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Chuong 1

TONG QUAN

Lu6i dién phan phéi (DPN) cung cap dién truc tiép cho cac phuy tai dién thong
qua cac duong ddy phan phdi trung ap va ha ap, dan dén ton that nang luong cua ludi
dién cao [1] va gay sut ap tai cac nut tai [2]. Vi vay, giam ton that nang luong va ton that
dién ap trén DPN ludn dugc cac nha nghién ctru quan tam. D¢ giam ton that ning luong,
giai phap 13 giam dong dién va dién tr& dudng day [3] bang cach lap dit tu bu (SCB) [4],
may phat dién gio (WT) [5], may phat dién mat troi (PV) [6-7], ning lugng sinh khéi
[8], tai cau trac ludi dién [9], hé théng luu trit nang luong (BESS) [10], khoa mém (SOP)
[11],...Viéc su dung cac may phat di€n phan tan (DG) dya trén nang lugng gié va mat
troi rat hiéu qua trong viéc giam ton that cong suat va cat giam nang luong dugc cung
cap tir cac ngudn dién thong thuong nhu nha may thuy dién, nhiét dién, dién hat nhan.
Tuy nhién, nang lugng gi6é va mat troi la cac nguén nang luong bat dinh, phu thudc vao
diéu kién tu nhién nhu birc xa mat troi, toc do gio,..., nang luong dién du tir cac DG &
cac gio phat dién cao nhung nhu cau tai thap c6 thé din dén cac van dé kinh té va ky
thuat khong hiéu qua nhu ton that cong suét cao, qua tai dudng day, qua dién 4p tai cac
nut, va cung cép dién nguoc trd lai ludi dién, anh hudng dén cong tdc van hanh va an
toan cua DPN.

Nhu vay, viéc giam ton thit cong suat va tén that dién ning, xem xét mirc do thérp
nhap khac nhau cta nér}g lugng }éi tao va cai thién dién ap trong céc luoi di¢n phan ph@i
IEEE da duogc giai quyet dang ké thong qua céc nghién ctu trudc do. Tuy nbién, viéc lép
dat SOPs ¢ cac yi tri ¢6 san ma bd qua cécrvi tri tiém nang 1a mgt han che, st dung so
luong SOPs nhicu trong ludi di¢n phan phoi 1a chua hop 1y va khong kha thi, hon nira
cac thuat toan su dur’1g trudc day co hi€u qua chua cao. Ngoai ra, cac nghién ctu trudc
day da bo qua sy phoi hop dir liéu thuc cua buc Xa mat troi va toc do ’gic') theo thoi gian
voi SOPs, SCB, va BESS. Luan an péy s€ khac phuc qéc han ché nay. Thuat toan
metaheuristic EO [42] dugc st flung de to1 wu hoa cong suat va vi tri cua SOPS, WT, PV
va SCB trong cac ludi phan thi IEEE 33 nut, §9 nut va cac ludi phan phoi ¢ Viét Nam.
Dfr liéu vé buc xa mgit troi va toc do gio thuce té dugc tham khao tur tai licu [43] va [44]
dé tinh toan cong suat di¢n mat troi va dién gio. EO da ap dung thanh cong cho cac bai
toan t6i’u'u trong ky thuaf}t dién nhu t’()i uu tai cau ,tI'l'lC ludi va phén bf’i SOPs [45], toi uu
phan bo DG [46], tai cau trac va toi wu phan bd DG [47], toi uu lap dat cac nha may



dién gi6 trong cac hé thong dién cao thé [48]. Ngoai ra, 4 phuong phap metaheuristic
khac cling duoc ap dung, bao gdm: Coot optimization algorithm (COOT) [49], Modified
weight inertia factor and modified acceleration coefficients-based particle swarm
optimization (CFPSO) [50], Tunicate Swarm Algorithm (TSA) [51] va War Strategy
Optimization (WSO) [57].

Ngoai ra, luan an ndy nghién ciru cuc tiéu tong ning luong dugc tao ra bai cac
ngudn dién thong thuong trong mot ndm van hanh va chi phi mua dién tir ludi. Trong
ludi phan phdi co ban, cc phu tai duoc cung cip ngudn tir may bién ap. May bién ap
nhan dién tir duong ddy cao thé, cac duong diy nay co thé duoc cung cap dién boi cac
nha may di€n thong thudong nhu nhiét di¢én, thuy dién, nha may dién hat nhan. May bién
ap, WT va PV cung cip dién nhu ciu cong suat tac dung. Trong khi d6, ngudn dién, SCB
va SOPs cung cap nhu cau cong suit phan khang. SOPs c6 thé hip thu cong suat tac
dung & mot nit va bom cong suét hép thu vao nat khac. Hon nita, SOPs ¢6 thé bom hoic
hap thu cong suat phan khang & 2 nut. Trong khi d6, BESS cho phép luu dién & nhiing
thoi diém c6 nhu cau tai thap, chi phi ban dién thap hoic tir cdc ngudn niang luong tai tao
phat du cong suit so voi nhu cau tai va dugc phat dién khi ¢6 nhu cau tai cao, chi phi
ban dién cao hoac khi cac nguén nang luong tai tao va nguén dién luéi thiéu hut. Véi vi
tri 1ap dat, cong sudt dinh mirc, va cong sudt van hanh cia WT, PV, SCB, BESS va SOPs
khac nhau, téng ton that, ning luong nhan tir may bién ap, va chi phi mua dién tir luéi
cling khac nhau. Vi vay, nhiém vu cta nghién ctru 1a xéc dinh céac vi tri phu hop nhat dé
lap dat cac thiét bi va cong sut dinh murc phii hop nhat cia thiét bi trong bai toan thiét
ké. Sau do, cong suét van hanh cta chung dugc xac dinh bdi bai toan van hanh. Bai toan
dau tién don gian hon bai toan thtr hai, nhung dat duoc giai phap t6t nhat cho bai toan
thir hai 13 rat quan trong. Pham vi cila cong suat dinh muc trong bai toan dau tién tro
thanh khong gian tim kiém cta cong suat van hanh trong bai toan thir hai. Trong bai toan
thtr 2, van hanh mot nim dugc thyc hién, va sb bién diéu khién 16n tré nén kho khan doi
voi cac thuat toan trude. Vi vay, mot thudt toan metaheuristic manh 1a rat hitu ich dé
nghién ctru hai bai toan trén. Trong nghién ctu nay, thudt toan EEO (Enhanced
Equilibrium Optimizer) dugc dé xuat, va ludi dién phan phdi IEEE 69 nat va Nha Bé 55
nat duoc lua chon dé tdi vu le“ip dat SCB, PV, WT, BESS va SOPs trong giai doan dau
tién, va van hanh céc thiét bji nay trong mot nim & giai doan 2.



Chuong 2
COSOLY THUYET

2.1 Gi6i thiéu vé SOPs

Soft Open Points (SOPs) 1a mot thiét bi dién tr cong sudt. SOPs c6 thé diéu khién
chinh xac céng suat phan khang va cong suit tac dung cua cac tuyén day duoc két ndi.
SOPs thudng duge xem xét bao gom 2 b bién doi VSC (Voltage Source Converters),
SOPs két nbi hai tuyén day nhu duoc trinh bay & Hinh 2.1.
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Hinh 2. 1: Két n6i tuyén 3 va tuyén 4 trong DPN bai SOPs

2.2 Cac rang bugc cia SOPs

Psops,a = Psops,p (2.1)
2.2
\/Q.gOPs,a + PSZOPs,a < SgOPs ( )
2.3
\/Q.gOPs,b + PSZOPs,b < SSI?OPS ( )
0 <S¢ops, SSops SSEOE* (2.4)
2 <Lsopsp> Lsops,a <Nn (2.5)
Lsopsp# Lsops,a (2.6)



2.3 Phwong phap ap dung
2.7.2 Phwong phap EO (Equilibrium Optimizer)

Chi tiét vé thuat toan EO di duogc trinh bay cu thé trong tai liéu tham khao [42]. Cau
triic van hanh cua thuat todn EO bao gém cac budc chinh dudi day:

- Budc 1: Khoi tao giai phap
E;= El" + Rd x (E}? —El°'")voii = 1,...,Npg (2.10)

Nro 12 dén so; E{°" 1a gi6i han cyc tieu, va E;* 1a giéi han cyc dai cua khong gian tim
kiém; E; 1 giai phap tht i; Rd 12 s6 ngau nhién, chon tir 0 dén 1.

- Budc 2: Cap nhat gidi phap méi

EPY = Eyp + (B = Erp) X K +———x (1= K) 2.11)
Eyr € [Ep1, Ep2,Epz, Epss E4l (2.12)
_ Ep1 + Epy + Epz + Epy (2.13)

=
4
2.7.3. Phuwong phap Enhanced Equilibrium Optimizer (EEQO)

Trong phan nay, phuong phap EEO dé xuat duoc trinh bay. EEO 1a mgt phién ban
cai tién ctia EO dua trén hai cai tién dé xuit duogc thuc hién trén EO. Cai tién dau tién 1a
thay d6i cach xac dinh giai phap trung tAm, cai tién thir 2 1a cai thién phuong trinh (2.11)
dé cac giai phap ing vién méi duoc cip nhat. Giai phap trung tim dé xuat dat duoc boi:

EA = (Sl'Ebl + 82.Eb2 + 83.Eb3 + 84.Eb4_) (214)

Trong d6 &5, &,, €5, va £, 14 cac hé sb trong s lién quan tGi cac giai phap tot nhat,
tdt thir 2, tdt thir 3 va tét thi 4. Thong thuong, téng cac hé sb nay bﬁng 1,0. Viéc chon
cac gia tri nay dé tim ra giai phap trung tdm gan céc giai phap chat luong cao hon céc
giai phap c6 chat luong thap.

Trong khi cap nhat, EEO phan loai cac gidi phap hién tai theo thu tu chét luong
giam dan. Nghia 1 tht tu cac giai phap s& 13 giai phap t6t nhat, tot tha hai, ..., va giai
phap té nhét. Sau do, nira dau ctia dan sb voi cac giai phap chit lugng cao va nira sau
ctia dan s véi cac giai phap chat lugng thap dugc cap nhat dua trén 2 phuong trinh nhu
sau:



EMev = Erf+(Ei_Erf)XK+ X(l—K);i=1,...,NII, (2.15)

RXV
(2.16)

EP®Y = Epy + (B, — Epp) X K + X(1—=K); i=Ny+1,..,Npp

RXV

CHUONG 3

CUC TIEU TON THAT CONG SUAT VA TON THAT NANG LUQNG TREN
LUOI PIEN PHAN PHOI TRONG MQT NAM

3.1 Gi6i thiéu

Lué6i dién phan phdi (DPN) cung cap dién cho céc phu tai dién va dong vai tro
quan trong trong hé thong dién. Tong ton that cong sut trén hé thong dién co thé bang
13% tong cong suat dién phat ra, trong d6 ton that trén DPN c6 thé chiém khoang 70%
trong s6 ton that nay [65] va ton that dién ap cao & cac gid cd nhu cau tai dinh. Vi vy,
giam ton that cong suét va ton that dién ap trén DPN ludn duoc cac nha nghién ctru quan
tam. Dé giam ton that cong suét, giai phap 1a giam dong dién va dién tro duong day bang
cach lap dat tu bu (SCB), may phat phan tan (DG), may phat dién gi6 (WT), may phat
dién mat troi (PV), niang luong sinh khéi, tai ciu tric ludi dién (NR), khod mém
(SOPs),...Trong chuong ndy vi tri va cong suat cac SCB, WT, PV va SOPs s& duoc tbi
vu dé dat duoc céc loi ich kinh té va ki thuat cho DPN.

3.4 Thanh lap bai toan

3.4.1 Ham muc tiéu

Giam ton that cong suét trong mot gio va cyc tiéu tong ton that nang luong trong mot
ngay va mot nam van hanh la muyc tiéu chinh, duoc trinh bay nhu sau:

Npr

Gidm: APpogs p s = Z 3.8 Ry (KW) G.1)
J=1

Cuc tiéu ton that nang luong trong mot ngay van hanh véi 24 gid duoc xem xét nhu
sau:



CU:C tleu AEIOZZS_Z APlosshs * h

(3.2)
Trong do: AE® o SS Jla t6n that nang luong trong mot ngay & thang thir s, h = 1+ 24,
Nms
Cuc tiéu: ABJY = ) N, AEGY (KWh) (3.3)
s=1
3.4.2 Cac rang bufc

N N N
Pcp.s,h,s + Zmi‘]/ PPVm,h,s + Zk:V?T PWTk,hs Zl 1PL1 h,s Z i 3. Ibrjhs Rbrj (34)

Nsop NscB

Npr

cps h,s Z QSOPfh s Z QSCBxh s Z QLl h,s Z 3. Ib”] h,s Xb’]

(3.5)

3.6 Két qua nghién ctru trén DPN IEEE 33 niit

3.6.2 Toi wu vi tri va cong suit ciia SOPs trén DPN IEEE 33 nut
3.6.2.1. Trudng hop 1: Tdi wu vi tri va cong suét ciia SOPs trong DPN co ban

Béng 3. 1: So sanh ton that cong suat trén DPN 33 nit véi cac truong hop khac nhau

Truong | Congsudttdivu | Vitritdiwu | Tonthat | Giadm ton
hop ciia SOPs (MVA) | cua SOPs | congsuét | thit cong
(kW) sudt (%)
Co ban - - 210,9983 0
SVSC 6=3,00; 75,2201 64,35
1 ’ 6-2
SVSC,2=2956
Svsc24=1,32;
2 ’ 24-29 18,8941 91,05
Svsc20=1,70

3.6.2.3. Trudng hop 3: T6i wu van hanh SOPs trong DPN xem xét tai thay ddi theo thoi

gian va nang lugng tai tao thadm nhap lién tuc voi cac mure khac nhau trong 24 gio



Hinh 3. 1: Ton that ning lugng trong 24 gid cta 3 hé thong khac nhau

Tén thét ning lugng (kWh)
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3.7 Két qua nghién ctru trén DPN IEEE 69 niit
3.7.1.3 Trudng hop 5: Téi wu van hanh 1 SOPs va 2 SCB trong 1 nim
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3.7.2 T6i wu vi tri va cong suit ciia SOPs trén DPN IEEE 69 nut

Hé théng coban == Héthéng c0 DG~ ——Hg¢ théng c6 DG va SOPs
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Hinh 3. 3: Ton that niang luong ctia cac hé théng khic nhau trong mot ngay

Bang 3. 2: So sanh ton that cong suit véi cac mirc thim nhap khac nhau ctia nang lugng tai tao

Cac mirc
Truong tham nhap
hop ciia DG 0 25 50 85 100
(%)
Khoéng co Tén that
SOPs — cong suat 225 145,9294 | 96,2662 69,7663 72,1456
Khong ap (kW)
dung thuat ,
: Gidm ton
toan ,
thét (%) 0 35,14 57,22 68,99 67,94
Ton that
cong suat 23,2 17,252 13,122 5,334 6,787
(kW)
C6 SOPs Giam tén
chay t6i uu thét (%) 89,69 88,18 86,37 92,35 90,59
bang WSO
Vi tri/ 2-61/ 2-61/ 2-61/ 17-61/ 12-61/




cong suét S,=2.34; | S2=1,94; S»=1,62; | S17=0,36; S12=0,6;
toiwucla | S=2,24 | Sei=1,83 | Sei=1,50 | Sei=1,24 | Se=1,23
SOPs
(MVA)
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(c)
Hinh 3. 4: Dién ap cta cac hé théng: (a) Hé thong co ban; (b) Hé thong c6 DG; (c) Hé thong
c6 DG va SOPs



3.8 Két ludn
Céc dong gop cua chuong 3 duoc tom tit nhu sau:

- Tim ra EO va WSO, day la cac thuat toan hi€u qua nhét dat duoc ton that cong
suit nho hon céc thudt toan trudce, bao gdbm: PSO [40], TM [54], MOTA [54], BA [55],
HSA [56], LSPSO [15], MPSO [13], CSA [13], AO [13], and DSSA [13].

- Dbi v6i ludi phan phdi co ban khi khong c6 niang lugng téi tao tham gia, toi wu vi
tri va cong sudt ciia SOPs gitp giam ton tht cong suat t6i 64,35% ddi voi DPN IEEE
33 niit va 89,69% d6i vai DPN IEEE 69 nit, nang cao dién ap tai tit ca cac nat trén DPN
gan bang 1,0 pu.

- DPbi véi ludi dién phan phéi c6 sy tham nhap cao ctia nang lugng tai tao, SOPs
tham gia diéu khién linh hoat dong cong suat ¢ 2 vi tri két ndi, gop phan giam dang ké
t6n that cong suat. Su tham nhédp cua ning luong tai tao két hop phan b t6i wvu SOPs da
gitip giam ton that cong suat tdi 91,05% so v6i hé thong co ban trén DPN IEEE 33 nut,
va giam 96,98% ton that cong suat trén DPN IEEE 69 nut.

- Khi ning lugng tai tao thdm nhap lién tuc trong mot ngay véi cac mirc tham nhap
khac nhau, thay ddi lién tuc theo 24 gid thi sir dung SOPs 1a giai phap kha thi. Két qua
trén DPN IEEE 33 nut cho thiy v&i sy van hanh t6i wu ctia SOPs trong 24 gid di gop
phan giam 2870,7237 kWh (khoang 80,7%) so sanh voi hé thong co ban, va giam
1161,3453 kWh (khoang 62,85%) so véi hé thong khi chi c6 nang luong tai tao tham gia
ma khong c6 SOPs. Két qua trén DPN IEEE 69 nut cho thidy Hé théng c6 DG va SOPs
da dat duoc murc giam dang ké 3638,6229 kWh (khoang 96,1%) so véi hé thong co ban
va muc giam an tuong 1257,2779 kWh (khoang 89,49%) so voi hé théng chi c6 DG.

Két qua truong hop 5 trén DPN IEEE 69 nut cho thay hiéu qua cua giai phap két hop
d6ng thoi van hanh t6i wu SCB va SOPs khi niang luong tai tao tham nhép thay doi theo
gid va theo cac thang trong nam, tai thay doi theo cac mua trong nam. Van hanh t6i vu
SCB va SOPs trong mot nam c6 thé giam 660193,772 kWh so véi hé thng co ban khi
khong c6 ning lugng téi tao tham gia; va giam 266264,637 kWh so voi hé théng ¢ nang
luong tai tao tham nhap. Giam ton that ning lugng nay co6 thé qui doi ra tién bang cach
str dung gia dién 60 $/MWh. Két qua, trong mot nam co thé tiét kiém 39612 $ so v6i hé
thong co ban va 15976 $ so v6i hé thong c6 tham nhap cia ning lugng téi tao.

10



CHUONG 4

AP DUNG EEO CHO BAI TOAN CUC TIEU PIEN NANG MUA TU LUOI
PIEN PHAN PHOI TRONG MOT NAM

4.4 Thanh 1ap bai toan

4.4.1 Ham muc tiéu

Nm Ngm Th

Cuc tiéu Egrid = Z Z Z(PLoad,h,d + APjyssna — Pyrna — PPV,h,d) *h (kWh) (4.1)
m=1d=1 h=1

Np

Proaana = ) Proaapha (KW) (4.2)
p=1
Nij

APross na = z 3.0% 0. Ryj (KW) (4.3)
ij=1
Nwr

Pyrha = z Pyricna (KW) (4.4)
k=1
Npy

Ppyna = ZPPVn,h,d (kW) 4.5)
n=1

4.4.2 Cac rang budc

Cdc gidi han can bang cong sudt: Nghién ctru nay xem xét lip dit WT, PV, SOPs va
SCB trong ludi dién phan phdi. SOPs va SCB c6 thé cung cp cong suat phan khang,
trong khi d6, WT va PV c6 thé cung cap cong suat tac dung. Vi vy, can bang cong suit
tac dung va cong suat phan khang dugc viét nhu sau:

Npy Nwr
Z Ppynnat Z Pwrina YPeriand =BPiossna TProadnd (4.6)
n=1 k=1

Nsop NscB Njj

Np
_ 2
Z Qsopf,h,d + Z QSCBq,h,d JrQc;rid,h,d o Z 3'Xij'lij,h,d + Z QLoadp,h,d (4.7)
=1 q=1 1 p=1

l'j:
4.6 Két qua nghién ctru chwong 4

4.6.2 Két qua nghién ctru trén DPN IEEE 69 niit

11



4.6.2.2 Céc két qua dat duoc ¢ trudng hop 1

MMWAOA —EO —EEO
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1175 1 909.7684
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9066636111 906.9944 %07

C

C

- 906

800 - " 905

L1 L2 L3 L4 L5 L6 L7 L8
Vi tri

Hinh 4. 1: Cong suét ludi véi cac vi tri khac nhau ctia SOPs & truong hop 1
916 -

915 A
914 -
913 -
912 A
911 -

910 4

909 -

Cong suat lugi (kW)

908 -

907 1}
\-906.7425

— 9066636
906.5739

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

906.4766
906 .

50 1an chay

Hinh 4. 2: So sanh 50 giai phap dat dugc boi EO va EEO khi lp dit SOPs 6 L6

Bang 4. 1: T6i wu vi tri va cong suét ciia DG, SCB, va SOPs ¢ trudng hop 1 dat duoc boi 3
thuat toan
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Thuat DG (WT; PV1; PV2) | SCB (SCBI; SCB2) SOPs
tozi Vi tri Congsuat | Vitri | Congsudt | Vitri Cong suat
(kW) (kVAr) (MVA)
58; 2000; 57; 734’254; Svsc,13=1,203
AOA 2, 500, 25 1032.217 L2 SVSC,21=1,465
9 400 ’
3; 2000; 17 277.63: Sysc2=2,081
EO 1 1; 500, 67 220.804 L6 SVSC,61=2,O6
18 400 ’
2; 2000; 1; 339.606: Sysc2=1,723
EEO 1 l; 500, 18 257526 L6 SVSC,61=2,056
17 400 ’

4.6.2.5 Cac két qua dat dugc ¢ trudng hop 4

w0
(== -N-1

90
80
70
60
50
40
30
20
10

S
o

[
o o

10
0
10 14710 1316 19 22

Ning lugng duge cung cép tir lugi (MWh)
Ning lugng dugc cung cap tir ludi (MWh)
Ning lugng duge cung cép tir ludi (MWh)
B
W

-5
0 Gio 147 1013 16
19 22
10147710 1316 19 22 Gid
. ity
. mHé thong 2
Gio PO
o mHgthong1 w H¢ théng 2
mH¢ thong 2 m Hé thong co ban = Hé théng 1
m H¢ thong 1 m Hé théng co ban
m H¢ thong co ban
(a) (b) (©)

Hinh 4. 3: Cong suét ludi theo gid cia cac hé théng: a) Thang 1, b) Thang 2, ¢) Thang 3
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1357 911131517192123

Ning lugng dugc cung cép tir lugi (MWh)
Nang lugng dugc cung cap tir lugi (MWh)
Ning lugng duge cung cap tir ludi (MWh)

1357 911131517192123 Gio 1357 911131517192123
i : Gio
oo lHéth@ngZ o
m Hé thong 2 m Hé thong 1 ] Hc;: th?ng 2
u Hé théng 1 m H¢ thong co ban m H¢ thong 1

Y m Hé théng co ban
m H¢ thong co ban

(a) (b) (c)
Hinh 4. 4: Cong suét ludi theo gio ciia cac hé théng: a) Thang 4, b) Thang 5, ¢) Thang 6
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Hinh 4. 5: Cong sudt ludi theo gio cia cac hé théng: a) Thang 7, b) Thang 8, ¢) Thang 9
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Hinh 4. 6: Cong suét ludi theo gid ctia cac hé théng: a) Thang 10, b) Thang 11, ¢) Thang 12



Tong ning lugng duge cung cp boi ludi dién & mdi thang dugc trinh bay ¢ Hinh
4.7. HS2 st dung niang luong tir ludi thdp nhat trong 3 hé théng, thap hon HS1 bang
569,605 MWh va thap hon hé thong co ban bang 14178,175 MWh, twong (g thap hon
khoang 7,7% d6i voi HS1 va 67,5% ddi v6i hé thong co ban.

mHS2 mHS1 mH8théngcoban

2500
2250
2000
1750
1500
1250
1000

750

500

250

1 2 3 4 5 6 7 8 9 10 11 12
Thang

Téng ning luong dugc cung cap tir lugi (MWh)

Hinh 4. 7: Tong nang lugng cua ludi phan phdi IEEE 69 niit & mdi thang
4.6.3 Cuec tiéu dién ning cung cap tir lwdi dién phan phoi Nha Bé 55 niit

33 34 35 36 37 25 26 27

38

19 20 21 22 23 24

47 48 49 50 51 52 53

Hinh 4. 8: Luéi dién phan ph6i Nha Bé 55 nat ¢ Thanh phd H6 Chi Minh
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4.6.3.1 Céc két qua cta kich ban 1

Béang 4. 2: T61 wu vi tri va cong suat cia cac thiét bi di€n ¢ kich ban 1 va cong suat ludi dién

Cong suat Cong suat e A
DA e Giam cong
. ) . z ludi cia hé ludi cua .
Thiét bi Nut Cong suat B ) , suat luoi
thong co kich ban 1 kW) / (%)
ban (kW) (KW) ’
22; 1000;
PVLPV2 (kW) | 7 1000
SCBI1;SCB2 | 22; 1000; (2040,16)
(kKVAr) ] 973.195 7706,803 5666,643 /
2-20 | Sysco=3: (2647)
SOPs (MVA) VSET
Svsc,20=3;

4.6.3.2 Céc két qua cua kich ban 2

mHS2 mHS1 mOS

4800
4600
4400
4200
4000
3800
3600
3400
3200
3000
2800
2600
2400
2200

1 2 3 4 5 6 7 8 9 10 11 12
Thang

Tong nang luong duoc cung cip tir ludi (MWh)

Hinh 4. 9: Téng cong suét ludi & mdi thang trong ludi phan phdi Nha Bé 55 nut
4.7 Két luan

Chuong 4 dé xuat thut toan EEO cai tién dé cyc tiéu tong ning lugng dugc cung
cap boi ludi dién phan phdi trong mot nim bang cach xac dinh cong suat va cac gia tri
van hanh t6i wu cia 1 SOPs, 1 WT, 2 PV, va 2 SCB trong ludi dién phan phéi IEEE 69

nGt va Nha Bé 55 nt & Viét Nam. Thuét toan EEO cai tién duoc so sanh voi cac thuét
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toan khac duoc thuc hién trong chuong nay, bao g6m EO, AOA, EEFA, va POA va cac
nghién ctru trude bang cach sir dung 2 truong hop cho ludi dién phan IEEE 33 va 69 nut.
Trong DPN IEEE 33 nut, truong hop 1 xem xét hé s cong suat bang 1 cho 3 PV va
truong hop 2 xem xét hé s6 cong suat tir 0 dén 1. Trong DPN IEEE 69 nut, truong hop
1 t6i uvu ddng thoi 1 SOPs, 1 WT, 2 PV, va 2 SCB; trudng hop 2 téi vu 1 WT, 2 PV, va
2 SCB ¢ giai doan dau, sau d6 toi vu 1 SOPs & giai doan sau. DPdi véi cac truong hop, vi
tri cia 1 WT, 2 PV, va 2 SCB duoc tdi vu hoa, nhung vi tri cia SOPs dugc xac dinh 1
trong 8 vi tri co san (L1, L2, ..., L8). Nguoc lai, cong suét cua 1 SOPs, 1 WT, 2 PV, va
2 SCB déu duoc t6i wu hod. Vi vay c6 8 kich ban cho mdi trudng hop, va mdi kich ban
duogc chay 50 1an thir nghiém. Céc két qua duoc trinh bay nhu sau:

- Trong DPN IEEE 33 niit, thuat todan EEO cai tién co thé tim clng gia tri ton that
cong suat voi mot s thuat toan bang 72,788 kW ¢ trudng hop 1 va 11,741 kW ¢ trudng
hop 2; trong khi d6 cac thuat toan con lai khac cho ton that cong suat cao hon, tir 72,79
kW t61 83,72 kW ¢ truong hop 1 va tr 11,76 kW t61 53,127 kW & trudong hop 2. Vi vy,
thuat toan EEO cai tién ph hop hon nhiéu thuat toan khac cho DPN IEEE 33 nut xem
xét trong 1 gio, bao g6m ca 3 thuat toan dugc ap dung: EO, EEFA, va POA.

- O truong hop 1 ctia DPN IEEE 33 nut, thuat toan EEO cai tién c6 thé tim ton
that cong suét tot nhat bang 72,7882 kW véi céac cai dat (60 va 50) va (50 va 75) ddi véi
dan s6 va s6 vong lap, trong khi d6, EO tim duoc gia tri ton that cong suat ndy voi cac
cai dat (80 va 50) va (50 va 100) cho dan sb va sd vong lap. Vi vay, EEO cai tién nhanh
hon EO ban dau véi dan s6 bang 20 va 25 cho s6 1an ldp ¢ truong hop 1. Twong tu, EEO
cai tién nhanh hon EO v&i dan sb bang 50 va 50 cho s6 lan lip & truong hop 2.

- Khi chay thuat toan EEO cai tién va cac thuat toan khac ¢ trudng hop 1 cia DPN
IEEE 69 niit xem xét trong 1 gio, EEO cai tién co thé tim cong suat ludi bang 906,4766
kW, nhung ddi vai cac thuat toan khac, cong suat ludi nay tr 906,6636 kW téi 981,083
kW. Tuong tu, & truong hop 2, EEO cai tién c6 thé tim cong suat ludi bang 907,9939
kW, trong khi d6 d6i v6i cac thuat toan khac, cong sut ludi nay tir 908,4779 kW t6i
979,9003 kW. Vi vay, EEO cai tién hiéu qua hon cac thudt toan khéac khi xem xét mot
gio 6 DPN IEEE 69 nut.
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- Khi chay EEO cai tién cho DPN IEEE 69 niit trong 1 ndm d¢ t6i wu van hanh WT,
PV, SCB va SOPs, tong niang lugng duoc cung cap tir ludi dién phan phdi trong mot
nam thap hon hé thdng co ban bang 14178,175 MWh (khoang 67,5%), va thip hon hé
thdng chi co6 WT va PV bang 569,605 MWh (khoang 7,7%).

- Khi chay EEO cii tién dé toi wu vi tri va van hanh cia 2 PV, 1 SOPs, va 2 SCB
trong DPN Nha Bé 55 nut, tong nang luong duoc cung cp boi ludi dién phan phdi trong
mot ndm bang 35642,775 MWh. Trong khi d6, tong ning lugng dugc cung cap boi ludi
dién ddi voi hé théng co ban bang 40964,218 MWh, va dbi véi hé thong chi co 2 PV
tham gia bang 35727,183 MWh. Giai phap ctia EEO cai tién c6 thé giam ning luong tir
lu6i bang 84,407 MWh (khoang 0,24%) va 5321,443 MWh (khoang 13%) tuong ung
v6i hé théng chi ¢6 2 PV va hé thong co ban.

CHUONG 5

CUC TIEU CHI PHi MUA PIEN TU LUOI PIEN PHAN PHOI TRONG MOT
NAM
5.4. Thanh lap bai toan

5.4.1 Ham muc tiéu

Cuc tiéu tong chi phi mua dién trong mot nam tir ludi dién phan phdi:

Cuc tiéu
T 5.1)
TCPMD = ZZZEPLD,}U + APiossni + Peessni — Ppy ) * Gia diény,; (
i=1 d=1h=1 Ny,
Pupsi = Z Prpmps (KW) (52)
N,
BPigss s = Z 3.2 Ry (W) (53)
Mogss L,
Ppessni = (% ~ Nkoue * Pokssicn) (KW) (5.4)
k=1 e
Pevni= ) Pryiys (kW) (55)

18



5.5 Két qua nghién ciru

5.5.1 Két qua nghién ciru trén lwéi dién Hoang Di¢u 26 mit

.
17
19
22 21
"
16
20
I | | | m| I |

d g5 e

HOANG DIEU

10

| I |
@1 2]1 3h 4]1

| | | | |
ook Rtk R

11 12

Hinh 5. 1: Luéi dién Hoang Diéu 26 nit ¢ thanh phd H6 Chi Minh

5.5.1.1. Cac két qua dat dugc & trudng hop 1

Bang 5. 1: Tong chi phi cia ludi dién co ban va truong hop 1

Chi phi luéi dién co ban ($)

Chi phi ¢ truong hop 1 ($)

Giam chi phi ($ / %)

277,2198

60,9786

216,2412 /78

5.5.1.2. Cac két qua dat dugc & trudong hop 2

3000 +
2850 -+
2700 +
2550 -+
2400 +
2250 +
2100 +
1950 -+
1800
1650
1500
1350
1200 +
1050 -+
900 |-
750 |
600 |-
450 +
300 -
150

0 -
501 2 3 4 s

Nang lugng (kWh)

-300 +
-450
-600
-750 +
-900
-1050 -

1112 13 14 15 16 17
Gio

T 0.13

+0.11
4 0.10
W+ 0.09

—+ 0.08

I
3
G dién ($/kWh)

21 22 23 244 0.03

-+ 0.00

Hinh 5. 2: Nang lugng nap va xa cia BESS ¢ nut 2 trong 24 gid
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Van hanh t6i uwu SOPs va BESS trong mot ngay, HS2 di giam
2062,5543% (khoang 46,63%) so sanh vai BS, va giam 292,2087$ (khoang 11,01%) so
sanh voi HS1.

mHS2 m HSI m BS

Chi phi mua dién ($)

Hinh 5. 3: Chi phi mua dién tir ludi ctia 3 hé thong khac nhau

5.5.2 Két qua nghién ciru trén lwéi dién phan phéi Nha Bé 55 nit
5.5.2.1 Két qua kich ban 1
Bang 5. 2: Vi tri va cong suét tdi wu ctia PV, SCB, va SOPs & kich ban 1

Chi phi mua Chi phi Giam chi
Thiét b Nit | Congsufe | Hiéncuahé | muadién ) phimua
thong co cua truong | dién ($)/
ban ($) hop 1 (%) (%)
PV1; PV2; 55;35; | 1000; 1000;
PV3; PV4; 20; &; 1000; 1000;
PV5 (kW) 43 1000 (353,5119)
SCBI; SCB2 5; 526,564, 539,4891 185,9772 /
(kVar) 47 679,952 (65,53)
SOPs (MVA) | 222 | Jvser 228
Svsc22=2,49;

5.5.2.2 Két qua kich ban 2

HS2 ¢6 chi phi mua dién thap nhét trong 3 hé thong mo phong, HS2 tiét kiém
1194990,954 $ (twong g 36,73 %) so v6i OS; HS2 tiét kiém 98854,905 $ (twong tmg
4,58 %) so vo1 HS1.
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—HS2 HS1 = =0OS
385000 -~

350000 / \
315000
280000
245000
210000
175000

140000

Chi phi mua dién ($)

105000
70000
35000

0
1 2 3 4 5 6 7 8 9 10 11 12

Thang
Hinh 5. 4: Chi phi mua dién cua 3 hé thong khac nhau trong luéi dién phan phdi Nha Bé
5.6 Két luan

Chuong 5 d4 toi vu vi tri va cong suét ciia SOPs, PV, SCB va BESS trén ludi dién
phan phdi Hoang Diéu 26 nut va Nha Bé 55 nut dé cyc tiéu chi phi mua dién tir ludi dién
phan phdi. Péi voi ludi dién phan phdi Hoang Diéu, phuong phap WSO dugc sir dung
dé xac dinh vi tri va cong suét tdi wu ctia PV, BESS, va SOPs. O truong hop 1, ba PV va
1 SOPs duoc tdi uu dong thdi véi mire tai dinh murc & tat ca cac nat. O truong hop 2, sir
dung céac vi tri t8i wu ctia 3 PV va 1 SOPs duoc xéac dinh & truong hop 1, tdi wu vi tri 1€ip
dat BESS va van hanh t6i wu BESS va SOPs trong 24 gid dé cuc tiéu chi phi mua dién
tir luGi. P6i v6i ludi Nha Bé, EEO duoc ap dung dé tdi uu vi tri, cong suét ciia PV, SOPs,
SCB va BESS. Trong kich ban 1, t6i vu dong thoi 5 PV, 2 SCB, va 1 SOPs bang cach
st dung tai dinh ¢ tat ca cac nat. Kich ban 2 sir dung két qua o kich ban 1 va tdi wu van
hanh BESS, 2 SCB va 1 SOPs d¢ cuc tiéu chi phi mua dién tir ludi trong mot nam van
hanh. Cac két qua dugc trinh bay nhu sau:

- Truodng hop 1 ¢ luéi Hoang Diéu, t6i wu dong thoi 3 PV va SOPs gitip giam 78%
téng chi phi mua dién tir ludi trong 1 gid van hanh khi so sanh v6i hé thong co ban khong
c6 3 PV va SOPs tham gia.

- Sir dung két qua ¢ trudng hop 1, van hanh téi wu SOPs va BESS trong mot ngay
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¢ truong hop 2, HS2 da giam 2062,5543% (khoang 46,63%) so sanh véi BS, va giam
292,2087$ (khoang 11,01%) so sanh v&i HS1.

- Béng viéc toi wu vi tri va cong suat lZip dat cua 5 PV, 2 SCB, va 1 SOPs ¢ kich
ban 1 trong ludi dién phan phdi Nha Bé, chi phi mua dién tir ludi giam 353,5119 $
(tuong ung 65,53%).

- Str dung két qua & kich ban 1, két hgp van hanh téi wu SOPs, BESS va SCB, HS2
tiét kiém 1194990,954 $ (twong tng 36,73 %) so v6i OS; va HS2 tiét kiem 98854,905 $
(twong rng 4,58 %) so véoi HS1.

CHUONG 6

KET LUAN VA HUONG PHAT TRIEN TRONG TUONG LAI

6.1 Két luan

Luan &n da thanh cong trong vi¢c ap dung céac thuat toan mai, hi¢u qua nhu EO,
WSO, va thuét toan cai tién EEO dé tdi wu vi tri va cong suat cia SOPs, WT, PV, SCB,
va BESS trén cac ludi dién phan phéi IEEE 33 nut, IEEE 69 nit, Hoang Diéu 26 nut va
Nha Bé 55 nat, gop phan giam ton that cong suat, ton that ning lugng, cong suét va chi
phi mua dién tir cac ludi dién phan phdi.
6.2 Cac han ché ciia luin 4n

Luan 4n ndy van co cac han ché, bao gdm khong xem xét ton that cong suat trong
2 b6 bién ddi cua SOPs, va khoang cach thuc té gitra 2 nut lép dat SOPs. Chua xem xét
chi phi dau tu va bao tri cia SOPs, DG, SCB, va BESS. Trong tuong lai, EEO cai tién
s& duoc ap dung dé giai quyét cac rang budc bd sung, va cac két qua sé cho thiy quan
diém toan dién cua viéc lép dat va van hanh cua cac nguén nang luong tai tao, tu bu,
BESS va SOPs trong cac ludi dién phan phoi.

6.3 Huéng phat trién trong twong lai

- Cai tién hon nira thuét toan EEO dé nang cao do 6n dinh va hiéu suit cho céc bai toan
k¥ thuat da muc tiéu trong tuong lai.

- Xem xét dua khoang cach thuc té gitra 2 ntt két néi SOPs va ton that trén 2 bo bién ddi
cua SOPs vao bai toan nghién ctu.

- Nghién ctru ap dung SOPs cho cac muc tiéu khéac lién quan dén nang cao chét luong
dién nang; cuc ti€u tong chi phi dau tu, van hanh va bdo tri cua SOPs, DG, SCB, va
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BESS; giam chi phi phat thai dé bao vé moi truong; nhan di¢n, bao v¢ va khoéi phuc cac
su ¢O cho ludi dién.

- Nghién ciru mé rong ap dung SOPs cho ludi truyén tai, trong d6 co xem xét yéu t6 gia
dién trong thi truong dién ¢ twong lai.
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