dién tr lugi. SOPs dugc gén 6L5
(ndi nit 25 va nit 29), 2 DG & nat 7 va nat 14 13 PV1 va PV2 tuong tng, trong khi d6 DG ¢ nat 29 1a WT.
Cong suét dinh mirc cia WT, PV1, PV2 duoc chon tuong tmg 1a 2 MW, 900 kW va 700 kW. DPG IEEE
33 niit voi cac thiét bi dién thém vao dwoc vE & Hinh 6.
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Hinh 6. DPG IEEE 33 ntt hiéu chinh & truong hop 3

Hinh 7 hién thi sy thay ddi cua tai, WT, PV 1, PV2 theo 24 gio.

mPV2 =PVl aWT @Tai

T
Gio
Hinh 7. Thay dbi tai, WT, PV1, PV2 theo 24 gio
Hinh 8 biéu thi cong suat van hanh t&i uu cia SOPs tai nut 25 (SOP_25), va SOPs tai niit 29
(SOP_29) trong mdt ngay.

oSOP 25 ©SOP 29

Céng sudt cia SOPs (MVA)

Hinh 8. Van hanh t8i wu cong suét ciia SOPs trong 24 gidy
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Hinh 9. Chi phi mua dién tir ludi caa 3 hé théng va gia dién thay dbi theo 24 gior
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Hinh 9 thé hién chi phi mua dién ctia 3 hé thong khac nhau va gia dién thay doi theo 24 gio. Hé
thong co ban khong c6 WT, PV1, PV2, SOPs tham gia, chi phi mua dién tir [u6i nho nhat bang 2,8032
$ ltic 4 gio, chi phi mua dién tir ludi cao nhat bang 26,612 $ luc 11 gio, tong chi phi mua dién tir [ugi
trong 24 gio bang 291,3409 $. Hé thong 1 ¢6 su tham gia ciia WT, PV1, PV2, véi hé thong nay, chi phi
mua dién tir lwéi nho nhét bang 1,8031 $ lac 4 gio, chi phi mua dién tir ludi cuc dai bang 13,6417 $ luc
19 gio, tong chi phi mua dién tir ludi trong 1 ngay cua Hé théng 1 bang 148,587 $. Hé thdng 2 ¢o su
tham gia cia WT, PV1, PV2 va SOPs, chi phi mua di¢n tir lugi nho nhét béng 0,721 $ lac 4 gio, chi phi
mua dién tir ludi cuc dai béng 8,2942 $ luc 20 gio, téng chi phi mua dién tir ludi trong 24 gid cua H¢
thong 2 bang 56,9398 $. Nhu véy, vdi sy van hanh t6i wu cia SOPs trong mot ngay, Hé thong 2 da giam
234,401 $ (80,46%) so voi Hé thong co ban, va da giam 91,6471 $ (61,68%) so voi Hé thong 1.

5. KET LUAN

Bai b4o nay 4p dung thuit toan EO dé t6i uu phan bd cac DG va SOPs trong DPG IEEE 33 niit.
Nhiém vu cta bai toan 1a tim vi tri t6t nhat dé lép dat cac DG, SOPs va xac dinh cong sut toi uu cua
chung dé giam ton that cong suit trong mot gid va cuc tiéu chi phi mua dién tir ludi trong mot ngay.
Trong DPG IEEE 33 nit, truong hop 1 phan bé tdi wu 3 DG, truong hop 2 phan bd ti wu dong thoi 3
DG va 1 SOPs, trudng hop 3 sir dung giai phap & truong hop 2 dé van hanh cong sut t6i wu cia SOPs
trong mot ngay. Két qua truong hop 1 cho thidy EO c6 ton thit cong suit nho nhat bang 72,7869 kW,
tiép theo 1aPSO [15] 72,85 kW, BA [24] 75,05 kW, MOTA [23] 96,3 kW, HSA [25] 96,76 kW, va TM
[23] c6 ton thit cong suit cao nhat bang 102,3 kW. Nhu vay giai phap dat 3 DG ¢ truong hop 1 bang
phuong phap EO ¢ thé giam 65,5% t6n that cong suat trong DPG. Truong hop 2, t6n that cong suét
tiép tuc giam khi t6i wu dong thoi 3 DG va 1 SOP ¢ L5, két qua 1a ton that cong suat giam 91,77% so
v6i hé thdng co ban khi khong ¢6 3 DG va SOPs, giam 12,27% so v&i phuong phap PSO [15]. Trudng
hop 3 t6i wu van hanh SOPs trong 24 gid khi tai, 3 DG va gia dién thay doi theo thoi gian, két qua mo
phong cho théy tinh hi¢u qua ciia SOPs khi giam 234,401 $ (80,46%) so v6i hé théng co ban, va giam
91,6471 $ (61,68%) so v6i hé thong 1 khi chi co6 WT, PV1, PV2 tham gia ma khong c6 SOPs.

Nghién clru nay c6 cac dong gop dang ké cho DPG trong viéc giam t6n that cong sudt va chi phi
mua dién tir ludi, nang cao céu hinh dién ap. Tuy nhién, nghién ctru van con cac han ché d6 1a cac chi
phi du tu, bao tri va van hanh cta cac DG va SOPs chua duge xem xét. Cac han ché nay s€ dugc khéc
phuc trong cac nghién ctru tiép theo. Céac chi phi dau tu va van hanh ciia cac DG va SOPs s& dugc tinh
toan trong cic ham muc tiéu dé giai quyét bai toan thiét ké t6i wu. Cac nghién ciru trong tuong lai s&
cho céc két qua thiét thuc va mang lai cac loi ich hon cho DPG.
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ABSTRACT

OPTIMIZATION OF SOFT OPEN POINTS (SOPs) AND RENEWABLE ENERGY
TO MINIMIZE POWER LOSS AND ELECTRICITY PURCHASING COST
IN THE IEEE 33-NODE DISTRIBUTION GRID

Tran Van Hai'?, Truong Viet Anh?, Tran Trong Hieu?, Pham Thi Xuan Hoa>"
'Ph.D. Student, Ho Chi Minh City University of Technology and Education
’Ho Chi Minh City University of Industry and Trade
‘Ho Chi Minh City University of Technology and Education
*Email: hoaptx@huit.edu.vn

This paper optimally allocates soft open points (SOPs) and distributed generators (DGs) in the IEEE
33-node distribution grid (DPG) to reduce power loss in an hour and the cost of purchasing electricity from
the grid in a day. The EO method is applied to optimize the location and sizing of DGs and SOPs in the
DPG. The study demonstrated the lowest power loss when compared to previous research in two scenarios:
first, with the placement of three distributed generators (DGs); and second, by simultaneously placing
three DGs and 1 SOP within the DPG. Along with reducing power loss, the voltage profiles at the nodes
in the DPG were also improved to exceed 0.95 per unit (pu) and approach 1.0 pu. Case 3 utilizes the
optimal solution derived from case 2 to effectively operate the SOPs for a day, aiming to minimize the
cost of electricity purchases, considering the variations in load, DGs, and electricity prices over the 24-
hour period. The results of case 3 show that integrating one wind turbine (WT), two solar photovoltaic
systems (PVs), and one SOPs in operation gives the lowest cost of purchasing electricity from the grid,
less than the system with only IWT and 2 PVs, and much lower than the base system without DG and
SOPs involved. Utilizing SOPs in DPGs with integrated DGs can significantly reduce power losses and
the costs associated with purchasing electricity from the grid.

Keywords: Soft open points (SOPs), distributed generators (DG), distribution power grid (DPG), wind
turbine (WT), solar photovoltaic (PV).
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