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1.1

CHUONG 1: GIOI THIEU

bt van de

Sy phat trién khong ngirng cua cac cong nghé chuyén doi nang luong khac nhau bén canh cudc khing hoang ning
luong da tao ra nhiéu dot phéa 16n trong viéc tich hop cac nguon phat dién phan tan (DGs) trong hé thong phan phbi nham

g6p phan giam thiéu sy phu thudc vao cac ngudn ning luong tap trung truyén thong nhu nha may thiy dién, nhiét dién, ...
Céc nha may dién truyén thong thuong ¢ quy mo I6n va & xa noi tiéu thy nén qué trinh truyén tai va phan phéi dién gay
t6n that cong suat rat I6n cing nhu anh huéng xau dén chét lwong dién nang. Vi vay, viéc két ndi phu hop cac ngudn phat
dién phan tan, dat biét 1a cac ngudn ning lugng tai tao vao hé théng phan phéi duoc coi nhu 1a giai phap tuyét voi dé
khac phuc cac van dé ton tai néu trén. Nguoc lai, viéc két ndi khdng ké hoach cac ngudn phét co thé gay ra nhiéu van dé

khéng mong mudn do thay doi cau tric cia ludi dién nhu qua ap, ting ton that, chat lugng dién nang giam, va mic do

anh huong phu thugc chinh vao vi tri ciing nhur quy mé caa cac DGs duoc két ndi. Do d6, viéc xac dinh giai phap két noi
cac DGs trong hé théng phan phéi thi can thiét dé téi da diém manh va tranh nhiing tac dong tiéu cuc dén ludi dién.

1.2

1.3

1.4

1.5

Muc tiéu va nhiém vu ciia nghién ciru

Giam thiéu téng chi phi xem xét ma van dam bao thoa méan tat ca cac tiéu chi ky thuat

Pam bao nang cao chét luong dién nang gém dién ap ndt, dong nhanh va nhidu song hai.

Chuang minh su anh huong ciia cc ngudn phét phan tan 1én ludi phan phdi ba pha can bang va khéng can bang.
Cuc dai sy tham nhap cua cac ngudn phat phan tan nang luong tai tao trong ludi phan phdi.

Phét trién thuat toan téi wu cai tién hiéu qua cao (Modified Coyote Optimization Algorithm).

Phét trién sy phdi hop mé phong giita OpenDSS va MATLAB cho cac bai toan t6i uu.

Pham vi va giéi han cta nghién ctru

Luéi dién &p dung: Ludi phan phdi chuan IEEE 69 nat, IEEE 25 nat va IEEE 123 nt.

Théng sb tai cua luéi dién: Dit liéu tai duoc tham chiéu tir IEEE RTS-96.

Cong suat ngudn phat tir nang lugng mit troi va niang luong gio: Sir dung ham phan phdi xac xuit Beta va
Rayleigh dé md phong birc xa mit troi va tbe do gié phuc vu viéc tinh todn cong suét ngd ra.

Vi tri lap dat cua cac ngudn phat phan tan ndi ludi: DA gia sir tit ca cac vi tri déu duogc coi la phu hop cho viéc
Iip dit cac ngudn phét. Birc xa mat troi va tée do gi6 ciing dugc coi 1a nhu nhau tai mdi vi tri trong hé thong.
Hiéu suit thiét bi chuyén d6i cong suat: 100% cho mé-dun quang dién va tua-bin gi6, va 90% cho BESS.

Song hai tir tai phi tuyén va thiét bi chuyén d6i cong suat: Pho hai dugc chon 12 tir cac nghién ciru trudc day.
Chét lugng dién nang: Tuan theo IEEE Std. 1547, IEEE Std. 519, 30/2019/TT-BCT va IEEE Std. 45-2002.

Hudéng tiép cin va phwong phap nghién ciru

Dua vao cac cong trinh nghién ciru ma da duoc cdng bd trong va ngoai nude trude day vé thuat toan téi uu va
bai toan nghién ciru lién quan trong cac ludi phan phdi.

M6 phong cac thuat toan tbi wu va phét trién thuat toan dé tim ra cac cong thirc cap nhat nghiém ciing nhur cac
thong s6 diéu khién phi hop nham nang cao hiéu suét thuat toan. Céc thuat toan duoc 1ap trinh trén MATLAB
va phdi hop mé phong véi OpenDSS dé tinh toén trao luu cong suat cho hé théng.

Piem moi va dong gop cia luan an

Céc diém mai cua luan an nay c6 thé dugc trinh bay nhu sau:

Xem xét sy két ndi tdi wu mot cach dong thoi cho cac nguon phét nang lwong mit troi, nang lugng gid, tu bl va
hé thong luu trir ndng lwong vao hé thong phan phdi dé giam thiéu téng chi phi. Cac chi phi xem xét bao gém
(1) chi phi dau tu, (2) chi phi O&M, (3) chi phi phat dién tir lugi chinh cho nhu cau phu tai va (4) chi phi phat

thai tir cac nha may dién truyén thong.



- Xem xét sy thAm nhap cua song hai do cac tai phi tuyén va tir cac thiét bi chuyén doi cong suat gay ra trén ludi
dién dé tuan theo tiéu chuan IEEE Std. 519 va quy dinh 30/2019/TT-BCT.

- Dé xuit cai tién thuat toan COA thanh MCOA d¢ ap dung cho cac bai toan nghién ctru. Thuat todn nay co céc
tinh nang hoi ty vuot troi, higu sut cao va do 6n dinh tt. Bén canh do, nghién ciru con dé xuat ap dung sy phdi
hop mé phong giita hai phan mém MATLAB va OpenDSS dé giai quyét cac bai toan lién quan dén sy t6i uu

phue tap mot cach thuan tién.
Dua trén két qua thu duoc, su dong gop ciia nghién ciu trong luan an nay nhu sau:

- Xem xét rang budc vé song hai va do léch dién ap khong can bang: Do méo song hai da dua vé giGi han cho phép
cua IEEE Std. 519. Chi sb dai dién su sai léch dién ap khdng can bing ciing tudn theo IEEE Std. 45-2002.

- Dé xuat cdng cu phbi hop mo phong: Phét trién thanh cong cong cu phdi hgp md phong giita phan mém MATLAB
va OpenDSS théng qua cong COM mang tinh linh hoat trong viéc giai quyét cac bai toan tdi wu.

- Phét trién thuat toan toi uu: Cai tién va phat trién thanh cdng thuat todn MCOA Vi hiéu suat va on dinh tot.

1.6 CAu triic ciia ludn an

Luan an nay dugc chia thanh 6 chuong nhu sau:
Chuong 1: Giéi thiéu.
Chuong 2: Tong quan va thuat toan dé xuat
Chuong 3: Ap dung thuat toan ti wu xac dinh vi tri va cng suét lap dit cho cac ngudn phat phan tan trong hé théng phan
phdi ba pha can bang.
Chuong 4: Ap dung thuat toan ti wu xac dinh vi tri va cong suat lap dat cho cac nguon phat phan tan trong hé théng phan
phdi ba pha khong can bang.
Chuong 5: Két luan va dinh huéng nghién ciru trong tuong lai.

CHUONG 2: TONG QUAN VA THUAT TOAN DE XUAT

2.1 Tong quan cac nghién ciru truée diy

Hau hét cac nghién ciru trude diy déu dé xuét cac thuat toan meta-heuristic do tinh wu viét caa nd so véi cac phuong
phap khac trong viéc giai cac bai toan téi wu khac nhau. Tuy nhién, nhuoc diém 16n nhat caa cac thuét todn nay 1a dé hoi
tu vé viing tdi wu cuc bd, din dén hiéu suat kém. Cac thuat toan meta-heuristic ma dwoc sir dung phé bién cho viéc giai
quyét cac bai toan lién quan toi su tich hop téi wu cac DGs gdm: Genetic Algorithm (GA) [1], Particle Swarm
Optimization (PSO) [2], Cuckoo Search Algorithm (CSA) [3], Artificial Bee Colony Algorithm (ABC) [4], Ant Colony
Optimization (ACO) [5], Biogeographic Based Optimization (BBO) [6], Equilibrium Optimizer (EO) [7], Sunflower
Optimization Algorithm (SFO) [8], Coyote Optimization Algorithm (COA) [9], Whale Optimization Algorithm (WOA)
[10], Ant Lion Optimization Algorithm (ALOA) [11], Harmony Search Algorithm (HSA) [12], Shuffled Frog Leaping
Algorithm (SFLA) [13], Bat Algorithm (BA) [14], Success Rate Group Search Algorithm (SRGSO) [15], Self- Adaptive
Lévy Flight Jaya Algorithm (SALFJA) [16], Runner Root Algorithm (RRA) [17], Human Opinion Dynamics Algorithm
(HODA) [18], Water Cycle Algorithm (WCA) [19] and Different Cat Swarm Optimization Algorithm (DCSOA) [20].
Dé giai quyét nhiéu bai toan t6i wu hoa phirc tap, dic biét 1a sé lugng bién 16n trong khong gian tim kiém rong, viéc dé
XUt cAc phuong phap hidu qua méi luén duoc hoan nghénh. Vi vay, trong luan an nay, mot thuat toan méi hiéu qua va
¢6 d6 6n dinh cao duoc phat trién d& nang cao chit lugng nghiém cho céc bai toan téi uu khac nhau.

2.2 De xuat khac phuc cac ton tai cia cac nghién ciru trudc

T4t ca nhitng vin d& ma cac nghién ctu trude day con ton tai nhu bén dudi s& duoc giai quyét trong luan an nay.



- Trong cé4c nghién ciru trude day, muc tiéu chinh la giam thiéu ton that dién nang va cai thién dién ap trong hé
thdng phan phdi & mot mirc tai dinh hoac mét vai mac tai tugng trung. Do d6, giai phap tim dugc co thé khong
t6i wru & cac muc tai khac nhau.

- Cong suat dau ra ciia cac ngudn phat nang lugng tai tao phu thudc vao diéu kién tu nhién va ching thay doi theo
thoi gian, nhung viéc xem xét sy thay doi cac ngudn phat chua nhan duoc nhiéu sy chli y trong qua khir.

- Hé thong phan phdi ba pha khéng can bang do su chénh léch tai va tro khang duong day van chua nhan duoc
nhiéu sy quan tam trude day.

- Viéc xac dinh mirc d6 xam nhap cua song hai do tai phi tuyén va thiét bi chuyén d6i cong suat caa cac nguon
phat phan tan nang luong tai tao thi cling khong kém phan quan trong, nhung cac nghién ciru trude day chua co
sy xem xét day du.

- S& 6 loi hon néu tich hop hé thong du trir ning lugng dé tich trir va phat nang luong mot cach hop ly nham tiét
kiém chi phi trong van hanh. Tuy nhién, céc nghién ciru trudc day chua c6 danh gia day du.

- Viéc giam thiéu tong chi phi s& gop phan dang ké nang cao hiéu qua kinh té trong van hanh hé théng nhung van
chwa c¢6 nhiéu nghién ctru vé van dé nay.

2.3 Modified Coyote Optimization Algorithm

Mot thuat toan tich cuc ma dya vao hanh vi théng minh cua loai s6i da dwoc Dr. Pierezan va Dr. Coelho phat trién
va dugc goi 12 COA [9]. Tuy nhién, thuat toan ndy van con ton tai cac nhugce diém ma can phai khac phuc nham nang
cao tinh hiéu qua va d6 6n dinh cua thuat toan. Do d6, mot phién ban cai tién hiéu qua goi 14 MCOA duoc ra doi. Trong
thuat toan nay, cac giai phap ban dau duoc phan phdi ngau nhién trong giéi han duoc xac dinh trugc:

Spkce = SMM 4 1d. (SM — SMM); pk = 1,2,... Nyp,ce = 1,2, ..., Nee (2.1)
Vi tri cua céc giai phdp mai trong méi nhom dwoc cap nhat theo phwong trinh phét giai phép thé hé thir nhat nhu sau:
Shicte = Spice + Td1. (Spestprpk — Sravpi) T Td2-(Spestpop — Srazpr)iPk = 1,2, ., Ny & ce = 1,2,..., N (2.2)

Trong phuong trinh cai tién nay, giai phap tét nhat cia dan s6 hién tai dugc chon dé thay thé cho giai phap trung tam

kém hiéu qua. Trong su phét giai phap mai tht hai, mdi nhom dugc gia dinh chi c6 mét giai phap mai duoc tao ra bang
cach ap dung phuong trinh (2.3) hoic (2.4) thay cho co ché phét giai phap ngau nhién khong tich cuc & phién ban géc.

SpEY = Spestpop + T3 (Spestpop = Spest,r1) + 7da- (Spestpop — Svestr2) (2.3)

ShEY = Spestpop + Td3. (Spestpop — Svest.r1) + Tda- (Spestpop — Spestrz) + Tds. (Spestpop — Svestr3) (2.4)

Pé quyét dinh thoi diém thich hop dé ap dung phuong trinh nao trong viéc phat giai phap mai thi hai, ty 18 gitra s6 cap

nghiém gan (N,) va s6 cap nghiém tbi da (N,,) duoc thiét lap. Gia tri tinh toan cua ty 1 nay dugc so sanh véi ngudng

xéc dinh trude (3). Néu két qua caa N /Ny, nhod hon 6 thi phuong trinh (2.3) dugc chon va ngugc lai, phuon trinh (2.4)

dugc chon. Ngoai ra, hanh dong trao ddi giai phép ciing dwoc thuc hién. Hai giai phap dwoc chon ngau nhién tir hai nhém

ngau nhién khac nhau trong cong ddng s& dugc hoan doi vi tri néu diéu kién cia phwong trinh (2.5) thoa mén [9].
07 X N, (2.5)
Dua trén két qua danh gia cho tat ca c4c giai phéap, cac giai phép tét dugc cap nhat theo quy luét sau:

T<

SNew néu SFNEW < SF,
e plece = TTRICE bk = 1,2, 0, Nysce = 1,2, .., Neg (2.6)
' Spk,ce €ac truomg hop khac
SENEY néu SENEY, < SF,
Y place = TP L bk = 1,2, 0, Nysce = 1,2, ..., Neg 2.7)
' SFpk ce cac truong hgp khac

So d6 4p dung MCOA dé giai bai toan tdi wu co thé dwoc trinh bay ngan gon nhu Hinh 2.1.



CThiét 1ap théng s ban déD

Phat ngu nhién cic giai phap bang (2.1)

v

- Tinh toan gia tri phat va gia tri ham muc ti€u cho cac giai phap mdi
- Tinh toan gia tri ham déanh gia cho ting giai phap maoi
- Cho 1t=0

It=1t+1 .

v

Ap dung (2.2) dé phat cac giai phap méi

v

- Hiéu chinh cac bién diéu khién giai phap vi pham v& gidi han cho phép
- Tinh toan gia tri phat va ham muc tiéu cho cac giai phap méi
- Tinh toan gia tri ham danh gia cho tirng giai phap maoi

Pung Sai
Phat giai phap méSi cho mdi nhém Phat giai phap méi cho mdi nhom
bang cach ap dung (2.3) bang cach ap dung (2.4)

I I
- Hiéu chinh cac bién didu khién giai phap vi pham v& gi&i han cho phép
- Tinh toan gia tri phat va ham muc ti€u cho cac giai phap méi
- Tinh toan gié tri ham danh gia cho ting giai phap madi

v

So sanh giai phép cii va giai phap méi. Ap dung (2.6, 2.7) dé
giir lai giai phap c6 chat luong tot hon

v

Xac dinh giai phap tét nhat trong quin thé hién tai

Sai

Hoén dbi vi tri hai giai phap ngiu nhién trong hai nhém Iy ngu nhién

Sai

=1t

Puing

C Trinh ra giai phéap t6t nhat )

Hinh 2.1 Luu d6 ¢ng dung MCOA dé giai quyét cho bai toén téi uu.

2.4 Tong két
COA |a mét thuat toan meta-heuristic manh véi d6 6n dinh tét, nhung n6 van tdn tai cac gigi han ma anh hudng truc
tiép dén hiéu qua cua thuat toan. Nhirng cai tién trong phuong trinh khoi tao méi trong nghién ciru nay di tao ra
phwong phap méi goi la MCOA ma di nang cao dang ké tinh hiéu qua va én dinh cua thuat toan trong viéc giai cac

bai toan téi uu.



CHUONG 3: AP DUNG THUAT TOAN TOI UU XAC PINH VI TRi VA CONG SUAT LAP PAT CHO CAC
NGUON PHAT PHAN TAN TRONG HE THONG PHAN PHOI BA PHA CAN BANG

3.1 Giéi thiéu

Chuong nay trinh bay viéc tng dung thuat toan Modified Coyote Optimization Algorithm (MCOA) cho viéc xac
dinh vi tri va cong suét lap dit cua da dang cac ngudon phét phan tan trong hé thong phan phdi ba pha can bang. Muc dich
chinh cua viéc lip dat cac ngudn phét phan tan 1a nham giai thiéu toi da chi phi trong viéc dau tur va van hanh hé thing.
Bén canh do, cac rang budc k§ thuat vé dién ap nat, dong dién nhanh, chi s song hai va mirc d6 tham nhap cua cac ngudn
phat ciing can duoc thoa man mot cach day du. Chi tiét vé mo hinh bai toan duoc trinh bay nhu muc bén dudi.
2.2 Mo ta bai toan
2.2.1 Ham muc tiéu

Giam tdi da TCrorqr = TCl¥ 0% _pEss—ca + TCoria($) (3.1)

2.2.1.1 Taong chi phi cho viéc dau tu va O&M cho cac ngudn phét phan tan:

TChR eyt -pEss—ce = TCpyr + TCyr + TCppss + TCcp ($) (3.2)

Trong d6, cac chi phi thanh phan duoc tim ra tir cac phuong trinh nhu bén dudi:
TCpp = X; 25 (Crg?. PEESD) + 365. 320, ¥34 ) 0PE(0y. COM. Pop j 1 y) ($) (33)
TCwr = Ze%F(Co . PRAET) + 365. 522, 324, S0 F (0. COM. Pyr jy) (9) (3.4)
TCorss = T2 (Cogss: Enrssk) + Tyl Dili™ (0, CRESe. ERgssthy) + Ti25™ (CAHss. PREESE)®)  (35)
TCes = e5(Cog”- QERE") + Ref (Locen,) (8) (36)
Trong phwong trinh (3.3 — 3.5), 0, = (Tldc)y (3.7)

2.2.1.2 Chi phi phat dién tir luwdi dién chinh:
TCqriq = 365 -232;(;12 (9 - Pry erz PSub,h,y) ) (3.8)
2.2.2 Cac rang budc cho ham muc tiéu

2.2.2.1 Rang bugc vé can bang cong sudt

Poubny + ZJ 1 Pprjny +ZNWFPWFlhy + ZNBESSPEES?;(hy leyblpbhy + ng1pd,h,y (3.9)
Psubny +Z-= Pprpjny + Pyriny = ¥,2 1Pony +¥e 1Pany +ZNBESSPBESSkhy (3.10)
Qsub,ny T ZNWF Qwriny t ZNPF Qpr,jny = Zb=1 Qphy + Za=1 Qany (3.11)
Trong d6, Qpr,jny = Ppr,jny-Ber,j; VI Bprj = tan(cos‘l(PFpF,j)) (3.12)
va Qwr,iny = Pwriny -Bwr,i; VoI Bwr; = tan(cos™ (PFyp,)) (3.13)
2.2.2.2 Gidi han dién ap nat
VM S Vo, SVMAY s =1,2,.,Ny,h=1,2,..,Np,y = 1,2,..., N, (3.14)
2.2.2.3 Gigi han dong dién nhénh
Ipny <15 b=1,2,..,N, (3.15)
2.2.2.4 Gigi hgn nhiéu song hai
THDM® > THD},,;5=1,2, ..., Ny, h = 1,2, ..., Ny, 0 = 2,..., Hr (3.16)
IHD" > IHDShy, s=1,2,...,N,,h=1,2,..,Ny,0=1,2,...,Hr (3.17)
Trong do, THD; j, (%) = —W %100 (%) (3.18)
sy



(o]

IHDgy, ,,

0/ — Vs,h,y,o 0
(%)= [Vl—] x100 (%)
s,hy

2.2.2.5 Giéi han cdng sudt nagp va xa cua BESS
Rated .Ch Ch
Pggss”. €“"* = Pgpggpn = 0

DisCh
PB

Rated .DisCh
—Ppgss - € < Pgessin

£ <0

2.2.2.6 Gioi han dung luong cua BESS:

Min Max
Egess < Egpssn < Eggss

EBESS,O = EBESS,24

2.2.2.7 Gidi han sy xam nhdp cua WFs, PVFs va CB

Min Rated Max.

PPF SPPF,]' SPPF ,j:1,2,...,NpF
Piin < pRated < PE¥; i =1,2, .., Nyp
Min Rated Max, . _
c8 <Qcgc <UCQcp 5 ¢c=12 .., Ncp

2.3 Ap dung phuwong phap dé xuit dé giai quyét van dé toi uu

2.3.1 Khéi tao nghiém ban diu

(3.19)

(3.20)
(3.21)

(3.22)
(3.23)

(3.24)
(3.25)
(3.26)

Cac nghiém ban dau duoc phat ra trong gi¢i han xac dinh truée nhu phuong trinh (3.27 va 3.28). MJbi nghiém
dugc tao ra maéi can phai dugc danh gia chat luong boi ham danh gia (3.29).

M = (L, PM, LI DM LS v Pitts o LE ™ (3.27)
SMAX = (L, PO, L0, PMOX, LSS PHAE o, L] (3.28)
Ng Np
SFpk,ce = TCTotal,pk,ce + Oy. AVsz,pk,ce + oj. Z AIl%,pk,ce
s=1 b=1 (329)
2
+UTHD- levil ATHDsz,pk,ce + OHD- levil gzl(AIHD;),pk,ce)
Vspioce = VI néu Vg pp e > VM
Trong (3-29)' AVs,pk,ce = VMin — Vspk,ce néu Vs,pk,ce < VMin (3'30)
0 cac trueomng hop con lai
M X M
Al pice = {Ib"”"“’ o e > 157 (331)
S 0 cac trwong hop khac
_ Max Max
ATHD, e = THD e ce TH,D néu THDS,pk;CE > THD (3.32)
m 0 cac truong hop khac
o _ Max . x o Max
AIHDS, ., = IHDZ . co IP{D néu IHDSkaice > IHD (3.33)
e 0 cac trwong hop khac
2.4 Két qua md phéng
2.4.1 He théng thuc thi va dir ligu md phéng ' 7
Bang 3.1 Thong tin vé cac thdng so lién quan dén viéc tinh todn tong chi phi
Muc Giatri
PrTe & gio cao diém, tiéu chuan & thap diém [21] 128,9 $/MWh, 70,0 $/MWh & 45,4 $/MWh
dc [14] 9%
CERP& CO8M22] 770000 $/MW & 10,0 $/MWh
CotP & CY¥M [23] 1882000 $/MW & 10,0 $/MWh
CEEP & Locey [24] 20000 $/MVAr & 1000 $/vj tri
Crrss: CHESE & CAEs [25] 200000 $/MW; 7000 $/MWnim & 380000 $/MW
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Gid xem xét
Hinh 3.1 Hé sb cong suat cua md-dun quang dién, tua-bin gio va tai
Nghién ciru duoc thyc hién su tich hop 3 PFs va 3 WFs trén ludi dién phan phéi chuan IEEE 69 nit. Ludi gdbm c6 69
nit va 48 tai véi tong nhu ciu tiéu thy 1a 3,802 MW/ 2,694 MVar. Dix lidu vé tai va duong day duoc miéu ta trong
nghién cau [27]. Thdng s vé song hai dugc miéu ta trong nghién ctu [28].
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68 |69
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i
leded =
J_§
ar
Pu

32 33 34 35

Hinh 3.2 Hé théng phan phdi chuan IEEE 69 nit
4.4.2 Phan tich két qua mé phéng
Két qua Bang 3.2 di cho thiy phuong phap MCOA c6 thé tim ra giai phap téi uu va do 6n dinh tét hon cac phuong
phap khéc. Bén canh do, giai phap tot nhat trong 40 lan chay thir ma dugc béo céo trong bang 3.3 mang lai nhiéu phuc
loi vé kinh té hon khi c6 thé tiét kiém Ién t6i 4,662 triéu $ (twong duong 22,42%) nhu da so sanh trong Bang 3.4.

Bang 3.2 Bang so sanh gia tri ctia ham danh gia va thoi gian chay trung binh ctia cac phuong phap thuc thi

Phuong phap SMA COA MCOA
Gié tri té nhat 16,723 triéu $ 16,562 tricu $ 16,501 triéu $
Gia tri trung binh 16,521 triéu $ 16,314 trieu $ 16,271 triéu $
Gid trj tot nhét 16,356 triu $ 16,148 tricu $ 16,130 trigu $
Thoi gian trung binh 4211 giady 4282 giay 4267 giay

Bang 3.3 Giai phap tot nhat cua cac phuong phap trong hé thong IEEE 69 nit

P/P PFs WFs BESS CcB
Nat: 09 — 9432 mo-dun Nat: 17 — 04 tua-bin N(it: 46
SMA | Nat: 54 — 3651 mb-dun Nut: 65 — 10 tua-bin 1,092 MW/. 3 22_8 MWH Nut: 61 — 1,29 MVAr
NGt: 69 — 14170 mé-dun | NGt: 63 — 08 tua-bin | ™ ’
Nat: 63 — 2162 mo-dun Nat: 65 — 10 tua-bin Nuat: 28 — .
COA Nut: 49 — 15386 m6-dun | Nut: 61 — 08 tua-bin | 0,793 MW/ 2,681 MWh Nt 59 = 1,11 MVAr
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Nat: 53 — 8670 mod-dun Nat: 21 — 05 tua-bin

Nat: 32 — 5952 mb-dun Nat: 15 — 07 tua-hin
MCOA | Nut: 05— 2000 m6-dun Nuat: 57 — 09 tua-bin
NGt: 61 — 18814 mO-dun NUt: 62 — 07 tua-hin

Nat: 05 —

1,088 MW/ 2,495 MWh

Nat: 61— 1,18 MVAr

Bang 3.4 So sanh cac chi phi lién quan dén tong chi phi trong hé thdng tich hop trong 20 nam chu ky du &n

Phuong phap Hé thong ban dau SMA COA MCOA
TCpp, triéu $ - 2,115 2,030 2.075
TCyp, triéu $ - 4,961 5,187 5,187
TCpiss, triéu $ - 1,267 1,009 1,030
TCcg Ngan $ - 26,800 26,800 26,800
TCIv&OM o res_cpo tridu $ - 8,370 8,253 8,319
TCppig, tridu $ 20,792 7,986 7,895 7,811
Téng chi phi (TCreear tricu $) 20,792 16,356 16,148 16,130
Tiét kiém so véi hé thdng ban dau (triéu $) - 4,436 4,644 4,662
Ti l¢ tiét kiém so voi hé théng ban dau (%) - 21,335 22,336 22,422

4 || ==®== Nhu clu tai va tén that
=== COng suét phat clia PFs va WFs

Cong suat (MW)

8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24

Gio xem xét

Hinh 3.3 Cong suét tiéu thu va cong suat phat nang luong tai tao

Bang viéc &p dung giai phéap t6i wu toan cuc cia MCOA, tong mirc do xam nhap bai cac ngudn phat ning luong tai
tao 18n tGi 54,55% so véi tong nhu cau tidu thu cua hé théng nhu Hinh 3.3. Hinh 3.4 va 3.5 thé hién cong suét phat mdi
gio va dung luong luu trir cia BESS. Nhin chung, BESS ¢6 xu huéng nap ning luong & gio thip diém va phat ning
lugng & gio cao diém nham tiét kiém chi phi trong viéc van hanh lugi. Bén canh do, dé giir hé s6 cong suat khong bé hon

0,9 thi tu bl phat ra lugng cong suat phan khang 1én ludi theo mdi thoi diém nhu hinh 3.6.

100 I R
80 |- Giai doan nap
60
T 40
Q.
ke
= 20
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3
1z
= 0
©
o
L 20
@
i= -40
-60
-80 Giai doan xa
-100 TN N Y B

1 1 1 1 1 1 1 1

1 1 L 1 1

1 1 1 1

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Gio xem xét

Hinh 3.4 Céac giai doan nap va xa cua BESS.
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2.5 T T T T T T T T

Dung lwvong (MWh)

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Gio xem xét

Hinh 3.5 Dung lugng luu trit theo thoi gian BESS.

1.2 T T T T T T T T T T T T T T T T T

©
®

t phan khang (MVar)
o
o

éng sué
o
~

c

0.2

1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Gio xem xét

Hinh 3.6 Sy phét cdng suat phan khang cua tu bu.

Thém vao d6, sau khi tich hop cac ngudn phat phan tan thi tong ton that cong suét ciing giam dang ké Ién t6i 78,692%
s0 v&i hé thdng ban dau nhu Hinh 3.7 trinh bay. Dién ap ciing dwoc cai thién mot cach rd rét tir ving [0,911 1,00] (pu)
Ién tGi [0,950 1,032] (pu) va hoan toan théa man rang budc nhu hinh 4.8 va 4.9. Ngoai ra, cac gia tri lién quan séng hai
THD va IHD ciing duoc giam thiéu voi gia tri 1on nhat tir 5,265% va 3,403% vé 4,499% va 2,908% sau tich hop. Nhu
vay Ccac chi s6 vé song hai ciing da thoa tiéu chuan IEEE Std. 519.

T T T T T T T T T T T T T T T T T T T T T T T T
0.25 - [____176n thét cong suét trudc két néi PVFs, WFs, CB & BESS | |
——@— Tén that codng suét sau két néi PVFs, WFs, CB & BESS
0.2 - — 01 .
=
= _ _
“C 0.15 -
w
(=2}
c —_—
«Q
o
& M
< 0.1 -
c
~O
ot _
o /o....\
0.05 Lol |lal / N | -
T N N 1
el e I Nerredl LY
ol el
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Il Il Il Il Il Il Il Il Il 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Gio xem xét

Hinh 3.7 Tén thit cong sut trudc va sau khi tich hop cac nguon phat phan tan



2.5 Téng két
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©
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@ 0.95
0.92
0.94
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Nut 1 123 4 Gi® xem xét
Hinh 3.8 bién ap nut trudc khi tich hgp cac nguon phéat phén tan
1.03
1.02
1.04
1.02 1.01
ERE 1
g (pu)
G 0.98 0.99
[}
0.96
0.98
0.94
67 0.97
0.96
7
. 7 45 6
Nut Tog23 Gio xem xét
Hinh 3.9 bi¢n ap nut sau khi tich hop cac nguon phat phan tan
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== =THD trudc‘két‘néi PFs, WTs, CB & BESS - = =
m=f= = THD sau két noi PFs, WTs, CB & BESS /7 ~ —
5 ["|ws=un IHD truéc két ndi PFs, WTs, CB & BESS = S ,
g |HD sau két ni PFs, WFs, CB & BESS / e == N\
45 / - .
/ -y .-r“
" ~~_*—L\ ’_!—-1—
—~ 4t / ./ - -
X
o / 0/ \\
[\
T [ 4
;1 35 //' TLLLLE TP LA LLL L \F
':,D_: ' /' ““‘ '--....u..,....""""-..
* —
3 \~\ ;,{ o

Gio xem xét

Hinh 3.10 Gia tri 16n nhét ciia THD va IHD trudc va sau khi tich hop cac ngudn phat phan tan

Nghién ciru nay da thanh cong trong viéc xac dinh vi tri va quy mo cta cac ngudn phat dién PFs, WFs, CB va
BESS trong Iudi dién chuan IEEE 69 ndt véi sw xam nhap cao cta nhiéu tai phi tuyén.
Muc tiéu chinh cua nghién ctu la giam thiéu tong chi phi dau tu, O&M cho PFs, WFs, CB va BESS ciing nhu
chi phi mua nang lugng tir luéi cho phu tai va ton that trén cac nhanh phan phéi. Nghién ciru khdng chi dat dugc
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loi ich v& kinh t& ma con thoa mén dugc cac yéu cau vé rang budc ki thuat nhu dién 4p nat, dong dién nhanh, do
méo song hai va kha niang xdm nhap cua cac ngudn phét.

- Nghién ctu nay da gioi thidéu mot thuat toan méi goi 1a MCOA dé giai quyét bai toan ti wu su két ndi cac ngudn
phat phan tan. Két qua thu duoc cho thady MCOA tét hon cac phuong phép so sanh khac véi cling muc tiéu va
Ccac rang buoc.

CHUONG 4: AP DUNG THUAT TOAN TOI UU XAC PINH VI TRi VA CONG SUAT LAP PAT CHO CAC
NGUON PHAT PHAN TAN TRONG HE THONG PHAN PHOI BA PHA KHONG CAN BANG

4.1 Gidi thigu

Cac hé thong phan phéi ba pha trong thuc té rat khé dat dwoc su can bang do ludn ton tai sy bat dbi xang giira cac
tai & mdi pha trong hé théng. Do do6, viéc xem xét hé thong phan phdi ba pha khdng can bang thi phirc tap. Chuong nay
&p dung thuat todn dé xuat (MCOA) cho viéc xac dinh vi tri va cong suét lap dit t6i uvu cho cac ngudn phat dién phan tan
trong ludi phan phéi ba pha khdng can biang nham giam thiéu tong chi phi trong viéc dau tu, van hanh va bao tri hé thng.
Trong chuong nay, nghién ctru 4p dung thuat toan dé xuat dé giai quyét hai bai toan trén hai kiéu caa hé thdng khong can
bang khac nhau. Bén canh dé, nghién ctru ciing dé xuat ap dung su phdi hop mé phong gitta MATLAB va OpenDSS cho
viéc giai quyét van dé trao luu cong suat mot cach nhanh chéng va thuan tien.
4.2 M ta bai toan thir nhit

42.1 Ham muc tiéu

Gidm tdida TCrotar = TCinp + TCom + TCoria + TChmis ($) (4.1)
Trong do, cac thanh phan ciia ham myc tiéu duoc dinh nghia nhu sau:
TCrny = Cp"- PEE®® + Cyil PR (S) (4.2)
TCom = 30,4167.322, 3788 6, (COFM. Ppp py + CE™. Py py ) ($) (4.3)
TCorig = 30,4167.32%, Y788 6,,. (Pris . Poyppy) ($) (4.4)
TCrmis = 30,4167.322, 3288 6,,. (Premis- Gemis- Psup,py) () (4.5)

4.2.2 Cacrang budc

4.2.2.1 Rang bugc vé can bang cong sudt

Poubny + Zlivllf Pyriny + Z?’ﬁf Pppjny = Zg& Piny + 22121 Pyhy (4.6)
Qsub,ny Zlivzwf Qwr,iny T Z?Iﬁf Qpr jhy = 2321 Qany T 2221 Qb,hy 4.7
4.2.2.2 Gidi han vé dong dién nhanh
>0 b=12..,Ny&p=12..,N, (4.8)
4.2.2.3 Gidi han vé dién &p
vMin < |yP| < VMax s =12.. ,N;&p =12 ..,N, (4.9)
4.2.2.4 Gidihanvé dg léch dién ap khdng can bang
UVyer,s(%) < UVDHG* (%) (4.10)
Trong do UVigey s (%) = 100 X %,S =12.., N (4.11)

un,s
Viéc tinh toan ;162" va Vé"i’%‘ c6 thé dugc trinh bay nhu sau:

V& +VE+V3
Ve = 2278 s =1, ., Ny (4.12)

Trong do, V.1, V.2 va V3 la gia tri dién 4p ctia pha A, B va C cua n(t tht s.
VAL = [yhean — vt s =1, .., Nq (4.13)
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Vines = V& = V|, s = 1,..., Ny
Vies = Ve = V3|, s = 1,..., Ny
Viifs = max [Gafs, Vidds, Virvs],s = 1,..., N
4.2.2.5 Gidi han vé nhiéu song hai
THDY* (%) = THD5, (%)
IHDY* (%) = IHDZ), ,,(%)
4.2.2.6 Rang bugc vé su thuyén giam vé ton that
Sh2s Pomy > Zn2s Pony
521 Oy > Zba Cony
4.2.2.7 Rang bugc vé gidi han ldp dat cia cc nguon phét
pMin < pRated < pMax
Pyil* < Pifite® < P
N

Ng b Aft
PPF,h,y + PWF,h,y < Zd=1 Pd,h,y + Zb=1 Pb,h,y

4.2.3 Sir dung phuwong phap dé xuit dé giai quyét van dé t6i uu
Két qua tinh todn

Dit liéu hé théng
trao luu cong suét

Thong sb thuat toan

OpenDSS MATLAB

Midu ta hé théng phan phéi COM

Miéu ta thuat toan téi vu

) Nghiém kha thi
dé xuat boi thuat toan

Hinh 4.1 Su phdi hgp md phong giira OpenDSS va MATLAB thong qua COM

4.2.4 Két qua md phéng
4.2.4.1 Hé thong phan phai chudn IEEE 25 nt

Nghiém téi vu vé
vi tri va cong suat
cac nguon phat

(4.14)
(4.15)
(4.16)

(4.17)
(4.18)

(4.19)
(4.20)

(4.21)

(4.22)
(4.23)

Trong nghién cttu ndy, ludi dién phan phéi chuan IEEE 25 nit ma dic trung cho loai hé thdng ba pha khdng can
bang, duoc chon dé thuc hién mé phong. Hé théng nay hoat dong ¢ dién &p 4,16 KV véi nhu cau phu tai 1a 3,3466 MW/
2,5267 MVar. Hé thong gom ¢ tat ca 25 ndt, 24 nhanh va 22 phu tai. Dir liéu chi tiét duge miéu ta trong nghién ctu [29].

® 19
e 20
18 21 22
] 2 4 5
1 | -
®16 - .
23 24 25
7 9 10 11 12
6 -
8 @ 14 9——— @17 13
«15

Hinh 4.2 So db don tuyén ludi dién phan phdi chuan IEEE 25 nit.
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4.2.4.2 Dit ligu md phong

Nghién ctru xac dinh giai phap tich hop ti uu cho cac ngudn phét nang lwong mit troi va nang lugng gié ¢ huyén
Can Gio, Tp. H6 Chi Minh. Dit liéu trong ba nam (2019-2021) duoc thu thap va 288 diém dir liéu duoc sir dung dé hién
thi 12 thang trong 1 nam (24 gio trong ngay tuong trung cho mét thang). Nghién clru xem xét sy phat song hai tir tai phi
tuyén va thiét bi chuyén d6i cong sudt v6i pho hai nhur Bang 4.1. Céac théng s6 cho ham chi phi nhu Bang 3.1 trinh bay.

Dong Xod

11 Can Gio, Vietnam Z
L Phan Thiét
TuBUe, o

A Ma

Hinh 4.3 Khu vuc khao sét thyc hién nghién ciru (Can Gio, Viét Nam)

T T T T AT M T AT T T

% L) “
:. \f- :. \" _! %4 |===s=s Nhucautai
0.9 Pog P P - H Maé-dun quang dién ||
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0.8 - u (- - : N -
: : : i F ] - H
: . | 3 H .
07 KA N i o HE é 5 1
. % H N 5 .: » 8 H ] H : :
[ - . . ] . : : -
0.6 i . i H A VI.‘:."' k5 v ' A 1 A
- u - = R ;- : ' . ¢ -]
5 H i 5 3 . . = ] ‘ ‘ V. 1 N«
a 05 . ;' x . H . . et =
* = [ H 3 Er . i . i
04 ¥ - N ‘\, 3 N : t3] T
M MM 4N
03 ‘ ] : ! 7
h
0.2 -
0.1 -
0 ’ ) )
24 48 72 96 120 144 168 192 216 240 264 288
Gio xem xét

Hinh 4.4 Hé sb cong suit caa cac ngudn phat va nhu cau tai
Bang 4.1 Phé hai cua tai phi tuyén va céc inverters cua cac ngudn phat niang luong tai tao [30].
Bac hai 1 5 7 [11[ 1317119 2325 [ 29 | 31

G
o | Biéndo(@mkieul 00l o000 143 91 77 59|53 43 40|34 32
Tai phi & nut 13 va nat 23

A A A (0 X
tuyen | Biéndo (%) kieu2 | 1) | 191 | 131 72 56133 24 12 08 0202
6 nat 08 va nut 19

ién do (©
Biéndo (W)cho 150 40 | 40 |20/ 20 15 15 06 0606 06
inverters cua DGs

Inverters

4.2.4.3 Phan tich két qua mé phong

Trong nghién ciu nay, MCOA 1a phuong phap tot nhat va 6n dinh nhat so véi cac phuong phap khac nhu Hinh 4.5
da so sanh. Giai phap tir MCOA ¢ thé tiét kiém tong chi phi ti 10,69% so voi hé thong ban dau va bén canh d¢6, MCOA
cling mang lai nhiéu diém manh vé kinh té hon so véi COA, CSA va IPSO giéng nhur Bang 4.2 di trinh bay.
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1.192

I Gia tri tét nhat ham danh gia
I Gia tri trung binh ham danh gia

1.19

Gia 1.188
tri
ham
danh1.186
gia
%)

1.184 -

1.182

1.18

IPSO CSA COA MCOA
Phwong phap thwc thi

Hinh 4.5 Gia tri tot nhat va gia tri trung binh ham muc tiéu trong céc lan chay thir

Bang 4.2 Két qua tét nhat trong céc lan chay thir ngau nhién cho bai toén téi uu.

Phu’cmg Gial phap téi uu TCInv TCOM TCGrid TCEmis TCTotalCosts
phap PFs & WFs (trieu $) (trieu$) | (trieu$) | (trieu$) (trieu $)
Ban dau - - - 12,7520 0,4683 13,2203
NGt 05 — 21440 mo-d
IPSO i ) un 4,6258 0,8002 6,2105 0,2302 11,8667
NGt 09 — 18 tua-bin
Nut 03 — 19933 mo-d
CSA u ) un 49151 0,8384 5,9170 0,2185 11,8890
NGt 09 — 20 tua-bin
Nut 07 — 22916 mo-d
COA , . u 4,3346 0,7617 6,4827 0,2412 11,8201
NGt 10 — 16 tua-bin
NGt 15 — 23317 mo-
MCOA ] ) dun 4,3577 0,7669 6,4418 0,2397 11,8062
NGt 10 — 16 tua-bin
35 | x | ] y ‘ 1 { l , I
s=man Nhu clu tai va tén thél : oM oM s
—O—ggng sue‘:t phéttcuamPlt:sva WFs | Lo ’.\‘f i o \\‘E
T | Pyl O
I AT ST R S D SRR S A
2 LY s [HEP Y | 1 ] : :
=i s 15 dl i gA AR AR . u PR
BE IR EE LR R A TAG Y (AR Y O
215% 3 ': " : :. ,'. : o -: i- 3
S : YRR vt
S Y \l b YRRV Y
1 : _
05
24 48 72 96 120 144 168 192 216 240 264 288
Gio xem xét

Hinh 4.6 Tng cong suét tiéu thu va cong suat phat theo thoi gian
Bang viéc &p dung giai phép tir MCOA, tong cong suat phét chiém téi 47,42% so véi tong nhu cau cia ludi nhu Hinh
4.6. Bén canh do, ton that cong suat ciing giam mot cach dang ké 18n toi 56,23% so véi hé thong ban dau nhu Hinh 4.7.
Hon nira, dién ap pha ciing dugc cai thién tir vung [0,93 1.00] (pu) 1én [0,950 1,023] (pu) nhu Hinh 4.8 da trinh bay. Dién

ap trung binh ciing dugc néng cao tur [0,93 1,00] (pu)] nhu Hinh 4.9 1én [0,952 1,022] (pu) nhu Hinh 4.10, va da thoa
méan rang budc ban dau.
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Hinh 4.7 Téng tn that cong sut trudc va sau khi tich hop DGs.
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Hinh 4.8 Bién &p pha lon nhit va bé nhit trudc va sau khi c6 sy két ndi DGs.
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Gio xem xét

Hinh 4.9 Bié¢n ap pha trung binh trugc khi c6 su két ndi PFs and WFs
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1.02

1.01

u)

0.99
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Dién ap pha trung binh (p

0.97

0.96

w 200
Nut 32, 24

Hinh 4.10 Dién ap pha trung binh sau khi c6 su két ndi PFs and WFs

Gio xem xét

Gidng nhu di dé cap, nghién ciru nay xem xét do léch dién ap gitra cac pha trong ciing mét ndt trong hé thdng phan
phdi khdng can bing. Gidng nhu Hinh 4.11 di trinh bay, chi s6 d6 léch dién ap khong can bing ciing tét hon théng qua
viéc giam tir 0,523% dbi hé théng ban ddu xudng con 0,454% ddi hé thong di duoc tich hop cac ngudn phat phan tan va
da dap ung IEEE Std. 45-2002. Khéng chi vay, nhu Hinh 4.12 da thé hién, chi sb lién quan song hai THD ciing théa man
IEEE Std. 519 va 30/2019/TT-BTC véi gia tri THD Ién nhat 12 2,24% sau tich hop.

2.5 T T T T

T T T T T T T

I Trwoc khi két ndi PFs va WFs
mmmgm== Sau khi két ndi PFs va WFs
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Hinh 4.11 Gié tri 16n nhat THD trudc va sau két ndi cac PFs va WFs
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Hinh 4.12 D¢ léch dién &p khdng can bang 16n nhét truéc va sau khi két ndi PFs va WFs
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4.2.4.4 Tong két

- Nghién ctru da thanh cong trong viéc ap dung MCOA dé xac dinh giai phap t6i uu vé vi tri va cong suat phét cua
céc ngudn phat dién phan tan tua-bin gié va nang lugng mit troi trong ludi dién phan phdi chuan khong can bang
IEEE 25 nit véi sy xam nhap cua da dang ngudn song hai.

- Muc tiéu chinh caa cong viéc nay 1a giam thiéu tong chi phi gdm (1) chi phi dau tu, (2) chi phi van hanh va bao
tri cho cac PFs va WFs, (3) chi phi mua ning luong tir lugi dién chinh cho nhu cau phu tai va ton that dién ning,
va (4) chi phi phat thai tir cac nha may truyén thong. Nghién ciiu khong chi dat duoc lgi ich kinh té so véi hé
thdng ban d¢au ma con théa man cac rang budc ki thuat.

- Nghién ciru ciing da phat trién thanh cong cong cu phdi hop mé phong giira OpenDSS va MATLAB trong viéc
giai quyét cac bai toan téi vu khac nhau trong hé théng phan phéi mét cach thuan lgi va nhanh chéng.

4.3 MO ta bai toan thir hai
4.3.1 Ham muc tiéu
Giamtbida TCropq = TCHWEOM pros + TCoria($) (4.24)

4.3.1.1 Chi phi dau tu, bdo tri va van hanh cia PFs, WFs va BESS

TCHESPF pess = TCwr + TCpp + TChgss (3) (4.25)

Trong (4.25),  TCyr = N7 (Cy- PRAEY) + 91,25 322, $08, S0F (6. CO¥M. Pyr iny) ($) (4.26)

TCpr = 2)E (Cpp?- PEASET) + 91,25 322, 338, 20 PE (8. COEM. Pog j1y) ($) (4.27)

TCpss = Ti2s™ (Copos- ERgsss) + Tuoss(CAHSs. PEESSS) + 2521 Zu2ts(0y. CREYs EFELS%y) 9) (4.28)
4.3.1.2 Chi phi phat dién tur luéi dién chinh

TCoriq = 91,25 5521 Y0216y Prgy . Psupy)  ($) (4.29)

4.3.2 Rang budc

4.3.2.1 Rang bugc vé can bang cong sudt

N N N Aft N N
Psubny + Zi2t" Pwriny + 2521 Prrjny = Zpo1 Pony + Zati Pany + 2 2558 PERos ke ny (4.30)
N h N Aft N
PSubhy"'Zl 1FPWFlhy+Z] 1FPPVF]hy+Z BEsspgéggkhy Z i thy+zdi1pd,h,y (4-31)
_ Aft
QSub,h,y + Zi=1 QWF,i,h,y + Zj:l QPF,j,h,y - Zb=1 b,hy + Zd=1 Qd,h,y (4-32)

4.3.2.2 Giéi han vé dong dién nhanh

' > 1y, b=12..,Ny&p =12...,N, (4.33)
4.3.2.3 Gidi han vé dién ap pha
yMax > yE > VMt s = 1,2, Ny &,p = 1,2,..., Ny (4.34)
4.3.2.4 Rang bugc vé cong sudt nap va xa ciia BESS
0 < Pflssin <&M PRt h =1,2,..,96 & k=1, 2, ..., Npgss (4.35)
0> PRESh | > —PRaked DPisCh: p = 1,2,..,96 & k=1, 2, ..., Nggss (4.36)
4.3.2.5 Gidi han vé song hai
THDM™ > THDq 521, 2, ..., N, (4.37)
IHD"™ = IHD{Y, 1 5=1,2, ..., N, (4.38)

4.3.2.6 Gigi han vé mize do xam nhdp ciia PFs, WFs va BESS

Pa* > pRated > PMI i = 1,2, ..., Ny (4.39)
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PH#* > piated > pliax; j=1,2, .., Npp (4.40)
Eb%s < Eppssn < Epsss h = 1,2,...,96 (4.42)
4.3.3 Két qua md phéng
4.3.3.1 H¢ thong phan phai chudn IEEE 123 nut

2950

111 110 112 113 114

Hinh 4.13 So @6 don tuyén hé théng phan phéi chuan IEEE 123 nit

Nghién ctru nay xac dinh vi tri va cong suat caa WFs, PFs va BESS mét céach tdi wu trong viéc tich hop vao hé thdng
phan phdi phiic tap IEEE 123 nut. Pay 1a hé thong ba pha khdng can bang hoat dong & dién ap 4,16 kV véi nhiéu thiét
bi da néi ludi nhu ty dién, khéa mo va bo diéu chinh dién &p. Thong sé chi tiét dwoc miéu ta trong nghién ctu [31].
Thong tin lién quan dén tinh toan ham tong chi phi & Bang 3.1 va phd hai cho céc ngudn phat séng hai ¢ Bang 4.1. Trong
do, gia dinh tai phi tuyén loai 1 & cac nat 32, 41, 70 va 95, va tai phi tuyén loai 2 ocac nat 12, 55, 84 va 111.

4.3.3.2 Dir liéu mo phéng va thong sé diéu khién

T T T T
Mua thu

Mua déng Mua xuan

<
<

mgm N hu cAu tai
= = \6-dun quang dién
Tua-bin gié

0.4 -

I\
I\
i —
] 1
JI

_\

60 72 84 96

Gio' xem xét

Hinh 4.14 Hé s6 cong suat caa mo-dun quang dién, tua-bin gi6 va tai

4.3.3.3 Phan tich két qua mé phong
Nghiém t6t nhat tir cac phuong phap thuc thi duoc trinh bay rd rang nhu trong Bang 4.3. Theo nhu so sanh trong
Bang 4.4, nghiém tir phuong phap dé xuat MCOA c6 thé tiét kiém 1én toi 1,9216 triéu $ (twong duong 14,33%) so Véi
hé thdng ban dau. Khéng chi vay, MCOA ciing tot hon cac phuong phap khéac trong cing muc tiéu dudi c4c rang budc.
Bang 4.3 Nghiém tbt nhat cua cac phuwong phap trong hé théng IEEE 123 nt
P/P WFs PFs BESS
SSA Nat: 95 — 07 tua-bin —3 pha | Nat: 55 — 3010 md-dun — 3 pha Nat: 108
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Nat: 21 — 13 tua-bin —3 pha | Nut: 59 — 8873 m6-dun — 1 pha 0,222 MW/ 1,889 MWh — 3 pha
COA Nat: 15— 15 tua-bin — 1 pha | Nuat: 300 — 8901 mo-dun — 3 pha Nat: 300
Nat: 34 — 07 tua-bin — 1 pha | Nat: 94 — 6586 mé-dun — 1 pha 0,444 MW/ 1,445 MWh — 3 pha
MCOA Nat: 19 — 12 tua-bin — 1 pha | Nat: 53 — 3018 mo-dun — 3 pha Nat: 15
Nat: 300 — 10 tua-bin — 3 pha | Nat: 15— 9747 mé-dun — 1 pha 0,232 MW/ 1,513 MWh — 1 pha
Bang 4.4 Su so sanh céc chi phi lién quan trong 20 nam chu ky du &n
Muc Hé théng géc SSA COA MCOA
TCyr(triéu $) - 4.5365 4,9975 5,0339
TCpp(triéu $) - 0,8195 1,0681 0,8803
TCIWEOM ppss (tridu$) - 5,9389 6,6156 6,4016
TCgrig (triéu $) 13,4079 5,7789 4,9024 5,0847
TCropq (tricu $) 13,4079 11,7178 11,5180 11,4863
Tiét kiém (triéu $) - 1,6901 1,8899 1,9216
Ti lé tiét kiem (%) - 12,61 14,10 14,33
4 T T T T
Mua dong _ Mua xuén P Mua ha <l Mua thu -
aad - FTTIT Nhu cdu tai va tén that c;g suét T e . =h B

3

Cong suat (MW)

0 | 1 | 1

12 24 36 48

Gio xem xét
Hinh 4.15 Cong Suét phét ciia WFs, PFs va BESS tur giai phap cia MCOA.
1.5 T T
Mua doéng

60 72 84 96

Mua xuan Mua ha Mua thu

<

A

>
>

Nang luvgng lwu trir (MWh)

0.5

I I I I I
24 36 48 60 72 84 96
Gio xem xét

Hinh 4.16 Qua4 trinh luu trir ndng lugng cua BESS.

Nho giai phép téi uu tir MCOA, tong cong suat phét cta cac ngudn phat phan tan ndi luéi 1a 126,335 MW, trong khi
t6ng nhu cau phu tai va ton that dién nang 1a 204,319 MW. Do d¢, lu6i dién chinh s& bu ddp luong dién thiéu hut 1a
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77,984 MW nhu Hinh 4.15. Trong nghién ciu nay, chién luoc nap/ xa niang lugng téi ludi ciia BESS ciing duoc trinh
bay nhu Hinh 4.16 va 4.17. Nhin chung, BESS ¢6 xu huéng phét ¢ gio cao diém va nap ¢ gio thap diém nham tiét kiem
chi phi mua dién. Tong that cong sut ciing giam manh Ién tGi 40,79% nhu hinh 5.18 va dién ap ciing cai thién tir [0,9265
1,0125] (pu) 1&n [0,950 1,0227] (pu) nhu Hinh 4.19. Ngoai ra, gi tri THD ciing thoa méan tiéu chuan IEEE Std. 519 véi
gia tri 16n nhat 12 1én 2,987% nhu Hinh 4.20.

T T T T T
Mua dong Mua xuan Mua ha Mua thu
< > << > << > | << >
100
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o 50
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8
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w
= 0
S
o
S
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-100
I I | I I
0 12 24 36 48 60 72 84 96
Gio xem xét
Hinh 4.17 Qua trinh nap va xa nang lugng cia BESS.
T T T T
Mua déng < Mua xuén - Mua ha Mua thu
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= T4 thét coNg sUA trudc két néi WFs, PFs va BESS ™\
= T 40 thét cong suét sau két ndi WFs, PFs va BESS l ‘-‘
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12 24 36 48 60 72 84 96
Gio xem xét
Hinh 4.18 Tén thit cong suét truéc va sau két ndi PFs, WFs va BESS.

1.06 = Mua dong >l< Mua xuan >|< Mua ha Mua thu
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Y
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m— D)ién 4p pha cao nhét trudc khi két ndi WFs, PFs va BESS
== = = Dién 4p pha thap nhét trudc khi két ndi WFs, PFs va BESS N

1.04 15 mee= Dién 4p pha cao nhét sau khi két ndi WFs, PFs va BESS
== @s= Pjén ap pha thap nhét sau khi két ndi WFs, PFs va BESS
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Hinh 4.19 Dién ap pha thap va cao nhat trudc va sau két ndi PFs, WFs va BESS & mdi thoi diém.
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3 THD sau khi két ndi WFs, PFs va BESS
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Hinh 4.20 Gia tri 16n nhat THD & mdi gio trudc va sau két ndi PFs, WFs va BESS.
Téng két

Nghién ctru nay da thanh cong trong viéc ap dung phdi hop mé phong gitra OpenDSS va MATLAB cling Voi
thuat toan MCOA cho viéc xac dinh su lap dat toi wu WFs, PFs va BESS ciing nhur 1a chién lugc nap/ Xa nang
lugng cua BESS trong hé thdng ba pha khong can bang chuan IEEE 123 nit véi sy xam nhap nhiéu tai phi tuyén.
Muc tiéu chinh 1a giam thiéu tong chi phi gdm dau tu, van hanh va bao tri, va chi phi mua ning luong tir ludi
cho nhu cau tai va ton that trén cac nhanh phan phéi. Két qua thu dwoc chi ra tong chi phi hé thong c6 thé duoc
cit giam mot cach dang ké thong qua viéc tich hop céc ngudn phat pha hop.

CHUONG 5: KET LUAN VA PINH HUONG NGHIEN CUU TRONG TUONG LAI

5.1 Pong gop chinh cia nghién ciru

Lu4n &n nay giai quyét da dang cac van d& ti wu lién quan dén su két ndi ciia cac ngudn phat phan tan nhu WFs,
PFs, CB va BESS. Muc tiéu ctiia nghién ciru 1a giam thiéu tong chi phi trong viéc dau tu, O&M ciing nhu giam
chi phi phat dién tir luwéi chinh va chi phi phat thai tir cAc nha méy truyén théng ma van thoa méan cac rang budc
ky thuat.

Nghién ctiru nay khong chi xem xét sy phét song hai tir tai phi tuyén ma con xem xét song hai tir cac thiét bi
chuyén ddi cong suat caa PFs, WFs va BESS nham thoa méan tiéu chuan IEEE Std. 519 va 30/2019/TT-BCT.
Mot thuat toan manh véi do 6n dinh cao ma goi 14 Modified Coyote Optimization Algorithm ciing dugc phat
trién va dé xuat cho viéc giai quyét cac bai toan t6i wu khac nhau.

Mot phan mém ngudn maé duoc goi 1a OpenDSS dwoc dé xuat cho viéc tinh toan trao luu cong suat mot cach
nhanh chéng. Hon nita, sy phdi hop md phong giira hai phan mém gém OpenDSS va MATLAB ciing dugc xay
dung mot cach thanh cong dé giai quyét bai toan toi vu mot cach linh hoat va thuan tién.

5.2 Han ché caa nghién ciru:

Han ché vé tinh thyc té va dir liéu diu vao: Nghién ciru sir dung md hinh hé théng twong duong 1a ba luéi dién
phan phdi chuan IEEE 69 nut, IEEE 25 nat va IEEE 123 n(t véi dir liéu cho viéc md phong bac xa mat troi va
téc do gi6 duoc thu thap tir ving thyc té trong ba ndm gan day. Bén canh do, nghién ciru nay chi xem xét sy thay
ddi cua tai & mdi gio va dir lidu tai dugc tham chiéu tir IEEE RTS-96. Do d6, cac dit liéu nay c6 thé khong sat
v6i tinh hinh thuc té & c4c thoi diém cu thé trong viing xem xét. Khong chi vy, nghién ctru ndy con xem xét tich
hop c&c ngudn phat nang luong tai tao thdng qua thiét bi chuyén d6i cong suat véi hiéu suat 1a 100% nhu gia
dinh. Tuy nhién, véi cdng nghé hién nay thi hiéu suat chi dat hon 99,5% thong qua viéc tich hop thém céng nghé
t6i wu hoa cong suét va hidu suat dat cao nhat 1a 99,75% nho viéc ap dung cong nghé hé théng chuyén doi ning
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lwong hiéu suat cao (HEECS) [32]. Do d6, hi¢u suat gia dinh trong nghién ciru nay thi chwa ding véi cong nghé
hién hitu. Ngoai ra, chi phi cho viéc dau tu, O&M cho PFs, WFs, CB va BESS la cac gia tri phd bién ma duoc
tham khao tir c4c nghién ciru khéc trén thé gici nén chi phi thoi diém hién tai c6 thé khac so véi két qua trong
nghién ctru nay.

Han ché vé phuong phap dé xuat: Phuong phap MCOA duoc &p dung cho viéc giai quyét ba bai toan téi uu lién
quan dén sy tich hop cua cac ngudn phat phan tan trong céc hé thong phan phdi khac nhau. Tuy nhién, MCOA
c6 thé chua dat duoc su hiéu qua ddi véi céc bai toan phirc tap ma cé s6 bién nhiéu va viing tim kiém rong. Do
d6, diéu nay duoc coi nhu han ché ctia phuong phap dé xuat.

5.3 Huwéng phat trién

Viéc xem xét sy tich hop bo diéu khién dién ap cho viéc diéu chinh dién ap trong hé théng khi dién &p ¢ cac nit
bi sut hozc tang ap vuot qua gigi han cho phép nén dugc thuc hién dé ti da phuc loi hon vé kinh té 1an k¥ thuat.
Céc dir liéu dau vao vé birc xa mit troi va tde do gié ciing s& duoc phan nhom theo ting khu vuc cu thé nham
nang cao d6 chinh xac cho viéc tinh toan céng suat ngd ra cia mo-dun quang dién va tua-bin gié.

Céc hé thong phan phdi thyc t& ma di d6i vai dit liéu thyuc té va vi tri lap dat tiém ning cho cac ngudn phat ciing
can dugc xéac dinh truéc thong qua khao sat ¢& dam bao giai phap d& xuét cho du &n phat trién hé théng tich hop
thoa diéu kién vé vi tri dia ly kha thi dé tién hanh trong thuc té.

Hon nita, phuong phap dé xudt MCOA ciing can duoc cai tién hon nita dé nang cao hiéu suat ciing nhu do on
dinh trong viéc giai quyét cac bai toan téi uu phuc tap voi khdng gian tim kiém rong 16n. Tat ca nhitng cong viéc
trén s& dugc thuc hién trong cong viéc sap téi.
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