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ABSTRACT

This thesis develops a novel algorithm called Modified Coyote Optimization
Algorithm (MCOA) to solve the optimization problem of the installation of
distributed generation sources (DGs) in distribution systems. MCOA is a modified
version of the original COA algorithm that has better performance and stability. To
demonstrate the outstanding performance of the proposed algorithm, MCOA is
applied to determine the solution of location and installation capacity for DGs in
various system types to maximize economic benefits while still meeting technical
criteria. The types of distribution systems implemented in this study:

- Balanced three-phase distribution system: The system has the same power of

loads in each phase of the three phases.

- Unbalanced three-phase distribution system: The system has different power
of loads in each phase and the number of phases in the system can also
different.

Three typical problems are applied in the study. At the first problem, MCOA is
developed to determine the suitable location and sizing of wind power sources
(WFs), solar power sources (PFs), capacitor bank (CB) and battery energy storage
system (BESS). The study is implemented in the balanced distribution system
considering the time variation of generation and load demand. The optimal solution
from the MCOA is compared with the optimal solution from other compared
algorithms to evaluate the performance of the proposed algorithm. At the second
problem, MCOA is applied to find the suitable installation of WFs and PFs in the
unbalanced three-phase distribution system with small-scale. At the third problem,
MCOA is used to find the optimal placement and sizing of WFs, PFs and BESS in
the large-scale unbalanced three-phase distribution system with many existing
devices on the grid. The research in the second and third problems used Beta and
Rayleigh probability distribution functions to simulate the distribution of solar
radiation and wind speed, thereby calculating the predicted power output for
photovoltaic modules and wind turbines, respectively. Besides, the research also

proposed the application of co-simulation between two open source software,



OpenDSS and MATLAB, to solve optimization problems quickly and conveniently
through COM.

The research purpose of the above problems is to minimize the total cost,
including three different costs:

- Investment, operation and maintenance costs of grid-connected distributed

generation sources such as WFs, PFs, CB and BESS;

- Cost for generating electricity from the main grid to supply the load demand;

- Emission cost from conventional power plants using fossil fuels.

Through comparison, the simulation results have shown that the optimal solution
from the proposed algorithm can bring about better savings in total system operating
cost compared to the original system case with the level reaching up to 22.44% for
the first problem, 10.70% for the second problem and 14.33% for the third problem.
In addition to economic benefits, the found solution also meets the technical criteria.
The constraints on node voltage, branch current, harmonics and the limit of
penetration of generators in the system are also satisfied in this thesis.

The obtained results in the thesis have demonstrated the great economic and
technical benefits in determining the appropriate location and sizing of distributed
generation sources in distribution systems. Moreover, the proposed method
(MCOA) also shows its superiority in terms of efficiency and stability in solving

optimization problems compared to the original algorithm and other algorithms.



TOM TAT

Lu4n 4n phat trién mot thuit toan méi goi 13 Modified Coyote Optimization
Algorithm (MCOA) dé giai quyét van dé t6i uu vé sy lip dit cia cac ngudn phat
ning luong phan tan (DGs) trong cac hé théng phan phdi. MCOA 1a phién ban cai
tién tir thuat toan gbc COA ma c6 hiéu suat va do 6n dinh t6t hon. Dé ching hiéu
suit noi bat cta thuét toan dé xuat, MCOA duoc ap dung dé xac dinh nghi¢m vé vi
tri va cong suat lap dat cho cac DGs trong da dang cac loai hé théng khac nhau
nham t6i da loi ich kinh té ma van dép tng céc tiéu chi k¥ thuat. Cac loai hé thong
phan phéi dugc thuc hién trong nghién ciru nay gom:

- Hé théng phan phéi ba pha can bang: Hé théng cd cong suét céac tai & mdi

pha trong ba pha giéng nhau.

- Hé thdng phan phéi ba pha khéng can bang: Hé théng c6 cong suat cac tai &

mdi pha khac nhau va sb lugng pha trong hé thdng ciing khac nhau.

Ba bai toan dién hinh duoc ap dung trong nghién cru gdm: Bai toan thtr nhat 1a
nghién ctru 4p dung MCOA dé xac dinh vi tri va cong suét lip dit phu hop cua
ngudn phat dién ning luong gié (WFs), ngudn phat dién ning luong mit troi (PFS),
tu bu (CB) va hé thdng luu trir nang luong pin (BESS). Nghién ciru duoc trién khai
trong hé thong phan phdi can bang c6 xét dén dén su thay d6i theo thoi gian cia
ngudn phat va nhu cau tai. Nghiém tdi vu tir thuat toan MCOA duoc so sanh voi
nghiém tdi wu tir cac thudt toan khac cho viéc danh gia khach quan hiéu suat cua
thuat toan dé xuét. Bai toan tiép theo 13 mg dung MCOA dé xac dinh su lip dat phu
hop cho WFs va PFs trong hé théng phan phéi ba pha khong can bang quy mé nho.
Bai toan cudi cung 1 4p dung thuit toan nay dé tim kiém vi tri va cong suit lap dat
t6i vu cho WFs, PFs va BESS trong hé théng phan phdi ba pha khong can bang quy
md 16n, phirc tap véi nhiéu thiét bi da ton tai trén ludi. Nghién ciru trong bai toan
thir hai va tht ba di str dung ham phén b xéac suat Beta va Rayleigh dé mo phong
su phan bd burc xa mat troi va toe do gi6, tir d6 tinh todn dy doéan cong suét phat cho
mo-dun quang dién va tua-bin gié twong tmg. Thém vao do, nghién ctru ciing dé
xuat ing dung sy phbi hop mo phong giita hai phan mém ngudn mé 1a OpenDSS va
MATLAB thong qua cong COM dé giai quyét cic van dé t6i wu mot cach nhanh

choéng va thuan tién.

Vi



Muc dich nghién ciru ctia cac bai toan trén 1 giam thiéu tong chi phi, gdm ba chi
phi khac nhau:

- Chi phi dau tu, van hanh va bao tri cac ngudn phat phan tan néi ludi cho

WEFs, PFs, CB va BESS;

- Chi phi cho viéc phat dién tir luéi chinh dé cung cdp cho nhu cau phu tai;

- Chi phi phét thai tir nha may dién truyén théng sir dung nhién liéu hoa thach.

Thong qua su so sanh, két qua mé phong da cho thiy giai phap téi wu tir thuét
toan dé xut co thé mang lai hidu qua tiét kiém vé tong chi phi van hanh hé thong tot
hon so voi trudng hop hé théng ban dau voi mie dat 1én téi 22,44% cho bai toan
ther nhat, 10,70% cho bai toan tha hai va 14,33% cho bai toan thit ba. Bén canh
phuc loi vé kinh té thi giai phap tim ra ciling dap tng céc tiéu chi k¥ thuat. Cac rang
budc vé dién ap nht, dong dién nhanh, song hai va giéi han thAm nhap cac ngudn
phat trong hé théng ciing dugc thoa man trong luin an nay.

Cac két qua dat dugc trong luan an da chung minh diém manh to 16n vé kinh té
1an k¥ thudt nho viée xac dinh vi tri va cong sut lap dat phu hop cua cac ngudn phat
phan tan trong cac hé théng phan phdi. Ngoai ra, phuong phap dé xuat (MCOA) con
cho théiy tinh wu viét vé mac do hiéu qua va tinh on dinh trong viéc giai cac bai toan

to1 uu so v&i thuat toan goc va cac thuat toan so sanh khac.

vii
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CHUONG 1: GIOI THIEU

1.1 Dit van dé

Sy phét trién khong nglmg ctia cac cong nghé chuyén doi niang luong khac nhau
bén canh cudc khung hoang ning lwong, di tao ra nhiéu dot pha 16n trong viéc két nbi
cac ngudn phat dién phan tan (DGs) trong hé théng phan phdi nham gép phan giam
thiéu sy phu thudc vao cac ngudn ning luong tap trung truyén théng nhu nha may thuy
dién, nhiét dién, ... Cac nha may dién truyén thong thuong cd quy mé 1én, & xa noi
tiéu thu va viéc van hanh c6 tac dong xau dén méi truong. Trong do, qua trinh truyén
tai va phan phdi dién dén phu tai gy ton that cong suat rat 16n cling nhu anh huong
nghiém trong dén chit lugng dién ning. Vi vay, viéc két ndi cac ngudn phat dién phan
tan, dat biét 1a cac ngudn nang luong tai tao nhu ning lugng mit troi, nang lugng gio,
nang luong dia nhiét, ndng lugng sinh khdi... vao hé théng phan phéi duoc coi nhu la
giai phéap tuyét voi dé khic phuc cac van dé ton tai néu trén. Nhiéu nghién ctru di cho
thdy rang viéc tich hop cac DGs c6 thé mang lai nhiéu loi ich vé kinh té, k¥ thuat va
moi truong. Viéc xac dinh sy lép dat thich hop cac DGs trong hé théng da chirng minh
viéc giam thiéu dang ké ton that dién ning trén cac nhanh phan phdi, nang cao do tin
cay cua hé¢ théng dién, giam thiéu 6 nhidm méi truong va tiét kiém chi phi trong van
hanh hé théng. Nguoc lai, viéc két ndi khéng phi hop cac DGs c6 thé giy ra nhiéu van
dé khong mong mudn do thay ddi cdu tric cua ludi dién nhu qua dién ap, ting ton thit,
giam chat lugng dién nang, va mic dd anh hudng phu thudc chinh vao vi tri cling nhu
quy md cta cic DGs dugce tich hop. Do d6, viéc xac dinh ké hoach két ndi cac DGs
trong hé théng phan phdi 1a v6 cing can thiét dé t6i da hoa loi ich thu dugc va tranh
nhiing tac dong ti€u cuc dén hé théng dién hién hiru.

Mit khac, xu hudng chung cta thé gidi 1a giam thiéu viéc sir dung ning luong hoa
thach vi nhiéu Iy do nhu trit lugng giam st manh, gia ca bién dong va tac dong tiéu
cuc dén moi trudng. Vi vay, cac nude trén thé gidi ludén co nhitng chinh sich dé
khuyén khich viéc sir dung cac ngudn phat dién phan tan ning luong tai tao dé nbi ludi
nham han ché su phu thudc vao nang luong hoa thach. Nhu da dé cap, loi ich dat duoc
bao nhiéu con phu thudc vao chat luong cua giai phap lap dit cac DGs trong hé thong

phan phbi. Do d6, dé téi da phuc loi kinh té ddng thoi dap tng cc rang budc ky thuit,
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nhiéu nha nghién ctru da phat trién cac phuong phap khac nhau nhu mang no-ron, diéu
khién logic mo, deterministic algorithms va meta-heuristic algorithms cho viéc giai
quyét cic bai toan toi wu hoa. Pic biét, nhdm meta-heuristic algorithms thu hut su
quan tdm manh meé ctia cac nha nghién ctru vi tinh vu viét cua n6 so vdi cac thuat toan
khac trong viéc tim kiém nghiém t6i wu toan cyc. Tuy nhién, nhom nay van con ton tai
nhitng nhuge diém ma c6 thé anh hudng dén hiéu suét cling nhu d6 6n dinh cua thuat
toan, dic biét trong viéc giai quyét cac bai toan t6i wu phirc tap véi ving tim kiém rong
16n va ¢6 nhiéu rang budc. Vi vdy, viéc phat trién cac thuat toan moi ma cé thé khic
phuc dugc nhitng thiéu sét ctia cac thuat toan trude dé thi luén dugce khuyén khich.
1.2 Céc bai toan nghién ctru

Viéc tim kiém nghiém t6i uu cho viéc két n6i cac DGs vao hé théng phan phoi
nham giam thiéu toi da ton that dién nang va cai thién dién ap da nhan duoc nhiéu su
quan tdm trong hau hét cac nghién ctru trude diy. Tuy nhién, van dé kinh té 13 quan
trong nhét nhung van chua c6 nhiéu su xem xét dﬁy du. Mot cach thuc té, cac chu dau
tur luén mong mudn xay dung duoc mot hé théng hiéu qua véi chi phi thap nhat ma
van dap ung duogc cac tidu chi k¥ thuat. Bén canh do, vin dé giam thiéu tong chi phi
trong van hanh hé théng truéc ddy ciing chura dugc dé cap nhiéu. Ngoai ra, cong suat
phat ctia cic ngudn nang lugng tai tao nhu ning luong mit troi (PFs) va ning luong
gi6 (WFs) phu thudc chil yéu vao diéu kién tu nhién nén viéc tinh toan cong suat ngd
ra cho cac ngudn nay can dya trén du doan burc xa mat troi va toe do gio thong qua
viéc str dung di li€u lich st da ghi lai dugc. Khong chi vay, bén canh viéc két ndi cac
ngudn phat dién phan tan nhu PFs va WFs, ciing can xem xét tich hop tu dién (CB)
cho viéc phat cong suat phan khang va hé thong luu trit niang luong (BESS) véi céac
chién luoc nap/ x4 thich hop vao luéi dé ti da loi ich thu dugc.

Trong luan an nay, ba bai toan quy hoach cho sy két ndi tdi wu cac DGs dugc giai

quyét trong hai hé théng phan phdi khac nhau bao gom:

- Bai toan trong hé thdng can bang: Ap dung thuat toan dé xuat (MCOA) dé tim
kiém vi tri va cong suat cia PFs, WFs, CB va BESS xem xét su thay doi theo
thoi gian caa ngudn phat va nhu cau tai dudi su thdm nhap cao cua cac tai phi
tuyén trong hé théng phan phdi can bang. Muc tiéu chinh Ia giam thiéu tong chi
phi gdm (1) chi phi dau tu, (2) chi phi van hanh va bao tri (O&M), va (3) chi



phi mua ning lwong tir lugi cho tai va ton that dudi cac rang buoc ky thuat vé
dién ap nut, dong dién nhanh, nhiéu séng hai va gidi han thAm nhip cac ngudn
phat két ndi.

- Bai toan tht nhat trong hé thong khéng can bang: Ap dung MCOA cho viéc xéac
dinh vj tri va cong suét lap dat cia cac ngudn phat dién phan tan gom PFs va
WFs c6 xét dén tinh bat dinh cua buc xa mat troi va tée do gid. Muc tiéu chinh
la giam thiéu téng chi phi trong viéc dau tu, van hanh ciing nhu 1a giam khi thai
tir cAc nha may truyén théng sir dung nhién liéu héa thach. Nghién ciu duoc
thuc hién trén hé thong phan phdi ba pha khéng can bang va dit liéu vé bic xa
mat troi ciing nhu toc do gié dugc thu thap trong ba nam lién tiép & mién nam
Viét Nam.

- Bai toan tht hai trong hé théng khong can bang: Ap dung MCOA xéc dinh vi tri
va cong suat cua PFs, WFs va BESS trong hé théng phan phdi ba pha khong
can bang phac tap véi nhiéu thiét bi ton tai sin trén ludi. Muc tiéu chinh 1a
giam thiéu tong chi phi dau tu, O&M cho c4c ngudn phan tan va chi phi phat
nang luong tir lugi cho nhu cau tai va chi phi phat thai tir cic nha may dién
truyén thong.

Ba bai toan trén duoc thuc hién trén hai loai hé thong phan phdi ba pha can bang va
khong can bang, xem xét sy thay d6i theo thoi gian ctia nhu cau tai va cong suit ngd ra
ctia cac ngudn phat phan tan. Nghién ctru cling dé cap dén su nhiu song hai tir cc tai
phi tuyén va tir cac thiét bi chuyén doi cong suét cua PFs, WFs va BESS. Bén canh do,
cac rang budc cho cac van dé trén cling bao gém dién ap nut, dong di€n nhanh, muc
tham nhap ciia cac ngudn phat phan tan ciing nhu cac gi6i han song hai dé thoa mén
cac tiéu chuan nhu IEEE Std. 519 va IEEE Std. 45-2002. Thém vao d6, nghién ciru da
dé xuét viéc str dung Open source Distribution System Simulator (OpenDSS) ma duoc
cong bd bai Vién nghién ctru ning lwong My (EPRI) cho viée giai quyét vin dé trao
lwu cong sudt & cac mién tan sd mot cach nhanh chéng. Luén an ciing ap dung thanh
cong su phdi hop mod phong linh hoat giira hai phdn mém ngudn mé 1a OpenDSS va
MATLAB cho viéc giai quyét cac van dé t6i uu mot cach nhanh chong va thuan tién.
1.3 Muc tiéu ctia nghién ctru

Muc tiéu chinh ciia nghién ctru trong luan &n nay cé thé dugc tom tat nhu bén dudi.
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13.1

Muc tiéu lién quan dén hé thong phan phéi dién

Giam thiéu tong chi phi: Yéu té lién quan dén kinh té luén duoc coi la quan
trong nhét trong viéc dau tu thiét 1ap mot hé thdng phan phdi tich hop cac
ngudn phat phan tan. Trong nghién ctu ndy, muc tiéu la dé giam thiéu tong
chi phi gdm (1) chi phi dau tu, van hanh va bao tri cho cac ngudn phat ndi
ludi, (2) chi phi phat dién tir ngudn chinh cho nhu cau tai va ton that hé
thdng, va (3) chi phi cho viéc phét thai tir cac nha may dién truyén théng sir
dung nhién liéu hda thach. Viéc giam thiéu tong chi phi trén ma van dam bao
thoa mén tat ca cac tiéu chi ki thuat 1a diéu vo cling quan trong trong viéc toi
da phuc loi dat dugc va d6 1a mét trong cac muc tiéu chinh caa luan an nay.
Pam bao nang cao chat lugng dién nang: Viéc két ndi cac ngudn phat nang
lugng phan tan trong hé thong phan phdi khong chi mang lai cac lgi ich veé
kinh t& ma con vé ky thuat. Bang viéc xac dinh su két ndi mot cach phu hop
cho c&c ngudn phat, dién ap caa hé théng duoc cai thién, giam thiéu ton that
cong suat trén cac nhanh, giam sy nhiéu séng hai va nang cao do tin cay hé
thong. Do d6, bén canh viéc giam thiéu tong chi phi thi nghién ctu xem xét
cac yéu té ky thuat gdm dién ap, dong nhanh, chi sé dai dién sy nhiéu song
hai va mirc do tham nhap cua cac nguon phat ndi ludi ciing duge xem xét dé
dam bao cai thién chat luong dién nang t6t hon so voi hé thong ban dau.

Phan tich va chitng minh su anh huéng cua cac nguon phat phéan tan 1én ludi
phan phéi: Hé théng phan phdi ba pha can bang va khéng can bang ludn ton
tai trong thé gidi thuc va mdi loai hé thdng c6 nhitng dic tinh riéng biét. Viéc
tich hop céc ngudn phat dién phan tan 1én mdi loai hé théng khac nhau thi s&
€6 mtrc d6 anh huong khac nhau. Do do6, nghién ctru xem xét va phan tich
murc d6 anh hudng cua cac ngudn phat 1én cac loai ludi dién phan phdi khac
nhau nham danh gia khach quan va chinh xac cho cho cac ludi dién.

Cuc dai sy thAm nhap cua cac ngudn phat ning lwong tai tao: Viéc phat trién
manh mé& cia cac cong nghé chuyén ddi ning luong da thic day su tham
nhap cao cua cac ngudn ning lwong tai tao ndi ludi. Nhidu quéc gia cling da
¢6 nhiing chinh sach khuyén khich viéc sir dung cac ngudn ning lugng tai tao

nham giam thiéu sy phu thudéc vao ngudn nhién liéu hda thach ma dang can



1.3.2

kiét dan. Do d6, nghién ctru xem xét dé tdi da su thAm nhap cia cac ngudn
phat phan tan ning lwong tai tao nham mang lai lgi ich tét nht.

Muc tiéu lién quan dén phwong phap dé xuét

Phat trién thuat toan cai tién hiéu qua cao: Nghién ctru dé xuat &p dung thuit
toan maéi ma duoc goi la Modified Coyote Optimization Algorithm cho viéc tim
kiém vi tri va cong suat lip dit ddng thoi cua cac ngudn phat phan tan. Thuat
toan dé xuét duoc so sanh cling muc tiéu va cac rang budc véi cac thuat toan toi
wu khac nham kiém tra muc d6 hiéu qua va do 6n dinh cua thuat toan trong viéc
giai quyét cac bai toan tbi uu.

Phat trién cong cu mé phong két hop: Su phdi hop mé phong giira hai phan
mém ngudén mé (OpenDSS va MATLAB) nham giai quyét cac bai toan tdi uu
cho cac hé théng tich hop ciing duoc dua vao thtr nghiém tinh hiéu qua trong

nghién cuiru nay.

1.4 Pham vi va gidi han cia nghién ciru

Pham vi va giéi han ctia nghién ctru c6 thé dugc li¢t ké nhu sau.

Ludi dién ap dung: Viéc ap dung cac hé théng thuc té nhu ¢ Viét Nam vao
nghién ciu 13 mot sy khuyén khich nhung do han ché vé tiép can dir liéu hé
thong thuc nén luan an nay chi méi &p dung dir liéu tir cac hé théng tuong
duong cua IEEE. Cu thé, nghién cru ndy xem xét ba luéi dién c6 dic tinh khac
nhau gom luéi phan phéi chuan IEEE 69 nat, IEEE 25 n(t va IEEE 123 nit. Di
liéu vé cac loai hé thong nay da dugc cong bd va ang dung rong réi trong nhiéu
nghién ctru trude day trén thé gioi.

Chu dau tu va trién khai dy &n: Dé gop phan ting ti trong ning lwong sach québc
gia va giam thiéu tac dong tdi moi trudng, nghién ciu nay da gia sir dy &n thuc
hién dudi géc nhin cua don vi dién luc, ma dang duoc giao dau tu va trién khai
du &n voi muc tiéu dam bao tinh kinh té va k¥ thuat trong van hanh hé théng.
Nghién citu xem xét viéc két ndi cac nguon phét phan tan nang luong tai tao dé
giam thiéu téng chi phi gdom chi phi du tw, van hanh & bao tri, chi phi phat thai
tir cac nha may dién truyén thong va chi phi phét dién tir lugi chinh cho nhu cau

tai cling nhu t6n that hé thong ma van dap tmg du tiéu chi ky thuat.



Théng sb tai cua ludi dién: Gid tri cc tai thuc té trong mot hé thdng ludn c6 sy
thay d6i lién tuc & mdi thoi diém, tuy nhién nghién cttu ndy chi xem xét sy thay
ddi cua tai & mdi gio va dir liéu tai duogc tham chiéu tir IEEE RTS-96. Nghién
clru nay ciing da gia dinh ba tinh hudng phé bién cho viéc md phong su thay doi
cua tai trong 24 gio (1 ngay dai dién), 96 gio (4 ngay dai dién) va 288 gio (12
ngay dai dién cho 12 thang trong nam). Cac gia tri tai twong wng véi cac tinh
hudng trén duoc gia sir 1ap lai theo chu ky trong suét mot nim va cac nam thi
giong nhau trong subt vong doi dy an (20 nam).

Cong suat ngudn phat tir nang lwong mat troi va ning luong gio: Nghién ctu
nay tinh toan cong suat ngd ra cho cac nguon phat ning luong tai tao xem xét
tinh bat dinh. Nghién ctu st dung ham phan phdi xac xuét Beta va Rayleigh dé
md phong birc xa mit troi va tée do gié phuc vu viéc tinh toan cong suit ngd ra
cta mo-dun quang dién va tua-bin gio mét cach tuong ng.

Vi tri lap dat cua cac nguon phét phan tan néi lugi: Mot trong nhitng yéu té
chinh ma anh huéng truc tiép dén sy lap dit cua cac ngudn phat nang lwong mat
troi va nang lwong gio 1a vi tri dia ly. Vi tri phi hop dé lap dat phai 1a noi c6
quy dat du rong dé tién hanh lap dat, c6 ngudn bic xa va ngudn gi6 dbi dao, ...
Tuy nhién, nghién ctru nay da gia st tat ca cac vi tri (n(t) trong hé thong déu
duoc coi 1a phu hop cho viéc lap dat cac nguon phat ndi ludi. Do d6, nhitng vi
tri toi wu t6t nhat dugc chon trong nghién ciu ndy c6 thé khong phu hop voi
viéc lap dat thuc té.

Hiéu suat thiét bi chuyén d6i cong suat: Ngay nay, dudi sy phét trién cia khoa
hoc — cdng nghé thi nhiéu nghién ctu ciing da cho thay rang hiéu suat cia cac
thiét bi chuyén d6i cong suat cho mé-dun quang dién va tua-bin gié co thé dat
t6i 99,75% thong qua viéc ap dung cdng nghé hé thdng chuyén déi nang lwong
hiéu suat cao (HEECS). Do d6, dé don gian trong viéc tinh toan, nghién ctu
nay gia sir hiéu suat cua thiét bi chuyén doi cong suat 1a 100% cho mé-dun
quang dién va tua-bin gid, va 90% cho qué trinh nap/ phat cong suit cua hé
thdng luu trit nang luong.

Tudi tho ctia cac ngudn phat phan tan: Trong nghién ctu ndy, téng chi phi dau

tur vao cac ngudn phat phan tan ndi ludi bao gdm chi phi vén, va chi phi O&M.



Nghién cau gia dinh hiéu suat caa cac nguon phat duoc cho 1a dam bao khong
thay doi trong sudt thoi gian du an va chi phi O&M 1a di bao gdm chi phi cho
viéc stra chira, thay thé thiét bi dé c6 thé duy tri trong ca vong doi caa duy an.

Song hai tir tai phi tuyén va thiét bi chuyén déi cong suat: Nghién ciu xem xét
hai truong hop cua sy phét séng hai gom (1) su phat séng hai chi ¢ cac tai phi
tuyén va (2) su phat séng hai tir c4c tai phi tuyén va tir thiét bi chuyén déi cong
Suat ciia cc ngudn phat phan tan. Poi voi truong hop thir nhat, nghién ctu gia
str s6ng hai tir cac thiét bi chuyén ddi cong suét cua cac ngudn phat ndi ludi bi
triét tiéu nho cac bo loc soéng hai va chi con lai ngudn phat séng hai tir tai phi
tuyén. P6i véi truong hop tha hai, nhiéu nghién ciru trude day ciing da chang
minh mic d6 anh hudng cia séng hai 18n hé théng phu thudc chinh vao sy tham
nhap cua cac ngudn phat phan tan do cac thiét bi chuyén d6i cong suat gay ra.
Viéc ton tai song hai s& tiéu ton chi phi cao cho viéc ap dung cac giai phap dé
giam thiéu vé tiéu chuan. Do d6, nghién ctru d3 xem xét su phat séng hai & tat
ca C4c nguon gom tai phi tuyén va thiét bi chuyén doi cong suat. Vi tri cho cac
tai phi tuyén trong nghién ctru duoc lya chon mét cach ngau nhién, va pho hai
duoc chon 14 nhitng loai dién hinh va duoc sir dung phé bién trong cac nghién
ctru trude day. Pidu ndy dugc xem nhu 1a sy gia dinh trong nghién ciu nay.

Chat lugng dién ning: Nghién ciru ndy xem xét cac yéu t6 lién quan dén chat
lugng dién nang nhu dién ap, dong dién va song hai. Nghién ctu nay khéng tap
trung nang cao cac thong sé ki thuat néu trén téi mac tot nhat ma chi giir cac
gia tri nay ¢ tiéu chuan cho phép cua IEEE Std. 1547, IEEE Std. 519 va
30/2019/TT-BCT. Ngoai ra, trong mot sé truang hop cdng suat phat thuc té caa
cac ngudn phat ting hoic giam thi c6 thé gay ra mat can bang ludi, dién ap va
tan sé khéng 6n dinh thi ludi chinh duoc gia sur s& tiéu thu hodc dén bu cong
suat théng qua bién &p mot cach phu hop nham giir cac thdng sé on dinh theo

tieu chuan.

1.5 Huwéng tiép cin va phwong phap nghién ciru

Dua vao cac cong trinh nghién ciru ma da duoc cdng bd trong va ngoai nudc
trude day vé thuat toan t6i wu va bai toan nghién ctru lién quan trong cac ludi

phan phdi.



- M6 phong cac thuat todn toi wu va phat trién thuat toan dé tim ra céc cong
thirc cap nhat nghiém ciing nhu cac théng sé diéu khién phu hop nhiam nang
cao hiéu suat thuat toan. Cac thuat toan duoc lap trinh trén MATLAB va phi
hop md phong véi OpenDSS dé tinh toan trao luu cong sut cho hé théng.

1.6 Piém méi va dong gop ciia luin 4n

C4c diém méi cta luan an nay c6 thé duoc trinh bay nhu sau:

- Xem xét sy két ndi tdi wu mot cach dong thoi cho cac ngudn phat niang luong
mat troi, nang luong gid, tu bl va hé thong luu trir nang lwong vao hé théng
phan phéi dé giam thiéu tong chi phi. Céac chi phi xem xét bao gom (1) chi phi
dau tu, (2) chi phi O&M, (3) chi phi phat dién tir ludi chinh cho nhu cau phu tai
va (4) chi phi phat thai tir cac nha mdy dién truyén théng. Pay dugc xem nhu
mot sy xem xét toan dién ca vé mat kinh té, k¥ thuat va méi trudng.

- Xem xét sy thAm nhap cua séng hai do cé4c tai phi tuyén va tir cac thiét bi
chuyén do6i cong suat gay ra trén ludi dién. Viéc tham nhap cia séng hai gay ra
nhiéu anh huéng tiéu cuc dén luéi nén ching can tuan theo tiéu chuan IEEE
Std. 519 va quy dinh 30/2019/TT-BCT. Piéu nay hau nhu chua nhan dugc sy
guan tdm xem xét mot cach day du tir cac nghién ciu trude day trén thé gisi.

- Pé xuit cai tién thuat toan COA thanh MCOA dé &p dung cho cac bai toan
nghién ctu. Thuat todn nay co6 cac tinh ning hoi tu vuot troi, hidu suat cao va
d6 6n dinh tot. Bén canh do6, nghién ctiru con dé xuat 4p dung sy phdi hop mo
phong gitra hai phan mém MATLAB va OpenDSS dé giai quyét cac van dé lién
quan dén sy toi wu phtc tap mot cach thuan tién. Pay duoc coi 1a diém méi vi it
nghién ctru trude ddy thuc hién thanh cong cac diéu nay.

Dua trén két qua thu duoc tir phuong phap dé xudt va cac phuong phap so sanh

khéc, su dong gop chinh ciia nghién ciru trong luan 4n nay cé thé dugc trinh bay

mdt cach ngan gon nhur sau:

- Khao st vé song hai: Nghién ciu nay khdng chi xem xét cac song hai dugc tao
ra boi cac tai phi tuyén ma con tir cac thiét bi bién ddi dién tir cdng suat caa
PFs, WFs va BESS. Két qua chi ra rang cac gia tri biéu thi ¢6 méo hai nhu THD
va IHD déu nam trong gidi han cho phép cua IEEE Std. 519 va 30/2019/TT-
BCT.



- Pé xuét cong cu phdi hop md phong: Mot dong gop quan trong khac ciia nghién
ctu nay 1a dé& xuat ap dung thanh cong cong cu phdi hop mé phong gitra
MATLAB va OpenDSS théng qua COM. Su phéi hgp md phong dong thoi nay
d3 mang lai nhiéu lgi thé vé tinh linh hoat va téc d6 xir ly trong viéc tinh toan
trao luu cong suat cling nhu giai quyét cac bai toan tdi vu phuc tap khac nhau.

- Thuat toan tbi wu cai tién MCOA c6 hiéu qua cao: Mot thuat toan téi vu méi
goi 1a MCOA d3 xé4c dinh thanh cdng nghiém phu hop cho vi tri va cong suat
lip dit cua PFs, WFs, CB va BESS ma mang lai kinh té tét hon hon so véi hé
thng ban dau. Ngoai ra, MCOA ciing con dugc so sanh cdng bang trong cling
diéu kién véi nhiéu thuat toan khac nhu IPSO, SMA, CSA, SSA va COA dé
chtrng minh hiéu suat vuot troi cia MCOA trong viéc giai quyét cac van dé toi

uu khac nhau.
1.7 Céu tric cia luin an

Luan an nay dugc chia thanh 5 chuong nhu sau:

Chuong 1: Gidi thi¢u

Chuong 2: Téng quan va thut toan dé xuat

Chuong 3: Ap dung thuéat toan tdi wu xéac dinh vi tri va cong suét lép dat cua cac
ngudn phat phan tan trong hé thong phan phdi ba pha can bang.

Chuong 4: Ap dung thuét toan tdi wu xéac dinh vi tri va cong suét lép dat cua cac
ngudn phat phan tan trong hé thong phan phéi ba pha khong can bang.

Chuong 5: Két luan va dinh huéng nghién ctru trong tuong lai.



CHUONG 2: TONG QUAN VA THUAT TOAN PE XUAT

2.1 Giéi thiéu tong quan bai toin nghién ciru

Sy thadm nhép ctia cac ngudn phat phan tan trong cac hé thong phan phdi ngay cang
tr& nén phd bién do nhiéu loi ich to 16n vé cac khia canh kinh té, k¥ thuat va moi
truong. Tuy nhién, cac loi ich dat duoc phu thudc chi yéu vao vi tri va cong sudt lap
dit ciia cac ngudn phat dién phan tan trong hé thong nén nhiéu phuong phap khac nhau
dd duoc dé xuat dé tim ra giai phap t6t nhat. C6 nhiéu nhom phuong phap duoc sir
dung dé giai quyét van dé t6i uu nay nhu nhém mathematical programming, nhom
heuristics va nhdm meta-heuristics [1]. Trong d6, nhém mathematical programming
thuong thu dugc cac giai phap co chat lugng tot nhung qua trinh tinh toan phirc tap va
tdc do xir Iy tiéu ton nhidu thoi gian. P6i v6i nhom heuristics thi ¢6 téc do tinh toan
nhanh hon nhiéu so véi mathematical programming nhung nhugc diém 16n nhét 1a dé
bi ket trong ving toi wu cuc bd dia phuong, dan t6i chat lugng giai phap kém. Cudi
cuing 1a nhdm meta-heuristics ma duoc phat trién tir viée 1dy cam hing tir cac sy vat,
hién tugng ngoai tu nhién. Nhoém nay c6 thé tim ra giai phap tdi wu toan cyc tot nhung
tiéu ton thoi gian xu 1y dir litu hon so véi nhom heuristics va so véi nhom
mathematical programming thi c6 cau triic thuat toan don gian hon trong viéc thuc
hién [1]. Do d6, nhom phuong phap meta-heuristic duoc ap dung rong rii nhét so véi
cac nhom phuong phap khac, nhat 1a trong viéc giai cac bai toan tdi wu phiic tap.
Nguyén tic chung cta cac thudt toan meta-heuristic 13 tao ngau nhién cac nghiém ban
dau trong cac gio1 han dugc xac dinh trude va sau dé su dung cac cong thure cap nhat
dé phat ra cac nghiém méi cho thé hé tiép theo. Mdi nghiém moi duge khoi tao ra sé
dugc danh gia chat lugng bé“mg ham muc tiéu. Dua trén két qua danh gia, cac nghiém
t6t duoc luu gitr nhu 13 thé hé tiép theo. Cac nghiém méi voi chat luong tét hon s&
ludn dugc cap nhat qua tirng lan lap dé dat duogc nghiém tdi wu toan cuc. Tuy nhién,
nhugc diém 16n nhét cta cac thut toan nay 1a d& hoi tu vé ving tdi uu cuc bo dan dén
hiéu suat kém. Vi vdy, trong nhiing nim gan day, nhiéu thuat toan méi da dugc cac
nha khoa hoc ngoai nuéc ciing nhu trong nudc phat trién nhim khic phuc nhitng
nhugc diém con ton tai cua cac phuong phéap trude day. Mit khac, viéc thuc hién cac
nghién ctru dé xac dinh giai phap t6i uu cho su thAm nhap cic ngudn phat phan tan 1én

ludi phan phdi ba pha cin bang va khong can bang van ton tai nhiéu thach thirc. Viéc
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xem xét toan dién dé thoa man cac mit vé kinh té, k¥ thuat va méi truong cho mét du
an tich hop dai han kéo dai ca vong doi dy 4n trén cac kiéu ludi phan phdi khac nhau
thi can duoc thyc hién. Cac nghién ctru lién quan trén hé thong phan phdi ba pha can
bing di dugc thuc hién trong nhiéu nghién ctru trude day, nhung hé thdng phan phdi
ba pha khong can bang van con nhiéu han ché do sy phuc tap cua loai hé thong nay.
Hé thdng khong can bang cé thé ton tai sy léch cong suét tai trén cac pha & mdi nut
hodc/ va su 1éch tré khang duong ddy giita cac pha hodc/ va xuét hién su da pha trong
ludi. Do cdu tric cua hé thong khong can bang phire tap hon nhiéu so voi hé thdng can
bang nén loai hé thong nay can duoc trién khai nghién ctru dé c6 dugc giai phap toi uu
pht hop va da dang véi cac tinh hudng hé thdng thuc té. Do d6, viéc nghién ctru dé ap
dung thuat toan toi wu xac dinh giai phap t6t nhat cho su thAm nhap cta cic ngudn
phat phan tan, dudi su xem xét cac khia canh kinh té, k¥ thuat va méi truong trong da
dang céc loai hé thong phan phéi khic nhau duoc tién hanh trong luan an nay.
2.2 Cac nghién ctru ngoai nuéc

Viéc ap dung céac thuat toan toi wu dé xac dinh giai phap phu hop cho viéc két ndi
cac ngudn phat phan tan vao hé thong phan phdi ba pha cin bang va khong can bang
cling da dugc thuc hi¢n phé bién. Mot trong nhiing thuat todn lau doi nhét duoc gioi
thiéu vao nam 1975 13 Genetic Algorithm (GA) [2]. GA ¢6 ngudn gbc tir co ché di
truyén va dua trén su chon loc ty nhién. Trong thuat toan nay, cadc nghiém co chit
lwong kém sé& bj loai bo va chi nhitng nghiém c6 chét luong t6t moi duge duy tri. GA
duoc str dung rat pho bién trong cic van dé tbi vu hoa khac nhau. Tuy nhién, cac nha
nghién ctru cling da chi ra nhugc diém 16n cta GA 13 hiéu suét thuat toan phu thudc
nhiéu vao cic tham sé diéu khién (ty 1& dot bién va ty 1é giao thoa), dan toi dé hoi tu
som tai cac diém tdi vu dia phuwong nén rat kho dé c6 thé xac dinh giai phap co chat
lugng t6t nhat so v&i cac thuat toan khac [3]. Thém vao d6, thoi gian hoi tu cua thuat
toan ciling tuong dbi dai so véi cac thuat toan khac do trdi qua qua trinh thyuc hién phirc
tap dua trén sy mo phong tién hoa cia sinh vat trong ty nhién. Nhiéu nghién ctru di sir
dung GA dé tim vi tri va cong suat phu hop cho viéc két ndi ciac DGs trong céc hé
thong phan phdi chuan ba pha can bing nhu IEEE 14 nut va IEEE 33 nt [4, 5]. Trong
nghién ciru [4], cac tac gia nay da thanh cong trong viéc giam thiéu ham muc tiéu 1a
tén thit cong sudt trén cac nhanh trong hé théng nhd viéc két ndi phu hop tir mot dén

bbn ngudn phat. Két qua thu duoc da chi ra rang su giam ton that tang dan khi ting sd
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luong ngudn phat trong nghién ctru d6. Mot cach tuong tu, nghién ciru trong [5] ciing
d3 xac dinh dugc sy lap dit cho ba trudng hop gdbm mot ngudn phat, hai ngudn phat va
ba ngudn phat dé kiém tra mirc 46 hiéu qua trong viéc giam ton that ciia mdi trudng
hop. Cac rang budc k¥ thuat vé dién 4p nut va dong dién nhanh ciing duoc théa min
trong cac nghién citu d6. Mac du cac nghién ctru trén da dat dugc muc ti€u dé ra
nhung céc tac gia dd st dung hé thdng phan phdi co6 quy md nhé va ham muc tiéu don
gian cho viéc thir nghiém, nén rat kho dé nhan dinh chinh x4c muac do hiéu qua tur viéc
két ndi cac DGs trong cac nghién ctru d6. Ngoai GA, cac tac gia khac cling dé xuét
Particle Swarm Optimization (PSO) dé giai quyét bai toan t6i wu voi muc tidu tuong
tur. Nghién ctru trong [6] di chimg minh diém manh cua viéc xac dinh su két ndi thich
hop cua cac DGs trong viéc xem xét ham da muyc tiéu nham cai thién dién ap va giam
t6n that cong suat trong hai hé thong phan phdi ba pha can bang nhu IEEE 33 nat va
IEEE 69 n(t. Vi cung thuat toan dé xuét, nhom tac gia ¢ [7] ciing da str dung PSO dé
giam tdi da chi phi dau tu bén canh ton that, do 1éch dién ap voi sy xem xét da dang
cac loai DGs nhu nang lugng mat troi, nang luong gi6 va pin nhién liéu. Cac rang
budc vé dién ap, dong dién nhanh cling nhu marc do thdm nhap cua cac nguén phat trén
ciing duoc thiét 1ap trong nghién ciru d6. Mic du cic nghién ctru di ap dung PSO
thanh cong trong viéc giai quyét van dé t6i uu dat ra nhung cac nghién ctru nay chua
c6 xem xét sy bién doi theo thoi gian ctia nhu cau tai. Nén giai phap toi wu dat dugc co
thé s& khong hiéu qua cho cac truong hop tai thay d6i. PSO duoc cong bd 1an dau tién
vao nam 1995 va 1a mot phuong phéap t6i uvu bay dan hiéu qua [7]. Cau trac cta thuat
toan nay twong doi don gian nhung c6 thé xir Iy cac van dé phirc tap v6i nhiéu ham
muc tiéu va rang budc khac nhau. Do ciu tric thuat toan don gian nén PSO duoc sir
dung rong rii trong viéc giai cac bai toan tdi wu. Tuy nhién, cac nha nghién ctru ciing
d3 nhan ra cic nhugc diém quan trong cua thuat toan nay 1a giai phap tim ra dé roi vao
bay cuc bd trong khong gian tim kiém rong 16n, tinh 6n dinh phu thudc nhiéu vao tham
sd diéu khién va c6 ti 18 hoi tu thip trong qué trinh thyuc hién sy 13p ctia thuat toan [8].
Ngoai ra, mot phuong phap khac ciling duoc nhiéu ngudi biét dén vé tinh hiéu qua la
Cuckoo Search Algorithm (CSA) [9]. CSA duoc phét trién dua trén chién luoc dp
trimg va ky sinh hung hin ctia mét s6 loai chim cu gay. Loai chim cu gay thuong c6
xu hudng d¢ trimg vao td cua cac loai chim khac dé 4p cho dén khi trimg chim cu nd.
Chim cu gay rat thong minh khi chon nhiing con chim chi ma trimg c¢6 mau sic va
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kich thudc kha gidng tring ciia chiing dé danh Ira chim chu. Sau khi trimg chim cu
gay nd, chim cu s& day trimg cua chim cha ra khoi to dé ting thém ngudn thirc dn do
chim cha cung cip. Mic di CSA kha hiéu qua trong nhiéu bai toan tdi wu héa nhung
thuat toan nay co nhiéu nhuge diém nhu cdu trac thudt toan phtrc tap, tbe do xur ly
cham va d6 on dinh thuét toan chua duoc tot. Béng viéc ap dung CSA, cac nghién ctru
[10, 11] cling d& cho thiy su giam thiéu dong thoi ca ton that dién nang va sut 4p nho
s thAm nhép cua cac DGs. Cac nghién ctru d6 xem xét nhiéu trudng hop véi hé sb
cong sut cta cac ngudn phat két ndi ludi khac nhau va da chimg minh dugc mirc giam
t6n that va sut 4p phu thudc nhiéu vao gia tri hé s cong suat. Nhin chung, CSA ciing
thuc su hiéu qua ddi véi cac van dé toi wu hoa lién quan dén viée xac dinh sy lap dit
DGs. Ca hai nghién ctru da tim ra dugc giai phap kha thi phu hop cho van dé t6i wu
nhung lai bi giéi han vé diéu kién xem xét khi khong dé cap dén song hai do cac tai
phi tuyén hoic cac ngudn phat ndi luéi tao ra. Ciing twong tuy nhu trén, mot phuong
phap phé bién khac 1a Artificial Bee Colony Algorithm (ABC) ciing dugc gidi thiéu
trong nghién ctru [12]. ABC duogc phat trién dua trén cac dic tinh cua bay ong trong tir
nhién. Trong thuat toan nay, ngudn thirc dn dugc coi 1a nghiém kha thi va mtc d6 phu
hop cua nghiém dugc st dung dé do luong luong thirc an. ABC hoat dong dua trén dac
tinh cia ba loai ong trong t6 bao gdm: ong tho, ong quan sat va ong trinh sat. Thong
thuong, s6 lugng ong tho va sb luong ong quan sat trong mot to dugce chon bang nhau.
Mic du ong trinh sat duoc dung dé tim ngudn thirc n méi bang cach st dung ngau
nhién céc thé hé trong khong gian tim kiém. Tuy nhién, diéu nay khong mang lai nhiéu
hiéu qua cho thuit toan nay. Do d6, ABC ¢ ti 1é roi vao ving t6i vu dia phuong cao
va toc do xtr 1y dir lidu cta thuat toan kha cham do phai trai qua 3 giai doan dé tao ra
cac thé hé nghiém méi. ABC ciing duoc str dung rong rdi dé xu 1y cac van dé tdi wu
hoéa lién quan dén viéc xac dinh su lap dat ctia cac DGs [13, 14]. Bén canh viéc giam
ton that dién ning trén cdc nhanh trong hé thong phan phdi nhu mot muc dich chinh
trong [13] cho hé théng phan phdi chuan IEE 14 nut va IEEE 57 nit, thi nghién ctru
[14] dé xuét cat giam chi phi nhap khau ning luong tir lu6i dién chinh trong IEEE 33
nat va IEEE 69 nit. Trong nghién ctru d6, ABC da chirng minh sy da phuc loi tir viéc
ap dung giai phap cta phuong phap dé xuét so véi cac phuong phap duoc so sanh khac
trong cac hé théng phan phdi khac nhau. Tuy nhién, cac nghién ctru nay ton tai cac
thiéu s6t chinh nhu chua cé sy tinh toan chi phi dau tu cho viéc lap dit cac DGs va
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cling chua xem xét hé s6 cong sudt cua cac ngudn phat phan tan ndi ludi. Ngoai ra,
mot thudt toan khac 1a Ant Colony Optimization (ACO) ciing duoc st dung phd bién
trong nhiéu nghién ciru nham tim ra 10 giai toi wu cho cac bai toan thyc té [15]. ACO
thudc loai meta-heuristic algorithm duoc gi6i thiéu 1an dau tién vao nam 1991 va dugc
ldy cam htng tir hanh vi sinh hoc trong giao tiép cua loai kién. Kién sir dung
pheromone dé chia sé thong tin vé ngudn thic n véi nhau. ACO duge coi 1a mot
phuong phép t6i wu tot va di duge sir dung dé giai quyét nhiéu van dé phirc tap, bao
gdm ca viéc tim kiém vi tri 1ap dit tdi wu cho ciac DGs nham giam thiéu téng ton that
va d¢ léch dién ap dudi cac rang budc vé dong dién nhanh va dién ap nut [16]. Diém
n6i bat cia nghién ciru nay 1a sit dung ETAP dé mo phong truc quan hé thong phan
phéi hinh tia ba pha can bang IEEE 30 n(t. Ciing gidng nhu cac nghién ciru khac ma
da dé cap o trén, nghién ctru ndy chua c6 sy thir nghiém da dang cac kiéu nguén phat
va cling chua xem xét sy thay d6i ciia nhu cau tai. Thém vao do, thuat toan 4p dung
nay c6 nhiéu tham s6 diéu khién ma c6 thé anh huong truc tiép dén chat luong cua
thuat todn nén ciing can phai nghién ctru va khao sat truée khi quyét dinh lya chon gia
tri phit hop cho ting tng dung cu thé [17]. Mot thuat toan hiru hiéu khac goi 1a
Biogeographic Based Optimization (BBO) ciing dugc dé xuit dé xur Iy van dé t6i wu su
két ndi cua cac DGs [18]. Van dé xem xét ciing twong ty voi cac thuat toan trén,
nghién ctru trong [19] di st dung BBO dé giam thiéu song hai bén canh viéc giam
thiéu ton that va cai thién dién ap nhu la cac muc ti€u chinh cho cac h¢ théng phan
phéi khac nhau. Nhém cac tac gia ciing cho thdy mot trong nhiing loi ich bo sung cia
viéc giam méo dang song hai 1a nho sy thAm nhdp phu hop tr cac DGs. Khi c6 su
tham nhap ctia DGs, dong tir ngudn chinh cung cap cho ludi phan phdi giam xudng
nén dan téi dong hai tir tai phi tuyén giam theo, va chinh diéu nay di gop phan lam
giam chi s6 song hai. Mic du nghién ctru nay da thanh cong trong viéc giam thiéu séng
hai vé tiéu chuan IEEE 519 cho hai hé thong phan phdi gém IEE 33 nut va IEEE 69
nut, nhung nghién ctru lai chua c6 s xem xét da dang cac kiéu phd song hai khac nhau
tir tai phi tuyén va tir cac thiét bi chuyén doi cong suat cua cac ngudn phat. BBO la
mot phuong phap manh dugc phat trién dua trén sy phan bd cta cac loai sinh vét trong
tu nhién theo thoi gian va khong gian [20]. Thuat todn nay c6 thé mé rong ving tim
kiém dé xac dinh cac nghiém kha thi va tranh cac bay cuc bo hiéu qua. BBO c6 uu
diém trong viéc giai cac bai toan tdi wu v6i khong gian tim kiém 16n nhung phuong
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phap ndy c6 nhiéu thong sé diéu khién va tdc d6 hoi tu twong ddi cham. Ngoai ra, mot
thuat toan tuyét voi khac ma duge cong bd gan day co tén 1a Equilibrium Optimizer
(EO) [21]. EO dugc ldy cam hang tir mé hinh cén bang khdi lugng diéu khién dugc sir
dung dé dy doan trang thai can bing va trang thai dong. Trong thuit toan ndy, mdi hat
VOl né)ng dod chiu trach nhiém tim ra cac nghi€ém kha thi trong vung dugc xéc dinh
trudc. Néng do cua céic tac nhan nay s€ dugc cap nhat lién tuc v1 myc dich 1a tim ra
nghi¢m tdt nhat dé c6 thé dat dén trang thai can bﬁng. Do dat lgi thé vé hiéu suit, EO
va cac phién ban cai tién dugc sir dung rong rdi dé giai quyét nhiéu van dé phuc tap,
bao gém ca viéc xac dinh vi tri va cong suét lép dit ctia cac DGs. Mot cach cu thé, cac
tac gia trong cac nghién ctiru [22] da dé xuét ap dung thuat toan EO cho viéc cai thién
dién 4p va giam ton that bang cach tai ciu trac hé thong phan phdi bén canh su két ndi
thém cac ngudn phat phan tan. Khong chi vy, nghién ctru [23] cling dé xuat ap dung
phién ban cai tién cua EO nham cai thién do 1éch dién ap va giam tdn that nang luong
cho hé théng IEEE 33 nat, 69 nat va 137 nit & ba muc tai khac nhau duéi diéu kién
két hop dong thoi tai ciu trac ludi va 1ap dat DGs. Hai nghién ctru trén di chtng minh
su két hop nay mang lai nhiéu loi thé t6t hon so trong viéc dat muc tiéu tdi wu so véi
viéc lip dat cac DGs. Tuy nhién c4c nghién ctru ndy van t6n tai cac nhuoc diém vé bai
toan nhu chua xem xét su thay d6i cong suat ngd ra ctia nguon phat phan tan va chua
danh gia su hiéu qua cta giai phap trong méi truong ton tai song hai trén ludi. Ngoai
ra, moOt thuat toan khac ma da dugc phat trién trong nhiing nam gén day la Sunflower
Optimization Algorithm (SFO) [24]. Thuat toan nay duoc ldy cam hing tir hanh vi tu
nhién cta loai hoa huéng dwong dé xac dinh phuong hudng t6t nhit vé& phia mat troi.
Nhitng béng hoa huéng dwong niy cé xu hudng nghién vé phia mat trdi dé nhan birc
xa mit troi tot hon. Nhitng bong hoa & gin mit troi hon s& binh tinh hon vi ching
nhan duoc nhiéu birc xa mat trdi hon va nhitng bong hoa ¢ xa mat troi hon s€ hoat
dong manh hon vi chung nhan dugc it birc xa mat troi1 hon. Vi vay, nhitng bong hoa it
blic xa nay s& tién nhitng bude 16n dé di chuyén dén gan mat trdi dé nhan dugc nhiéu
nhiét hon va tir 46 c6 duoc nghiém tdi uu toan cyc. Nhitng nam gan day, cac phién ban
cai tién trong cong thirc cap nhat nghiém méi da duogc trién khai dé giai quyét van dé
vé vi tri va kich thudc t6i wu cia cac DGs trong cac loai hé thong phan phdi khac nhau
[25]. Trong nghién ctru do, céc tac gia cling da thanh cong trong vi¢c chirng minh tinh
hiéu qua cua phién ban cai tién so v6i phién ban gbc va cac phuong phap so sanh khac
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trong viéc ti da chi phi dau tu va van hanh lién quan dén su giam tong ton that ctia hé
thong phan phdi dién dudi cac rang budc vé dién ap, dong nhanh va giéi han phat cua
DGs trong h¢ théng hinh tia [EEE 33 n0t va 84 nut. Pay thyc su 1a mgt nghién ctru tdt
khi xem xét muc tiéu lién quan dén tinh kinh té, tuy nhién, nghién ctru lai chua cé su
dé cap dén sy nhidu song hai tir cac ngudn tiém ning trong ludi dién va thém vao dé la
hé sb cong suét cac nguén phat ciing chua c6 su xem xét. Ngoai ra, mot thuat toan hiéu
qua khac c6 do 6n dinh vuot trdi 1a Coyote Optimization Algorithm (COA) [26]. COA
duogc phat trién dya theo tap tinh loai ché s6i dong co trong tu nhién. Cong dong ché
s6i nay duogc coi 13 loai dong vat co vii thong minh nhat & Bac My. Trong thuat toan
COA, mdi ca thé soi dugc dic trung boi hai yéu t6, bao gdm diéu kién x3 hoi va chat
lugng cua diéu kién xa hoi. Trong khi diéu kién xa hoi dai dién nghiém tdi wu thi chat
lugng cua diéu kién x4 hoi phan anh tinh phu hop cua nghiém. COA khong chi tap
trung khai thac cac nghiém t8i wu hién tai ma con tiép tuc kham pha cac nghiém khac
trong ving khéng gian tim kiém dugc xac dinh trudc. Piéu nay da gop phan dang ké
dé tré thanh mot thudt toAn manh va 6n dinh. Hiéu qua cua thuat toan cling da duoc
chtng minh thong qua so sanh hiéu sudt v&i cac thuat toan khac trong viéc giai quyét
cic van dé tdi wu khac nhau, trong d6 c6 viéc xac dinh vi tri va cong suét lép dat cua
cac DGs trong cac ludi phan phdi [27]. Trong nghién ciru [27], nhom tac gia da ap
dung COA cho viéc giam thiéu t6i da ton that nhanh, nang cao su 6n dinh dién ap va
giam chi phi van hanh nho su két ndi phit hop cia cac DGs trong céc hai hé thong thr
nghiém gém hé théng phan phdi ba pha can bang IEEE 33 nit va IEEE 69 nit. Nghién
clru ndy ciing dd thanh cong trong viéc xac dinh giai phap tdi wu cho su két ndi cac
DGs trong 1udi voi su xem xét cac hé s6 cong suat van hanh khac nhau. Két qua thu
duoc ciing dd chimg minh tAim quan trong cta viéc lira chon hé sé cong suét phu hop
cho viéc t6i da phiic loi. Tuy nhién nghién ctru nay c6 sy thiéu sot trong viéc khong
xem xét su thay d6i cua tai va cong sudt phat ciia cdc ngudn tai tao ndi ludi.

Bén canh cic nghién ciru trén hé thong phan phdi can bang thi ciing c6 mot vai
nghién ctru cho hé thdng phan phdi phirc tap hon 13 ba pha khong can bang ciing duoc
thuc hién nhu nghién ctru trong [28, 29]. Cac nghién ctru nay, cac hé thong phan phéi
ba pha khong cin bang c6 su chénh léch vé tai & mdi pha cta nut ciing nhu théng sb
duong ddy trén nhanh trong cac hé théng nhu IEEE 25 nit, IEEE 34 n(t va IEEE 123
nGt. Cac thuét toan truyén thdng nhu GA va PSO duogc 4p dung dé tim nghiém tdi wu
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nham giam thiéu ton that cong suat nhu 1a muc tiéu chinh trong cic nghién ctru do.
Tuong tu, nhu trong nghién ctru [30], nhom tac gia da xac dinh nghiém cho vi tri va
cong suit phat cta cac ngudn phat ning lugng mat troi trén hé thong ba pha khong
cong bang chuin IEEE 123 nit nham giam thiéu ton that cong suit va nang cao chat
lwong dién 4p véi su phat toi da ciia ngudn phat & muc tai dinh bang COA. Trong
nghién ciru nay, hé thong cé su khong can bang 1a do ton tai nhiéu tai mot pha va nho
su két ndi ctia cac ngudn phat & cac nat ba pha va mot pha di gép phan lam cén bing
lai ta1 hé théng, dan t&i d6 1éch dién ap trong cac pha da dugc cai thién mdt cach dang
ké. Tuy nhién, nghién ctru nay chua c6 sy xem xét sy thay do6i ciia tai va ngudn phat
nang lwong mat troi. Mot nghién ctru khac 1a [31], ciing da ap dung Improved Particle
Swarm Optimization (IPSO) cho viéc xem xét su két ndi ciia cac DGs trong hé thong
phan phdi ba pha khong can bang chuan IEEE 37 nit. Két qua moé phong thu dugc da
cho thay ton that hé théng va hé s6 khong can bang dién ap duoc giam thiéu, dién ap
mdi pha va loi nhuan cho cong ty phan phéi dugc cai thién nhd sy két ndi phu hop cac
ngudn phat nang luong gié va nang luong mat trdi trong ludi. Thém vao dé, nhém tac
gia trong [32] cling 4p dung thuat toan lai gitta Grey Wolf Optimization va Cuckoo
Search Algorithm (GWOCS) cho viéc xac dinh su lap dat t6i vu caa DGs dé giam ton
that cong suat trong hé thong IEEE 34 nut. Pay ciing 1a hé thong phan phdi ba pha
khong can bang véi da dang kiéu tai khac nhau, va nhiéu thiét bi ndi ludi nhu bién ap,
tu dién va bo diéu chinh dién 4p. Nghién ctru nay ciing da thanh cong trong viéc ap
dung su phdi hop mé phong gitta hai phan mém ngudn mod 1a MATLAB va OpenDSS
cho viéc tinh toan trao luu cong sut. Ngoai ra, cac tac gia khac nhu trong nghién ctru
[33] da dé xuat sy phdi hop mo phong gilta phan mém ETAP va MATLAB cho viéc
xéac dinh sy lip dit t6i wu cua cac DGs trong hé thong khong can bang IEEE 13 nut.
Két qua thu duoc ciing da chimg minh loi ich cua viéc két ndi cac DGs trong viéc nang
cao d9 tin cay hé thong va giam thiéu ton that trén dudng truyén ma van dap ung dugc
cac rang budc k¥ thuat vé dién ap pha va dong dién nhanh. Mic du cac nghién ctru trén
da thanh cong trong viéc thuc hién mo phong dé xac dinh giai phap t6t nhat cho van dé
t61 vu nhung nhugc diém cua cac nghién ctru ndy 1a chua c6 su xem xét ham muc tiéu
toan dién vé mat kinh té va k¥ thuat. Bén canh d6, nghién ctru ciing thiéu sot viéc xem

xét su phat song hai tir cac ngudn phat va tai phi tuyén ton tai trong ludi phan phdi.
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2.3 Céc nghién ctru ndi bit trong nuéc

Bén canh cac nghién ctru thyc hién & nude ngoai, thi cac nha khoa hoc trong nude
cling c6 nhirng déng gép dang ké 1én quan t6i bai toan t6i vu dang xem xét. Viée xac
dinh ti wru vi tri va cong suat phat ctia cac ngudn phan tan trong ludi phan phdi mang
lai nhiéu loi ich trong vi¢c giam thiéu ton that cong suét trén cac nhanh, cai thién dién
ap nut ciing nhu giam chi phi phat dién cua luéi chinh. Mot cach cu thé, cac tac gia
trong nudc da thanh cong cho viéc ap dung thuat toan Golden Jackal Optimization
(GJO) trong viéc tai cdu truc ludi dién véi muc tiéu chinh 14 giam ton thit cong suit
trén duong truyén trong hai hé thong phan phdi ba pha can bang chuan IEEE 33 nit va
IEEE 69 nut v6i cac rang budc k¥ thuat vé dong nhanh va dién ap nat [34]. GJO 1a mot
thuat toan duoc xay dung dya trén hanh vi san mdi mot cach hop tac cua béy sO1 rung
vang, tuy nhién nhugc diém 16n nhat ciia thuat toan nay 1a dé roi vao ving ti uu cuc
bd va kha nang khai thac kém hiéu qua. Thém vao dé, nghién ciru ciing ton tai cac
thiéu sot khi khong xem xét hé thong trong diéu kién bi anh hudng boi song hai tir cac
tai phi tuyén. Trong mot nghién ciru twong tu, cac tac gia trong [35] ciing da dé xuat
Stochastic Fractal Search Algorithm (SFSA) cho viéc giam thiéu ton thit va nang cao
dién ap nho viée tai cau trac va tich hop thém cac DGs. Nghién ctru nay ciing da
chtrng minh sy tich cuc ndi bat ctia SFSA so vdi cac phuong phap dugc cong b trude
d6 théng qua viée thyc thi trén 5 hé théng phan phdi gdm 33 nat, 69 nut, 84 nat, 119
nit va 136 nit. Nghién ciru nay ciing di chi ra sy hiéu qua so véi nhiéu phwong phap
khac trong viéc giai quyét van dé t6i wu. Tuy nhién, vé mat bai toan thi ham muyc tiéu
ctia nghién ctru con kha don gian va nghién ctu ciing chua xem xét sy thay doi theo
thoi gian cua tai va ngudn phat ndi ludi. Thém vao d6, nhoém tac gia trong nghién ctru
[36] cling da 4p dung Walrus Optimization Algorithm (WOA) cho viéc xac dinh vi tri
lap dit t6i wu cua cac ngudn phat nang luong gi6 trong hé thong phan phédi chuan IEEE
85 nit voi muc tidu 14 giam t6i da tong ton thit cong sudt trén cac nhanh phan phdi.
Nghién ctru d6 cling dd cho thiy sy vuot troi so v6i thuat toan so sanh Osprey
Optimization Algorithm (OOA) trong viéc giai quyét cting van dé t6i uu. Tuy nhién,
WOA 1a mét thuat toan méi chi duogc cong bd gan day nén hidu suat cua thuat toan can
duoc kiém ching thém qua cac van dé tdi wu thuc té khac nhau [37]. Hon nita, nghién
ctru trong [38] cling da dé xuat viéc sir dung Artificial Ecosystem Optimization (AEO)
cho viéc xac dinh vi tri va dung luong cua hé théng luu trit nang luong (BESS) dudi
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su xem xét cac DGs da duoc le“ip ¢d dinh tir truée cho viée giam mua nang lugng trén
ba hé théng phan phéi chuan IEEE 18 nut, IEEE 33 nut va IEEE 69 nit. AEO duoc lay
cam hing phat trién tir dong ning lugng trong mot hé sinh théi trén trai dat va mo
phong lai ba hanh vi cua cac sinh vt sdng nhu san xut, tiéu thu va phan hay [39].
Nghién ctru d6 ciing da ching minh viée ap dung AEO tét hon PSO ciing nhu Harris
Hawks Optimizer (HHO). Nghiém t6i uu cho su lip dat BESS dd duoc xac dinh thanh
cong véi chi phi dién da duoc cit giam dang ké, va dong thoi giai phap lip dit ma
duogc tim ra ciing théa mén cho cac rang budc vé cong suit phat va dung luong luu trix
ciia BESS. Mic di AEO 1a mot phuong phap don gian cho viéc thuc hién dé giai quyét
cac van dé t6i vu nhung hiéu sudt va d6 on dinh cta phuong phap nay con phu thudc
nhiéu vao cac thong so thiét 1ap ban dau. Nhin chung, cdc phuong phap dugc cong bd
trudc day déu co thé tim ra dugce cac nghiém kha thi cho cac van dé toi wu. Tuy nhién,
dé giai quyét nhiéu van dé phuc tap, dic biét 13 cac bai toan cd sb lugng bién 16n va
trong khong gian tim kiém rong v&i cac rang budc nghiém ngit thi viéc dé xuat cac
thuat toan toi vu hiru hiéu méi luén duoc hoan nghénh. Khong chi vay, phan 16n cac
nghién ctru ndy chi tap trung vao cac muyc tiéu don gian lién quan dén ton that va dién
&p ludi ma chua c6 su tinh toan vé khia canh kinh té. Ngoai ra, sy thay doi theo thoi
gian ctia ngudn phat va nhu cau tai cling chua dugce xem xét day du nén ciing duoc coi
|2 cac khuyét diém cua nghién ctu trén.
2.4 Cac dong gop va thiéu so6t con ton tai ciia cic nghién ciru truée
Nhin chung thi cdc nghién ctru trude ddy cling d c6 nhitng dong goép nhat dinh
trong viéc xac dinh nghiém phu hop cho su lip dit tdi vu cac ngudn phat phan tan.
Tuy nhién, cac nghién ctru trong qua khir van con ton tai nhiéu thiéu sot ma can dugc
cai thién. Cac dong gbp va thiéu sot clia nghién ciru trude day dugc trinh bay mot cach
ngan gon nhu sau.
2.4.1 Cac dong goép cia cac nghién ciru trude day
- CéAc nghién ctru ciing da thanh cong trong viéc &4p dung cic phuong phap t6i wu
khac nhau trong viéc xac dinh nghiém kha thi cho viéc lap dat cac ngudn phét

phan tan trong cac hé thong phan phdi.

19



Céc nghién ctru da phan tich va chi ra cac loi ich trong viéc xac dinh su két ndi
phu hop céc ngudn phat phan tan trong viéc giam tén that cdng suat va cai thién

chat lugng dién &p mot cach dang ké.

2.4.2 Thiéu sot con ton tai cia cac nghién ciru truéc day

Céc nghién ciru trude day chi tap trung tim nghiém ti wu cho viéc lap dat cac
DGs véi muc tiéu chinh 1a giam thiéu ton that dién nang va cai thién dién &p
trong hé théng phan phdi & mot muc tai dinh hodc mot vai muc tai tuong trung.
Do d6, nghiém tim duoc 14 t6i vu & mic tai duge xem xét nhung c6 thé khong
t6i wu & cAc muc tai khac nhau.

Cong suat dau ra cua cac ngudn phat ning luong tai tao nhu ning lugng mat
troi va ning luong gié phu thude vao cac diéu kién t nhién nhu buc xa mit troi
va téc d6 gi6 nhung cac nghién citu néu trén chi xem xét cong suat dau ra cd
dinh cua cac nguon phat nay. Diéu ndy sé dan dén sy sai léch nhiéu so véi tinh
hinh thyc té.

Viéc thu thap dit liéu qua cac nim vé buc xa mat troi va toe do gid nén duoc
thuc hién, va cac ham phan bd xac suat nhu Beta va Rayleigh can dugc &p dung
dé wac tinh xé&c suat buc xa mat troi va tée o gié phuc vu cho viéc tinh toan
cong suat ngd ra caa cac md-dun quang dién va tua-bin gi6. Nhung nhiing diéu
nhu vay chua nhan duoc nhiéu sy ch y trong cac nghién ciu & qué kh.

Hé thdng phan phéi ba pha khdng can bang do sy chénh léch tai ciing ton tai
trong thuc té nhung van chua nhan duoc nhiéu sy quan tim trude ddy. Khong
chi vay, viéc xac dinh mirc do tham nhap ciia song hai do tai phi tuyén va thiét
bi chuyén doi cong suit ciia cac ngudn phat phan tan ning lwong tai tao thi ciing
khéng kém phan quan trong, nhung cic nghién ctu trude ddy chua co sy xem
xét day du. Vi vay, dé danh gia chinh xac céc tiéu chi ky thuat caa hé thong tich
hop, can nghién cau su thay doi theo thoi gian caa nhu cau phat va phu tai voi
diéu kién co ton tai song hai trong hé thdng do céc tai phi tuyén va thiét bi
chuyén di céng suat.

S& ¢6 loi hon néu tich hop hé théng du trit ning lwong dé tich trir ning lwong

khi tai nho va gia dién thap ciing nhu phat nang lwong ra ludi trong thoi gian tai
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cao va gia dién cao nham tiét kiém chi phi trong van hanh hé thong. Tuy nhién,
cac nghién ciru trude day chua c6 danh gia day du vé su tich hop nay.

- Viéc giam ton that dién ning va sut dién ap khong du dé danh gia hiéu qua cua
mét hé théng phan phéi tich hop. Vi vay, diéu quan trong 1a phai xem xét tong
chi phi van hanh hé thong phan phéi, bao gom chi phi dau tu, chi phi O&M, chi
phi khi thai ciing nhu chi phi lién quan dén viéc phat dién tir lugi chinh cho nhu
cau. Viéc giam thiéu tong chi phi s& gop phan dang ké nang cao hiéu qua kinh

té trong van hanh hé thng ma van dap tng cac chi tiéu ky thuat.
2.5 Giéi thi¢u thuat toan dé xuat

Hanh vi théng minh cua cac hién tuwong ty nhién tir dong vat dén thyuc vat 1a
ngudn cam hing phd bién nhit dé cac nha nghién ctiu phat trién cac thuat toan toi
wu cho viéc giai quyét nhiéu van dé trong linh vyc kinh té va ky thuat. Trong nhirng
nam gan day, mot thuat todn meta-heuristic hiéu qua ma da duoc Dr. Pierezan va
Dr. Coelho c¢ong bd, va duoc goi la Coyote Optimization Algorithm (COA) da thu
hdt rat nhiéu su cha y trén toan thé giéi. Thuat toan COA & nghién ctru ban dau da
duoc ching minh tinh hiéu qua vuot troi trong viéc tim kiém céc nghiém kha thi cho
cac van dé t6i vu khac nhau cta cac ham benchmark [26]. Trong nghién ciu do,
hiéu suat va tinh 6n dinh cao cua COA thi ndi bat hon so véi nhiéu phuong phap
khéc trong so sanh ngang hang véi cung ham muc tiéu va cac rang budc. Do d6 ma
COA duoc cac nha khoa hoc lwa chon ¢ng dung rong rai dé giai quyét nhiéu van dé
t6i wu thé gidi thuc. Nhu trong nghién ciru [40], nhom tc gia di xac dinh chién luoc
quan 1y niang lugng tdi wu cho hé thdng lai pin nhién liéu dya vao thuat toan COA.
Két qua thu duoc di chitng minh hiéu suét cao cua phuong phap dé xuat so vai cac
phuong phap so sanh khac. Bén canh d6, nghién cttu ¢ [41] cling ap dung COA cho
viéc dy doan cac tham sb chua biét dén lién quan dén cac mé hinh khac nhau nhu
mo hinh diode don, diode dbi va diode ba cia mo-dun quang dién. Cac két qua md
phong da xac dinh duoc cac gia tri cho cac md hinh trén véi do 6n dinh kha cao.
Khéng chi vay, cting nho thuat toan nay ma nghién curu [42] cling da xac dinh thanh
cong su tich hop tdi wu cua cac ngudn phat nang lugng mat troi trong hé théng phan
phdi chuan IEEE 123 nit. Nghiém tir COA ciing d3 dugc chiang minh 13 tét hon
nhiéu so véi cac phuong phap so sanh khac nhu GA, PSO, BBO va GWO trong viéc
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cai thién chat luong dién ning ciing nhu giam ton that cong suat. Mot cach tuong tu,
nhém tac gia trong [43] cling da ap dung thanh cong COA trong viéc xac dinh viéc
két ndi phu hop caa cac ngudn phat dién phan tan trong hé théng phan phdi chuan
IEEE 33 va 69 nat nham giam ton that, nang cao chi sé 6n dinh dién &p va giam chi
phi van hanh. Qua d6, COA ciing di chi ra su ndi troi trong viéc giai quyét cac van
dé phuc tap véi ham da muc tiéu. Ngoai ra con ¢6 nhiéu ung dung thanh cong khac
cho cac van dé t6i wu ma sir dung COA nhu xé4c dinh thdng sé P1 cua b diéu khién
nham nang cao hiéu suat cia hé théng bom nudc ning lwong mat troi [44], dé xuat
phuong an cau hinh lai qua trinh van hanh hé thdng quang dién mot cach toi wu dé
giam thiéu sy anh huong cua bong may Ién cac mo-dun quang dién [45], tim kiém
nghiém cho cau trdc toi vu cua thiét bi dau cudi hé théng quang dién mot cach tiét
kiém chi phi nhét [46], va tuong tu, [47] cling dd 4p dung COA thanh cong trong
viéc giam chi phi van hanh théng qua viéc téi wu lich trinh phat dién cua céc té may
trong nha may dién. Nhin chung, COA da dugc chirng minh la mot phuong phap
hiéu qua va duoc wng dung phé bién trong viéc giai quyét da dang cac van dé téi uu
khac nhau mot céch tich cuc. Tuy nhién, thuat toan nay van con ton tai cac nhuoc
diém ma can duoc khic phuc dé gop phan gia ting hiéu suat 1am viéc cua thuat toén.
Do d6, trong nghién ctru nay, COA ciing duoc lya chon dé trg thanh thuat toan toi
wu cho céac bai todn dang xem xét nhung vai su cai tién dé nang cao hiéu qua thuat
toan va thuat toan méi duoc ra doi voi tén goi la Modified Coyote Optimization
Algorithm (MCOA). MCOA duoc xay dung dua trén nén COA nén thuat thoan
khong nhitng ké thira cac dic tinh tt cua thuat toan goc ma con chira nhirng sta doi
hop 1y gp phan cai thién hiéu suat thuat toan.

2.6 Coyote Optimization Algorithm

Coyote Optimization Algorithm dugc phét trién dua trén hanh vi théng minh
cua loai cho séi ddng co (tén khoa hoc: canis latrans) ma dua trén cau tric x& hoi va

trao d6i kinh nghiém cuia chiing trong quan thé.
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Hinh 2.1: Minh hoa hanh vi loai ché soi.

Pay la loai cho s6i ma duoc coi 1a dong vat c6 v thong minh nhat & khu vurc
Bac My. Trong mot cong ddng ché s6i, nhiéu nhom (hoic bay) s6i nho duoc thanh
lap dé cong tac véi nhau trong viéc bao vé lanh tho va kiém thic an. Cho séi trong
mdi nhém ¢ xu hudng di theo con dau dan di chuyén dén nhiing vung dat c6 diéu
kién song tot va day dugc coi 14 xu hudng van hoa cia méi nhém. Trong mot vong
doi, mot hoic mot sb cho sdi ¢6 thé roi nhém cia minh dé gia nhap cac nhém khac
dé tim kiém moi truong song tét hon. Giéng nhu quy luat tu nhién, nhitng con soi
nay trong quan thé déu co thé chét do tudi gia va nhitng con s6i non méi dugc chao
doi. Qué trinh sinh tr nhu mot quy luat bat bién cua mdi loai trong tu nhién nham
can bang quan thé. So d6 cac loai cho s6i ¢d thé dugc minh hoa ngan gon nhu Hinh
2.1 [27]. Dua trén dic diém thdng minh cua loai ndy, COA di dwgc phét trién va
thuat toan dugc thiét ké dé xem xét to chirc xa hoi cia cho s6i ciing nhu kha ning
thich ang véi méi tredng nham giai quyét cac van dé tdi vu hoa trong thé gisi thuc.
Nhu da dé cap, cong dong ché séi dugc chia thanh nhiéu nhom (N,,,) va cé nhiéu ca
thé ton tai trong m&i nhém (N, ). Do d6, (N, X N,,) duoc xem xét nhu 1a dan sé
quan thé cua loai s6i (N,,,). Cac bién diéu khién dau vao (N, va N,) co gia tri phu
thudc vao bai toan téi wu nén ching s& duoc tién hanh khao sat dé xac dinh gia tri
phl hop nhat trong mdi trudong hop khéac nhau. Trong COA, diéu kién séng va chat

luong diéu kién song 1a hai yéu té chinh dic trung cho mdi ca thé. Trong khi diéu
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kién séng dai dién nghiém kha thi cho van dé ti wu hoa thi chat lugng diéu kién
sbng lai phan anh tinh phu hop cua nghiém do.

Gidng nhu cac thuat toan ngau nhién khac, cong dong cho soi ban dau la mot tap
hop cac con ché s6i, mdi vi tri chd soi twong ung voi mot diéu kién xa hoi (tac 1a
mot nghiém). Cac nghiém ban dau dai dién cho céc con chd soi trong mdi dan duoc
phan phdi mot cach ngau nhién trong gidi han dugc xac dinh trude va duoc miéu ta

dudi dang toan hoc nhu sau [27]:

S

pk’ce — SMiTl + T,d. (SMG.X _ SMLTL); pk — 1, 2, 3 N

pkoce = 1,2,3 ..., Ne, (2.1)
Trong d6, rd 1a sé duoc phat ra ngau nhién trong pham vi tir 0 dén 1; SM™ and §M**
duoc dinh nghia 13 tap hop gigi han nho nhét va giéi han 16n nhat cua céc bién diéu
khién trong nghiém dé xuét cho van dé tdi uu, va chiing duoc méd ta gidng cong thirc
(2.2va2.3).

SMax = [VaMax];v =1, ..., Ny, (2.2)

SMN — [VaMin];p =1, ..., Nygr (2.3)
Trong d6, Va¥®* and Va¥™ 1 gia tri 16n nhat va nho nhét caa bién diéu khién thir v
trong gi¢i han duoc xac dinh trudc trong khdng gian tim kiém ma phu thudc vao
van dé tdi vu cu thé. Sau khi céc nghiém ban dau duoc tao ra mot cach ngau nhién,
chat luong cua tirng nghiém dugc tinh toan bang cach sir dung ham muc tiéu va ham
phat. Nghiém c6 muac do phu hop tét nhat trong mdi nhdm s& duoc xac dinh nham
phuc vu viéc tinh toan dé phét ra cac nghiém méi & thé hé tiép theo.
Vi tri cia cac nghiém mai trong méi nhém duoc cap nhat theo cong thirc khoi tao

nghiém thé hé thir nhat ma duoc mo ta trong céng thirc toan hoc nhu bén dudi [26]:
Sheee = Spice T 7. (Sbesth,pk - Srdl,pk) + rd,. (Scent,pk - Srdz,pk)i (2.4)
pk =1,2,3 .., Ny &ce = 1,2,3 .., N,
Trong cong thirc (2.4), Syq1pk AN Sy42 5 1a hai nghiém ma duge ldy mot cach ngau
nhién tir nhém thit pk, Va Spesrprpr V@ Scenepr 1a nghi¢ém t6t nhat ciia nhom va
nghiém trung tim ctia nhom thr pk ma dai dién cho xu huéng vin hoa di chuyén cta

nhom. Trong do6, Scene pi €O thé xac dinh duoc bang cach ap dung cong thic (2.5).
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Va, cent1, n€u Ny, s0 1€

Scentpk = Y\ Vay contar MU Ny 56 chin (2:5)

Trong cong thic (3.5), Va, cener Va Vay, cene2 duoc dinh nghia la cac bién trung tim,

Neetl £ N A A 10
“— néu N, la mot so 1¢

no1 Vay, cener S€ dugce gan la gia tri cua bién thir v 6 vi tri

N ~ qn ., . ) X , R . , N .~ N . N e
va Va, cent, S€ 1 gid tri cua bién thir v ¢ vi tri trung binh giira f va f + 1 néu
N, la sb chin. Mot cach rd rang, nhu thé hién trong cong thic (2.4), cac nghiém
méi dugc tao ra duge dinh hudéng di chuyén véi hai budc nhay rd. (Sbestpk_pk —
Sraipr) V& Td. (Scentpr — Srazpr)- Trong khi buéc nhay cua rd. (Speseprpr —
Sra1pk) €6 xu huéng tiép can nghiém tét nhét cuc b trong nhom, thi budc nhay con
lai cua rd. (Scent’pk - Srdz,pk) tim kiém xung quanh nghiém & giira trong nhém dé
tim nghiém kha thi. Bang cach khai thac cic nghiém xung quanh cac nghiém tét
nhat va trung binh trong mdi nhom, hiéu suét cia thuit toan ¢ thé duge cai thién
dang ké. Cac nghiém moi dugce tao ra déu sé duoc danh gia chat luong bé“mg ham
danh gia. Dua trén gia tri danh gia duoc tinh toan cho ting nghiém, nghiém tét nhat
trong mdi nhom nghiém sé& dugc xac dinh.

Theo quy ludt sinh tir gia dinh cho céng ddng cho soi trong tw nhién, trong thuat
toan nay, moi nhom chi c6 mot con s6i hay mot nghiém méi duge tao ra va mot
nghi¢m hién hiru bi mat di. bay duoc coi 1a sy khéi tao nghiém maéi tha hai va co
thé duoc tao ra bang cach ap dung co ché ngiu nhién héa nhu sau [26]:

Srazpkr N€UTd < 1/Ny,

Sy =3 Sraapir €U 1/Nyg < 1d < 0.5+ 1/Nyq (2.6)

Sras,pk, trueong hop khac

Mot cach 1o rang, co6 ba nghiém duoc tao ngiu nhién theo cac diéu kién lua chon
nhu cong thirc (2.6) da trinh bay. S,43 ,, Va Syq4,pk 12 hai nghiém dugc tao ra trong
mdi nhéom ma dugc chon ngiu nhién tir viéc 1ay cac bién co san trong nhém ngau
nhién. Thém vao do, S, 45, cling dugc tao ra mot cach ngau nhién trong gidi han

5 Min Y Max A r X ‘A A e <\ 3 < A 5 X
cua ST va ST, Vigc phat ngau nhién nghi€ém mdi trong vung tim ki€ém & moi
nhom s€ mang lai nhi€u co hdi hon cho viéc tim ki€ém nghiém méi hira hen chat
lugng cao hon. Cling giong nhu co ché chon loc ty nhién, nghiém maoi tao ra s€
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dugc so sanh véi nghiém kém chat lugng nhat trong nhom va nghiém tt hon s&
dugc gitr lai (hay nghiém co chét luong kém hon s€ bi loai bd). Nho loai bo nghiém
kém chat luong nhat trong mdi nhom, chat lugng chung ciia quan thé hién tai cling
duoc cai thién.

Ngoai ra, d& mo phong su di chuyén tir dan sOi nay sang dan so6i khac, hanh dong
trao doi nghiém duogc thuc hién. Hai nghiém duoc chon ngau nhién tir hai nhom
ng'flu nhién khac nhau trong cong déng s& duoc hoan d6i vi tri néu diéu kién cua
cong thire (2.7) dugc thoéa man [26].

10~2
2

T<

X NZ (2.7)

O day, 7 1a mot s6 dugc tao ngau nhién trong khoang tir 0 dén 1. RS rang, toc do di
cu cta ché soi ty 1¢ thuan vai so lugng quan thé trong mdi dan. S6 lugng cho soi
trong mdi nhom cang 16n thi xac sut xay ra hanh dong trao ddi soi trong nhom cang
Ccao.

Thong qua két qua danh gia tat ca cac nghiém bang cach sir dung ham danh gid, vi

tri cling nhu gia tri danh gia cia cac nghiém tét duoc cap nhat theo quy luat sau:

k=1,2,..,Ny;ce=1,2,..,Ne (2.8)

New x New
S 3 {Spk,ce néu SFycce < SFpice
pk,ce —

P
Spk,ce €Ac truong hop khac ’

P P Pk =1,2,..,Ny;ce = 1,2,...,Noe (2.9)

S B { SFEyEw, néu SENEY, < SFyp ce
k} V4 \ V4 !
plee SFpy ce cac trwong hop khac

Cudi cung, nghiém tot nht trong cong ddng ciing dugc xac dinh bang cach so sanh
cac gia tri danh gia cta chung. Luu d 4p dung COA dé giai bai toan tdi wu c6 thé

dugc trinh bay ngan gon nhu Hinh 2.2.
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CThiét 1ap thong sb ban dﬁD

Khéi tao ngiu nhién cac giai phap bang (2.1)

v

- Tinh toan gié tri phat va gia tri ham muc tiéu cho cac giai phap
- Tinh toan gia tri ham danh gia cho tung gidi phap méi
- Cho I1t=0

It=1t+1 ¢

v

Ap dung (2.4) dé khoi tao cac giai phap moéi

v

- Higu chinh céc bién diéu khién giai phap vi pham vé gidi han cho phép
- Tinh toan gia tri phat va ham muc tiéu cho cac giai phap
- Tinh toan gia tri ham danh gia cho tung gidi phap méi

v

Khoi tao giai phap méi cho mdi nhom bang (2.6)

v

- Hiéu chinh céc bién diéu khién giai phap vi pham vé gidi han cho phép
- Tinh toan gia tri phat va ham muec ti€u cho cac giai phap médi
- Tinh toan gia tri ham danh gia cho tung giai phap mai

v

So sanh giai phap cii va giai phap méi. Ap dung (2.8, 2.9) dé
giit lai giai phap c6 chat lugng tét hon

v

Xac dinh giai phap tot nhét trong quan thé hién tai

Sai

Hoan dbi vi tri hai giai phap ngau nhién trong hai nhém iy ngiu nhién

Sai

( Trinh ra giai phap tot nhat )

Hinh 2.2: Luu d6 tng dung COA dé giai quyét cho bai toan tdi wu.
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2.7 Modified Coyote Optimization Algorithm
2.7.1 Swr cai tién trong cong thirc khéi tao nghiém méi thir nhat

So véi cac thuat toan meta-heuristic khac, dic diém khac biét nhat cia COA 1a
st dung nghi¢ém trung tam S;,,; ,, nhu da trinh bay trong biéu thuc (2.4). Trong
nghién ctu ban dau cua COA ¢ [26], nghiém téng thé cua cac ham benchmark 1a
nghiém trung tdm bao gém cé4c bién c6 xu huéng & gan gia tri 0. Trong trudng hop
do6, viéc st dung nghiém trung tam Ia lya chon tt nhat va COA dé dang dat duoc
hiéu qua cao trong viéc giai quyét van dé cho cac ham benchmark. Tuy nhién, trong
nhiéu bai toan thuc té, cac nghiém tdi wu c6 thé co gia tri khac 0. Vi vay, viéc lua
chon va sir dung nghiém trung tdm khéng thé dat duoc hiéu qua tich cuc trong viéc
tim ra nghiém tt. Bé khic phuc nhuoc diém nay, nghiém tt nhat trong dan sé hién
tai duoc ap dung nham thay thé nghiém trung tdm va diéu nay duogc coi 1a lva chon
kha thi. Su khai tao nghiém moéi trong MCOA dau tién dugc xay dung theo cong

thac toan hoc (2.10) nhu sau:

S}évlg‘gle = Opk,ce + le. (Sbesth,pk - Srdl,pk) + sz. (SbestPop - Srdz,pk); (210)
pk=1,2,3 ey Npp & ce = 1,2,3 ..., Ne,
2.7.2 Sw cai tién trong cong thirc khéi tao nghiém méi thir hai

Trong su khoi tao nghiém méi tht hai bang cach sir dung céng thac (2.6), cac
bién méi thu duoc 1a két qua caa ba lra chon ngau nhién. Trong d6, hai nghiém dau
la tir hai nghiém cd san va mot nghiém sau thi dugc lya chon ngau nhién trong gidi
han t4i thiéu va téi da cta khong gian tim kiém. Mot cach r6 rang, ca 3 nghiém nay
khong theo bat ky mot xu hudng nao nén rat khé co thé dé tim ra nghiém kha thi c6
hiéu qua tét. Két qua 1a da phan nghiém duoc tao & mdi nhdm bing cach &p dung
cong thirc (2.6) co chat lugng kém, dic biét trong viéc giai cac bai toan phuc tap Véi
khéng gian tim kiém rong Ién. DBé khic phuc nhuoc diém con lai ndy, can dé xuat
xac dinh nhitng hudng tich cuc dé ting kha ning tao ra nghiém méi ¢ chat lugng
t6t cho tirng nhém. Do d6, cong thire (2.6) dugc loai bo va thay thé bang cong thic
(2.11) va cong thtc (2.12) nhu thé hién bén dudi.

SIIJVkeW = SbestPop + T'd3. (SbestPop - Sbest,rl) + T‘d4. (SbestPop - Sbest,rz) (2'11)
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Szl)vlfw = SbestPop + T'd3. (SbestPop - Sbest,rl) + T'd4. (SbestPop - Sbest,rz) +

T’d5. (SbestPop - Sbest,r3) (212)

Trong khi Spestpop 12 nghiém tot nhat cia quan thé hién tai, Speser1, Spestrz VA
Spest r3 1a nghiém t6t nhat trong mdi nhom ma dugc lwa chon mot cach ngau nhién
trong cac nhom cé san. Chon nghiém t6t nhat tir mdi nhom cho cac cong thire (2.11
va 2.12) mang lai co hoi tdt hon so véi viée chon nghiém ngau nhién nhu dugc dé
xuét boi cong thirc (2.6) cua thuat toan géc. Céac nghiém méi dugc tao ra c6 xu
huéng di chuyén xung quanh nghiém t6t nhat trong quan thé hién tai dé tim ra cac
nghiém kha thi hon. Diéu nay di gép phan rat 16n vao viéc nang cao chit luong cia
nghi¢ém moi noi chung. Ngoai ra, dé tranh roi vao bay cuc bo nhiéu nhat co thé, viéc
tao nghiém m&i & giai doan nay dugc chia thanh hai cong thirc véi sé budc nhay
khac nhau gém cong thic (2.11) va cong thirc (2.12). Trong khi cong thic (2.11) chi
sir dung hai budc nhay thi cong thirc (2.12) sir dung thém mot bude nhay bd sung
nita d¢ xac dinh vi tri dii xa so v6i nghiém t6t nhat (S,eetpop)- Piéu ndy c6 the mé ra
nhiing co hdi mai cho viée tim kiém cac nghiém méi trong ving tim kiém rong 16n
va tranh bo sot cac nghiém co chat luong tét. Vi vay, diéu quan trong 1a phai xac
dinh duogc diéu kién dé lya chon cong thirc nghiém mdi phi hop nhim nang cao
hiéu qua cua thuat toan. Pé quyét dinh thoi diém thich hop dé ap dung cong thuc
nao trong viéc tinh toan nghiém méi thr hai, ti 1& giira s6 cip nghiém gan (N,) va sd
cip nghiém t6i da (N,,) duoc thiét 1ap. Gia tri tinh toan cua ti 16 nay dugc so sanh
v6i ngudng xac dinh trudc (6). Néu két qua ciia No/N,, nhé hon o thi cong thirc
(2.11) dugc chon va nguoc lai thi cong thue (2.12) dugc st dung. Gia tri 6 nay c6 sy
phu thudc vao bai toan tdi wu, nén gia tri cua nod cling s€ dugc tién hanh khao sat
trong giéi han tir 0.2 dén 1.0 v&i mdi budce 14 0.2, dé xac dinh gia tri phii hop nhat
cho mdi bai todn. Luu do ap dung MCOA dé giai bai toan tdi wu cé thé mo ta ngan

gon nhu hinh 2.3.
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CThiét 1ap thong sb ban déD

Khéi tao ngdu nhién céc giai phap bing (2.1)

v

- Tinh toan gia tri phat va gia tri ham muc tiéu cho cac giai phap méi
- Tinh toan gia tri ham danh gia cho tung giai phap méi
- Cho I1t=0

It=1t+1 ¢

v

Ap dung (2.10) dé khoi tao cac giai phap méi

v

- Hiéu chinh c4c bién didu khién giai phap vi pham vé gi6i han cho phép
- Tinh toan gia tri phat va ham muc ti€u cho céc giai phap médi
- Tinh toan gia tri ham danh gia cho tung giai phap méi

bung Sai

Khéi tao giai phap méi cho mbi nhom Khéi tao giai phap méi cho méi nhom
bang cach ap dung (2.11) bang cach ap dung (2.12)

| [
- Hiéu chinh c4c bién didu khién giai phap vi pham vé gi6i han cho phép
- Tinh toan gia tri phat va ham muc ti€u cho cac giai phap méi
- Tinh toan gia tri ham danh gia cho ting giai phap méi

v

So sanh giai phap cii va gidi phap méi. Ap dung (2.8, 2.9) dé
giir lai giai phap c6 chat lugng tot hon

v

Xac dinh giai phap t6t nhét trong quén thé hién tai

Sai

Ho4n dbi vi tri hai giai phap ngiu nhién trong hai nhom iy ngau nhién

Sai

=1tV

Pung
C Trinh ra giai phap t6t nhat )
Hinh 2.3: Luu d6 tng dung MCOA dé xac dinh nghiém cho bai toan tbi wu.
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2.8 Tong két

COA la mdt thuét todn meta-heuristic manh véi d6 on dinh tét. Thuat toan
nay di duoc ¢ng dung maot cach rong rai trong viéc giai quyét cac van dé toi
vu khéac nhau trong thé gigi thuc.

Mic du thuat todan COA duoc danh gia 1a tich cyc trong nhiéu van dé t6i vu
nhung van t6n tai cac giGi han ma anh huéng truc tiép dén hiéu qua cua thuét
toan va diéu nay can phai khic phuc. Trong nghién ctu nay, nhitg nhuoc
diém cua hai céng thirc tao nghiém méi tir COA da dugc phan tich, va nhiing
cai tién trong cac cong thic tinh toan nghiém tht nhat va thir hai cua viéc tao
nghiém moi da duogc thyc hién. Nhing cai tién nay di tao ra phuong phap
méi goi 1a MCOA ma di nang cao dang ké tinh hiéu qua va on dinh cua thuat

to4n trong viéc giai cac bai toan tdi vu khac nhau.
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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 Gidi thi¢u

Chuong nay trinh bay viéc ung dung thudt toan t6i wu Modified Coyote
Optimization Algorithm (MCOA) cho viéc xac dinh vi tri va cong suét lap dit cua
da dang cac ngudn phat phan tan trong hé théng phan phdi ba pha can bang. Muc
dich chinh cua viéc lap dat phu hop cac ngudn phat phan tan 1a nham gii thiéu t6i
da chi phi trong viéc dAu tu va van hanh hé théng. Bén canh do, cac rang budc ky
thuat vé dién ap nut, dong dién nhanh, chi ) song hai va mirc d6 thAm nhép cua cac
ngudn phat ciing can dugc thoa man mot cach day du. Chi tiét vé mo hinh bai toan
cho viéc tim kiém vi tri va cong suét toi wu cho viéc lap dit cac ngudn phat phan tan
dugc trinh bay nhu muc bén dudi.
3.2 Mo ta bai toan

Nghién ctru xem xét su két ndi ciia cac ngudn phét ning luwong nbi ludi gom
ngudn phat ning luong gié (WFs), nguon phat ning luong mit troi (PFS), tu bu
(CB) va hé théng luu trit ning lugng (BESS) trong hé thong phan phdi nhu Hinh 3.1
d3 minh hoa. Myc tiéu cuia bai toan 1a tap trung vao viéc xem xét tinh kinh té bang
viéc giam thiéu toi da tong chi phi cta hé thong két ndi ngudn phat phan tan dai han
nhung van dam bdo céc tiéu chi k¥ thuat duoc thoa man hoan toan. Trong nghién
ciru nay, muyc tiéu cu thé 1a giam thiéu téng chi phi dau tu, van hanh va bao tri
(O&M) ciing nhu chi phi mua ning lugng tir ludi dién chinh cho nhu ciu tai trong
diéu kién xem xét nhu cau phu tai va nguon phat thay doi theo thoi gian. Hé thong
phan phéi chuan IEEE 69 nat duoc lya chon cho viéc mé phong nghién ctu va
phuong phap Backward/Forward (BW/FW) duoc 4p dung dé giai quyét van dé trao
luu cong suat. Két qua tot nhat thu duoc tir thuat toan dé xuét duge so sanh vai Cac
thuat toan khac dé chimg minh tinh hiéu qua cta thuit toan trong viéc giai quyét vn

de toi uu dang xem xét.
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AC

Nha may dién truyén théng Thiét bi chuyén dbi

| |e>

Ngubdn phat ning lwgng gio
i
-

Hé thong hru trit nang hrong

Tu bu

Nhu céu tai

Hinh 3.1: Hé thong phan phdi tich hop cdc ngudn phéat phan tan
3.2.1 Hé thong phén phdi ba pha cin bing
Trong hé théng ba pha can bang, mot duong day phan phdi két ndi nat 1 va nat 2
voi ba day dan c6 cung tro khang va tai & pha A, pha B va pha C tai nit nhan 2 nhu
Hinh 3.2. Ba tr¢ khang duong day két nbi dugc biéu dién dudi dang
732, 7L va Z}?. Trong d6, mdi tro khang c6 hai phan: dién tro va dién khang duoc
thé hién nhu trong cong thirc (3.1). Mot cach tuong tu, tai cla cac pha ciing duoc

biéu thi dudi dang S¢', S5’ va S & nit 2 nhu trong cong thic (3.2).

212
-~ A - r
Nit1 /e /2 Nt 2
." | " f 3
! [ 1 1
5 : Z3 Psg o
i ] 1
e - S
i i
1 1 | 1
1 1 1
L I 12 1 ]
Vo Zc Losbr
\ ; 1 ]
R \ /
“\ cr ':r'
LY C I
\“ ’f!

Hinh 3.2: Pudng day phan phdi ba pha

ZlZ — R12 + jle
Z5? +] (3.2)
ZE? 2 +jxt?
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S = P +iQf
Sg' = PP +jQp (3.2)
S¢ = P+ Q¢

3.2.2 Phuwong phap Backward/Forward (BW/FW)

Nhiéu nghién ctru cling da chimg minh viéc sir dung phuong phap BW/FW trong
viée giai quyét van dé trao luu cong suit do co6 nhiéu dic diém ndi bat hon céc
phuong phap khac nhu Newton-Rapshon va Gauss-Seidel vé mit thoi gian tinh toan
va s buéde 13p nho cho sy hdi tu [48, 49]. Do do, phuong phap BW/FW dugc dé
xuat ap dung trong nghién ciru nay. Trong BW/FW thi ¢ 2 qua trinh Ia Backward
(BW) va Forward (FW). Trong qua trinh BW, dong dién nhanh dugc tinh toan vaoi
dién 4p dugc cap nhat bat dau tir nat cudi cung di chuyén vé phia nat goc. Viéce tinh
toan dong cong suit trong mdi nhanh ciing duoc hién trong qua trinh truyén nguoc

nay thong qua viéc xem xét di€n ap nut cua céac lan 1ap trudce do.

|4 I V.,
——-
an+anm

Hinh 3.3: Hé thong hinh tia hai nat
Gia sur hé théng c6 2 nit n va m nhu Hinh 3.3, dong dién nlt va dong dién trén

nhanh gitra hai nat dugc xac dinh bdi cong thue (3.3-3.5) [48].

Pn+jQn\"
I, = (_;fQ ) (3.3)
Pr+jQm\"
Iy = (P 2em) (3.4)
Lym = I + Z J (35)

Trong do6, I,, 1a dong nat n, I, la dong nat m, I,,,,, 1a dong trén nhanh gitta nit n
va mva I, 1a dong trong cac nhanh phat ra tir nat m. , va 1, 1a dién ép ¢ ntit n va
nGt m. P, Q,,1a cong suit tic dung va cong suat phan khang tai ¢ ntt n, va P,,, Q. 12

cong suit tac dung va phan khang tai & nat m.
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Trong qué trinh FW, muc dich chinh cta qua trinh nay 1a dung dé tinh toan do
sut dién ap theo sy cdp nhat cia dong nhanh. o) day, dién ap nut dugc cap nhat bét
dau tir nat géc dén nat cudi cung. Gia tri dién ap nut sau mdi 1an cap nhat dugc so
sadnh véi gia tri trude do cua nd nham kiém tra dung sai cho su hoi tu. Qua trinh lap
dirng lai khi tiéu chi hoi tu dugc thoa min va dong thdi cac ton thit duong day ciing
dugc xac dinh [48]. Dién &p dugc tinh toan tur nut géc dén nat cudi nhu cong thuc
(3.6):

Vin = Voo = Lnm (Rnm + jXnm) (3.6)

T6n that cong suét tac dung (Pj,e) va phan khang (Q,.ss) dugc tinh toan bai cong
thue (3.7) va (3.8).

Pioss = X Rum-Iim (3.7)

Quoss = X Xnm-Iim (3.8)

Trong céc cong thic (3.6-3.8), R,,, va X, 12 dién tré va dién khang cua day dan

ndi giira nut n va m. Qué trinh ap dung phwong phap BW/FW cho vén dé trao luu

cong suat duoc trinh bay ngan gon bang nhu Hinh 3.4 [48]. Trong luu d6 nay, su

dirng vong lap khi mot trong hai diéu kién dwoc thoa man gom khi dat duoc téng sé

vong lap thiét 1ap hoac sai s6 gitra hai vong lap lién tiép thoa diéu kién (e), e < 10,
C Dir liéu hé théng dién>

Thiét 1ap dién ap ban dau ¢ cac nit bang 1.0 (pu)

v
Qua trinh BW duoc thuc hién dé tim dong nut va
dong nhanh ap dung phuong trinh (3.3-3.5)

v

Qua trinh FW duoc thyc hién dé tim dién ap &
mdi nut &p dung phuong trinh (3.6)

Sai

Thoa su hoi tu

Pung

Tinh ton that cong suét tac dung va phan khéng
trong ludi dién ap dung phuong trinh (3.7-3.8)

Hinh 3.4: Luu d6 4p dung phuong phap BW/FW
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3.2.3 Ham muc tiéu

Nhim ting ti trong ngudn ning lugng sach trong co ciu ngudn dién cia quc
gia, gia st dudi goc nhin cua don vi dién lyc dang duoc giao dau tu va thyuc hién dy
an tich hop cic ngudn phat phan tan tai tao vao ludi dién hién hiru dé dam bao tinh
kinh té va k¥ thuat trong van hanh hé thng. Nghién ctru ndy dé ra muc tiéu la giam
thiéu téng chi phi tir viéc dau tu, bao tri & van hanh luéi dién, va cung vé6i chi phi
nhap khéu dién tir ludi chinh dé tbi da trong vi¢c tiét kiém chi phi van hanh so véi
hé thdng ban dau, bén canh viéc dap ung day du cac tiéu chi k§ thuat khit khe. Cu
thé cho nghién ciru nay thi tong chi phi van hanh hé thong ma co sy tich hop dong
thoi cia WFs, PFs, CB va BESS s& bao gém 1) chi phi dau tu va O&M cho céc
ngudn phat phan tan ndi ludi, 2) chi phi phat dién tir ludi chinh cho nhu cau tai va
t6n that trong hé théng phan phdi. Céc chi phi nay duoc giam thiéu t6i da dudi sy
xem xét cac rang budc ky thuat. Hay néi cach khac, nghiém téi wu duoc tim ra phai
vira mang tinh kinh té va dong thoi phai dap tng duoc cac tiéu chi k¥ thuat cho viéc
van hanh hé thdng dai han. Cac muc tiéu kinh t& duoc md hinh hda trong trong cong

thirc toan hoc nhu sau:

Giam t6i da TCrotar = TC];I%'}&Q}?W—BESS—CB + TCoria (%) (3.9)

Trong d0, TCrypq 12 tong chi phi; TCIWEM o o5 1 cac chi phi cho viéc dau tu

va O&M cho WFs, PFs, BESS va CB; TC,.;; 1a chi phi phat dién tr ludi dién chinh
cho nhu cau tai va ton that cong suat hé thong.
3.2.3.1 Téng chi phi cho viéc dau tw va O&M ciia cdc nguén phdt phén tin
TCLWEOM o~ 1a MOt phan quan trong vé mat kinh té ma can phai xem xét dé
xac dinh lap dat phi hop cho cac ngudn phat dién phan tan vao hé théng phan phbi
mét cach tdi wu. Tong chi phi trong nghién ctiru nay bao gém chi phi dau tu mot lan
& giai doan dau cua dy 4n va cac chi phi O&M cua cac thanh phan duoc két ndi
trong sudt vong doi cua du an. Chi phi nay c6 thé dugc tinh toan nhu sau:
TCél}lI}ZfLIQPIYI—BESS—CB = TCPF + TCWF + TCBESS + TCCB ($) (310)
Trong cdng thtc (3.10), cac thanh phan chi phi c6 thé duoc tim ra tir cac cdng thuc
nhu bén dudi:
TCrr = Ej21(Cor”- PS®) +365. 232, Tits X1 (6y- COF™. Por jny) (8) (3.11)
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TCur = Do F(CriP . PRALA) + 365. 322 3124 Y TWF(8,,. CO5M. Pyr,jny)($)(3.12)

N N
TCppss = LalesS(Coabe. ERAted) + 320, Y 0E5sS(0,,. CO8M. ERated ) +
YvBESS(Cpux. pRated ) (s) (3.13)
TCep = YnB(CEEP. QRAte) + YNB(Locyy ) ($) (3.14)

Nghién ctru nay da gia sir vong doi ctia dy an 13 20 nam c6 tinh dén sy bién doi theo
thoi gian cta tai va ngudn phat trong mot ngdy thong thuong (tic 1a 24 gid) va mot
nam c6 365 ngay. Tuy nhién, chi phi O&M duogc thanh toan khac nhau qua cac nam,
nén can phai quy gia tri dong tién trong twong lai vé gia tri hién tai dé thuan tién cho
viéc danh gia hi€u qua cua dy an trong ca vong doi. Do d6, ham 6,, dugc thém vao
ham tinh toan chi phi O&M va dugc xac dinh bai (3.15) [50]:

o= () (3.15)
Trong d6, y dugc coi nhu 1a s6 nim xem Xét trong vong doi cua du an va dc la ti 1é

chiét khau.
3.2.3.2 Chi phi phdt dién tiv lwdi dién chinh

Néu san lugng dién phat ra tir cac ngudn phat phan tan khong du cung cap cho
nhu cau phu tai va ton that dién ning trén cac nhanh trong hé thong, thi ludi dién
chinh can phai phat dién. Chi phi cho viéc phat dién dugc tinh ra nhu sau:

TCorig = 365 X X321 X718y Priis'®. Poyppy) ($) (3.16)

Trong do, Pry, Grid ($/MWh) la gia phat dién theo gio cia luéi dién chinh, Psub .y
(MW) la cong suat tac dung ma duoc cung cap boi lugi chinh théng qua tram bién
&p & gio thir h va nam thir y cho cac tai thiéu thy va ton that. Trong trudng hop nay,
ton that cong suat tac dung (Ps) & mdi nhanh trong hé thong c6 thé dugc xac dinh
boi:
P, =3.IZR, (3.17)

Trong d6, Ry VA Iy 12 tré khang dudng day va dong dién nhanh thir b trong hé théng.
3.2.4 Cac rang bujc cho ham muc tiéu

Dé dap mg cac tiéu chi k¥ thuat sau khi c6 su két ndi ciia cac ngudn phét phan

tan vao ludi thi cac rang budc k§ thuat phai duoc thiét 1ap trong gidi han cho phép.
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3.2.4.1 Rang bugc vé can bang cong sudt

Dé giir tan s6 va dién ap hé théng ¢ trang thai on dinh, tong cong suat phat phai
bang tong cong suit tiéu thu [51]. Khi két ndi cac ngudn phat trong hé théng phan
phdi, tong cong suat phat 1a tong cdng suat duoc cung cap boi ludi dién chinh va
cong suat do PFs va WFs tao ra. Thém vao do, trong nghién ctu nay, hé thong luu
trit ning luong (BESS) dwoc xem Xét tich hop va c6 thé & trang thai nap hoic xa
nang luong t6i ludi dién. Nhu vay, cong thirc can bang cong suat tac dung nén duoc
chia thanh hai cong thuc twong ¢ng véi hai trang thai cia BESS va duoc thé hién
nhu sau:

Cong thirc can bang cong suit ¢ trang thai xa nang luong cua BESS:
N N N
Psubny + 221 Ppr jny + X FPuwriny + Ziit Poissiony = Spoq Pony +
N
LaZi Pany (3.18)
Cong thirc cAn bang cong suit ¢ trang thai nap ning luong ctua BESS:
N N N N
PSubhy + Z PFPPF] h,y +Z WFPWFLhy - Zbilpb,h,y + Zdi1pd,h,y +
N
Y Vasss PBESS Ky (3.19)
Cong thirc can bang cong suat phan khang:
N N N N
QSubhy + Z WFQWFLhy + Z PFQPF]hy + Z < QCBchy Zb21 Qb,h,y +
Yat1 Qany (3.20)
Trong cong thic trén, Qpg j 5.y V& Quri .,y €O the duge xac dinh boi cong thire
(3.21) va (3.22) cho viéc phat cong sudt phan khang:
Qpr,jhy = Pprjny X Bpr,j; VOl Bpp; = tan(cos ™ (Pfpr;)) (3.21)

Qwr,iny = Pwr,iny X Bwr,i; Vo1 Byr; = tan(cos ™" (Pfwr 1)) (3.22)

3.2.4.2 Gidi han di¢n ap nat

Dién ap nit s& co sy thay doi nhiéu khi cac ngudn phat phan tan duoc tich hop
tai cac nat cua hé théng. Vi vay, tat ca gia tri cua dién ap nit phai dugc giir trong
gidi han cho phép. Theo tiéu chudn BS EN 50160, tit ca cac tai nén dugc van hanh
trong pham vi dién ap tir 0.90 pu dén 1.10 pu. Tuy nhién, trong nghién ctru nay, dién
ap duoc gitr trong pham vi nghiém ngat hon 1a tir 0.95 pu dén 1.05 pu giéng nhu dé
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xuat ciia nhiéu nghién ctru [52, 53]. Su rang budc cta dién ap dugc bicu dién dudi

dang toan hoc nhu sau:

VM < Vo, SVM, s =1,2,..,Ny,h=1,2,..,Np,y = 1,2,...,N, (3.23)

3.2.4.3 Gigi hgn dong di¢gn nhanh

Khi céc ngudn phan tan tham nhdp vao hé thdng phan phdi truyén théng, dong
dién trén cac nhanh phan phdi c6 thé thap hon hoic cao hon dong dién trén hé théng
ban dau. Do d6, dong dién cua cac nhanh nén duoc gitt trong giéi han cho phép
[51]:

Ipny < Iphs; b=1,2,.., N, (3.24)

3.2.4.4 Giéi han nhiéu séng hai

Sy bién dang song hai c6 thé giy ra nhitng tac dong khong mong mudbn nhu ting
dong dién, tang ton that, suy giam chét lugng dién, tang nhiét do va gidm tudi tho
clia cac thiét bi dién [54]. Vi vay, song hai dugc coi 1a mot trong nhirng han ché ma
can phai né tranh. Hai chi s6 dai dién ma phan anh sy bién dang song hai 1a tong do
méo hai va d6 méo hai riéng 1. Theo IEEE Std. 519, gi6i han t6i da cho phép cua
hai thong s6 nay 1a 3% va 5%, nén tiéu chuan nay duogc ap dung dé tré thanh rang

budc vé sy nhiéu song hai [55].

THDMax > THDs,h,y; s=1, 2, ..., Nb! h=1,2, ...,Nh, o= 2,..,Hr (325)

IHD"™ > IHD?), ,;5=1,2, .., Ny,h = 1,2,...,Ny,0 = 2,..,Hr  (3.26)

Trong do, gid tri THD g, cO thé duoc xac dinh boi cong thirc (3.27) va gia tri

IHD!} , ¢6 thé dugc tim ra béi cong thire (3.28) nhu bén dudi [55]:
Zg:z(vs,h,y,o)z
THD,, (%) = |*———| x100 (3.27)
o Vs,h,y
IHDZ,, , (%)= [VV%] x100 (3.28)
shy

3.2.4.5 Gidi han céng sudt nap va xd ciia BESS
Gi6i han cong suit nap va xa cho hé thdng luu trit ning luong nén tuan theo
rang budc nhu bén dudi cho tung giai doan hoat dong:
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Rated _Char Ch
Pgpss”. € = Pgpsskn = 0 (3.29)

Rated _DisCh DisCh
—Fpgss - € < Pggsspn <0 (3.30)

Trong do6, e and " |a hi¢u suat nap va xa cua BESS; P§fcs  n V& Phiesin 12

cong suit nap va xa & gid thir h cia BESS thir k.

3.2.4.6 Gidoi han dung lwong ciia BESS

Dung lugng ciia BESS ¢ mdi gid nén dugc xac dinh bang viée ap dung cong
thire (3.31). Trong d6, AEggss 13 luong dung lwong thay doi ¢ hai thoi diém lién tiép
nhau va né c6 thé nhan gia tri am (hodc dwong) tily thudc vao trang thai cia BESS
dang xa (hodc nap). Pé han ché viéc huy hoait vé vat 1y cho pin thi dung lugng luu
trit & mdi thoi diém phai nam trong gidi han cho phép nhé nhéat (EME) va 16n nhat
(EMax) ctia BESS. Do d6, gi6i han nay dugc thiét 1ap véi ti 18 20% va 90% cua

dung lugng dinh mirc [38].

Epessn = Epgssn-1 + AEpgss (3.31)

Eggss < Epgssn < Eggss (3.32)

Bén canh d6, nang luong & giai doan bit dau cua mot ngdy hay niang luong ban dau

(Egss,o) nén bang ning lugng & cudi ngay (E BESS,24) dé dam bao BESS c6 thé tiép
tuc cho sy hoat dong ¢ ngay tiép theo ma khong co bat ky su vi pham nao.

EBESS,O = EBESS,24 (3-33)

3.2.4.7 Gioi han sw tham nhdp ciia WFs, PFs va CB

Sy tham nhap ciia WFs, PFs va CB nén dugc thiét 1ap trong gii han xac dinh

trudc nhu sau:

Ppi™ < PERL < PR j=1,2, ..., Npp (3.34)
P < PRAted < pilax; | = 1,2, ..., Ny (3.35)
QCMBin < Qgg,tced < QgIBax; ¢ = 1! 21 "'JNCB (336)
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3.3 Ap dung phwong phap dé xuit dé giai quyét vin dé t6i wu
3.3.1 Khéi tao nghiém ban dau
MJ3i nghiém dwgc phét ra bao gom tap hop céc bién dai dién cho méi phan tir ma

can tim kiém nhu ma tran (3.37).

S S S we S S |
11 12» 13> ) 1(Nvar_1), 1Nygr
S S S S S
S = 2l =2z 223y *72(Nyar—1)’ "2Nyar (3.37)
S S S e , S S
[“Npo1’ “Npo2’ “Npe3’ ™"’ “Npo(Nyar—1)" “NpoNyar |

Trong do, Ny, 1a 56 lugng cac bién trong méi nghiém va N, la s6 lugng nghiém
trong mdi su phét dan sb. Trong ma tran (3.37), vi tri va cong suat lip dat caa WFs
va PFs la cac bién thuoc tap nghiém. Bén canh d6, nghién ciru nay cling xem xét sy
phat/ tiéu thu cong suat t6i uu tir BESS nén vi tri va cong suat phat/ tiéu thu & mdi
thoi diém ciing 14 cac bién trong tap nghiém ma can xac dinh. Trong trudng hop
nay, nghién ctiu chi tim kiém vi tri lap dat phd hop cho tu b twong véi cong suat
phat duoc tinh todn ¢ mdi thoi diém khac nhau nham duy tri hé sé cong suat caa hé
thong ludn 16n hon hoic bang 0.9 dé han ché sy anh huong cia cong suat phan
khang Ién hé thong hién hitu. Do do6, bién cudi cing trong mdi nghiém 1a dai dién
cho vi tri caa tu bu. Cong sut phat cua tu bu dugc xac dinh trong mdi thoi diém phu
thudc vao sy thay doi caa nhu cau tai va ngd ra cong suat nguon phét néi ludi, va
lwong cdng suit nay cho tu bu duoc xac dinh dua theo cong thuc tinh toan trong
nghién ctu [56]. Cac phan tir trong nghiém ban dau ma céc thuat toan phat ra nhu
(3.37) phai duoc gii trong gidi han xac dinh truéc cua SM™ va SM%* nhu (3.38) va
(3.39):

Min __ Min pMin yMin pMin jMin Min Min

ST =L B LT P, Lgpss o Pess s Le ™ (3.38)
Max __ Max Max yMax Max yMax Max Max
SU =L BT LY P, Lpgss ko PeeSs kg Le ] (3.39)

Trong su phat cac nghiém ban dau, cac bién trong mdi nghi¢m dugc tao ra mot cach
ngau nhién trong ving xac dinh truéc nhu cac cong thire (3.38 va 3.39). Sau do,
phuong phap BW/FW duge st dung nhim giai quyét vin dé trao luu cong suit dé
phuc vy viéc tinh ton gia tri ham muc tiéu va ham phat. Cudi cing, gia tri cia ham

danh gia ma duoc két hop gitra ham muc tiéu va ham phat dugc thiét 1ap nhu sau:
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Ny Np

— 2 2
SFpk,ce - TCTotal,pk,ce + Oy . AVs,pk,ce + oj. Z AIb,pk,ce
b=1

s=1

(3.40)

Ng Ny 2
+0rHp- Xgoq ATHDsz,pk,ce + Oip- 221 I(;Zl(AIHD.g,pk,ce)
Trong cong thirc (3.40), luong phat cho sy vi pham vé dién ap nuat, dong dién nhanh,
chi s6 song hai ¢ thé duoc xac dinh nhu bén duéi:
Vsprce = VI néu Vg pp o > VM

AVs,pk,ce = pMin _ Vs pk,ce néu Vs pi,ce < yMin (3.41)
0 cac truwong hop khac

Al = {loprce ~ Iy néu Iy piece > Iy (3.42)
ppice 0 cac trudng hop khac
ATHD _ THDs,pk,cg - THDMax néu THDS,pk,Ce > THDMax (3 43)
e 0 cac truwomng hop khac '
atHpe.. = {1HDSpice = THD" néw IHDGce > IHDM™ o)
i 0 cac truwong hop khac '

3.3.2 Hiéu chinh sy vi pham cho cac nghiém méi dwoc tao ra

Céc bién diéu khién (R)eY ) trong cac nghiém méi ma dugc tao ra ¢ su khoi
tao dau tién bang viéc s dung cong thuc (2.4) va su khai tao nghiém tht hai bang
viéc sir dung cbng thirc (2.5) hoic (2.6) duoc kiém tra va hiéu chinh trong gigi han
xac dinh trude cua SM™ va SM** . Piéu nay duoc trinh bay dudi dang toan hoc nhu
cong thtrc (3.45):

Rglm néu RNew < RII;/ILn

v,pk,ce
Ne — Max ,, X New Max. — .
Rv,p‘llcv,ce - RU neu Rv,pk,ce > Rv y V= 1: 2: ---:Nvar: (3-45)
New 7 by Je
Ry, 5k ce €Ac trudmg hop khac

rk=1,2, v Npgsce = 1,2, ..., Ne
3.3.3 Luu giir cac nghiém tét

Sau khi hiéu chinh cac bién diéu khién vi pham cho cac nghiém méi, tat ca cac
nghiém dugc danh gia chat lugng bang viéc 4p dung cdng thirc (3.40) va cac nghiém

c6 chit lugng tét nén duoc cap nhat theo quy luat nhu sau:
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SNew néu SENEW < SF
S ={ foce e TP e = 1,2, ., Nyysce = 1,2, .., N, (3.46)

P P
k,ce / \ ‘
P Spk,ce €ac trwong hop khac

New _ x New
SFpk,ce néu SFpk’Ce < SFpk’Ce

, k:l,Z,...,N ;ce=1,2,...,N, 3.47
SFyy ce CAC trudmng hop khac p Pk ce ( )

SFpk,ce = {
3.3.4 Luu do gidi thuét cho viéc ap dung MCOA tim kiém nghiém t6i wu

Dé giai quyét van dé ti vu sy tich hop cua cac nguon phat ning luong gid, ning
lwong mit troi, tu bu va hé théng luu trit ning lwong nhiam giam thiéu tong chi phi
trong hé théng phan phéi, Modified Coyote Optimization Algorithm dugc dé xuat.
Thuat toan nay duoc thuc hién theo nguyén ly lap dé tim ra nghiém tét nhat cho van
dé toi wu trén. Khi sb lan lap dat dén gia tri téi da duoc xac dinh trudc (1tM9%),
nghiém tdi vu tot nhat toan cuc s& dugc xac dinh. Luu db giai thuat cho viéc tim

kiém nghiém t6i wu dugc trinh bay nhu Hinh 3.5.
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(Thiét lap thong sb ban déuD

Khéi tao ngdu nhién cac nghi¢m bing (2.1)

v

-Ap dung BW/FW dé giai quyét van d& trao luu cong suit
- Tinh toan gi tri phat bang (3.41-3.44) va gia tri ham muc tiéu bing (3.9)
cho cac nghiém tao ra
- Tinh toan gia tri ham dénh gia cho tirng nghiém méi (3.40)
- Cho It=0
v

It=It+1 <

Ap dung (2.10) dé khéi tao cdc nghiém méi theo trinh ti
mdi c4 thé trong nhom va cdc nhom trong quan thé

- Hiéu chinh c4c bién diéu khién trong nghiém vi pham gi¢i han cho phép
bang (3.44)

- Ap dung BW/FW & gidi quyét van dé trao luu cong sudt

- Tinh toan gi tri phat bang (3.41-3.44) va gia tri ham muc tiéu bang (3.9)
cho cac nghiém tao ra

- Tinh toan gia tri ham dénh gia cho tirng nghiém méi (3.40)

Ding Sai
A 4 l
Khoi tao nghiém méi cho mdi nhém Khoi tao nghiém méi cho mdi nhém
be‘“mg cach ap dung (2.11) be"mg cach ap dung (2.12)

[ |
v

- Hiéu chinh c4c bién didu khién trong nghiém vi pham gi6i han cho phép
bang (3.45)
- Ap dung BW/FW dé giai quyét van dé trao luu cong suét
- Tinh toén gi4 tri phat bing (3.41-3.44) va gi tri ham muc tiéu bang (3.9)
cho céac nghiém tao ra
- Tinh toan gia tri ham danh gia cho timg nghiém méi (3.40)

So sanh nghiém cii va nghiém méi. Ap dung (3.46-3.47) d giit
lai nghiém c6 chét lugng t6t hon

v

Xac dinh nghiém t6t nhat trong qu?m thé hién tai

Sai

Hoén d6i vi tri hai nghiém ngAu nhién trong hai nhém iy ngiu nhién

Sai

> =1t

Dung

( Trinh ra nghiém tét nhat )

Hinh 3.5: Luu d6 ¢ng dung MCOA cho bai toan Chuong 3
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3.4 Két qua mé phéng
3.4.1 H¢ thong phan phdi chuan IEEE 69 nit va dir liéu md phéng

Trong nghién ctru nay, ba thuit toan gdm SMA, COA va MCOA dugc thyc hién
dé xac dinh nghiém tdi wu cho su lép dit cia WFs, PFs, CB va BESS nham giam tdi
da tong chi phi trong luéi phan phdi chuan IEEE 69 ndt. Cho viéc thuc hién mo
phong, s6 luong ché séi trong mdi nhém va s lugng nhém soi trong cong dong
duoc khao sat véi gia tri dao dong tir 3 dé 5 (bude nhay 1a 1) va két qua duge chon
lan lugt 14 5 va 4 cho ca COA va MCOA, va dan sb cia SMA duoc chon 1a 25. Bén
canh do, ngudng (8) duoc xac dinh dya vao khdo sat tir 0,2 t&i 0,8 véi mdi budce
nhay 14 0,2, va trong trudng hop ndy gia tri phi hop 1a 0,2. Tong s6 vong lap dugc
chon 13 300 va sb 1an chay thir v6i dan sb ban dau duoc phat ngiu nhién 1a 40. Tét
ca cac phuong phap dugc thuc hién trén may tinh ca nhan (2,1 GHz processor, 16,0
GB RAM) bang phan mém MATLAB (R2022b). Ngoai ra, cac thong sd cho viéc
tinh toan chi phi van hanh luéi cling dugc miéu ta mdt cach cu thé nhu Bang 3.1.

Bang 3.1: Thong tin vé cac thong sb lién quan dén viéc tinh toan tong chi phi

Muc Gia tri
PrfTd & gid cao diém [38] 128,9 $/MWh
PrfTid & gig tiéu chuan [38] 70,0 $/MWh
PrfTid § gid thap diém [38] 45,4 $/MWh
dc [50] 9,0 %
Coi?, CO8M [57] 770000 $/MW, 10,0 $/MWh
CotP, COM [58] 1882000 $/MW, 10,0 $/MWh
CESP, Loceg [59] 20000 $/MVAr, 1000 $/vi tri
cCap chux %M [60] 200000 $/MWh, 380000 $/MW,
7000 $/MWnam

Trong Bang 3.1, gio cao diém dugc xac dinh tir 9h00 dén 11h00 va tir 17h00
dén 20h00; gid tiéu chudn 1a tir 4h00 dén 9h00, 11h00 dén 17h00 va 20h00 dén
22h00; gid thap diém 1a sb gio con lai trong ngay, tirc 1a tir 22h00 dén 4h00 ngay

hom sau [38]. Ngoai ra, dir lieu mot ngay thong thudng duoc sir dung dé dai dién
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cho 365 ngay trong mot nam va vong doi dy an la 20 nam. Trong nghién ctu nay,
dir liéu cong suét ngd ra ciia WFs, PFs va nhu cau tai dugc tham khao tir nghién ctru

[61], va chiing dugc minh hoa nhu trong Hinh 3.6.

1 \ T \

== = Nhu ciu tai 'd o= t——g—0
0.9 [ | el \16-dun quang dién ~ —
=2 @ = Tua-bin gio \
0.8 \\,
07k L
9 ~,
0.6 O |
.hhh =g
305 -
04 . -
0‘.
e
0.3 Q
.0
*
029" 011010 1@ 11011, )
0.1 —
0 ‘ o
2 4 6 8 10 12 14 16 18 20 22 24

Gio xem xét

Hinh 3.6: Hé s6 cong suat caa mo-dun quang dién, tua-bin gio va tai

Trong nghién ctru nay, 03 WFs va 03 PFs ma st dung cac bién tan hoat dong
v6i hé sb cong suat 0.9 (lagging) [61] dugc tich hop vao hé théng véi sb luong 16n
nhit va nho nhét 1a (10 va 02 tua-bin gid) va (20000 va 2000 md-dun quang dién).
Cong suat danh dinh duoc gia str 1a 100 kW cho tua-bin gi6 va 75 W cho mé-dun
quang dién [62]. Thém vao d6, hé thong BESS ma sir dung pin loai lithium-ion voi
tudi tho cao duoc xem xét két ndi véi cong suét nap/ xa toi da 1a 2,0 MW va dung
lugng t6i da la 6,0 MWh. Ning lugng ban dau (Eggss o) duge gia dinh 1 1,0 MWh
cho BESS véi hi¢u suat nap va xa (¢“"va eP*") ciing dugc gia st 1a 90%. Thém
vao do, mot tu bu cling duogc két ndi cho viéc bu cong suét phan khang va gilt h¢ sb
cong suat ciia hé théng t6i thicu 1a 0,9. Giéng nhu da dé cap, hé théng c6 su tham
nhdp cao cua nhiéu tai phi tuyén va ching toa lac ¢ cac nut s6 8, 12, 18, 22, 24, 34,
46, 55 va 65 voi phd hai duoc gia sir tudn theo nhu Bang 3.2 [63]. Mit khac, ludi
dién chuan IEEE 69 nit cling dugc lya chon 1am h¢ théng thuc nghiém. H¢ théng
nay c6 69 nat va 48 tai véi tong nhu cau tiéu thu 1a 3.802 MW/ 2.694 MVar [64].

CAu trac hé théng duoc vé nhu Hinh 3.7.
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Bang 3.2: Pho hai tai phi tuyén

Bac hai

Bién do (%)

Goéc (°)

57,11, 13, 17

76,5,62,7,24,8,12,7,7,1

28, -180, -59, 79, -253

36 37 38 39 40 41 42 43 44 45 46

:

I
R RRETRIRR
47 48 49 50 53 5H4 bHH H6 H7T 5H8 5H9 60 |61 |62 |63 64 |65
TR (RRRITTRIRRTIRR
@I | SI_ 5| GI 7 Blig 10 11131"- 14 1in 1(i‘ 1'i’ 1T 1EIJ 2(|] 2 Zi 21I5 2il 2I5 2i3 2
!l;;'b:Wb:wW¢¢'hbb'b¢b'b'b
AR M 1
TR

Hinh 3.7: Hé thdng phan phdi chuan IEEE 69 nut.

3.4.2 Phan tich két qua md phéng

Do tinh chat ngu nhién ctia cac phuong phap meta-heuristic ma duogc st dung

trong truong hop nay, 40 1an chay thir da duoc thuc hién dé danh gia hiéu suat cac

phuong phap mot cach khach quan. Cac gia tri thich hop t6t nhét, trung binh va kém

nhit duoc bao céo chi tiét trong Bang 3.3.

Bang 3.3: Bang so sanh gia tri cia ham danh gia va thoi gian chay trung binh cua

cac phuong phap thuc thi
Phuong phép SMA COA MCOA
Gié tri té nhat (triéu $) 16,723 16,562 16,501
Gia tri trung binh (triéu $) 16,521 16,314 16,271
Gia tri tot nhat (triéu $) 16,356 16,148 16,130
Thoi gian trung binh (giay) 4211 4282 4267

Mot cach 13 rang, ving dao dong cua cac gia tri ham danh gia cia MCOA 1a tbt nhat

véi pham vi [16,130, 16,501] (triéu $), trong khi pham vi nay 1a [16,356, 16,723]
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(triéu $) cho SMA va [16,148, 16,562] (triéu $) d6i voi COA. Khong chi vay, gia tri
trung binh ham danh gi4 ma thé hién tinh 6n dinh cua cac phuong phap qua 40 lan
chay thir ngdu nhién ciing duoc tinh toan. Cu thé, gia tri lan luot 13 16,521 triéu $,
16,314 triéu $ va 16,271 triéu $ cho SMA, COA va MCOA. Qua d6 cho thiy
MCOA khong chi c6 hiéu sudt cao hon ma con c6 do 6n dinh tét hon cac phuong
phap khac. Ngoai ra, thoi gian chay trung binh cta 40 lan chay thr ciing dugc so
sanh. Thoi gian trung binh trén mdi 1an chay thir cia MCOA (4277 gidy) chdm hon
SMA (4211 gidy) nhung nhanh hon COA (4282 gidy), mic du khong dang ké. Tuy
nhién, diéu nay ciling gop phan chitng minh nhiing cai tién cia MCOA c6 hiéu qua
trong viéc nang cao toc do giai quyét bai toan tdi vu.

Bang 3.4: Két qua tot nhit ctia cac phuong phap trong hé théng IEEE 69 nit

Thuat
) PFs WFs BESS CB
toan
Nat: 09 — 9432 mo-dun Nat: 17 — 04 tua-bin NOt: 46 —
Nut: 61 —
SMA NUt: 54 — 3651 mo-dun Nut: 65 — 10 tua-bin | 1,092 MW/
1,29 MVAr
NUt: 69 — 14170 mbd-dun | NuUt: 63 — 08 tua-bin | 3,228 MWh
N(t: 63 — 2162 mo-dun NUt: 65 — 10 tua-bin Nut: 28 —
NGt: 59 —
COA | Nut: 49 — 15386 mo-dun | Nut: 61 — 08 tua-bin | 0,793 MW/
1,11 MVAr
NUt; 53 — 8670 mo-dun Nat: 21 — 05 tua-bin | 2,681 MWh
NGt: 32 — 5952 mo-dun NUt: 15 — 07 tua-bin Nut: 05 —
N{t: 61 —
MCOA | Nut: 05— 2000 mo-dun Nat: 57 — 09 tua-bin | 1,088 MW/
1,18 MVAr
NUt: 61 — 18814 mb-dun | NuUt: 62 — 07 tua-bin | 2,495 MWh

Bang 3.5: So sanh cac chi phi lién quan dén tong chi phi trong hé thng tich hop

trong thoi gian 20 nam chu ky du an

, Hé thdng ban
Phuong phap . SMA COA MCOA
dau
TCpp, tridu $ - 2,115 | 2,030 | 2.075
TCyp, tricu $ - 4961 | 5187 | 5,187
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TCBESS’ tl‘léu $ - 1,267 1,009 1,030

TCcg, Ngan $ - 26,800 | 26,800 | 26,800
TCI8ON orss—cp triéu $ - 8,370 8,253 8,319
TCgyig» triéu $ 20,792 798 | 7,895 | 7,811
Tong chi phi (TCrpqr triéu $) 20,792 16,356 | 16,148 | 16,130

Tiét kiém so v&i hé théng ban

‘ : 4436 | 4644 | 4,662
dau (triéu $)

Ti 1é tiét kiém so v&i hé théng
‘ - 21,335% | 22,336% | 22,422%
ban dau

Nghiém t6i wu nhit cia cac phuong phéap thuc thi dugc trinh bay chi tiét tai Bang
3.4. Vi tri va cong suat lap dit cho cac ngudn phat nang luong mit troi (PFS), ngudn
phat ning luong gid (WFs) va tu bu cong suat phan khang (CB) duoc xéac dinh.
Thém vao do, vi tri, cong suat nap/ xa va dung luong lép dat cho hé théng luu trir
ning luong (BESS) cho viéc tich hop vao hé théng phan phdi nham dat dugc tong
chi phi nhé nhat ciing duoc trinh bay. Cac phuong phap khac nhau thi d dé xuét cac
nghiém t6i wu khac nhau. Ngoai ra, két qua tinh toan cac chi phi lién quan trong giai
doan dy 4n 20 nim cua tat ca cac phuong phap ciing duoc trinh bay trong Bang 3.5.
Sau khi cac thanh phan nhu PFs, WFs, CB va BESS duoc két ndi, tong chi phi van
hanh hé thong da giam dang ké tir 20,792 triéu $ xudng con 16,356 tricu $, 16,148
triéu $ va 16,130 triéu $ twong ung cho SMA, COA va MCOA. R§ rang, tong chi
phi tir viéc 4p dung nghiém d& xuit (MCOA) thip hon so véi cac nghiém tir cac
phuong phap so sanh khac. Mot cach cu thé, chi phi dau tu va O&M cho sy tham
nhap cta cac ngudn phat ning lugng mat troi va nang lugng gid 1én ludi chiém phan
16n trong tong chi phi, 1an luot tiéu tén 2,115 triéu $ va 4,961 tridu $ cho giai phap
tor SMA, 2,030 triéu $ va 5,187 triéu $ cho giai phap cua COA, va 2,075 tri¢u $ va
5,187 triéu $ cho giai phap ciia MCOA trong sudt vong doi du 4n. Dya vao két qua
trén c6 thé thay rang chi phi lip dat va van hanh ngudn phat nang luong gi6 co chi

phi cao hon so v&i viée két ndi ngudn phat ning luong mit troi. Su chénh léch chi
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phi nay 1én t&i 2,846 triéu $ cho SMA, 3,157 triéu $ cho COA va 3,112 triéu $ cho
MCOA, va sy chénh 1éch nay phu thudc vao cong sudt phat va sé luong két ndi cac
ngudn phat trong hé thdng. Bén canh d6, chi phi dau tw va O&M ciia ngudn phan
tan ndi luéi BESS ciing 1an luot tiéu tdn 1,267 tridu $ cho giai phap tir SMA, 1,009
triéu $ cho giai phap tir COA, va 1,030 triéu $ cho giai phap tir COA. Cudi cing,
v6i ngudn phan tan con lai 1a CB ciing gop phan tiéu ton 26,800 ngan $ cho ca ba
phuong phap. Tir chi phi cho cac ngudn phat phan tan ¢ thé xac dinh duoc tong chi
phi cua viéc dau tu va O&M cho ca vong doi du an 1a 8,370 triéu $, 8,253 triéu § va
8,319 tridu $, twong Gng véi giai phap cia SMA, COA va MCOA. R rang, tong chi
phi ndy ctia MCOA thi thiap hon SMA 1a 51,0 ngan $ va cao hon COA 14 66,0 ngan
$. Mat khac, xem xét chi phi phat dién tir lu6i dién chinh cho nhu cau phu tai thi chi
phi nay tir MCOA thi thap hon, chi 7,811 triéu $, trong khi cic phuong phép con lai
1én t6i 7,986 triéu $ (SMA) va 7,895 triéu $ (COA), giup tiét kiém duoc nhiéu tién
hon. Theo tinh toan, chi phi tiét kiém so vé6i hé thé)ng ban du khi chua co su tich
hop cac nguén phat cuia SMA, COA va MCOA lan luot 13 4,436 tricu $, 4,644 triéu
$ va 4,662 triéu $, tvong ing véi 21,335%, 22,336% va 22,422%. Noi tom lai, ti 1¢
phan tram d3 thé hién s tién tiét kiém duoc tir giai phap cia MCOA 13 cao nhat va
diéu nay cho thay phuong phap duoc dé xuét 13 tt nhat. Bén canh hiéu suit cao va
do 6n dinh tét, dic tinh hoi tu cia MCOA cling dugc so sanh va tot hon céc phuong
phap khac. R rang, MCOA c6 thé tim ra cdc nghiém co chat luong tot hon véi gia
tri ham danh gia thap hon COA va SMA ngay tir giai doan dau nhu dugc minh hoa
trong Hinh 3.8. Cac 1ap luan trén di ching minh rang viéc cai tién trong cac cong
thirc khoi tao nghiém méi 1a tich cuc va MCOA 1a mdt phuong phap tuyét voi dé
giai quyét viéc lap dat tdi wu cac PFs, WFs, CB va BESS trong hé thong phan phdi.
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Hinh 3.8: Bac tinh hoi tu cta cac phuong phap thuc thi.
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Hinh 3.9: Cong suét tiéu thy va cong suit phat ning luong tai tao
Hinh 3.9 cho thdy murc tiéu thu va san luong dién phét ra thay ddi theo thoi gian cua
cac ngudn phat ning luong ti tao tir phwong phép dé xuat cho mot ngay thong
thuong. Nhu da trinh bay trén, tong dién nang phét tir cic ngudn nang lugng PFs va
WFs chi 1a 41,71 MW, trong khi tong dién ning tiéu thy 1én t6i 76,46 MW. Qua do
thé hién su thiéu hut ning luong va luong thiéu hut nay s& duoc ludi dién chinh va
BESS cung cip theo chién lugc t6i wu nhat. Nhu di dé cap, ngoai vi tri 1ap dat va
dung luong luu trit cho BESS thi ma tran nghiém giai phéap ciing bao gdm cong suét

nap va xa & mdi giai doan cua BESS. BESS s& phat cong suit vao luéi dién ciing
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nhu léy dién tr ludi cho viéc luu trlr mot cach thich hop, tuy thudc vao diéu kién &
mdi giai doan khac nhau cua thoi gian. Cac giai doan nap va xa cia BESS duoc xac
dinh dua trén két qua thu dugc cta ma tran giai phap va duoc biéu dién nhu trén
Hinh 3.10. R& rang, vao cic gid cao diém nhu tir 9h00 dén 11h00 va 17h00 dén
20h00, BESS xa dién vao hé thdng phan phdi dé tiét kiém chi phi phat dién tir ludi
chinh do gia dién cao vao nhiing thoi diém nay. Mat khéac, vao cac gio thip diém
nhu tir 22h00 dén 4h00, BESS con ¢6 xu huéng nap dién dé tich trir do gia dién
thap. Cac gio con lai trong ngay, BESS linh hoat trong viéc sac va xa dién ning dé
giam thiéu tong chi phi. Mot cach tuong tu, Hinh 3.11 biéu thi su thay d6i dung
luong tir qua trinh tich dién va giai phong dién cua BESS. Trong trudng hop cu thé
nay, luong ning lugng tich trir trong BESS dat 2,245 MWh, BESS duoc coi 1a da
sac day va nang luong tich trit trong BESS giam xudng con 0,499 MWh, BESS sé&
ngimg xa dé tranh pin bi pha huy do tinh chat vat Iy. Nhin chung, BESS c6 xu
hudng tich trit nang luong trong nhitng khoang thoi gian gia dién thap va phu tai
nho dé phat ra ning luong trong nhitng khoang thoi gian gia dién cao va phu tai 16n.
Diéu nay da gbp phan rat 16n vao viéc tiét kiém tién mua nang lugng, dan dén giam

chi phi trong hé théng van hanh.
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Hinh 3.10: C&c giai doan nap va xa cua BESS.
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Hinh 3.11: Dung lugng luu trit theo thoi gian ciia BESS.

Trong nghién ctru nay, tu bu ciing dugc xem xét dé két ndi cho viéc dén bu cong
suét phan khang. Vi tri lép dat tu dién duoc xac dinh t6i wu va cong suat ra thay doi
theo thoi gian duoc tinh toan dé giit hé sé cong suat ciia hé théng bang hodc cao hon
0,9 nhu gia dinh ban ddu. Nhu minh hoa trén Hinh 3.12, cong suat phat tdi da tim
dugc cua tu dién dugc coi la cong suét lép dat. Mot cach cu thé, vi tri va cong suét
dinh mic nén 1a ndt 61 va 1,18 MVAr véi mdi budc thay doi 1a 10,0 kVAr dé giam
thiéu chi phi t6i da cho tu bu ma khong bi phat cong suit phan khang.
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Hinh 3.12: Su phat cong suit phan khang cua tu bu
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Nhu d3 dé cap, mot trong nhirng 1oi ich lon nhét cua viéc két ndi cac nguén
phat phan phdi phu hop 14 giam ton that dién ning trén cac hé théng. Nhu d3 thé
hién trong Hinh 3.13, tong ton that ctia nhanh trong mot ngay thong thudng di giam
dang ké tir 3,778 MW xudng 0,805 MW bing cach st dung nghiém téi vu cia
phuong phap dé xuat. No6i cach khac, ti 16 giam ton thit dién ning da dat 78,692%
va diéu nay da goép phan 16n trong viéc tiét kiém chi phi van hanh hé théng trong
giai doan dy an dai han. Ngoai ra, nho 4p dung nghiém tich hop phu hop cua
phuong phép dé xuét nén biéu d6 dién 4p cta hé thong duoc nang cao dang ké nhu
da so sanh giita Hinh 3.14 va Hinh 3.15. Trong hé théng ban dau, ¢ hau hét cac
truong hop, cdu hinh dién ap ludn c6 cac gia tri dién ap nit thap dudi giéi han cho
phép ciia 0,950 pu. Trong d6, gia tri dién ap nut thap nhat 13 0,911 pu & giai doan tai
dinh cua hé thong. Nhung sau khi 4p dung nghiém tdi uu cho viéc két ndi cac ngudn
phat, gia tri dién ap nat thdp nhat va gia tri dién 4p nat cao nhét trong toan bo thoi
gian xem xét ting manh lan luot 1én 0,953 pu va 1,032 pu. R3 rang, cac rang budc
vé dién ap nut da hoan toan dugc théa man. Dicu nay di cho thdy mot trong nhiing
loi ich to 16n cua viéc két nbi PFs, WFs, CB va BESS thich hop la gop phan nang

cao dién ap trong hé thong phan phdi.
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Hinh 3.13: Ton that cong suat trudc va sau khi tich hgp cac ngudn phét phan tan.
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twvong tmg. Tuy nhién, nho sy két ndi phi hop cta cac PFs va WFs trong lu6i da
lam giam thiéu dong phan b trén cac nhanh nén di gbp phan lam giam thiéu gia tri
ctia chi s6 song hai. Thém vao do, sy phat cong suat phan khang tir ty bu ciing dong
gop dang ké trong viéc giam song hai. Do dé, nhu két qua thu dugc thi gia tri tdi da
cho THD va IHD di dugc giam thiéu mot cach tuwong Gng xudng con 4,499% va
2,908%. Cac gia tri nay khong vuot qua gidi han cho phép cua IEEE Std. 519. Két
qua thu duogc ¢ trén da chiing minh thém mot lgi ich nira trong viéc cai thién chét

luong dién ning cua hé thong thong qua viéc tich hop PFs, WFs, CB va BESS.
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Hinh 3.16: Gi4 tri 16n nhat ctia THD va IHD trudc va sau khi tich hop
3.5 Tong két

Céc két qua thu dugc va nhitng han ché cia chwong nay cé thé duoc trinh bay

mot cach tom tit nhu sau:

- Nghién ctru nay da thanh cong trong viéc xac dinh vi tri va kich thudc cua
cac ngudn phat dién phan tan PFs, WFs, CB va BESS trong ludi dién phan
phdi chuan IEEE 69 nat véi sy tham nhap cao cua nhiéu tai phi tuyén.

- Muc tiéu chinh cta nghién cau la giam thiéu tong chi phi dau tu, O&M cho
PFs, WFs, CB va BESS ciing nhu chi phi phat nang lugng cua ludi cho phu
tai va ton that hé théng. Két qua thu duoc chi ra rang téng chi phi c6 thé duoc
cit giam mot cach dang ké thong qua viéc két ndi phu hop cac ngudn phét

phan tan. Nghién ciu khong chi dat dugc loi ich vé kinh té ma con thoa méan
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dugc cac yéu cau vé rang budc ky thuat nhu dién 4p nat, dong dién nhanh, do
méo s6ng hai va kha ning thAm nhap cua cac ngudn phat.

Nghién ctru nay da gidi thiéu mot thuat toan mai goi la MCOA cho viéc giai
quyét van dé toi wu sy két ndi cac ngudn phat phan tan. Bé chang minh tinh
vu viét cia MCOA s0 Véi cac phuong phap so sanh khéac thi nghiém téi uu
phuong phap dé xuat dugc so sanh vé hiéu suat va do on dinh véi ciing muc
tiéu va cac rang buoc. Két qua thu duoc cho thady MCOA tét hon cac phuong
phap khéac.

MCOA 1a mot phuong phap phu hop dé giai quyét van dé toi uu dang xem
xét. Trong trudng hop cu thé nay, nghiém tir MCOA ¢4 thé tiét kiém nhiéu
hon vé chi phi van hanh hé théng 1én t&i 22,422%, trong khi SMA la
21,335% va COA la 22,336% so véi hé théng ban dau. Mic di MCOA 1a
mot phuong phap manh va 6n dinh nhung van ¢ mot sé nhugce diém can
khac phuc. Trong nghién ctru nay, MCOA da giai quyét thanh céng van dé vé
vi tri va cOng suat cua cac ngudn phat phan tan. V& cong suat, WFs va PFs c6
cong suat dugc xac dinh thay doi lan luot tir 2000 md-dun quang dién dén
20000 md-dun quang dién va tir 2 tua-bin dén 10 tua-bin. Trong khi d6, cong
Suét t6i da ctia BESS dugc 4n dinh 1 2,0 MW va 6,0 MWh. Déi véi vi tri ciia
PFs, WFs, CB va BESS, gia tri thay doi tir 2 dén 69 trong hé thong phan phbi
chuan IEEE 69 nat. Mot cach rd rang, khdng gian tim kiém nghiém téi wu
cho truong hop nay twong ddi hep, nhung MCOA yéu cau 300 lan lap voi
dan sé 14 20. Do do, trong cac hé théng phic tap va khong gian tim kiém Ion,
nghiém t6i uru tim duoc tir phuong phap dé xuat co thé khong dugce dam bao.
Ngoai ra, nhu trong Bang 4.3, toc do xir Iy caia MCOA cham hon SMA va
nhanh hon COA mét cich khong dang ké. Nhin chung, MCOA 1a mot
phuong phap tich cuc dé giai quyét van dé dang xét nhung can duoc cai tién
hon nita dé giai cac bai toan phirc tap véi vang tim kiém rong.

Ngoai ra, nghién ctiru nay st dung dit liéu caa mot ngay dién hinh gdbm 24 gié
trj dé biéu thi mot nim va cac nim nay gidong nhau trong subt chu ky du &n
nhu di gia dinh. Su chénh léch giita cong suat du doan va thuc té s& duoc
ludi dién chinh bu dap dé can bang. Tuy nhién, dé giam muac bu nay, sé ngay

duoc xem xét can thiét phai ting 1én.
57



Nghién ciru xem xét su thAm nhéap cao cua cac tai phi tuyén ma da dugc gia
dinh c6 phé hai gibng nhau dé chirng minh thém phuc loi cua viéc tich hop
cac ngudn phét phan tan trong viéc giam thiéu song hai dé thoa tiéu chuan
IEEE Std. 519. Tuy nhién, trong thuc té, khi c6 su tham nhap cao cac tai phi
tuyén I1&n hé thdng thi s& duoc 1am giam muc d6 séng hai téi tiéu chuan bang
viéc két ndi cac bo loc song hai dé né tranh sy anh huang nhiu 1én ludi. Do
do, viéc xem xét sy tham nhap cua cac tai phi tuyén phu hop véi thuc té 13

diéu can thiét.
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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 Giéi thiéu

Céc hé théng phan phdi ba pha trong thyc té rat khé dat duoc su can bang do
ludn ton tai sy bat doi xtimg gitra cac tai & mdi pha trong hé thdng. Do d6, viéc xem
xét hé théng phan phdi ba pha khong can bang thi phuc tap. Chuong nay ap dung
thuat toan dé xuét cho viéc xac dinh vi tri va cong suat lap dat phu hop cho céc
ngudn phat dién phan tan trong ludi phan phdi ba pha khong can bang nham hudng
téi viee xem xét tinh kinh té, k¥ thuat va moéi truong mot cach déng thoi. Nghién
ctru xem xét toan dién cac khia canh cho mot dy an tich hop cic ngudn phat phan
tan trong dai han, 1én t&i 20 ndm. Nghién ctru tip trung giam thiéu tong chi phi lién
quan cho toan hé théng phan phdi ma vin dam bao dugc cac tiéu chi ki thuat va
moi truong ludn dugc thoéa min yéu cau da dé ra. Muc tiéu cu thé cta nghién ctu 13
giam thiéu tbi da téng chi phi trong vi¢c dau tu, van hanh va bao tri hé théng cO su
tich hop cic ngudn phat phan tan ndi ludi. Trong chuong nay, nghién ciu ap dung
thuat toan dé& xuat (MCOA) dé giai quyét hai bai toan cua hai kiéu hé thong khong
can bang khac nhau. Bén canh d6, nghién ctru cling dé xuit 4p dung su phdi hop mo
phong giita MATLAB va OpenDSS cho viéc giai quyét van dé trao luu cong suat

mot cach nhanh chéng va thuan tién.

4.1.1 M6 phéng tinh bat dinh

Giong nhu da dé cap, cac ham phan phdi x4c suat Rayleigh va Beta dugc sir
dung dé mo phong sy phan b tde do gié cho cac tua-bin va birc xa mat troi cho cac
mMO-dun dya trén dit li€u lich st dugc thu thap trong ba nam tu dia diém nghién ctu.
Tir 46, cong sut ngd ra cho tua-bin gié va mé-dun quang dién dugc tinh toan mot

cach phu hop.
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4.1.1.1 M6 phéng tinh bt dinh cho md-dun quang dién

Ham phan phdi xac suit Beta thuong dugc sir dung dé mé phong birc xa mat
trdi & moi gid trong nhidu nghién ctru trude ddy [62, 65-67]. Va trong nghién ctu
nay, ham Beta ciing dugc tng dung dé mo phong tinh chat xac suit ciia birc xa mat

troi va duoc biéu dién theo cong thic toan hoc nhu sau [65]:

[y +p)
————— DV Q- Lnéu0<1<L;y,p=0
B, =1 T(p) + [ (p) (= vp (4.1)
0, trueong hop con lai

Trong cong thac (4.1), B, (1) la gia tri cia ham Beta cho burc xa mat troi « (kW/m?),
I'(s) 12 ham gamma, y va p la cac thong sb ciia ham Beta ma c6 thé dugc tinh toan
bang viéc st dung do léch tiéu chuan (d) va gia tri trung binh (m) caa cac gié tri bic
Xa mat troi. Gia tri cua y va p c6 thé duoc xac dinh bai cong thic (4.2) va cong thic
4.3).

p=(1-m)x (mx(dlz—m) - 1) (4.2)
vay = (4.3)

Trong mdi gio cu thé, x4c suat bic xa mit troi duoc tinh bang:
S 0= [ Bs(0). du (4.4)

Trong d0, 1,,Va tg, dugc coi la gigi han birc xa mat troi cua giai doan s (Nghién ciru
da gia dinh bao gom 20 giai doan s véi buéc nhay 0.05 kW/m? cho pham vi xem xét
cua timg diém buc xa mit troi). Cong suat dau ra du kién cua mo-dun quang dién co
xét dén birc xa mat troi va nhiét dd6 méi trudng xung quanh (T,) c6 thé duoc xéac
dinh bang [62]:
Fopyr() = F () x {5 () (4.5)

Trong d6 F, (1) 1a cong suat dau ra cia md-dun quang dién twong &ng vai ting bc
xa mat troi (1). F, (1) c6 thé duoc biéu thi dudi dang cong thic (4.6) va viéc tinh toan
c4c gia tri thanh phan duoc mo ta rd rang trong nghién cau [66]:

F()=NPXFFxIW)xV(©Q) (4.6)
C4c thanh phan trong cong thirc (4.6) co thé duoc xac dinh bang viéc ap dung cic
biéu thirc toan hoc bén dudi:
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FF = VmppPTXIMPPT 4.7)

VocXlIsc
V(l) = VOC - KV X TCe (48)
I = A X [Is¢c + K;. (Tge — 25)] (4.9)
NoT—20

TCB = TAm + AIT X (410)

0,38
Trong cong thtc tir (4.7 — 4.10), NP duoc dinh nghia 1a s6 lvong mé-dun quang
dién; FF 1a hé sb lap ddy ma thuong duoc dung dé do hiéu sudt cia mo-dun quang
dién; Isc(A)vaVye(V) 1a dong dién ngin mach va dién 4ap ho
mach; Vyppr (V) va Iyppr (A) 12 dién ap va dong dién & diém cong suit cuc dai; K,
(VI°C) va K; (A/°C) 1a cac hé s6 nhiét do cho dién ap va dong dién; T, (°C) Va T,
(°C) 1a nhiét 3o cua cac cell trén md-dun quang dién va nhiét d6 méi truong;
Ny (°C) va A, (KW/m?) dugc coi nhu 1a nhiét do hoat dong cta cac cell trén mo-
dun quang di¢n va bilrc xa mat troi trung binh.

Cudi cung, téng cong suét dau ra du kién cia mo-dun quang dién tai mot gio cu thé

duogc tinh bang cach ap dung cong thirc dudi day:

Prvr = fol Fopyr(du (4.11)

4.1.1.2 Mé phéng tinh bit dinh cho tua-bin gi6

Ham phan phdi xac xuit Rayleigh thudng duoc Iya chon st dung dé mé phong
vé toc do gi6 trong cac cong trinh dd cong bd trude day [46]. Trong d6, hai thong sd
quan trong d6 13 chi s6 hinh dang (sh) va chi sb ty 1& (sc). Trong nhiéu nghién ctu
truée ddy, khi sh = 2 va sc=1,128 x v™ (v™ la gia trj toc do gio trung binh) duoc
goi 1a ham Rayleigh va ham nay da dugc chirng minh 1a phu hop hon trong viéc mo
phong tdc d6 gid cho tua-bin [62, 68]. Ham Rayleigh dugc trinh bay dudi dang biéu
thirc toan hoc nhu sau [62]:

v

2Xv 2
pr w) = W X exp [— (lengm) ] for0 <v <o (4.12)

X&c suét tbe do gio tai mot gio cu thé cé thé duoc md ta nhu céng thirc dudi day.
L, (W) = fv';*’f R, (W).dv (4.13)

Trong cong thuc (4.13), v, Va vy, duoc dinh nghia la giéi han téc d6 gi6 cua giai

doan p (Cong viéc nay duoc gia sur chia pham vi dang xem xét thanh 20 giai doan p
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vé6i budce 1a 1.0 m/s cho mdi diém tde do gid). Cong suat dau ra dy kién cua tua-bin
gid xét dén tdc d6 gio c6 thé dat duoc bang [67]:

Fowr(v) = H,(v). L, (v) (4.14)
Trong d6, H,(v) la cong suat dau ra ciia tua-bin gié twong tng véi tirng toc do gio
(v) va cong thic (4.15) c6 thé duoc sir dung dé xac dinh gia tri nay [68]:

( 0,if v <v;,, hodc v = v,y
Ho ) = Pratea (02),mbu v S VS Vyea (415
Prateas MU Vygreq SV S Voy
O day, Voyer Vin, aNd V,qp0q 1an luot 12 tée d6 gio cho phép 16n nhat, toc do gio
cho phép bé nhat ma tua-bin bat dau hoat dong va toc do dinh mac cua tua-bin;
P, ateq 12 CONG SUAt dAu ra dinh muc caa tuabin gi6. Cudi cing, tong cong suat dau
ra du kién cua tua-bin gié trong mot khoang thoi gian cu thé c6 thé duoc xac dinh
nhu sau:
Pwr = fooo Foyr(v).dv (4.16)
4.1.2 H¢ thong phin phoi ba pha khong cin bang
Trong thuc té, hé théng phan phdi ba pha khong can bang van ton tai va nguyén
nhan chil yéu 1a do cac tai & cac pha khong co sy can bang va/ hodc tré khang trén
duong day ba pha khong trong ddng nhau [69]. Mot cach cu thé, trong hé théng ma
tai khong can bang, c6 mot vai trudng hop c6 thé xay ra nhu cong suét clia cac tai ¢
ba pha khong can bang hodc cong suit tai ¢ hai trong ba pha twong dng nhung pha
con lai thi khac. Nhitng truong hop néu trén c6 thé duoc biéu dién dudi dang cong
thirc toan hoc nhu cong thuc (4.17):
S # Sp # S
SY = Sb # s¢

Sy =S¢ # S§
Sy =S¢ # Sp

(4.17)

Nhu cau vé ba pha cé thé khong duge yéu cau trong mét sb truong hop ma trong khi
d6 lai c6 nhu cau cung cip tai tir mot pha va hai pha. Do d6, su phan b6 khong cin

bang c6 thé dugc miéu ta bang mo hinh nhu bén dudi:
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Hinh 4.1: Puong day hé thong phan phoi
Nhu trong Hinh 4.1, hinh a thé hién duong diy phan phéi mot pha va hinh b thé
hién duong day phan phdi hai pha. Trong d6, duong day phan phdi mot pha cung
cap dién cho tai mot pha ¢ pha A va duong diy phan phdi hai pha cung cap dién cho

hai phu tai & pha A va pha B. Hai s6 liéu c¢6 thé dugc biéu dién toan hoc nhu sau:

Sy #0
Sk =0 (4.18)
SE =0

a! _ cbr ~ al br

{S = Sp iO?oacSA +Sg #0 (4.19)
S¢ =0

Cong thuc (4.18) cho thiy truong hop c6 tai ¢ pha A. Vi vay, tai & pha B va pha C

bang 0. Nguoc lai, cong thuc (4.19) c6 thé biéu thi dic tinh cta ca tai hai pha can

bang va tai hai pha khong can bang. Tai ¢ pha A va pha B 1a nhu nhau dbi véi

truong hop tai hai pha can bang trong khi tai khac nhau ddi véi trudng hop tai hai

pha khong cin bang. V& tr& khang dudng ddy, cic dudong phan phdi co thé duogc

biéu dién dudi dang cong thirc sau:

(2% = Ry + jxj?

< 7% = oo (4.20)

| Z# =

(Z3% = R3* +jX}2

$ZE* = RF* + jX3* (4.21)
\ ZpP=o

Tom lai, hé théng phan phdi khong can bang trong thyc té rat phirc tap nhu duoc thé

hién trong cac hinh va céng thuc trén.
4.1.3 Su phoi hop mé phéng giita MATLAB va OpenDSS
4.1.3.1 Open source Distribution System Simulator (OpenDSS)
OpenDSS 12 mot phan mém mo phong (DSS) va 14 phién ban mi ngudn mé
ding dé hd tro viéc tinh toan, mé phong cho cac hé théng phan phdi trong cac mién
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tan sd. OpenDSS dugc Vién nghién ctu ning luong cia My (Electric Power
Research Institute - EPRI) phat trién dé khic phuc nhitng nhugc diém cua cac phan
mém chuyén dung tdn tai trudc d6. Thém vao do, OpenDSS dugc xay dung dé tao
ra mdt nén tang nghién ctru linh hoat va dang tin cAy nhdm phuc vu cc tng dung
phan tich hé théng phan phdi, dic biét 1a hé thong phan phdi co su tich hop cac
ngudn phat dién phan tdn nhu may phat dién dong bo, may phat ning lwong mit
trdi/ ning lwong gio, tu bu, v.v. Ciu tric cua phdn mém nay co thé dugc trinh bay

ngan gon nhu trong Hinh 4.2 [70].

Scripts
_D>

User-
Written
DLLs

COM Interface

Scripts, Results

Hinh 4.2: CAu trlc ciia OpenDSS

Pbi v6i cau trac ndy, OpenDSS cho phép ngudi dung viét chuong trinh miéu ta vao
phan mém va st dung cac ham chirc ning dé tinh toan cho ra két qua mot cach
nhanh chéng nham gitp giai quyét cac van dé lién quan dén trao luu cong suit. MOi
truong trong OpenDSS chira cac tép tap 1énh ma ding dé dinh nghia hé thong véi
day du thong tin k¥ thuat nhu may bién ap, dir liéu duong day, dit liéu tai, v.v. Cac
tép tap 1énh nay dugc nguoi dung dinh nghia mot cach thich hop theo cl phap ma
duoc quy dinh riéng baoi phﬁn mém. Dic biét, loi thé chinh cua OpenDSS so véi cac
phan mém chuyén dung khac 12 dugc phat trién dé cho phép twong tac v6i cac phan
mém phd bién khac nhu MATLAB, PYTHON, VBA, C+ va C#. Su twong tac nay
duoc coi 1a sy phdi hop mé phong va diéu nay duoc thyc hién thong qua windows
component objective model (COM) [71]. Néi cach khac, OpenDSS cho phép phat
trién hodc sira doi ndi dung tip dir lidu tir moi trudng ¢ phan mém khac dé didu
khién mé hinh OpenDSS thong qua cong COM nay.

4.1.3.2 Phwong phdp tinh trao luwu céng sudt trong OpenDSS
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Trong chuong nay, OpenDSS duoc dé xuat 4p dung dé giai quyét van dé trao luu
cong suit cho hé thdng khong can bang 3-pha. M6 hinh duong day 3-pha cé day
trung tinh dugc minh hoa nhu Hinh 4.3.

ST ?aa
.\:'\ —_ A f" \
Ua : E— I = R Ur
g, a 5 7 5 ag
| |_|be ab Eac Zan|
o, 1 S
bg i Iy 7 I 7 [ _ U bg
g cc be| |7
- i | bn | .
P —_ i
Ueg | I, > 5 Ucg |
/ Zrm ch H
® { 1 ¥ ¢ e
T 'L. /
Ung/ I, U'ng/

"\\\\\\\\\\\\\\

Hinh 4.3: M6 hinh duong day 3-pha vai day trung tinh
Trong mo hinh nay, tré khang ctia ban than diy din va tr& khang 1an nhau gifta cac
day c6 thé dugc xac dinh bang viéc 4p dung cac cong thirc Modified Carson [72].

Ma tréan tinh toan di¢n ap nut dugc miéu ta nhu cong thic (4.22) [72, 73].

Uag Zaa Zab Zac Zan Ia

Upg _ Ubg] ‘Zba be Zbc an} llb (4.22)
ch c .
Ung Zna an n

Cong thirc (4.22) c6 thé duoc viét lai nhu cong thirc (4.23) nhu sau:

R e

Trong OpenDSS, dé giam thiéu qua trinh tinh toan, phuong phép Kron Reduction co
thé duoc ing dung véi gia dinh 1a day trung tinh dwoc ndi dat nén U, g dugc xem xét
bang véi U',,. Do d6, I, ¢6 thé dugc tim ra boi cong thirc (4.24) [73]. Bing viéc lay
cong thirc (4.22) thay vao cong thirc (4.23) thi ma tran trd khang nguyén thiy
(Primitive impedance matrix) dugc rat gon thanh ma tran tr¢ khang pha (Phase
impedance matrix) nhu trinh bay trong cong thirc (4.25) [72]. Piéu nay gbp phan

nang cao toc do tinh toan thong qua giam thiéu kich thudc ma tran tinh toan.

[In] = _[Znn]_l- [an]- [iabc] (4-24)
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Wanel = V' ane) + | (2] = [Zin]: [Zan] ™[] Uanc (4.25)

RO rang, nho viéc 4p dung Kron Reduction thi hang va cdt ciia ma tran tré khang
nguyén thiy di duoc rat gon tir 4x4 xudng con 3x3, va két qua c6 thé duoc thé hién
nhu Hinh 5.4. Bang viéc 4p dung Kirchhoff’s Voltage Law thi so dd mach Hinh 4.4
duoc biéu dién nhu cong thic (4.26) [72].
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Hinh 4.4: M6 hinh twong duong duong day 3-pha sau khi ap dung Kron Reduction

Uag Uag Zaa Zab Zac Ia
Upg| = |Ubg| +|Zba Zbp Zpc|-|Ib (4.26)
ch n ch m an Zcb ch Ic

Qua trinh tinh toan dé xac dinh ma tran tré khang pha c6 thé duoc 4p dung tuong tu
cho hé thong c6 duong day 2-pha va 1-pha. Trong duong day 2-pha thi cong thic
tré khang nguyén thay co6 kich thudc la 3x3 théng qua viéc ap dung cbng thac
Modified Carson va kich thudc ma tran tré khang nay cting duoc rat gon lai thanh
ma tran 2x2 nho viéc ap dung phuong phap Kron Reduction. Mot cach twong tu cho
duong day 1-pha, kich thuéc ma tran tré khang giam tir 2x2 xudng con 1x1 [73].
Trong OpenDSS, Direct Approach Method (DAM) dugc tng dung cho viéc tinh
toan trao luu cong suit do phuong phap nay c6 nhiéu wu diém vé tée do tinh todn so
VGi cac phuong phap khac nhu Newton-Rapshon, Gauss-Seidel va BW/FW [28].
Phuong phap DAM duoc xay dung dya trén hai ma tran gé)m ma tran quan hé gitra
dong di¢n nhanh véi dién &p nit [BCBV] va ma trén quan h¢ gitra dong dién nut véi
dong dién nhanh [BIBC]. Mot cach ngin gon cho phuong phap nay, dua vao dinh
luat Kirchhoff I cho mdi niit ma cac dong dién nhanh [B] dugc xay dung tir cic
dong dién nat twong tng [1]. Tir d6, ma tran [BIBC] va ma tran [BCBV] c6 thé dugc

trinh bay nhu biéu thic sau [28].
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[B] = [BIBC][I]
liav) = (scaviis 4.27)
Tir d6, mdi quan hé giira dong dién nat véi dién 4p duoc trinh bay nhu sau:
[AV] = [BCBV][BIBC][I] = [DLF][I] (4.28)

Phuong phap DAM thuc hién viéc tinh toan dong cong suat trong mang phan phbi
hinh tia théng qua viéc giai quyét cac cong thic sau dya trén phwong phap lap va

qua trinh nay chi dirng lai khi diéu kién dirng vong lip duoc thoa man [28]:

Ir = (BHe) (4.29)

vy

r+11 — r
{{%1] L_[J%Lf][[iv]m] (4.30)
Trong céc cong thirc nay, P, va Q. 1a cdng suét tac dung va cdng suat phan khang
cua tai ¢ nat thir s. I7 va V" 1a dong dién va dién ap nat thar s caa budce lap thi r.
Qua trinh &p dung phuong phap DAM cho tinh toan trao luu cong suat duogc trinh
bay ngan gon bang luu d6 nhu sau [28].
Nhdp dit liéu ve hé
thong phan phoi

Xay dung céc ma trin gdm
[BCBV], [BIBC] va [DLF]

Y

Khoi tao =0

Cap nhat dién ap nut

— r=r+1
Sai

Giri két qua tinh
toan dong dién
va di€n ap nut

Hinh 4.5: Luu d6 4p dung phuong phap DAM trong OpenDSS
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4.1.3.3 Sw phoi hop mé phéng giiva OpenDSS va MATLAB

Gidng nhu di dé cap, OpenDSSS c6 thé duoc diéu khién bai phin mém khac
thdng qua COM. Do do, trong nghién ctu nay, sy phdi hop mé phong giira
OpenDSS va MATLAB duoc thyc hién nham phan tich anh huéng cta cic ngudn
phat trong hé thong phan phdi cling nhu viéc giai quyét van dé tdi uu su tich hop
clia CAC ngudn phat nay. Qua trinh phdi hop giita OpenDSS va MATLAB trong

nghién ctru ndy duoc tom tat ngan gon nhu Hinh 4.6 [71].

| Tra két qua dong cdng su§t>

OpenDSS COM MATLAB

< Guri giai phap kha thi |
Hinh 4.6: Nguyén 1y co ban sy phbi hop mé phong gitta MATLAB va OpenDSS

Trong nghién ctru nay, mot giao dién duoc xay dung dé truyén dit liéu can thiét
qua lai giita hai phin mém ngudén md mot cach lién tuc. OpenDSS bi han ché trong
viéc giai quyét van dé lién quan dén viéc ty dong thay ddi bién diéu khién. Do vay,
trong nghién ctru nay, OpenDSS can phdi hop véi MATLAB dé giai quyét bai toan
dang xét trong hé théng phan phdi. OpenDSS 1a mot ngudn md chuyén dung trong
viéc giai quyét van dé trao luu cong sudt trong cac mién tdn sb & cac hé théng phan
phéi véi toe do xtr 1y dir lidu cao va MATLAB dugc st dung dé diéu khién cac hoat
dong ciing nhu stra d6i tap 1énh dit liéu ctia OpenDSS nhd thong qua cong COM.
COM trong trudng hop nay 1a mot chuong trinh code duoc viét trong MATLAB nham
muc dich chinh 1 van hanh (hay diéu khién) OpenDSS tir MATLAB. Qua trinh phi
hop mo phong nay chi can duoc thuc hién trén mot may tinh ma da c6 cai dat san hai
phdn mém ngudn mé 1a MATLAB va OpenDSS. Viéc ung dung thanh cong sy phdi
hop linh hoat nay da tao ra mot cong cu mod phong tuyét voi cho su giai quyét cac
van dé t8i wu khac nhau mot cach nhanh choéng va thuan tién. DPéi véi trudong hop cu
thé trong nghién ciru nay, dir liéu vé hé thong dugc mo ta trong moi trudng
OpenDSS, trao luu cong suit duge tinh toan va cic két qua can thiét thu duoc sé
dugc chuyén téi MATLAB. Song song voi d6, thuat toan tdi vu ma duoc miéu ta

trong MATLAB ¢6 nhiém vu tinh toan dé danh gia chat lugng nghiém va dya trén
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d6 dé dé xuat nghiém phu hop trong viéc tich hop cac ngudn phat phan tan vao ludi
dang xem xét. Nghiém d& xuit nay dugc chuyén téi OpenDSS ciing thong qua COM
dé tinh toan lai trao luu cong Suét. Qua trinh nay dugc thyuc hién ldp lai cho dén khi
yéu cau vong ldp cua thuat toan duoc thoa man.

Thuat toan MCOA va su phdi hop mo phong gitta MATLAB va OpenDSS duoc
ap dung dé giai quyét cho hai bai toan lién quan dén viéc xac dinh vi tri va cong suét
t6i wu ctia cac ngudn phat phan tan trong hé théng phan phdi ba pha khong can bang
dugc trinh bay nhu muc bén dudi.

4.2 M ti bai toan thir nhat

Nghién ctru xem xét su tich hop ctia cac ngudn phat ning luong mat troi (PFs)
va cac ngudn phat ning luong gié (WFs) trong hé thong phan phdi ba pha khong
can béng nhu Hinh 4.7 da minh hoa. Muc dich chinh ctia nghién ctru 1a tim kiém vi
tri va cong suét t6i wu cia PFs va WFs nham giam thiéu tong chi phi gdm (1) chi phi
cho viéc dau tu, (2) chi phi cho O&M, (3) chi phi cho viéc phat dién tir ludi chinh
va (4) chi phi phat thai tir cdc nha may truyén thong str dung ning lwong hoa thach
trong vong 20 nim chu ky du an. Ham phan phdi x4c suat Beta va Rayleigh duoc st
dung dé mo phong phan bd blrc xa mit troi va tbe do gio trong ving dia Iy nghién
ctru dé tir d6 tinh toan cong suat ngd ra ciia ngudn phéat nang lugng mat troi va nang
lugng gié. Nghién ciru ciing xem xét dong hai (HF) dugc tao ra boi cac tai phi tuyén
va c4c bo bién ddi cong suat cua cic ngudn phat phan tan ma duoc két ndi vao ludi.
Céc thuat toan meta-heuristic dugc thuc hién trén MATLAB, sau d6 OpenDSS duoc
str dung dé tinh toan trao luu cong suat. Két qua tét nhét cho thiy tong chi phi c6 thé
dugc tiét kiém mot cach dang ké nho sy két ndi ciia cac ngudn phat ma van dap tng
dugc cac tiéu chi k¥ thuat. Qua dé cho théy viéc ap dung nghi¢m tdi wu cta thuat
toan dé& xuat cho vi tri va cong suat lap dat cho cdc ngudn phat phan tan mang lai
hiéu qua tich cyc hon trong viéc giam thiéu tong chi phi trong cac hé théng phan

phéi khong can bang so vi cac thuat toan khac.
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Nha may dién truyén thong

— Ly

Ngubdn phat ning hrong mit trovi

Nhu cau tai

Hinh 4.7: M6 hinh hé thong phan phdi tich hop cac ngudn phat ning lugng tai tao
4.2.1 Ham muc tiéu

Nghién ciru ndy gia sir don vi dién lyc dang duoc giao dau tu va trién khai hé
thng ndi ludi ning lugng tai tao dé ting cuong ngudn ning lwong sach cho quéc
gia va giam thiéu tic dong dén mai trudng thi tinh kinh té, k§ thuat va moi truong
dugc xem xét. Trong chuong nay, cic ngudn phan tan ning lwong mit troi va ning
luong gid (PFs va WFs) duoc thuc thi dé tich hop trong hé thdng phan phdi ba pha
khong can bang nham giam thiéu tong chi phi dé t6i da loi nhuan thu duoc so véi
ludi ban dau, dong thoi thda man cac rang budce ki thuat. Tong chi phi bao gdm chi
phi dau tu, chi phi O&M, chi phi phat dién cta ludi chinh va chi phi phét thai tir nha
may dién truyén théng. Muc tiéu trén dugc biéu dién bang cong thirc toan hoc nhu
(4.31):

Gidm t6i da TCrorar = TCrnp + TCom + TCoria + TCrmis ($) (4.31)

Trong do, cac thanh phén chi phi cua ham muc tiéu cé thé duoc xac dinh nhu sau:

TCrny = Cpp'- PEE% + Cpi . PRAFEA(S) (4.32)
TCom = 30,4167 x 320, 3258 0. (CO¥M. Py + CO¥M . Puypny ) ($)  (4.33)
TCorig = 30,4167 x X220, 3288 0,,. (Pr7. Poyp py) ($) (4.34)

TCEmis = 30!4167 X 232/(;1 }218=81 ey' (PrEmis' GEmis' PSub,h,y) ($) (435)
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Trong cac cdng thirc (4.32 - 4.35), cac ky hiéu dugc dinh nghia cy thé nhu trong
danh sach cac ky hiéu. Nghién ctu nay gia sir dang xem xét vong doi du an la 20
niam véi 365 ngay moi nim va 24 gid> 1 ngay. Moi ngay dai dién cho mét thang va
288 14 két qua tir phép nhan cua 12 ngay va 24 gio. Hé sé 30,4167 trong cac cong
thire (5.33 - 5.35) 1a két qua cua ti 1& giita 8760 gio trong mot nim véi 288. Ngoai
ra, d& thuan tién cho viéc danh gia hiéu qua kinh té cua dy an, toan bo chi phi phai
tra trong tuong lai cia du an phai duoc quy dbi thanh gié tri hién tai, do d6 ham
6, dugc thém vao cac cong thirc tinh TCppy, TCpyrig VA TCppys, VA 8y, €O thé duoc Xxac
dinh mot cach rd rang trong nghién cuiu [50].

4.2.2 Cac rang bu¢c cho ham muc tiéu

Nghiém tdi wu duge xac dinh theo ham muc tiéu thi can phai dam bao thdéa man
tat ca cac rang budc k¥ thuat ma dugc thiét lap nhu bén dudi.
4.2.2.1 Rang bugc vé can bang céng sut

Pé giir tan sb va dién &p & trang thai 6n dinh, tong cong suat phat ra phai bang
tong cong suat tiéu thu. Khi dat PFs va WFs trong hé thong phan phdi, tong cong
suat phét 1a tong cong suat dugc cung cap bai ludi dién chinh va cong suat do PFs
va WFs tao ra. Tong cdng suat tiéu thu 1 tong cdng suét tai va ton that cong suat
trén dudng truyén. Do d6, cac cong thic can bang cong suat tac dung va phan khang

dugc biéu thi nhu sau:
N N N N
PSub,h,y + Zi!{F PWF,i,h,y + Zj:Pf PPF,j,h,y = Zdi1 Pd,h,y + szl Pb,h,y (436)

N N N
QSub,h,y + Zi:ng QWF,i,h,y + Zj\’:Pf QPF,j,h,y = Zdi1 Qd,h,y + Zbil Qb,h,y (437)
Trong (4.37), Qwr,iny Va Qpr j n, dugc xac dinh boi (4.38) va (4.39) cho vige phat

cong suat phan khang [41]:
QWF,h,y = PWF,h,y X .BWF,j; Trong do, .BWF,j = tan(cos‘l(PfWF‘j)) (4.38)
Qpr,ny = Pprpy X Bpr,; ; Trong 40, Bpp; = tan(cos‘l(prF‘i)) (4.39)

4.2.2.2 Gidi hgn vé dong di¢n nhanh
Cuong d6 dong dién trén mdi nhanh phan phdi khong duoc vuot qua gidi han

t6i da cho phép cia chung [53]:

Ill)VIax > Ilz: ;b=12...,Ny&p =12 ...,Np (440)
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4.2.2.3 Gidi hgn vé di¢n ap
Trong nghién ctru nay, dién ap ¢ mdi pha duoc giit trong pham vi tir 0.95 dén

1.05 pu [53]. Su rang budc gidi han cho dién ap pha duoc biéu dién dudi dang toan

hoc nhu sau:

yMin < |VP| < VM s =1,2,..., N, &p = 1,2,.., N, (4.41)

4.2.2.4 Gi6i han vé dj léch dién dp khéng cin bang
Nghién ctru nay xét dén hé théng phan phéi ba pha khong can bing nén dién ap
tai mdi pha cua cac nit s& c6 sy chénh léch. Do léch dién &p khéng can bang

(UV4ey,5) phéi duogc giilr trong gidi han theo tiéu chuan IEEE Std. 45-2002 [74]:

UV s (%) < UVDMI (%) (4.42)
Max
Trong d6 UVze,s(%) = 100 X 425 5 =12, N, (4.43)

un,s

Trong cong thirc (4.42), UVDY3% 13 gi6i han cho phép 16n nhét cia sy 1éch dién
ap khong can bang ma dugc lya chon 1a 3% theo nhu tiéu chuan. V49" va Vé‘;’ﬁf la
dién ap pha trung binh va su 1éch dién ap 16n nhét tir dién ap pha trung binh & nut

thir s. Viéc tinh toan V1% va V1% c¢6 thé dugc trinh bay nhu sau:

yhean = WK ¢ =12, N, (4.44)
Trong do, V.1, Vi va V3 1a gia tri dién 4p cua pha A, B va C cua nat thir s.
Vs = V& = Vi, s = 1,2, ..., Ny (4.45)
Vioes = V™ = V|, s = 1,2, ..., N (4.46)
Vs = V& = V|, s = 1,2, ..., N (4.47)

Trong do, Viats, V5B va Vit duge dinh nghia 1a sy chénh Iéch dién 4p gitra pha A
va gia tri dién ap trung binh, gitta pha B va gia tri dién 4p trung binh, va gitta pha C
va gia tri dién 4p trung binh & nat thir s, mot cach twong tng. Cubi cung, gia tri 16n

nhit vé sy chénh léch dién ap (Vﬂﬁ’s‘) duoc xac dinh nhu sau:

Vcllviljg,? = max [VuAnAs: VuAnl,as: uAn(fS] S = 1: ---:Ns (4-48)

4.2.2.5 Gi6i han vé nhiéu song hai
Gidi han vé sy tham nhap cua song hai trong hé théng dién s& dan téi su gioi

han cho mic d6 tham nhap cua cac ngudn phat phan tan ning lwong tai tao. Trong
nghién ctru ndy, hai gid tri tong bién dang dién ap séng hai (THD) va bién dang dién
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&p riéng lé (IHD) khong nén vuot qué giéi han cho phép Ion nhat (twong tmg 13 5%
va 39%) ctia quy dinh 30/2019/TT-BCT va tiéu chuan IEEE Std. 519 [55].
THDY%*(%) = THDs, ,,(%) (4.49)
IHDY**(%) = IHDZ,, ,,(%) (4.50)
4.2.2.6 Rang budc vé sw giam vé ton thit sau két néi cdc nguon phidt
Trong nghién ctru nay, cic may phat dién phan tan dugc tich hop vao hé théng
khong can bang ciing mot phan 1a dé giam tén that dién ning. Do dé, tong ton that
trén tat ca cac nhanh sau khi két ndi cac ngudn phat phai nho hon tong ton that cong
Suit & hé thong ban dau [75].
521 Pony > Znls Pony (451)
2021 oy > T2 Uiy (4.54)
4.2.2.7 Rang bugc vé giéi han lip dit ciia cdc nguén phit
Gidi han cong suat lap dat cho phép cua cac nguon phat phan tan phai nam

trong gidi han duogc xac dinh trudc nhu sau [50]:

pMin < pRated < pMax (4.53)
piiin < pRated < pMax (4.54)
N N
PPF,h,y + PWF,h,y S Zdi1 Pd,h,y + Zbi1 Pb,h,y (4-55)

4.2.3 Ap dung phwong phap dé xuit giai quyét vain dé toi wu
4.2.3.1 Khéi tao dan sé ban dau

Dé khai tao dan sé ban dau bang viéc st dung cdng thirc khoi tao nghiém (2.1),
thi tap nghiém duoc tao ra c6 ma tran twong tu nhu (3.37). Trong d6, mdi bién trong
ma tran phai nam trong gigi han S¥** va $™™ ma dugc dinh nghia nhu céng thic
(4.56) va (4.57).

sMax = [Lifox, pMax, [}ax pMax |, = 1,2,... Npp,j = 1,2,... Nyp  (4.56)

sMIm = [Lm, pMm, L pMin | i = 1,2, . Npp,j = 1,2, ... Ny (4.57)
Trong nghién clru ndy, vi tri va cong suat lap dit cho cac ngudn phat ning luong
mat troi va nang lugng gié duoc xem xét nhu 13 cac bién ma can phai xac dinh trong
mdi tap nghiém. Vi tri nho nhat danh cho PFs va WFs (LY™ and Lj” iy duoc coi la
nat s0 2 va vi tri 16n nhat (LY'** and L}'%*) s& 1a nat s Ns. Bén canh do, nhd sy phoi

hop mé phong giita OpenDSS va MATLAB cho viéc tinh toan trao luu cong suit ¢
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cac bac tan s6 khac nhau, cac két qua thu dugc (bao gébm dong dién, dién ap, THD
va IHD) s& duoc st dung dé tinh toan cac diéu khoan phat cua ham danh gia. Cubi
cung, gia tri ham danh gia chét lugng cua mdi nghiém dugc xac dinh nhu sau:

Ng Np Ny Np

Foe = Tormapiee + 0SS 80+ S S w10
p=1

s=1 p:l b=1

(4.58)
N N
+0'THD-ZISVil ,,ZlATHDp +0'1HD-215V212p11 o  AIHDJY

s,pk,ce s,pk,ce

Trong cong thirc (4.58), lugng phat cho cac thanh phan c6 thé dugc tim ra boi:
Vs?pk,ce > VMax
MVipiece = ) V™ = Vi oo UV o <V (4.59)

0 trwong hop khac

_ yMax _~x p
4 neu Vs,pk,ce

Max
b,pk,ce > Ib,p

0 trwong hop khac

p
AIb,pk,ce -

_ {Iﬁ,pk,ce — Ipp néul (4.60)

Max ., x p Max
—THD neu THDs,pk,ce >THD (4.61)

s,pk,ce

0 trwong hop khac

ATHD?

s,pk,ce

B {THD”

o,p Max ., x o,p Max
AIHDOP = {IHDS'pk'Ce — IHDM®* néu IHDJ}, ., > IHD (4.62)

sipk.ce 0 trudmg hop khac

4.2.3.2 Higu chinh cac nghi¢gm méi vé gidi han xdc dinh truéc

Gidng nhu di dé cap, phuong phap MCOA thyc hién hai sy khoi tao nghiém
mai la Sy, ma st dung cong thic (2.10) va S)ie™ sir dung cong thirc (2.11) hoac
(2.12). Do d6, mot vai cac bién diéu khién méi duoc tao ra c6 thé vi pham gigi han
cho phép. Néu gia tri cua bién vuot qua gisi han 16n nhat cho phép cua bién d6 thi
gia tri 1on nhat s& duoc gan 1a gia tri méi cua bién va nguoc lai, néu nhu gia tri cua
bién nho hon gian han nhé nhat cho phép cua bién d6 thi gia tri nho nhét ciing s&
duoc gan l1a gia tri moi cua bién. Quy luat nay dam bao tit ca cac gia tri bién méi
duoc tao ra lubn nam trong ving gidi han cho phép cua cac bién.
4.2.3.3 Luwu do giai thugt MCOA cho viéc xdc dinh sw ldp dat t6i wu cdc nguén

phat phan tan

MCOA thuc hién viéc Iip lai nhiéu lan dé tim kiém nghiém tt nhat cho su két
ndi PFs va WFs cho dén khi dat dén s6 lan lap t6i da duoc xac dinh trude (1tM).
Khi thuat toan lap nging hoat dong, diéu d6 c6 nghia 1a mot 1an chay da hoan tat va
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thu dugc mot nghiém tdi wu toan cyc. Do d6, MCOA can thuc hién nhiéu lan dé dat
duoc mot b nghiém tét va sau d6 xac dinh nghiém tt nhat trong bo nghiém doé.
Quaé trinh Iap trén cua thuat toan duoc thuc hién mot cach trinh tu trong MATLAB
du6i sy phdi hogp md phong véi OpenDSS. Qua trinh phdi hgp md phong gitra
MATLAB va OpenDSS duoc trinh bay ngin gon nhu Hinh 4.8.

Dit liéu hé théng Thong s6 thudt toan

Két qua tinh todn
trao luu cong suat
OpenDSS MATLAB
Miéu ta h¢ théng phén Phéi COM Miéu ta thuét toan téi wu
Nghiém kha thi

dé xuét béi thudt toan

Nghiém toi vu ve
vi tri va cong suat
cac nguon phat

Hinh 4.8: Su phéi hop md phong gitta OpenDSS va MATLAB théng qua COM
Nhu d3 dé cap, mot sy phdi hop md phong gitta OpenDSS va MATLAB duoc phéat
trién dé giai quyét van dé toi wu mot cach nhanh chéng va thuan tién. Trong nghién
ctru nay, OpenDSS dung dé mo ta hé thong phan phéi va MATLAB thi chira thuat
toan t6i wu. Nghiém vé sy lip dat toi wu ctia PFs va WFs ma duoc thuat toan dé xuat
duoc truyén qua cho OpenDSS thdng qua COM. Sau khi nhan duoc nghiém kha thi
thi OpenDSS s& gan cac gia tri trong nghiém do6 vao hé théng va giai quyét vin dé
trao luu cong sudt & cac mién tan sd. Két qua thu dugc vé dién ap, dong dién, ton
that, ... duoc giri tré lai MATLAB cho viéc tinh toan gia tri ham muc tiéu va ham
phat. Tir d6, gi4 tri ham danh gia cua modi nghiém duge xac dinh cho mdi nghiém.
Qua trinh nay duoc lap lai cho téi khi thoa man su dirng vong lip ma duoc thiét 1ap
trudc trong thuat toan ti vu. Két qua nghiém tdi wu toan cuc duoc xac dinh sau khi
su lap két thuc. Thuat todn lip cia MCOA duoc 4p dung dé dat dugc nghiém tét
nhat cho viéc giai quyét van dé& dang xem xét ciing duoc tém tit ngidn gon nhu trong
lwu d6 Hinh 4.9.
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(Thiét lap thong sb ban d?uD

Khoi tao ngdu nhién cac nghiém bang (2.1)

v

- Guri nghiém dé xuat qua OpenDSS dé tinh toén trao luu cong suét
- Tinh toén gia trj phat bang (4.59-4.62) va gi4 tri ham muc tiéu bing
(5.24) cho céc giai phap tao ra sau khi nhan két qua tir OpenDSS
- Tinh toan gia trj ham d4nh gia cho ting nghiém m&i bang (4.58)
- Cho 1t=0
v

It=1t+1 <

v

Ap dung (2.10) d& khéi tao cac nghiém méi

v

- Hiéu chinh céc bién diéu khién trong nghiém vi pham gidi han cho phép
- Guri nghiém dé xuit qua OpenDSS dé tinh toan trao luu céng suét

- Tinh to4n gi4 tri phat bing (4.59-4.62) va gia tri ham muc tiéu bing
(5.24) cho céac nghiém tao ra sau khi nhan két qua tir OpenDSS

- Tinh toan gia tri ham danh gia cho tirng nghiém méi (4.58)

Khéi tao nghiém méi cho mdi nhom Khéi tao nghiém méi cho mdi nhém
béng cach ap dung (2.11) béng cach ap dung (2.12)
[ ]

v

- Hiéu chinh céc bién diéu khién trong nghiém vi pham gidi han cho phép
- Guri nghiém dé xuét qua OpenDSS dé tinh toan trao luu cong suét

- Tinh toén gia trj phat bang (4.59-4.62) va gi4 tri ham muc tiéu bing
(5.24) cho céc nghiém tao ra sau khi nhan két qua tir OpenDSS

- Tinh toan gia tri ham danh gia cho tirng nghiém mai (4.58)

v

So sanh gia tri ham d4anh gia ciia nghiém cii va nghiém mai dé
giilr lai nghiém c6 chat luong tot hon

v

Xac dinh nghiém t8t nhét trong quén thé hién tai

Sai

Hoén ddi vi tri hai nghiém ngéu nhién trong hai nhom ldy ngau nhién

Sai

> =1tV
Pung
( Trinh ra nghiém t6t nhat )

Hinh 4.9: Luu d6 wng dung MCOA cho bai toan tht nhét cia Chuong 4
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4.2.4 Két qua mé phéng
4.2.4.1 Hé thong phan phéi chudn IEEE 25 nit

Trong nghién ctru nay, PFs va WFs v&i bo bién tdn ma co thé hoat dong & hé sb
cong suit 0,9 [61] dugce xem xét tich hop dong thoi vao hé théng phan phdi dé giam
thiéu tong chi phi. Hé thong phan phdi ba pha khong can bang do su chénh 1éch dién
ap giita cac pha do tai khong dong déu va cac thong sb duong day khong ddi xtimg
van t6n tai rong rii trong thé gidi thyc. Trong trudng hop ndy, ludi phan phdi chuan
IEEE 25 n(t ma dic trung cho loai hé thong ba pha khong can bang dugc chon dé
thuc hién mo6 phong. Hé¢ théng nay hoat dong & di¢n ap 4,16 kV vdi nhu cau phu tai
1a 3,3466 MW va 2,5267 MVar. Hé théng gdm c6 tit ca 25 nuat, 24 nhanh va 22 phu
tai. Trong 22 tai ndy thi co 5 tai ba pha can bang va 17 tai ba pha khong can bang do
su chénh 1éch cong suit trén tai gitta cac pha trong cing mot nit. So do don tuyén
ctia hé théng dugc v& nhu trong Hinh 4.10, dit liéu nat va dudng day dugc trinh bay

0 rang trong nghién ctu [75].

® 19
& 20

18 21 22
- . 4 5

—_——
N
vy
No— ¢4
v

®16 » .
24 25
7 9 10 11 12
6 & L L L $
8 @ 14 g——17 13 I
&15

Hinh 4.10: So d6 don tuyén hé thdng phan phdi chuan IEEE 25 nit
4.2.4.2 Dir ligu mo pheng
S6 luong mo-dun quang dién t6i thiéu va tdi da cho PFs lan luot 13 (3000 va
30000 mo-dun), va sd lugng tua-bin gié cho WFs 1an luot 1a (3 va 30 tua-bin). Cac
thong sb chinh cia mo-dun quang dién va tua-bin gi6 lya chon thi duwoc mé ta nhu
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Bang A4.3 va A4.4 trong Phu luc. Trong nghién ctru nay, khu vuc thu thap dir liéu
13 mién Nam Viét Nam (huyén Can Gio, thanh phd HO6 Chi Minh) nhu thé hién vi tri
dia 1y trén Hinh 4.11 [76]. Khu vuc ndy c6 tiém nang 16n dé phat trién cic ngudn
ning luong tai tao nhu ning lwong mit troi va niang lugng gio. Ngoai ra, sb lidu st
dung dé tinh toan san luong dién cua PFs va WFs duoc thu thap trong 3 nam (2019,
2020 va 2021) tir khu vuc trén. Mot cach chi tiét, cac gia tri vé birc xa mat troi va
tdc do gi6 thay doi theo thoi gian véi 288 diém dir liéu duoc sir dung dé hién thi 12
thang trong 1 nam (24 giod trong ngay twong trung cho mot thang) va cac diém dir
liéu nay 14 gid tri trung binh cda tap dir liéu trong ba nam. Trong trudng hop nay,
ham phan phdi xac suat Beta va Rayleigh dugc ap dung dé mé phong buc xa mat
troi va toc do gié dua trén dir liéu thuc té & ving khao sat, nham tinh todn hé s
cong suit dau ra cho cAc mo-dun quang dién va tua-bin gié twong Gmg. Bén canh do,
dé mo phong nhu cau tai caa hé thong, 288 diém dit liéu dugc ap dung dé hién thi
nhitng thay d6i vé tai va cac dit liéu ndy duoc tham khao tir nghién ciru [62]. Céc
két qua thu duoc cho hé sb clia cong suat ngd ra tir cac ngudn phat phan tan ndi ludi
thong viéc ap dung ham Beta va Rayleigh, va hé sb tai tiéu thu cling duoc thé hién

trong Hinh 4.12.

namEfnm e

11 Can Gio, Vietnam
Phan Thiét

Hong Nau mupue =

Hinh 4.11: Khu vuc khao sat thuc hién nghién ciu (Can Gio, Viét Nam)
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Hinh 4.12: Hé so cong suat ctia cac nguon phat va nhu cau tai

Nhu di dé cap, cac bién dang song hai duoc tao ra tir tai phi tuyén va thiét bi
chuyén d6i cong suit cia mo-dun quang dién va tua-bin gidé duoc xem xét day du
trong truong hop nay. Nghién ctru ndy gia dinh rang tai phi tuyén tai nat 13, 23, 08
va 19, va pho hai ciia cic ngudn song hai tir cac tai phi tuyén ndy ciing nhu cac
ngudn phat dya trén bo bién tan di duoc tham khao tir nghién ctru [77]. Chi tiét vé
phé hai dugc trinh bay nhu trong Bang 4.1.
Bang 4.1: Pho hai cua tai phi tuyén va cac bo bién tdn cua cic ngudn phat ning

luong tai tao.

Bac hai 1 5 7 |11 13 1719 | 23|25 /29| 31
Bién do (%)

| kiéulonat | 100 20,0 14391 7,7 5953 43 40 3432

Tat | 13 vanat 23

phi

tuyén Bién d6 (%)
kiéu2 ¢nat | 100 | 19,1 /13,117,256 3,3/2,4/1,2 080,202
08 vanat 19

Bién Bién d6 (%)

. |chobiéntan | 100 | 4,0 40 20/20/15/15/ 060,606 0,6

tan ,
cua DGs

4.2.4.3 Théng sé diéu khién cho cac thugt toan &p dung
Trong nghién ctru nay, MCOA, TIPSO, CSA va COA dugc thuc hién véi cung
ham muc tiéu va cac rang budc dé chirg minh hiéu suat vuot troi cia phuong phap
duoc dé xuat. Pdi véi mod phong cua IPSO, quén thé duogc chon la 25 va cac hé sd
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gia toc Cy;, Cy;, Gy VA Cyp duoc chon lan lugt 12 2,5, 0,5, 0,5 va 2,5. Ngoai ra hé sb
trong lugng quan tinh cling dugc chon nhu sau: ow=0,9 va pw=0,5 [78]. Cho viéc
trién khai thuc hién phuong phap CSA, quan thé (N) dugc dat thanh 25 va xac suat
phat hi¢én tring la (Pa) dugc chon 1a 0,25 [79]. Cho viéc md phong ca COA va
MCOA, hé s6 (6) dugc khéo sat va chon 1a 0,2, ) luong nhom (Np,,) va ) luong ca
thé trong mdi nhom (N,,) dugc thiét 1ap tuong Gng 1 5 va 4. Pé so sanh cong bang,
s6 1an 1ap (1tM%*) dwoc khao sat va chon 1a 80 va s lan chay thir (Numy,,;) 1a 30
cho tat ca cac phuong phap dugc trién khai. Mat khac, gia tri t6i da cua bién dang
song hai (THDY** va IHD}Y**) dugc dit thanh 5% va 3% theo IEEE Std. 519 [54].
Do léch dién ap khong can bang (UVDY4%) dugc chon 1a 3% dé dap tmg IEEE Std.
45-2002 [74] va dai gi6i han dién ap pha duoc thiét 1ap cho nghién ciru nay 1a [0,95,
1,05] (pu) [53]. Hon nita, cac tham sd lién quan dé tinh toan cac ham chi phi, chiang
han nhu Cog?, CO&M, €597 and C9¥M dugc chon 1a 770000 ($/MW), 10,0 ($/MWh),
1882000 ($/MW) va 10,0 ($/MWh), mot cach twong ung [57, 58]. Prgpmis dugc chon
14 0,004 ($/kg) va Ggp;s 12 724 (kg/MWh) cho su phat khi thai tir cac nha may dién
truyén théng thong thuong [80]. Ngoai ra, gia phat dién (Pr,ﬁ;id) O cac gio cao
diém, gio tiéu chuan va gio thap diém lan luot 1a 128,9 $/MWh, 70,0 $/ MWh va
45,4 USD/MWh [38].

4.2.4.4 Phan tich két qua mo phéng

Trong nghién ciru nay, IPSO, CSA, COA va MCOA dugc trién khai dé giam
thiéu tong chi phi bao gdm dau tu, O&M, phat dién cua ludi chinh va phat thai tir
nha may truyén théng. Do tinh chat ngiu nhién cta cac thuat todn meta-heuristic
nén 30 lan chay tht dugc thuc hién mdt cach doc lap vai két qua thu dugc trinh bay

nhu Hinh 4.13.
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1.192 [T Gia tri tot nhat ham danh gia |
I Gia tri trung binh ham danh gia

Gia 1.188 - N
tri

ham

danh1.186 - -
gia

1.184 - —

T

1.182

IPSO CSA COA MCOA
Cac phuwong phap thyc thi

Hinh 4.13: Gia tri tot nhat va gia tri trung binh ham muc ti€u trong cac lan chay thu

Mot cach chi tiét, gia tri tdt nhat cho ham cuc tiéu chi phi trong cac lan chay cua
MCOA 14 bé nhat (11,8062 triéu $) so véi cac phuong phap khac nhu IPSO
(11,8667 triu $), CSA (11,8890 triéu $) va COA (11,8201 tridu $). Bén canh do, dé
danh gia do on dinh cua mdi phuwong phap thi gia tri trung binh cua cac lan chay
cling dugc tinh toan. Gia tri trung binh cia MCOA thi ciing t&t hon voi 11,8311
triéu $, trong khi cac phuong phap con lai la 11,9221 triéu $, 11,9217 triéu $ va
11,8463 triéu $ cho IPSO, CSA va COA, mot cach twong tng. Qua d6 cho thiy,
phuong phap MCOA khéng nhiing c6 hiéu suat cao hon khi di tim ra nghiém ti uvu
chat luong hon ma con ¢6 sy 6n dinh t6t hon cac phuong phap so sanh khéc trong
viéc giai quyét cung van dé tdi uu.

Bang 4.2: Két qua t6t nhét cua cac phuong phap trong hé thong IEEE 25 nut

Phuong I TCInv TCOM TCGrid TCEmis TCTotalCosts
Nghiém to61 uvu
phap (trigu §) | (tricu $) | (tricu $) | (tricu §) (triéu $)
Ban i i - 12,7520 | 04683 | 13,2203
dau
Nuat 05 — 21440
mo-dun
IPSO Nt 09 — 18 tua- 46258 | 0,8002 | 6,2105 | 0,2302 11,8667
bin
Nat 03 — 19933
mo-dun
CSA Nt 09 — 20 tua- 49151 | 0,8384 | 59170 | 0,2185 11,8890
bin
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Nt 07 — 22916
mo-dun
COA NGt 10 — 16 tua- 43346 | 0,7617 | 6,4827 | 0,2412 11,8201

bin
NGt 15 — 23317
mo-dun

MCOA NGt 10 — 16 tua- 43577 | 0,7669 | 6,4418 | 0,2397 11,8062
bin

Két qua tét nhét trong cac thir nghiém véi viée tao ngiu nhién quan thé ban dau
duoc trinh bay chi tiét trong Bang 4.2. Trong bang nay, vi tri 1ap dit ciing nhu 13 sd
luong cac ngudn phat phan tan ning luong tai tao va cing véi cac chi phi lién quan
ctia mdi phuwong phap thue thi ciing duoc liét ké. Mot cach rd rang, v6i giai phap t6i
uu tr phwong phap dé xuat, tong chi phi (TCroraicosts) 43 giam manh tir 13,2203
triéu $ xudng con 11,8062 triéu $. N6 tiét kiém 1én téi 1,4141 triéu $, twong duong
10,70% so v&i hé thdng ban dau khi chua c6 sy két nbi bat ky ngudn phét phan tan
nao. Piéu nay cho thay rang viéc két nbi phii hop cac ngudn phat ning luogng tai tao
trong hé théng phan phdi ¢ thé giam chi phi van hanh hé théng mot cach dang ké.
Mit khac, giai phap tir MCOA ciing cho thiy tong chi phi thap hon so véi IPSO,
COA va CSA. TCrotaicosts €0a MCOA chi la 11,8062 tri¢u $, trong khi do, chi phi
nay lan luot 12 11,8667 triéu $, 11,8890 triéu $ va 11,8201 triéu $ cho IPSO, CSA
va COA. Cho viéc xem xét cac thanh phan chi phi trong tong chi phi, chi phi dau tu
(TC,y) cho viéc thAm nhip cda ngudn phat ning lwong gié va mat troi tir giai
phap ctia MCOA 14 4,3577 triéu $, va n6 thip hon so v&i 4,6258 triéu $ caa IPSO va
4,9151 triéu $ cua CSA, nhung lai cao hon mét chuat so véi 4,3346 triéu $ ctia COA.
Bén canh dé, chi phi O&M (TC,y) cho cac ngudn phat ning luong tai tao cia
MCOA (0,7669 triéu $) ciing thap hon 33,3 ngan $ so v6i IPSO (0,8002 triéu $) va
71,5 ngan $ so véi CSA (0,8384 triéu $), nhung lai cao hon 5,2 ngan $ so véi COA
(0,7617 triéu $). Qua d6 cho thiy chi phi dau tu va O&M tir MCOA tiét kiém hon
IPSO va CSA nhung lai kém hon khong déng ké so v6i COA. Cac thanh phan con
lai cia ham muc tiéu 13 chi phi nhap khau dién tir ludi chinh (TCg,;4) Va chi phi phat
thai tir cac nha may dién truyén thong (T Cgp;s). Trong @6, chi phi TCppiq tir giai
phap t6i wu cia phuong phap MCOA (6,4418 triéu $) mang nhiéu lgi ich kinh té
hon so véi COA (6,4827 triéu $), nhung lai kém hon cac phuong phap khac nhu

CSA (5,9170 triéu $) va IPSO (6,2105 triéu $). Tuong tu, chi phi TCgp;s cla
82



phuong phap MCOA ciing thap hon 1,5 ngan $ so véi COA va cao hon 21,2 ngan $
so voi CSA va 9,5 ngan $ so véi IPSO. Téom lai, dua vao gia tri muc ti€u téng chi
phi ma di dugc trinh bay trong bang téng hop & Bang 4.2, c6 thé tuyén bd rang
MCOA d3 tim ra nghiém c6 téng chi phi van hanh hé thdng t6t nhat trong céc
phuong phap thuc hién cho viée giai quyét ciing bai toan téi wu va cung diéu kién
xem xeét.

Gidng nhu dugc minh hoa rd rang trong Hinh 4.14, tong cong suét tiéu thuy tai
288 diém dir liéu ma dai dién cho mot nam 1a 582,437 MW, nhung téng san luong
dién phat ra tir cac ngudn phat DGs (PFs va WFs) chi ¢6 276,199 MW, tuong duong
47,42%. Piéu nay cho thay rang sy thAm nhap cta DGs trong truong hop nay cé thé
cung cip gan mot ntra téng luong tiéu thu va do d6 luéi dién chinh s& cung cap cho
nhu cau con lai thong qua tram bién ap. Ngoai ra, nhu da dé cip, mot trong nhitng
loi ich 16n nhét cia viée két ndi cac DGs trong h¢ théng la giam ton that & cac
nhanh phan phdi, va tong ton that dién nang trudc va sau khi cé sy tham nhép cac
DGs dugc thé hién nhu trén Hinh 4.15. Téng ton that gidm manh tr 16,61 MW
xuéng con 7,27 MW, tuc la bé“mg 56,23% su giam ton that dién nang theo tinh toan.
Diéu nay gitip giam dang ké chi phi van hanh hé théng phan phbi tich hgp cac DGs

vé lau dai.
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Hinh 4.15: Tong ton that cong suit trude va sau khi tich hop cac DGs.

Do tinh chit ctia hé théng phan phdi ba pha khong can bang, gia trj dién 4p gitta
cac pha trong cing mot nat c¢6 thé khac nhau. Vi vay, can phai xem xét dién ap cua
timg pha dé dam bao chung dap tmg dugc cac rang budc. Nhu di hién thi trong
Hinh 4.16, dién ap pha t6i thiéu va tdi da ctia hé thong ban dau 1 0,93 pu va 1,00
pu, nhung céc gia tri nay dugc nang 1én 0,950 pu va 1,023 pu nho tich hop thich hop
ctia cac DGs twong Gng. Ngoai ra, dién ap pha trung binh cua hé théng trong ting
khoang thoi gian cling déu duwoc minh hoa 16 rang trong nghién ctru nay. Theo do thi
trén Hinh 4.17, cac gia tri dién 4p pha tai cac gio gan va bang tai dinh di vi pham
gidi han cho phép trong nghién ctru nay, vung dién ap pha trung binh da dao dong
trong khoang [0,93, 1,00] (pu) cho hé théng ban dau. Tuy nhién, diéu nay da duoc
khic phuc thanh cong véi dién ap 18n t6i [0,952, 1,022] (pu) sau khi két ndi cac DGs
nhu duge trinh bay trong Hinh 4.18. Cuy thé, dién ap pha trung binh thip nhat 13
0,930 pu khi tai cuc dai trong hé¢ thé)ng ban dau va duge cai thién mot cach manh mé
lén dén 0,952 pu nho sy thAm nhap phi hop cia cac DGs. Nhin chung, tit ca cac
dién ap pha tai mdi gio déu théa min gi61 han dién ap trong khoang [0,95, 1,05]
(pu) nho sy lap dat phu hop cua cac DGs. Pay dugce xem 1a mot trong nhitng loi ich
to 10n cta viée xac dinh mirc do tham nhédp cac ngudn niang luong phan tan trong hé

thong phéan phbi.
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Hinh 4.17: Dién 4p pha trung binh trudc khi c6 su két ndi PFs va WFs

85



11.02

11.01

-
o
@

-
o
(¥

-
o
=

099 /szgséggas \‘.\w N

o
©
@

S

bién ap pha trung binh (pu)
'<D
o
~

0.96

144

% 120

72

24 48
Gio xem xét

Hinh 4.18: Pién 4p pha trung binh sau khi c6 su két ni PFs va WFs

Nhu d3 néu, bén canh cac ngudn séng hai tir tai phi tuyén, nghién ctru ndy sir
dung cac DGs ma ¢6 co ché hoat dong dua trén bo bién tan, cling c6 kha nang tao ra
song hai cho hé thong. Vi vdy, diéu can thiét trong trudng hop nay 1a phai xem xét
cac nguén phat song hai tur tai phi myén va bd bién tan. Nhu duoc biéu thi trong
Hinh 4.19, gia tri tdi da ctia THD tai mdi gio trude va sau khi tich hop cac DGs vao
hé thong 1an luot 1 1,92% va 2,24%. RS rang, d6 méo hai di ting 1én va chung phu
thudc vao mirc d6 thdm nhap cia cac DGs. Vi chi s6 THD khong vuot qua 3% nén
chi s6 IHD luén nam trong gii han cho phép. Diéu nay cho thay cac gia tri THD va
IHD dai dién cho anh huéng ciia song hai déu tudn thu tiéu chuan IEEE Std. 519 va
quy dinh 30/2019/TT-BTC sau khi xac dinh mc thdm nhap cua cac DGs phu hgp.
Hon ntia, nghién ctru nay dugc thyc hién trén hé théng phan phéi ba pha khong can
bang nén gia tri dién ap pha tai mdi nut c6 thé xay ra su chénh léch. Gidng nhu da
thé hién trén Hinh 4.20, gia tri t6i da ctia do léch dién ap khong can bang sau khi két
nbi cac PFs va WFs khong chi dap ung IEEE Std. 45-2002 ma nhiing gia tri nay
cling t6t hon so voi hé thong ban dau. Cy thé, d6 léch dién 4p khong can bang 16n
nhit cta hé théng ban dau 1a 0,523%, nhung gia tri nay giam nhe xudng con 0,454%
khi tich hop cac DGs. Qua d6 cho thiy nho viéc phat cong suat phan khang tir cac
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b bién tan cua PFs va WFs vao hé thong phan phdi da cai thién dién ap pha va gop

phan 1am giam nhe do 1éch dién ap khong cén bang.
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Hinh 4.20: B¢ 1éch dién ap khong cin bang 1on nhét trude va sau khi két nbi PFs va
WFs
4.2.5 Tong két bai toan thir nhat
Céc két qua thu duoc va nhirng han ché trong nghién ctru ndy c6 thé duoc trinh

bay tom tit nhu sau:
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Nghién ctru da thanh cong trong viéc xac dinh nghiém téi wu vé vi tri va cong
Suit phéat cua cac ngudn phat dién phan tan ning lwong mit troi va ning
luong gid trong hé thong phan phdi véi sy tham nhap cua da dang ngudn
song hai.

Muc tiéu chinh cua cdng viéc nay la giam thiéu tong chi phi gém (1) chi phi
dau tu, (2) chi phi van hanh va bao tri cho PFs va WFs, (3) chi phi mua ning
lwong tir luéi dién chinh cho nhu cau phy tai va ton that dién nang, va (4) chi
phi phét thai tir cac nha may truyén théng. Két qua cho thay tong chi phi van
hanh hé thong cé thé giam dang ké bang cach tich hop cac ngudn phat phu
hop. Nghién cau khong chi dat dugc lgi ich kinh té so véi hé théng ban dau
ma con thoa man céc rang budc ky thuat vé dién ap nat, dong dién nhanh va
d6 méo dang do séng hai.

Trong nghién ctru nay, mot thuat toan meta-heuristic méi goi la MCOA duoc
dé xuat ap dung thanh céng nham giai quyét bai toan tdi uvu héa dang xem
xét. MCOA Ia phién ban cai tién caa COA ¢ cac cong thuc tao nghiém moi
cho ra muc do hiéu qua vuot troi. MCOA duoc so sanh vai cac phuong phap
manh ma di cong bd trude d6 nhu IPSO, CSA va COA véi cling muc tiéu va
cac diéu kién rang budc dé ching minh tinh uu viét caia MCOA. Két qua thu
duoc cho thdy phuong phap dé xuat tét hon cac phuong phap khac vé hiéu
sut va d¢ on dinh.

Nghién ctu cling dd phat trién thanh céng cong cu phdi hop mé phong gitta
hai phan mém la OpenDSS va MATLAB. Sy phéi hop moé phong nay da tro
nén hiéu qua trong viéc giai quyét van dé trao luu cong suit ciing nhu hd tro
giai quyét cac van dé téi uu trong hé théng phan phéi mot cach chinh xac va
nhanh chong.

Nhu d3 trinh bay, muc tiéu chinh 12 giam thiéu tong chi phi cua hé thdng sau
khi tich hop PFs va WFs c6 xét dén tinh bat dinh cua toc do gi6 va buc xa
mat troi. Trong trudng hop cu thé ndy, cac ham phan bé xac suat Rayleigh va
Beta duoc st dung dé md phong toc do gié va buc xa mat troi dya trén di
liéu lich sir dugc thu thap tir dia diém nghién ctu trong ba nam (2019, 2020

va 2021). Nghiém dwoc tim ra tir phuong phap dé& xuét da cit giam dang ké
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téng chi phi tir 13,2203 triéu $ xudng con 11,8062 triéu $ cho hé thong phan
phdi chuan IEEE 25 ndt. Qua d6 cho thay loi ich to 16n vé kinh té Ian ky
thuat khi hé théng duoc tich hop PFs va WFs mot cach hop 1y.

- Nhiing cai tién trong MCOA d3 c6 hiéu qua trong viéc nang cao hiéu suat
cua thuat toan. Mot cach cy thé, MCOA tiét kiém chi phi hon 10,70% S0 V4i
hé thong ban dau, trong khi cac phuong phap khac 1an luot 1a tir 10,07% dén
10,59% cho hé thong phan phéi IEEE 25 nit. Mac do MCOA 14 mét phuong
phap manh dé giai quyét cac bai ton tbi uvu hoa nhung van con nhiéu nhuoc
diém can duoc cai thién. Trong nghién ctu ndy, MCOA chi giai quyét duoc
bai todn vi tri va kich thudc t6i vu cho PFs va WFs véi sy thay d6i cong suat
cua ching lan luot 1a tir 3000 mé-dun dén 30000 mo-dun va 03 tua-bin dén
30 tua-bin. Ngoai ra, ving tim kiém vi tri cho cac ngudn phat thay doi tir 2
dén 25 di vai hé théng phan phdi IEEE 25 ndt trong nghién ctu ndy. Qua dé
cho thay khéng gian tim kiém nghiém toan cuc cua bai toan dang xét tuong
dbi nho nhung phai mat téi 80 lan 1ap véi dan s6 20 dé dam bao sy hoi tu. Do
do, trong truong hop céc hé théng phuc tap va khdng gian tim kiém rong 16n,
nghiém t6i wu toan cuc thu dugc tir MCOA c6 thé khong duge dam bao.
Nhin chung, nhitng cai tién trong MCOA déu di c6 hiéu qua, nhung mirc do
hiéu qua khdng nhiéu so voi COA géc va cac phuong phéap khac.

4.3 M6 ta bai toan thu hai

Trong bai toan ndy, nguyén ctru tim kiém nghiém tdi wu vé vi tri va cong suat lip
dit cho sy tich hop dong thoi ctia cac ngudn phat ning lwong tai tao va hé théng luu
trir nang luwong trong hé thong ba pha khong can bang phuc tap véi nhiéu thiét bi da
nbi ludi sin. Nghién ctru cling dé xuit 4p dung ham phan phdi xac suit Beta va
Rayleigh dé mo phong birc xa mit troi va toc do gié cho mo-dun quang dién va tua-
bin gi6 mot cach phu hop gidng nhu dd miéu ta chi tiét trong muc 4.1.1. Khong chi
vay, dé cho thdy sy anh hudng cia séng hai 1én hé théng ludi thi nghién ctu con
xem xét song hai phat ra khong chi tir tai phi tuyén ma con tir cac bo bién dbi dién
tir cong suat cua PFs, WFs va BESS v6i pho hai nhu Bang 4.1. Nghién ctru ciing dé
xuat ap dung sy phdi hop md phong giira hai phan mém nguén mé OpenDSS va

MATLAB cho viéc giai quyét van dé t6i vu dang xem xét ma ciing di duogc trinh
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bay ¢ muc 4.1.3. Cudi cung, két qua thu duoc tir thuat toan dé xuat (MCOA) duoc
so sanh voi cac thuat toan khac nhim chimg minh tinh hiéu qua trong viéc giai
quyét cac van dé tbi uu, nhét 1a bai toan phirc tap v6i khong gian tim kiém twong d6i
rong 1om. M6 hinh bai toan thir hai & chuong nay duogc trinh bay nhu bén duéi.

AC DC

Ly — — Sy

— Thiét bj chuy?n déi Nguon phat ning lugng mat troi
Nha may dién truyén thong

| >

B e e 0
B =
B -—

Nhu cdu tai

H2 thong luu trir ning hrong

Hinh 4.21: H¢ théng phan phi tich hop cac nguon phat ndng luong tai tao va hé
thong luu trir

4.3.1 Ham muc tiéu

Nghién ctru nay gid st dudi goc nhin cia don vi dién lyc ma dang duoc giao
dau tu va trién khai hé thong tich hop cic ngudn phat niang luong tai tao ndi ludi
nham gia tang ti trong nang luong sach quoc gia. Trong truong hop nay, tinh kinh té
va k¥ thuat ctia du 4n dugc quan tdm. Nghién ctru Xxem xét giam thiéu tong sb chi
phi cho toan b du an dé tdi da chi phi tiét kiém dugc so voi viée van hanh hé thong
& trang thai ban dau, chwa c6 su tich hop cac ngudn phan tan. Nghién ctru xem xét
yéu tb kinh té trong viéc trién khai du an tich hop dong thoi WFs, PFs va BESS
trong ludi dién nhu 1 muc tiéu chinh ma van phai théa man cac yéu té k¥ thuat.

Nhiing chi phi ndy can dugc biéu thi bang cong thirc toan hoc nhu sau:

Giam t0i da TCrorqr = TCWFEPF pEss + TCoria($) (4.63)

Trong d6, TCryeq 12 toNg chi phi coa hé thong dang xem xét; TCEIM L. 1a chi

phi dau tu, van hanh va bao tri WFs, PFs va BESS; TC,,; 12 chi phi phat dién cho

nhu cau phu tai va ton that dién nang tur ludi dién chinh.
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4.3.1.1 Chi phi dau tw, bdo tri va vdn hanh ciia PFs, WFs va BESS
TCLwaOM oo 12 yéu t vé kinh té quan trong can dugc xac dinh dé xay dung
chién lugc két ndi phil hop cho cac to may phat dién phan tan. Tong chi phi nay bao
gom chi phi dau tu, O&M cho PFs, WFs va BESS.
TC%I;JELI?I{"W—BESS = TCyr + TCpp + TChpss ($) (4.64)

Trong d6, TCy g, TCpr and TCyzrss 1a chi phi cho WFs, PFs va BESS, va cac gia tri
nay duoc xac dinh bang cach &p dung céc cong thirc tinh toan nhu sau [62].
TCyr = B2 (Cui - P ) + 91,25 X321 T321 B (8- GO Pwrr iy )(8) (4.65)
TCor = Ej21(Cop®- PRESY) + 91,25 B3%: MR8 27 (8- CEFM. Prrjny) (8)  (4.66)
N c N
TCpess = X BESS(CBSES Efgsst) + Zulr > (Cosds PEESSR) +
s
225%(0y. Coies- Exssy) (9) (4.67)
Nghién clru nay gid dinh vong doi cua dy an la 20 nam, mgt nam c6 365 ngay, 4
ngay tugng trung cho 4 mua dé thé hién su thay d6i vé nhu cau phu tai va cong suat
phat cia cdc ngudn phan tan trong nam. Do d6, hang s6 91,25 & cong thire (4.65) va
(4.66) la thuong cua 8760 gio (1 nam) va 96 gio (4 ngay dai dién). Bén canh do, chi
phi O&M ma dugc tra trong giai doan tuong lai ciing duoc quy vé gia tri hién tai va
ham 6,, dugc thém vao gid tri hién tai trong nghién ctru nay [50].
4.3.1.2 Chi phi phat di¢n tir lwoi chinh
Chi phi phat dién dé cung cap cho phu tai va ton that tir luéi dién chinh s& dugc
chi tra néu nhu san luong dién tir c&c ngudn phat ning luong tai tao khong du cung
cap. Chi phi nay duoc tinh bang viéc ap dung cong thirc sau:
TCoriq = 91,25 X X31; X328, (6, P1icy® Psupny)  ($) (4.68)
Trong d6, Py ($IMWh) va Pgyy, 5, (MW) lan luot 1a gid phat dién tir ludi va
cong suit tac dung duoc cung cap bai luéi dién chinh qua tram bién ap vao nam tht
y va gio tha h.
4.3.2 Cac rang bugc cho ham muc tiéu
Nghi¢m t8i wu duoc tim ra theo ham muc tiéu can phai théa man cac rang budc

k¥ thuat da dé ra nhu dugc liét ké & bén dudi.
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4.3.2.1 Rang bugc vé cin bang cong suit
Trong trudng hop ndy, hé théng luu trir ning luong ma duoc két ndi véi hé
thdng c6 thé hoat dong & ché do nap hoic xa nang luong 1én ludi. Do do, cong thic

can bang c6ng suat tdc dung nén bao gdm hai giai doan nap va xa nhu cac cong thic

bén dudi:
PSub Ly + ZNWFPWFlhy + ZNPFP PF,j,hy — le;,b PbAi]:; + Zg’il Pd,h,y +
ZNBESS ngss Ky (4.69)
Poupny + ZNWFPWFLhy + ZNPVFPPF]hy +ZNBESSPBD§§§fﬁchy leyb PbAI{;
221121 Pany (4.70)
Cong thirc can bang cong suat phan khang ¢ thé dugc biéu dién nhu sau:

Qsubny T ZNWF Qwriny T ZNPF Qpr,jny = 22121 I?.];z.ty + 210\1121 Qany (4.71)

4.3.2.2 Gii han vé dong dién nhdanh
Dong dién caa mdi nhanh khong duge vuot qua gisi han téi da ¢ thé chap nhan
duoc cua hé thong phan phdi [50].
M >0, ;b=12..,N&p=12..,N, (4.72)
4.3.2.3 Gi6i han vé dién dp pha
Pién 4p pha tai cac nut can duoc giit ¢ giéi han cho phép cua 1,05 pu va 0,95 pu
[52].

M >y 2 VM s =1,2,..,N, &, p=1,2,.., N, (4.73)

4.3.2.4 Rang bujc vé cong sudt nap va xd
Céc gidi han vé cong suat sac va xa cua hé thdng luu trit ning luong nén bi rang

budc nhu sau [38]:
0 < Pffssrn <&M PRI h=1,2,..,96 & k=1,2, ..., Npgss (4.74)

0 > PDégghkh > PBated.ngSCh h = 1 2 3 96 & k:l) 2, 3 cen o NBESS (475)
Trong cac cong thirc (4.74 va 4.75), eP5Chva £Ca hidu sudt cua cac giai doan
DisCh

xa va nap; Phessh, va Pl 1an luot 1a cong suat phat dién va cong suat sac cua

BESS gio thit h.
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4.3.2.5 Gigi han vé séng hai

Trong nghién ciu ndy, séng hai lan truyén trong hé théng do viéc két ndi cac
ngudn phét phan tdn ma su dung céc thiét bi chuyén d6i céng suit ciing nhu tai phi
tuyén nén céc gidi han cho céc chi sé vé séng hai can phai duoc thiét 1ap. Gia tri cho
phép 16n nhit cua hai chi sé ma dai dién cho mac d6 nhidu séng hai 1a THDY™ va
IHD"™ duoc 4n dinh 14 5% va 3% theo quy dinh 30/2019/TT-BCT va tiéu chuén
IEEE Std. 519 [55].

THDY™ > THD;,,; s=1,2,3.., Ny (4.76)
IHDY™ > [HDHF ;5=1,2,3.., N, (4.77)
4.3.2.6 Gi6i han vé mirc dg thAm nhdp ciia PFs, WFs va BESS

Cong suit lap dit cho mdi WF va PVF phai ndm trong gi¢i han ma dwoc xac

dinh truéec:

PyE > pRated > piiin, i = 1,2, ..., Ny (4.78)
Ppi™ = Pt = PRI, j = 1,2, .., Np (4.79)

Dung luong ctia BESS tai mdi gid nén duge xac dinh béi cong thire (4.80). Trong
d6, AEgyss duoc coi 1a dung lugng luong thay doi ¢ hai thoi diém lién tiép nhau va
dung lugng nay co thé nhan gia tri am (hodc duong) tuy thudc vao trang thai cua
BESS. Bén canh d6, gi6i han cho phép t6i thiéu (EMR) va gidi han cho phép tdi da
(E¥ax) ciia dung luong luu trit ciing 1an lugt 13 20% va 90% so véi gia tri danh dinh

dé giam thiéu sy hity hoai cho pin [38]:
Eggssn = Eppssh—1 T AEggss (4.80)

EYi < Epposn < EM&%:h=1,2,..,96 (4.81)

4.3.3 Ap dung thuit toan dé xuat giai quyét van dé téi wu dang xem xét
4.3.3.1 Khéi tao dan sé ban dau

Gidng nhu di dé cap, nghién ctru tim kiém vi tri va cong suét ctua cac WFs va
PFs. Do d6, mdi nghiém trong nghién ctru ndy phai chira cac bién ma dai dién cho vi

tri va cong suat cia cac WFs va PFs. Ngoai WFs va PFs, bién vi tri va cong suat
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phat & mdi thoi diém xem xét cuia BESS ciing duoc bao gém trong tap nghiém. Tap
cac bién nay c6 thé dugc biéu dién dudi dang ma tran twong ty nhu (3.37) va cac
bién cua nghiém tao ra phai dugc gitt trong gid1 han dugc xac dinh trudc

gifta SM" y3 sMax,

Min __ Min pMin yMin pMin jMin Min

sMim = Ly, M, LI, P LR o PSS i (4.82)
Max __ Max Max yMax Max yMax Max

S - [Li ’ Pi ’ Lj ) P] ) LBESS,kl PBESS,k,h (4-83)

Trong céng thac (4.82) va cong thac (4.83),i = 1,2,... Npg,j = 1,2,... Nyp, k =
1,2,... Nggssvah =1,2,...,96

4.3.3.2 Pdnh gid chdt lwong cho méi nghigm

Mbi nghi¢m duogc tao ra s€ dugc tinh gia tri ham muyc ti€u va danh gia mtic d¢ phu

hop bang cach sir dung ham thich nghi nhu dugc trinh bay trong biéu thirc bén dudi.

Ns Np Np Np
— 14 14
SFpk,ce - TCTotal,pk,ce + Oy- Z Z AV_<;,pk,ce + 01- Z 2 AIb,pk,ce
s=1p=1 b=1p=1 (484)
Ng Np p Ng Np Hr o,p
+O—THD'Z§=1 pzlATHDS,pk,Ce + O-IHD'Zszl p=1 o=1 AIHDS,pk,Ce

Trong d06, cac thanh phan cta ham phat c6 thé duoc tim ra boi viée ap dung cac
cong thirc tur (4.85) — (4.88).
M
Vs?pk,ce >V “
AVSi’k,w = VMm - Vsﬁnk,ce néu Vsi)k,ce < VMm (4'85)

0 trwong hop khac

_yMax _~x p
V néu Vs'pk'ce

p M Koy TP M
AL ce = {Ib,pk,ce ~ oy MUl prce > Inp” (4.86)

bpkce = | 0 truwdmg hop khac

— THDM%* néu THD? > THDM%*

s,pk,ce s,pk,ce (4.87)

0 trwong hop khac

ATHDP

THD?
s,pk,ce =

o,p Max .~ o,p Max
AIHDOP = {IHDS,pk,Ce—IHD néuIHD, ., > IHD (4.88)

sipk.ce 0 trwomg hop khac
4.3.3.3 Piéu chinh va cdp nhdt nghiégm méi
Céc bién cua ting nghiém méi tao ra can dugc kiém tra gidi han cho phép va
hiéu chinh néu c6 vi pham theo quy luat ctia cong thirc (4.89). Sau d6, cac nghiém

méi s€ duge danh gia bang cach sir dung ham dénh gia va cac nghiém co6 chat lugng
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t6t s& duoc giir lai thong qua so sanh bang cach 4p dung cac cong thuc (4.90 va

4.91).

Min , X New Min
Ry néu Ry, p ce < Ry

New — Max ,, X New Max.
Ry pk,ce = Ry ™ neu Ry ce > Ry ™5

Riyewk ce truomg hop khac

v =1,2, .., Npgy; pk = 1,2,3 ..., Nyys ce = 1,2,3 .., N,
{S;V,ﬁ‘é"e néu SENEY, < SFpp.ce

P
Spk,ce trueomg hop khac

Spk,ce -

New X New
SFpk'Ce néu SFpk'Ce < SFpk'Ce

SE =
plice { SFyk ce treong hop khac

(4.89)

(4.90)

(4.91)

4.3.3.4 Luu do gidi thugt cho vigc ap dung MCOA dé gidi quyét vin dé téi wu

Nghién ciru nay xem xét viée tich hop dong thoi WFs, PFs va BESS trong luéi

dién phan phéi chuan IEEE 123 n(t. Nghiém toan cuc dugc xac dinh bﬁng cach su

dung thuat toan t6i wu MCOA véi sy phdi hop mod phong giira MATLAB va

OpenDSS nhu 1a coéng cu tinh toan hiéu qua dé giai quyét van dé trén. Luu do giai

thuat cho céng viéc cu thé nay dugc trinh bay mot cach ngan gon nhu Hinh 4.22.

95



MATLAB

- Khéi tao cac nghiém ban dau bing phuong trinh (2.1)
- Gui nghiém ban dau t6i OpenDSS thong qua COM

v

- Poc két qua ma da dugc tinh toan boi OpenDSS
- Tinh toan gi4 trj ham danh gia cho mdi nghi¢m boi (5.84)
- Géan 1t=0

» It=It+1

- Khdi tao cac giai phap méi bang viée st dung phuong trinh (2.10)
- Hiéu chinh cac giai phap méi néu c6 sy vi pham bai (4.89)
- Guri nghiém mdéi tdi OpenDSS thong qua COM

v

- Poc két qua ma da dugc tinh toan boi OpenDSS
- Tinh toan gi4 trj ham danh gia cho mdi nghi¢m boi (4.84)

v

Giir lai cac nghiém c6 chét luong tét boi (4.90-4.91)

. Sai
Dung (N IN,) <& ai

h 4 A 4

OpenDSS

| Miéu ta h¢ théng

Nhan nghiém ma dugc dé xuat boi thuat toan va
gan t6i hé thong

| Giai quyét vén dé trao luu cong sudt

v

Tinh toan va xuét ra ton that, dong nhanh va dién
ap nat ¢ cac mién tan s6

Khoi tao nghiém méi trong mdi nhém
boi (2.11)

Khéi tao nghiém méi trong mdi nhém
bai (2.12)

v

- Hiu chinh cac nghiém méi néu c6 sy vi pham boi (4.89)
- Gui nghiém mai toi OpenDSS thong qua COM

v

- Poc két qua ma da dugc tinh toan boi OpenDSS
- Tinh toan gia tri ham d4nh gia cho mdi nghiém boi (4.84)

v

Giir lai cac nghiém c6 chét luong tét boi (4.90-4.91) |

v

| Xac dinh nghi¢m t5t nhat hi¢n tai |

Pung

Hoan dbi vi tri hai nghiém bét ky trong hai nhém ngiu nhién

( Giri ra nghiém tt nhét )

Hinh 4.22: Luu d6 tng dung MCOA cho bai toan tha hai ciia Chuong 4

4.3.4 Két qua mé phéng

4.3.4.1 H¢ théng phan phéi chudn IEEE 123 nit

Muc dich cua nghién ctu nay xac dinh vi tri va cdng suat lap dat caa WFs va

PFs cling nhu chién luogc nap/ xa nang lugng cua BESS mét cach tdi wu trong h¢

théng phan phdi chuan IEEE 123 nat [81]. Pay la hé thdng ba pha khéng can bing
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hoat dong & dién ap 4,16 kV véi nhiéu thiét bi néi ludi nhu tu dién, khda mo, bo
diéu chinh dién ap, va da dang kiéu phan phdi tai. Trong d6, loai tai mot pha két ndi
& cac nit chiém ti I& cao nhat téi 94.1%, loai tai ba pha khéng can bang chiém ti 1¢
thip nhat 12 2.4% va con lai tai ba pha can bing chiém 3.5%. Su phan b vé sb
lwong tai chi ra rang c6 cac dudng phan phéi ba pha va mot pha trong hé théng
khdng can bang va tai cua ting pha tai cing mét nat ¢ thé bang hoic hoan toan
khac nhau. So do don tuyén cua hé théng thir nghiém trén duoc biéu thi nhu trong
Hinh 4.23.

2350

111 1Mo 12 113 114

195
Hinh 4.23: So d6 don tuyén hé thong phan phéi chuan IEEE 123 nat
4.3.4.2 D ligu mo phéng va thdng sé diéu khién

Nghién ctu nay ap dung MCOA va cac phuong phap manh khac nhu SSA va
COA cho muyc tiéu la giam thiéu tong chi phi trong hé thong phan phéi IEEE 123 nit.
Dit liéu vé toc do gid va birc xa mit troi trong 3 nim (2018, 2019 va 2020) duoc lay
tir Khu Ve ¢6 vi d6 56,4907° Bic va kinh d6 4,2026° Tay (Scotland) nhu Hinh 5.24
dé phuc vu tinh toan cdng suét phat caa WFs va PFs. Dir liéu lich str trén dugc thu
thap tir bo dit liéu thuc cia POWER Data Access Viewer [76]. Nhu da dé cap, mot
nam dugc chia thanh 4 mua va mot ngay dai dién cho mot mua dé thé hién sy thay

ddi theo thoi gian cua cac ngudn phat phan tan. Trong cong viéc cu thé nay, ngay
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dién hinh dai dién cho mdi mua duoc chia thanh 24 giai doan thoi gian (mdi gid
trong ngay 1a mot doan thoi gian). Nhu vay, ¢6 tong cong 96 diém thoi gian dai dién
dugc xem xét trong mot nam. Nghién ctu thu thap dir liéu lich st cua 3 nam, trong
d6 xem xét 30 ngay mdi thang va 3 thang mdi mua, do d6, c6 tong cong 26280 diém
dir liéu vé tc do gio va birc xa mat troi duoc xem xét. Cho viéc md phong tat ca cac
phuong phap, s6 1an lap cho mdi lan chay thir (1tM®) 1a 200 dé dam bao sy hoi tu
hoan toan va sé lan chay thir doc 1ap (Numy,.;,;) duoc chon 1a 40. Bé 1ap mé hinh
cho ca MCOA va COA, sé lugng ché s6i trong mdi nhdm (Nee) bang sé lwong nhom
trong quan thé (Npk) va 1a 4. Ngudng (8) duoc chon 14 0,2 thdng qua khao sat. Cho
viéc md phong SSA, dan sé duoc chon 1a 20 va cac théng sé con lai cia chung duoc
tham chiéu tir cac nghién ciu trong [80]. Cac phuong phép da trién khai dugc mo
phong trén MATLAB tir may tinh dé ban c6 RAM 16 GB va b xir Iy 3,70 GHz.
Nhu da dé cap, nghién ctu ndy xem xét cac nguon phat song hai tir tai phi tuyén va
tir c4c bo bién tan cia WFs, PFs va BESS. Trong do, tai phi tuyén ¢ nut s6 32, 41,
70 va 95 duogc gia sir 1a c6 bién d6 hai kiéu 1, va tai phi tuyén ¢ nat 12, 55, 84 va
111 14 c6 bién d6 hai kiéu 2. Thdng tin vé bién do cac ngudn séng hai dugc trinh
bay rd rang nhu trong Bang 4.1. Nghién ciu nady gia dinh rang c6 hai nguon phéat
nang lwong gi6 va hai ngudn phat nang lugng mit troi duoc tich hop vao hé thong
phan phdi bang cach 4p dung cac bo bién tan cé hé s6 cong suat 1a 0,9. Ngoai ra, sb
lugng téi thiu va Ion nhat d6i voi WFs va PFs dugc xem xét 1a (2 tua-bin gi6 va 30
tua-bin gi6) c6 cong suat dinh micc mdi tua-bin 1a 100 kW va (2000 mé-dun quang
dién va 30000 mé-dun quang dién) voi cong suat méi mé-dun 1a 75 W, mot cach
trong ung. Hon nita, hé théng luu trit ning lwong BESS duoc xem xét dé két ndi
v6i hé thong voi gia tri dung luong va cong suat dinh mac 16n nhat cho BESS gia
dinh lan luot 1a 4,0 MWh va 1,0 MW. Trong truong hop nay, ning lugng ban dau
cling duogc gia dinh 12 1,0 MWh. Hiéu suat nap nang luong (¢“") va phat nang lugng
(ePisChy tir BESS 1a 90% ddi vai ac quy. Ngoai ra, cac thong s tinh toan tong chi
phi dau tu, O&M cho WFs, PFs va BESS ciing duoc liét ké mot cach rd rang trong
Bang 3.1 & Chuong 3.
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Hinh 4.24: Khu vuc khao sat thuc hién nghién cau (Scotland)

Trén thyc té, gia sir cac ngudn phat dién phan tan (WFs, PFs va BESS) khong
c6 du cong sudt dé cung cp cho nhu ciu phy tai thi viéc phat ning luong dién tir
lu6i dién chinh théng qua tram bién ap 13 can thiét. Tuy nhién, gia dién gio cao
diém, gid chuan va gio thap diém ciing khac nhau. Do d6, nghién ciru nay gia dinh
gia dién theo gio (Prf"®) duoc cong bd gidng nhu Bang 3.1 ¢ Chuong 3. Bé mb
phong su thay doi nhu cau tai theo gid, dir liéu tai duoc iy tir IEEE RTS-96 nhu da
dé cap trong nghién ciru [62]. Ngoai ra, cic ham phan phdi xac suat Rayleigh va
Beta ciing duoc str dung trong mé phong tbc do gio va blrc xa mit troi dua trén dir
lidu thyc té & ving khao sat, dé tinh toan hé sb ngd ra cong suat tua-bin gié va mé-
dun quang dién twong tmg. Cac két qua tinh toan thu duoc vé hé sb cong suit ngd ra
ctia cho tua-bin gié va mo-dun quang dién, va hé s nhu cau tai ciing dugc biéu thi

dudi dang duong cong nhu trong Hinh 4.25.
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Mua doéng Mua xuan - Mua ha Mua thu

<

g Nhu cAu tai
= = \6-dun quang dién
Tua-bin gié

0.4 —

0.2 -

Gio xem xét

Hinh 4.25: Hé s cong suat caa md-dun quang dién, tua-bin gio va tai

4.3.4.3 Phan tich két qua md phéng

Véi tinh chat ngiu nhién ciia cac phuong phap ap dung, 40 lan chay thir duoc
thuc hién dé xac dinh vi tri va cong suét lép dat phu hop nhat cho WFs, PFs va
BESS. Két qua t6t nhat thu duogc tir cac phuwong phap dugc trinh bay rd rang trong
Bang 4.3. Trong bang nay, vi tri lap dat va sb luong cac ngudn phat nang lugng gid
va ning luong mat troi dugce xac dinh thanh coéng véi cong suat dinh mic cho mbi
tua-bin va mo-dun quang dién nhu da dé cap trong muc dit liéu méd phong. Bén canh
cac ngudn phat niang luong tai tao, vi tri, cong suit nap/ xa va dung luong lap dat
cho hé thdng luu trit nang luong ciling duge thé hién. Tir cac giai phap tot nhat cua
cac phuong phap thyc thi gdbm SSA, COA va MCOA, cac chi phi lién quan cia timng
thanh phan ciing duoc tinh toan va trinh bay chi tiét nhu trong Bang 4.4

Bang 4.3: Két qua t6t nhét cua cac phuong phap trong hé thong IEEE 123 nat

P/P WFs PFs BESS
Nuat: 95 — 07 tua-bin Nut: 55 — 3010 mé-dun Nat: 108 —
SSA — 03 pha —03 pha 0,222 MW/
Nut: 21 — 13 tua-bin Nut: 59 — 8873 mod-dun 1,889 MWh
— 03 pha —01 pha — 03 pha
COA Nut: 15 — 15 tua-bin Nat: 300 — 8901 mo-dun Nut: 300 —
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— 01 pha — 03 pha 0,444 MW/
Nut: 34 — 07 tua-bin NUt: 94 — 6586 mo6-dun 1,445 MWh
— 01 pha — 01 pha — 03 pha
Nat: 19 — 12 tua-bin NUt: 53 — 3018 m6-dun Nat: 15 —
—01 pha — 03 pha 0,232 MW/
MCOA ) ] A
Nut: 300 — 10 tua-bin NUt: 15 — 9747 m6-dun 1,513 MWh
— 03 pha — 01 pha — 01 pha

Bang 4.4: Su so sanh cac chi phi lién quan trong 20 nam chu ky dv an

Muc Hé thong goc SSA COA MCOA
TCyr(triéu $) - 4.5365 4,9975 5,0339
T Cpp (triéu $) - 0,8195 1,0681 0,8803
TCppss(triéu $) - 0,5829 0,5500 0,4874
TCLWROM o oos (triéu $) - 5,9389 6,6156 6,4016
TCppiq (tricu $) 13,4079 5,7789 4,9024 5,0847
TCrora (triéu $) 13,4079 11,7178 | 11,5180 | 11,4863
Tiét kiém (triéu $) - 1,6901 1,8899 1,9216
Ti 1é tiét kiém (%) - 12,61 14,10 14,33

Gidng nhu két qua thu duoc trong Bang 4.4, viéc xac dinh giai phap dé tich hop
dong thoi WFs, PFs va BESS vao hé thong phan phéi dd mang lai loi ich kinh té 16n
hon nhiéu so véi hé théng chua tich hop bat ky ngudn phat phan tan nao. Mot cach
cu thé, tong chi phi da giam tir 13,4079 triéu $ xudng con 11,4863 triéu $, twong
rng v&i viéc tiét kiém 1,9216 triéu $ nho viéc két ndi cdc nguon phat phan tan
trén mot cach hop ly. Diéu nay da chirng minh manh mé loi ich kinh té trong viéc
két nbi cac ngudn phat trong hé théng phan phéi. Trong trudng hop nay, so véi cac
phuong phép so sanh, tong chi phi ciia ham muc tiéu tir giai phap cia MCOA 1a
thip nhét, v&i 11,4863 triéu $, trong khi d6 SSA va COA lan luot 1a 11,7178 triéu $
va 11,5180 triéu $. Qua dé cho thiy viéc ap dung giai phap cia MCOA c6 thé mang
lai tinh kinh té hon so véi COA va SSA. Pé lam sang to diéu nay thi chi phi coa
ting thanh phan trong ham tong chi phi cling duoc xem xét. Nhu Bang 4.4 di thé
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hién, chi phi dau tu va O&M cho sy tham nhdp cua cac ngudn phéat phan tan (WFs,
PFs va BESS) lan luot 1a (4,5365 trigu $, 0,8195 triéu $ va 0,5829 triéu $) cho giai
phap tir SSA, (4,9975 triéu $, 1,0681 tricu $, 0,5500 triéu $) cho giai phap tur COA
va (5,0339 triéu $, 0,8803 trieu $, 0,4874 trieu $) cho giai phap tir MCOA. Tur cac
két qua trén, tong chi phi dau tu va O&M cho cic ngudn phét nay cé thé duoc tinh
toan lan luot twong Gng voi 5,9389 triéu $, 6,6156 trieu $ va 6,4016 triéu $ cho
SSA, COA va MCOA. RS rang, téng chi phi dau tu va O&M tir giai phap cia
MCOA thi cao hon SSA téi 462,7 ngan $, nhung lai thép hon so vd1 COA 1a 214,0
ngan $. Mit khac, xét dén chi phi mua nang luogng tir luéi dién chinh thong qua tram
bién 4p trong trudong hop cac ngudn phat phan tan ndi ludi khong du dién ning cung
cap cho nhu cau phuy tai thi chi phi phai tra tt MCOA chi 14 5,0847 triéu $, thap hon
nhiéu so véi SSA 1a 5,7789 triéu $ va nd cao hon mot chut so vai COA 1a 4,9024
triéu $. Hon nira, khi so sanh ti I chi phi tiét kiém giir cic phuong phép thi gia tri
nay cia MCOA chiém t&i 14,33% (tuong duong 1,9216 triéu $) va né ciing cao hon
S0 Vi SSA va COA, lan luot 12 12,61% (1,6901 triéu $) va 14,10% (1,8899 triéu $).
Tir d6 cho thiy giai phap tdi uvu cia MCOA c¢6 tinh kinh té hon cac giai phap khac
nén c6 thé khiang dinh phuong phap dé xuit 1a phuwong phéap tét nhit trong ba
phuong phap da dugc su dung.

4
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Hinh 4.26: Cong suat phat cia WFs, PFs va BESS tir giai phap cia MCOA
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Hinh 4.26 cho thiy cong suat phat ra thuc té cia WFs, PFs va BESS tur giai
phap cuia MCOA so véi nhu cau tai va ton that. Nhu mo ta trén Hinh 4.26 véi sy
tinh toan trong 96 gio dai dién, tong cdng suat phat caa cac ngudn phat phan tan ndi
luéi 1a 126,335 MW, trong khi tong nhu cau phu tai va ton that dién ning 1a 204,319
MW. Do d6, lué6i dién chinh s& bu dép lwong dién thiéu hut 1a 77,984 MW. Trong
truong hop nay, can thiét phai tra tién mua luong dién nang tir ludi dién chinh va sé
tién nay phai duoc giam thiéu. Dé ting kha ning tiét kiém chi phi van hanh hé
théng, BESS duoc tich hop dé trién khai chién lugc sac va xa nang luong hop Iy
nhu trong Hinh 4.27 va 4.28. Trong d6, Hinh 4.27 biéu thi dung luong luu trit ning
lwong va Hinh 4.28 biéu thi cac giai doan sac va xa cua BESS sau khi duoc két ndi
vao hé thong vao tat ca cdc mua trong ndm. Mot cach cu thé, BESS c¢6 xu huéng
tich trit nang luong vao cac khoang thoi gian phu tai nho va gio thap diém do gia
dién ré, va giai phong ning luong vao ludi phuc vu nhu ciu vao cac thoi diém phu
tai 16n va cac gio cao diém do gia dién cao nham han ché téi da viéc phat dién tir
ngudn chinh. Nhitng gio con lai, BESS c6 chién lugc nap/ xa nang luong hop 1y dé
t6i wru chi phi mua niang luong tir ludi dién. Viéc nap va xa nang luong phi hop da
g6p phan dang ké vao viéc tiét kiém chi phi van hanh hé théng phan phdi. Khdng
chi vay, qua trinh luu trit dé nap va xa niang luong cia BESS ciing hoan toan dap
rng cé4c rang budc vé gigi han nap va xa téi da cia BESS véi lan luot 12 90% va
20% cdng suit dinh mac. Mot cach cu thé trong trudng hop nay, giai phap thu dwoc
tir phuong phap MCOA cho BESS 1a 0,232 MW/ 1,513 MWh, tac 1a hé théng
BESS c¢6 thé luu trix toi 1,362 MWh va duoc coi 1a di sac ddy, va nguoc lai, BESS
giam xudng con 0,303 MWh, n6 s& dirng phat ra nang lwong vao ludi dé né tranh hu

hong vat ly.
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Hinh 4.28: Qua trinh nap va xa nang luong cua BESS.

Nhu da dé cap, viéc két néi WFs, PFs va BESS dap tng cac tiéu chi ky thuat va

mang lai loi ich kinh té dang ké. Viéc tich hop cac nguon phét phan tan nay con cé

thé giam dang ké ton thét trén cac nhanh. Nhu da trinh bay trén Hinh 4.29, ton that

cong suat cua hé thong phan phéi giam dang ké tir 3,773 MW xuéng 2,234 MW

trong 96 gid sau khi tich hop cac thanh phan néi luéi, twong tng véi mac giam ton

that cong suat la 40,79%. Bén canh d6, dién ap ludi cling dugc nang cao mot cach rd

rét. Cu thé, trudc khi két ndi cac ngudn phéat WFs, PFs va BESS, gia tri dién ap cua
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cac pha nam trong khoang [0,9265, 1,0125] (pu) trong sudt thoi gian xem xét. Tuy
nhién, sau khi két néi pht hop WFs, PFs va BESS ¢ ca loai 3-pha va 1-pha vao hé
thdng, do léch dién &p pha va céc gia tri dién ap pha da duoc cai thién dang ké Voi
cac gi4 tri dao dong trong pham vi [0,950, 1,0227] (pu) nhu thé hién trong Hinh
4.30. Qua dé cho thay loi ich to 16n cua két néi hop ly cia cac ngudn phat phan tan
WFs, PFs va BESS trong viéc giam ton that dién ning ciing nhu ting cuong dién ap

pha cua hé théng phan phéi.
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Hinh 4.29: Ton that cong suat trudc va sau két néi PFs, WFs va BESS.
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Hinh 4.30: Gia tri dién ap pha thdp nhét va cao nhét trudc va sau két nbi PFs, WFs
va BESS 6 mdi thoi diém
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Nhu di trinh bay, nghién ciru ndy xem xét cac bién dang séng hai tir cac tai phi

tuyén va cac bo bién tan cia WFs, PFs va BESS. Céc tai phi tuyén gy ra song hai

trong hé thong ban dau co gia tri THD cao nhat tai mdi gio dugc thé hién trén Hinh

431, trong @6 gi tri cao nhat 1 1,481% tai tai dinh & cac gio thir 60, 62 va 63. Tuy

nhién, sau khi PFs, WFs and BESS tham nhap hé théng, bo bién tan cia ching di

gop phan ting dang ké song hai ctia hé thong 1én 2,987% ddi vé6i gia tri THD 16n

nhat tai cac gid xem xét. Bi€u nay cho thay viéc st dung céac thi€t bi chuyén doi

cong suat tiém an nguy co lam tang do meo hai trong hé thong phan phoi va can gilr

cac gia tri hai nay khong vuot qua gidi han cho phép. Gidng nhu két qua thu dugc tir

nghién ciru nay, gia tri THD sau khi tich hop cac ngudn phat phan tan déu thap hon

gidi han 5% va do d6, chiing hoan toan dap tng tiéu chuan IEEE Std. 519.
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Hinh 4.31: Gi4 tri 16n nhat THD trude va sau két ndi PFs, WFs va BESS.

4.3.5 Tong két bai toan thir hai

96

Céc két qua thu dugc va gi6i han ciia nghién ciru nay c6 thé dugc tom tit mot

cach ngan gon nhu sau:

- Nghién ctru nay da thanh cong trong viéc xac dinh su lap dat toi vu cua WFs,

PFs va BESS trong hé théng phan phéi ba pha khdng can bang phuc tap voi

nhiéu thiét bj ndi ludi.
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Muc tiéu cua nghién cau 1a giam thiéu téi da téng chi phi gém (1) chi phi dau
tu, O&M cho WFs, PFs va BESS, va (2) chi phi mua nang luong tir ludi
chinh cho nhu cau tai va ton that trén cac nhanh phan phéi. Két qua thu dugc
chi ra rang téng chi phi cho hé théng c6 thé dugc cit giam mot cach dang ké
thdng qua viéc tich hop cac ngudn phat pha hop. Nghién ciru khéng chi dat
duoc loi ich kinh té ma con dap tng duoc cac yéu cau ky thuat vé gidi han
nhu dién ap thanh cai, dong dién nhanh, d6 méo song hai va kha nang tham
nhap ciia cac nguon phét.

Nhu d3 dé cap, muc tiéu chinh 1a giam thiéu téng chi phi cua hé thoéng phan
phdi cé tinh dén su thay doi theo thoi gian ciia nhu cau phu tai cling nhu cong
suat ngd ra cac ngudn phat ndi ludi ning luong tai tao. Bang cach xac dinh
giai phap kha thi phi hop, phuong phap dé xuat da tiét kiém tsi 1,9216 triéu
$ trong thoi gian 20 nam cia dy an, tuong ung voi 14,33% so véi hé thong
ban dau. Bén canh loi ich kinh té, nghiém téi vu dugc tim thay con théa man
tat ca cac rang budc vé k¥ thuat.

Nghién ctru nay da ap dung mot thuat toan mai goi la Modified Coyote
Optimization Algorithm dé giai quyét bai toan téi uu su tich hop cac nguon
phat phan tan. Cho viéc ching minh tinh vu viét cia phuong phap dé xuat
(MCOA) so véi cac phuong phap khac (SMA va COA), cac phuong phap
nay duoc so sanh vé hiéu suit va do on dinh véi cling muc tiéu va cac rang
bugc. Két qua dat dugc cho thldy MCOA tét hon cac phuong phap khéc.

Nhin chung, MCOA la mot phwong phap phu hop dé giai quyét van dé téi vu
cho bai toan dang xem xét vai hé thong 16n nhu IEEE 123 nut. Trong nghién
ctru ndy, MCOA di giai quyét thanh cong van dé vé vi tri va cong suat lap
dit caa PFs, WFs va BESS. V& cong suat, WFs va PFs c6 cong suét thay doi
lan luot tir 2000 mé-dun dén 30000 md-dun va tir 2 tua-bin dén 20 tua-bin,
Bén canh d6, gia tri cong suat va dung luong 16n nhat cia BESS duoc 4an
dinh 13 1 MW va 4 MWh. Déi véi vi trf caa WFs, PFs va BESS, no thay dbi
tir 2 dén 123 cho hé théng IEEE 123 ndt. RS rang, khdng gian tim kiém giai
phap toi vu twong ddi rong 16n va sb lugng bién kha nhiéu, nhung MCOA chi
y&u cau 200 lan 13p véi dan sb 1a 20 1a da dé tim ra nghiém tbi wu. Diéu nay

thé hién su hiéu qua vuot troi cia thuat toan.
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CHUONG 5: KET LUAN VA PINH HUONG NGHIEN CUU
TRONG TUONG LAI

5.1 Dong gop chinh ciia luan an

Lu4n 4n nay da thanh cong trong viéc tim kiém nghiém t&i wu cho cac bai toan
xéac dinh su lap dat phd hop cta cac ngudn phat phan tan trong cac loai hé thdng ba
pha can bang va khong can bang, nham tdi da loi ich vé kinh t& ma van dam bao céac
ti€u chi k¥ thuat.
5.1.1 Bai toan cho hé thong cin bing

Nghién ctru di xac dinh vi tri va cong suat lap dat téi wu cta cac ngudn phat
PFs, WFs, CB va BESS trong hé théng phan phdi. Muc tiéu chinh ctia nghién ctru
nay 1a giam thiéu téng chi phi trong viéc dau tu, O&M ciing nhu giam chi phi phat
dién tir nguon chinh ma van théa méin cac rang budc k¥ thuat. Nghién ciru ciing da
phat trién thanh cong mot thuat toan tdi wu mai, goi 1a MCOA véi hiéu suat va do
6n dinh cao hon céc thuat toan so sanh khac. Bang cach ap dung nghiém t6i vu tir
thuat toan dé& xuat MCOA vao hé thdng phan phdi chuin IEEE 69 nut, tong chi phi
giam dang ké 1én t6i 22,422% so v6i hé thong ban dau. Nghiém MCOA khong chi
tiét kiém hon so voi phuong phap SMA va COA ma con cai thién chit luong dién
ning. Toéng ton thit dién ning giam trong ngay xem xét 1én ti 78,692%, gop phan
tiét kiém chi phi trong van hanh hé thong. Ngoai ra, dién ap nut ciing dugc cai thién
t6t va thoa rang budc ciia gidi han dién ap 0.95 (pu) sau khi két ndi cac ngudn phat
phan tan. Gi4 tri THD va IHD ciing duoc giam xudng IEEE Std. 519. Hon nita,
nghién ctru ciing da dé& xuat chién lugc nap va xa ning luong theo thoi gian cia
BESS mot cach hop 1y nham giam thiéu chi phi trong viéc van hanh luéi. Cudi
cung, vi tri 1ap dit va cong sut phat cho CB ciing dugc xac dinh mot cach phu hop
dé phét cong suat phan khang cho hé théng ma khong bi phat.
5.1.2 Bai toan cho hé thong khong cin bang

Trong chuong 4, hai bai toan khac nhau dugc thuc hién trén hai hé théng phan
phéi ba pha khong can bang ma co cac dic tinh khac nhau.

5.1.2.1 Bai todn thir nhat cho hé thong khéng cdn bang
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Nghién ctru ndy da duoc thuc hién thanh cong trong viéc tim nghiém t6i wu vé
vi tri va cOng sudt ciia cdc ngudn phat phan tan ning luong tai tao (PFs va WFs)
trong ludi dién phan phoi khong can bang nham giam thiéu téng chi phi ma van thoa
maén cac tiéu chi k¥ thuat. Nghién ctru nay khong chi xem xét sy phat song hai tir tai
phi tuyén ma con xem xét séng hai tir cac thiét bi chuyén d6i cong suét cua PFs va
WFs nham théa man tiéu chuan IEEE Std. 519 va quy dinh 30/2019/TT-BCT.
Khéng chi viy, mot phin mém ngudn mé duoc goi 1a OpenDSS ciing di dugc dé
xudt cho viéc giai quyét van dé trao luu cong sudt mot cach nhanh chong. Hon nira,
mot sy phdi hop mo phong giita OpenDSS va MATLAB ciing dugc ap dung mot
cach thanh cong dé giai quyét van dé t6i wvu mot cach linh hoat va thuan tién. Trong
truong hop nay, MCOA ciing dugc dé xuat dé giai quyét van dé toi uu trén cho hé
thong phan phdi chuan IEEE 25 nit. Két qua dat dugc sau khi két ndi cac ngudn
phat phan tan ning lugng mit troi va ning luong gié da cho thay ring tong chi phi
c6 thé tiét kiém téi 10,70% so véi hé théng ban dau. Nghiém tdi uu tir MCOA da
chirng minh vi¢c mang lai nhiéu loi ich vé kinh té 1an ky thuat tdt hon so vdi cac
phuong phap so sanh khac nhu IPSO, CSA va COA vdéi cung muc tiéu va cac rang
budc. Pién ap pha ciing duoc ning cao dang ké toi ving dién ap tot nhat cta [0.95,
1.05] (pu). Bén canh d6, mot trong nhiing loi ich 16n cia viéc két ndi cac ngudn
phat phan tan trong hé thong 1a giam ton that & cic nhanh phan phdi. Tong ton that
cong suét cling giam manh chiém t&i 56,23% sy giam ton that dién niang theo tinh
toan. Piéu nay gitp giam dang ké chi phi van hanh hé thong phan phdi tich hop PFs
va WFs vé lau dai. Trong nghién ctru nay, bén canh cac ngudn song hai tir cac tai
phi tuyén, nghién ctru dd xem xét cac bo bién tan ciia PFs va WFs ma ciing c6 kha
ning tao ra cac ngudn song hai doi dao cho hé thdng khi c6 sy tham nhap cao cia
cac ngudn phat ndi ludi. Vi vdy, nghién ciru cling da xem xét cac ngudn tao song hai
gdm tir tai phi tuyén va bo bién tan dé giir cac chi s6 nam trong gidi han cho phép
cta IEEE Std. 519 sau khi két ndi PFs va WFs. Hon nita, nghién ctru nay duoc thuc
hién trén hé thong phan phdi ba pha khong can bang nén gia tri dién ap pha tai mdi
nat 1a khac nhau. Tir két qua mo phong cho thiy gia trj 16n nhat ctia do 1éch dién ap
khong can bang sau khi két ndi PFs va WFs khong chi dép tng IEEE Std. 45-2002
la khéng vuot qua 3%, ma nhing gia tri ndy ciing t6t hon chi s6 cua hé thong ban
dau. Qua do6 cho thay viéc két ndi PFs va WFs ma c6 kha ning phat cong suat phan
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khang vao hé théng phan phdi ciing gop phan giam do léch dién ap khong cin bang.
N6i chung, qua nghién ctru ndy, MCOA di to ra 13 mot phuong phép t6i wu manh
trong viéc giai quyét van dé lap dit cta cac ngudn phat ning luong tai tao trong hé
thng phan phbi.
5.1.2.1 Bai todn thir hai cho hé thong khong can bing

Nghién ctru nay da ap dung phwong phap dé xuat (MCOA) cho viéc tim kiém
su lap dit tdi vu cua cac ngudn phat nang luong gom PFs, WTs, va BESS trong luéi
phan phdi ba pha khong can bang v6i muc tiéu giam tong chi phi tir viéc dau tu t6i
van hanh. Su phéi hop moé phong gitta MATLAB va OpenDSS ciing dugc 4p dung
thanh coéng cho viéc tao nén cong cu md phong linh hoat. Bing cach ap dung
nghiém ti vu ma dugc tim ra béi MCOA vao hé thong thir nghiém 16n va phirc tap
cua IEEE 123 n(t voi nhiéu thiét bi néi ludi, tong chi phi di giam chiém toi 14,33%
so v6i hé thong ban dau. Giai phap tir MCOA khong chi tiét kiém hon so v&i SSA
va COA ma con cai thién chat luong dién niang. Tong ton that dién ning giam trong
cac ngay xem xét 1én t&i 40,79%, gép phan tiét kiém chi phi hé thdng van hanh.
Ngoai ra, c4c gia tri dién ap pha duoc cai thién dang ké véi cac gia tri dao dong
trong pham vi cho phép cua [0,950, 1,05] (pu). Thém vao dd, nghién clru nay xem
xét sy nhiéu séng hai do tai phi tuyén va bo bién doi dién tir cong suat cia WEs, PFs
va BESS gay ra. Két qua dat dugc tir nhitng chi s6 vé song hai nay hoan toan thoa
man rang budc cua IEEE Std. 519. Nhu da dé cap, chién lugc nap va xa nang lugng
ciia BESS theo thoi gian di dugc xac dinh thanh cong va gép phan dang ké trong
viéc tiét ki¢m chi phi van hanh. Tir nghién ctru nay 6 thé khang dinh MOCA 1a mot
phuong phap phu hop dé giai quyét bai toan vé xac dinh vi tri va cong suét t6i uwu
ctia PFs, WFs va BESS trong hé thong phan phdi quy mé 16n va phirc tap.
5.2 Han ché chinh ciia ludn 4n

Mic du nghién ciru ndy da thanh cong trong viéc phat trién MCOA dé trg thanh
mot phuong phap tich cuc trong viée giai quyét cac bai toan t6i wu nhung van con
c6 mot sb khuyét diém ma can phai cai thién. Thém vao do6, dir licu dau vao cho viéc
mo phong trong nghién ciru nay ciling tn tai cac han ché ma can dugce xem xét thém
trong cac nghién ctru tuong lai.

5.2.1 Bai toan trong hé théng cin bing
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£ Han ché vé phwong phdp dé xudt:

Mot cach khach quan, MCOA c6 thé bi han ché trong viéc giai cac bai toan tdi
wu phuc tap va ving tim kiém rong 16n. Déi véi khong gian tim kiém nho nhu hé
théng IEEE 69 nit, MCOA di st dung 300 1an lip cho dan sé 1a 20 dé xac dinh
nghiém t6t nhat cho két nbi cho cac ngudn phat phan tan. Mot cach 1 rang, khong
gian tim kiém nho c6 loi thé trong viéc tim kiém 101 giai toi wu, tuy nhién, chat
luong nghiém rat kho dé dam bao véi khong gian rong 16n. Hon nita, toc do xir 1y
cia MCOA ciing kém hon SMA, mic du t6t hon khong dang ké so véi COA. Qua
do cho théy MCOA nén duoc cai tién hon nita va diéu nay s€ duogc thyc hién trong
tuong lai sau nghién ctru nay.

% Han ché vé tinh thyc té va dir lidu dau vao:

Trong nghién ctru nay, do thiéu su tiép can dir liéu thue té nén dir liéu hé théng
phan phéi chuan IEEE 69 nit va mot phan dit lidu tai IEEE RTS-96 dugc st dung
cho viéc thyc nghiém. Day 1a cac mo hinh twong dwong ma duoc cong bd rong rii
nham phuc vu viéc nghién ctru trén toan thé gidi. Cac dir liéu nay thi co thé khac so
voi cac dir liéu hé théng thuc t& nén day duogc xem nhu la han ché trong nghién ctru
nay. Bén canh d6, d¢ mo phong cong suat dau ra ciia cic ngudn phat va phu tai,
nghién ctru nay da st dung dir liéu 24 gio trong 1 ngdy dién hinh va gia dinh cac
ngdy gidng nhau trong 1 nim véi dir liéu khong thay ddi trong sudt thoi gian dy an.
Va diéu nay khong dang trong kich ban thuc té. Vi vay, dé giam bat su chénh Iéch
gilta cong suat du doan va thuc té ciia cic ngudn ning luong tai tao, s6 ngdy duoc
xem xét can duoc ting 1én trong nghién ctru twong lai. Hon nita, nghién ctru nay chi
xem xét sy thAm nhép cao tir cac tai phi tuyén va di gia dinh song hai tir cac thiét bi
chuyén d6i cong suat cho cdc ngudn phat phan tan nbi ludi bi triét tiéu nho cac bd
loc tich cuc va/ hodc bo loc thu dong [83, 84]. Chi phi thém cho viéc sir dung cac bd
loc nay thi chua dugc xem xét. Ngoai ra, chi phi cho viéc dau tu, O&M cho PFs,
WFs, CB va BESS la cac gia tri phé bién ma dugc tham khao tir cac nghién ctu
khac trén thé gidi nén chi phi thoi diém hién tai co thé khac so véi két qua trong
nghién ctru nay.

5.2.2 Bai toan thir nhit trong hé thong khong cin bing

* Han ché vé phwong phdp dé xudt:
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Mic di MCOA 1a mot phuong phép hitu hiéu cho van dé tdi uu nay nhung ciing
can xem xét dé diéu chinh hodc cai tién thém nita dé khic phuc nhirng tdn tai va
nang cao hi¢u suat cling nhu tinh 6n dinh, nhét 1a cho cac van dé tdi wu phtc tap.
Trong trudng hop cu thé cia bai toan ndy, pham vi tim kiém giai phap twong d6i
hep véi hé théng thir nghiém tuong ddi nhé nhu 1EEE 25 nat. Tuy nhién, thuét toan
dé xuét yéu cau t6i 80 1an 1ap cing véi dan sé 13 25. Nén d6i voi cac hé thong phuc
tap va khong gian tim kiém rong, hiéu sut ciing nhu d6 6n dinh cia cac nghiém kha
thi trong MCOA c¢6 thé s& bi anh hudng nhiéu.

& Han ché vé tinh thuc té va dir lidu dau vao:

Heé théng phan phdi ba pha khong can bang IEEE 25 niit duoc dua viao xem xét
nhu 1a mot hé thong thir nghiém trong nghién ctru ndy va c6 thé khong giong véi dir
liéu cho mot hé thong thuc té. Khong chi vdy, nghién ctru nay con xem xét tich hop
cac ngudn phat niang lugng tai tao thong qua thiét bi chuyén doi cong suit véi hiéu
suat 12 100% nhu gia dinh. Tuy nhién, véi cong nghé hién nay thi hiéu suat chi dat
hon 99,5% thong qua viéc tich hop thém cong nghé t6i wu hoéa cong suat va hiéu
suat dat cao nhét 13 99,75% nhd viéc ap dung cong nghé hé thong chuyén doi ning
lwong hiéu sut cao (HEECS) [85]. Do d6, hiéu suét gia dinh trong nghién ctru nay
thi chua dung véi cong nghé hién hiru. Hon nira, nghién ctru da st dung dir li¢u cho
tai va ngudn phét thay d6i trong 12 ngay (tirc 1a gom 288 gia tri) dé biéu thi 12
thang trong 1 nam va dit liéu tir nim nay sang nam khac duoc giit nguyén trong subt
chu ky du an. Thém vao d6, nghién ctru con gia dinh dir lidu vé tdc d6 gi6 va birc xa
mat troi cho tit ca cac vi tri dang xem xét trong hé théng twong dwong 1a nhu nhau.
Diéu nay c6 thé khong ding trong truong hop thyc té. Mic du, chénh léch giira cong
suét ude tinh va thue té s& duoc cung cép bot ludi dién chinh, tuy nhién, dé giam
lugng bu nay, viéc thu thap dir li€u cho tirng nhém khu vuc trong hé théng nén duogc
xem xét trong nghién ctru tiép theo.

5.2.3 Bai toan thir hai trong hé thong khéng cin bang
+ Han ché vé phwong phdp dé xuat:
Tuong tu nhu hai bai toan trén, MCOA ciing nén duoc cai thién hon nita dé

nang cao hi¢u suat va tinh 6n dinh cta thuat toan, nhat 1a trong viéc gidi quyét cac
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van dé t6i wu nhiéu bién va khong gian tim kiém rong 16n. Diéu nay s& duoc thuc
hién trong thoi gian to1, sau ludn an nay.

£ Han ché vé tinh thuc té va dif liéu dau vao:

Dé mé phong cho cong suit dau ra, nghién ctru ndy st dung dit liéu tai IEEE
RTS-96 va cac ngudn phat thay dbi chi trong 96 gidr (tirc 13 4 ngdy) cho viéc md
phong dai dién 1 nam va dir liéu khong thay ddi trong sudt thoi gian dy an. Piéu nay
thi ¢6 thé chua sat vdi kich ban thuc té. Do d6, dé giam sy khac biét gitra cong sudt
du doan va thuc té cia cac ngudn ning luong tai tao, s6 ngdy dugc xem xét can
duoc tang 1én trong nghién clru trong tuong lai. Ngoai ra, nghién clru nay con su
dung hé thdng phan phdi chuan IEEE 123 nuat va dugc coi nhu 13 mé hinh twong
duong nén két qua nhan dugc co6 thé khong hoan toan dung vai cac hé thong thuc té.
Ngoai ra, do cic ngudn phat phan tan ning luong tai tao ndi ludi chiu anh huong
manh boi diéu kién ty nhién nén cong suat ngd ra cia cac ngudn phat nay co thé
tang hodc giam sau, dan tGi mat cdn bang giita cong suat phat va nhu cau tai. Do do,
nghién ctru nay ciing di gia dinh ludi chinh c6 kha ning dé tidu thu hodc phat bo
sung cong suat phi hop thong qua bién ap dé giir 6n dinh hé thong.

5.3 Hwéng phat trién

- Trong nghién cau tuong lai, viéc xem xét sy tich hop bo diéu khién dién &p
cho viéc diéu chinh dién &p trong hé thong khi dién ap & cac nat b sut hoic
ting vuot quéa gidi han. Viéc tich hop bo diéu chinh dién ap vao hé théng
phan phbi nén duoc thuc hién dé tdi da phuc loi dat duoc vé kinh té 13n ky
thuat.

- Bén canh d6, nghién ctiu ciing s& xem xét diéu chinh hiéu suat cua cac thiét
bi chuyén d6i cong suat cho cac nguon phét tich hop mot cach phi hop véi
cac cong nghé phd bién hién tai. Ngoai ra, cac dir liéu dau vao vé bac xa mat
troi va tée do gioé cling s& dugc phan nhém theo ting khu vuc cu thé nham
nang cao do chinh xéac cho viéc tinh toan cong suat ngd ra caa mo-dun quang
dién va tua-bin gio.

- Hon nira, thuat toan dé& xuit MCOA ciing can duoc cai tién hon nita dé nang
cao hiéu suat ciing nhu d6 6n dinh trong viéc giai quyét cac van dé tbi uu

phicc tap véi khong gian tim kiém rong 16n. Bén canh d6, viéc so sénh
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MCOA véi nhiéu phuong phéap hiéu qua khac nhu EO, SFO va céac phién ban
cai tién cua ching trong da dang cac loai hé thdng khac nhau ciing s& duoc
xem xét tién hanh. T4t ca nhitng hudng nghién ctu trén s& duoc thuc hién
trong thoi gian sap téi.

Trong tuwong lai, nghién ctru cling xem xét cAc muc tiéu khac lién quan dén
cuc tiéu tén that cong suat, dn dinh dién &p va nang cao chat lugng dién ning

bén canh muc tiéu vé chi phi.
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PHU LUC

Bang A3.1: Dit liéu hé sb cong suét cia tai, mo-dun quang dién va tua-bin gi6

Hé $6 cong suét VR B
Gio | Tai(pu) | mo-dun quang EZS; rf‘;‘f (S;j)t
dién (pu)
1 0.64 0 0.220
2 0.60 0 0.215
3 0.58 0 0.215
4 0.56 0 0.213
5 0.56 0 0.210
6 0.58 0.050 0.210
7 0.64 0.100 0.204
8 0.76 0.250 0.180
9 0.87 0.500 0.220
10 0.95 0.670 0.390
11 0.99 0.880 0.480
12 1.00 0.950 0.620
13 0.99 1.000 0.730
14 1.00 0.960 0.810
15 1.00 0.820 0.950
16 0.97 0.700 1.000
17 0.96 0.520 0.900
18 0.96 0.300 0.810
19 0.93 0.150 0.730
20 0.92 0.100 0.600
21 0.92 0 0.420
22 0.93 0 0.350
23 0.87 0 0.300
24 0.72 0 0.220
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Bang A3.2: Dit liéu hé¢ thong phan phdi chuan IEEE 69 nut

Tuendt | Téinat | R(Ohm) | X (Ohm) | P (kw) | Q (kVar)
1 2 0.0005 0.0012 0 0
2 3 0.0005 0.0012 0 0
3 4 0.0015 0.0036 0 0
4 5 0.0251 0.0294 0 0
5 6 0.3660 0.1864 2.6 2.2
6 7 0.3811 0.1941 40.4 30
7 8 0.0922 0.0470 75 54
8 9 0.0493 0.0251 30 22
9 10 0.8190 0.2707 28 19
10 11 0.1872 0.0619 145 104
11 12 0.7114 0.2351 145 104
12 13 1.0300 0.3400 8 5
13 14 1.0440 0.3450 8 5.5
14 15 1.0580 0.3496 0 0
15 16 0.1966 0.0650 455 30
16 17 0.3744 0.1238 60 35
17 18 0.0047 0.0016 60 35
18 19 0.3276 0.1083 0 0
19 20 0.2106 0.0690 1 0.6
20 21 0.3416 0.1129 114 81
21 22 0.0140 0.0046 5 3.5
22 23 0.1591 0.0526 0 0
23 24 0.3463 0.1145 28 20
24 25 0.7488 0.2475 0 0
25 26 0.3089 0.1021 14 10
26 27 0.1732 0.0572 14 10
3 28 0.0044 0.0108 26 18.6
28 29 0.0640 0.1565 26 18.6
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29 20 0.3978 0.1315 0 0
30 31 0.0702 0.0232 0 0
31 32 0.3510 0.1160 0 0
32 33 0.8390 0.2816 14 10
33 34 1.7080 0.5646 19.5 14
34 35 1.4740 0.4873 6 4

3 36 0.0044 0.0108 26 18.55
36 37 0.0640 0.11565 26 18.55
37 38 0.1053 0.1230 0 0
38 39 0.0304 0.0355 24 17
39 40 0.0018 0.0021 24 17
40 41 0.7283 0.8509 1.2 1
41 42 0.3100 0.3623 0 0
42 43 0.0410 0.0478 6 4.3
43 44 0.0092 0.0116 0 0
44 45 0.1089 0.1373 39.22 26.3
45 46 0.0009 0.0012 39.22 26.3
4 47 0.0034 0.0084 0 0
47 48 0.0851 0.2083 79 56.4
48 49 0.2898 0.7091 384.7 274.5
49 50 0.0822 0.2011 384.7 274.5
8 51 0.0928 0.0473 40.5 28.3
51 52 0.3319 0.1114 3.6 2.7
9 53 0.1740 0.0886 4.35 3.5
53 54 0.2030 0.1034 26.4 19
54 55 0.2842 0.1447 24 17.2
55 56 0.2813 0.1447 0 0
56 57 1.5900 0.5337 0 0
S7 58 0.7837 0.2630 0 0
58 59 0.3042 0.1006 100 72
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59 60 0.3861 0.1172 0 0

60 61 0.5075 0.2585 1244 888
61 62 0.0974 0.0496 32 23
62 63 0.1450 0.0738 0 0

63 64 0.7105 0.3619 227 162
64 65 1.0410 0.5302 59 42
11 66 0.2012 0.0611 18 13
66 67 0.0047 0.0014 18 13
12 68 0.7394 0.2444 28 20
68 69 0.0047 0.0016 28 20

Bang A4.1: Dit liéu tai ctia hé thong phan phdi chuan IEEE 25 niit

Tu | Téi | Kiéu | D¢ dai Sa Se Sc
nat | nat (feet) (KVA) (KVA) (KVA)
1 2 1 1000 0 0 0
2 | 3| 1 500 35 +j25 40 + j30 45 +j32
2 | 6 | 2 500 40 +j30 45 + j32 35 +j25
34| 1 500 50 + j40 60 + j45 50 + j35
3 18| 2 500 40 + j30 40 + j30 40 + j30
4 | 5| 2 500 40 +j30 40 + j30 40 + j30
4 | 23] 2 400 60 + j45 50 + j40 50 + j35
6 7 2 500 0 0 0
6 | 8 | 2 | 1000 40 + j30 40 + j30 40 + j30
71 9| 2 500 60 + j45 50 + j40 50 + j35
7 |14 2 500 50 + j35 50 + j40 60 + j45
7 116 | 2 500 40 + j30 40 + j30 40 + j30
9 | 10| 2 500 35 +j25 40 + j30 45 +j32
10 | 11 | 2 300 45 +j32 35 +j25 40 + j30
11 | 12 | 3 200 50 + j35 60 + j45 50 + j40
11 | 13 | 3 200 35 +j25 45 + 32 40 + j30
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14 | 15 | 2 | 300 |133.3+j100 | 133.3+j100 | 133.3 +j100
14 | 17 | 3 | 300 40 + j30 35 + j25 45 + 32
18120 | 2 | 500 35 +j25 40 + j30 45 + j32
18 | 21 | 3 | 400 40 + j30 35 + j25 45 + 32
20 [ 19 | 3 | 400 60 + j45 50 + j35 50 + j40
21 [ 22 | 3 | 400 50 + j35 60 + j45 50 + j40
23 [ 24| 2 | 400 35 +j25 45 + 32 40 + j30
24 | 25 | 3 | 400 60 + j45 50 + j30 50 + j35

Bang A4.2: Thong s6 cau hinh dudng day hé thong phan phdi chuan IEEE 25 nut

Kiéu

Impedance matrix (Ohm/ mile)

0.3686 + j0.6852
0.0169 +j0.1515
0.0155 +j0.1098

0.0169 +j0.1515
0.3757 +j0.6715
0.0188 +j0.2072

0.0155 +j0.1098
0.0188 +j0.2072
0.3723 +j0.6782

0.9775 + j0.8717
0.0167 + j0.1697
0.0152 + j0.1264

0.0167 +j0.1697
0.9844 +j0.8654
0.0186 +j0.2275

0.0152 + j0.1264
0.0186 + j0.2275
0.9810 + j0.8648

1.9280 + j1.4194
0.0161 +j0.1183
0.0161 +j0.1183

0.0161 + j0.1183
1.9308 + j1.4215
0.0161 +j0.1183

0.0161 +j0.1183
0.0161 +j0.1183
1.9337 + j1.4236

Bang A4.3: Thong s6 cia mo-dun quang dién

Muc Thong s6
Peak watt (W) 75
Open circuit volt (V) 21.98
Short circuit current (A) 5.32
Voltage at maximum power (V) 17.32
Current at maximum power (A) 4.76
Volt temperature coefficient (mV/°C) 14.4
Current temperature coefficient (mA/°C) 1.22
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Nominal cell operating temperature (°C) 43.00
Bang A4.4: Thong sd cua tua-bin gio.
Cut-in wind Rated wind Cut-out wind
Rated power
speed speed speed
100 kW 3mls 10 m/s 20 m/s

Bang A4.5: Dit liéu mo phong hé sb cong suit tua-bin gi6é cho hé théng phan phdi

IEEE 25 nut.

Gio | Thangl | Thang2 | Thang 3| Thang4 | Thang5 | Thang 6
1 0.4277 | 0.4639 | 0.3926 | 0.3390 0.2873 0.3551
2 0.4177 | 0.4408 | 0.3751 | 0.3211 0.2701 0.3377
3 0.4141 | 0.4220 | 0.3624 | 0.3062 0.2499 0.3171
4 0.3930 | 0.4022 | 0.3496 | 0.2897 0.2289 0.2936
5 0.3678 | 0.3846 | 0.3414 | 0.2740 0.2114 0.2736
6 0.3427 | 0.3684 | 0.3438 | 0.2648 0.1864 0.2367
7 0.3572 | 0.4539 | 0.4200 | 0.3129 0.1834 0.1984
8 0.4173 | 0.4894 | 0.4355 | 0.3361 0.2193 0.2545
9 0.4266 | 0.4831 | 0.4375 0.3447 0.2382 0.2942
10 0.4315 | 0.4757 | 0.4418 0.3558 0.2494 0.3123
11 | 0.4357 | 0.4725 | 0.4487 | 0.3698 0.2583 0.3278
12 0.4327 | 0.4727 | 0.4607 0.3842 0.2677 0.3426
13 | 0.4288 @ 0.4785 | 0.4800 | 0.3993 0.2788 0.3533
14 | 0.4313 | 0.4913 | 0.5025 | 0.4156 0.2901 0.3536
15 0.4414 | 0.5111 | 0.5265 0.4324 0.2988 0.3401
16 | 0.4508 & 0.5364 | 0.5470 | 0.4468 0.3037 0.3248
17 0.4651 | 0.5599 | 0.5576 0.4557 0.3140 0.3176
18 | 0.4752 | 0.5562 | 0.5421 | 0.4517 0.3424 0.3375
19 | 0.4731 @ 0.5433 | 0.5165 | 0.4358 0.3563 0.3564
20 | 0.4679 | 0.5323 | 0.4923 | 0.4178 0.3535 0.3682
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21 | 0.4633 | 0.5224 | 0.4706 & 0.4034 0.3423 0.3753
22 | 0.4594 | 0514 | 0.4513 | 0.3907 0.3272 0.3771
23 | 0.4530 | 0.5021 | 0.4313 | 0.3778 0.3129 0.3771
24 | 0.4405 | 0.4862 | 0.4139 & 0.3564 0.3047 0.3673
Gio | Thang 7 | Thang 8 | Thang 9 | Thang 10 = Théang 11 | Thang 12
1 0.3672 | 0.4160 | 0.3461 | 0.3233 0.3193 0.3422
2 0.3534 | 0.4071 | 0.3363 | 0.3099 0.3145 0.3408
3 0.3346 | 0.3957 | 0.3197 | 0.2963 0.3139 0.3417
4 0.3081 | 0.3803 | 0.2933 | 0.2776 0.2958 0.3231
5 0.2823 | 0.3635 | 0.2627 | 0.2625 0.2759 0.2986
6 0.2425 | 0.3345 | 0.2256 | 0.2500 0.2565 0.2743
7 0.2033 | 0.2919 | 0.1820 | 0.2123 0.2187 0.2463
8 0.2564 | 0.3556 | 0.2241 | 0.2335 0.2533 0.2877
9 0.3047 | 0.4164 | 0.2644 | 0.2684 0.2847 0.2980
10 | 0.3324 | 0.4490 | 0.2917 | 0.2905 0.3103 0.3090
11 | 0.3514 | 0.4702 | 0.3146 | 0.3071 0.3315 0.3245
12 | 0.3629 & 0.4829 | 0.3302 | 0.3145 0.3462 0.3315
13 | 0.3664 | 0.4908 | 0.3403 @ 0.3164 0.3575 0.3331
14 | 0.3622 | 0.4899 | 0.3449 = 0.3124 0.3632 0.3340
15 | 0.3503 | 0.4762 | 0.3417 | 0.3032 0.3606 0.3305
16 | 0.3368 & 0.4520 | 0.3357 | 0.2962 0.3432 0.3164
17 | 0.3284 | 0.4317 | 0.3295 | 0.2957 0.3329 0.3114
18 | 0.3457 | 0.4302 | 0.3406 | 0.3079 0.3448 0.3224
19 | 0.3633 | 0.4271 | 0.3464 | 0.3170 0.3500 0.3287
20 | 0.3709 | 0.4237 | 0.3472 | 0.3259 0.3521 0.3312
21 | 03729 | 0.4181 | 0.3491 | 0.3358 0.3518 0.3327
22 | 0.3746 | 0.4158 | 0.3508 | 0.3431 0.3485 0.3354
23 | 0.3794 | 0.4174 | 0.3485 | 0.3432 0.3414 0.3393
24 | 0.3732 | 0.4214 | 0.3494 | 0.3335 0.3263 0.3431
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Bang A4.6: Dit liéu mo phong hé sb cong suat md-dun quang dién hé théng phan

phéi IEEE 25 n(t

Gio | Thang1l | Thang 2 | Thang3 | Thang4 | Thang5 | Thang 6

1 0 0 0 0 0 0

2 0 0 0 0 0 0

3 0 0 0 0 0 0

4 0 0 0 0 0 0

5 0 0 0 0 0 0

6 0 0.0042 | 0.0770 0.1002 0.1182 0.1131
7 0.1918 | 0.2210 | 0.2718 0.2993 0.3044 0.2843
8 0.4027 | 0.4446 | 0.4891 0.4965 0.4847 0.4439
9 0.5860 | 0.6355 | 0.6742 0.6553 0.6249 0.5630
10 | 0.7271 | 0.7757 | 0.7973 0.7540 0.7057 0.6462
11 | 0.7658 | 0.8267 | 0.8529 0.7728 0.7320 0.6713
12 | 0.7564 | 0.8367 | 0.8333 0.7724 0.7140 0.6397
13 | 0.6844 | 0.7565 | 0.7673 0.7294 0.6361 0.5778
14 | 0.5465 | 0.6400 | 0.6614 0.6179 0.4787 0.4605
15 | 0.3791 | 0.4615 | 0.4882 0.4540 0.3641 0.3230
16 | 0.1914 | 0.2521 | 0.2742 0.2491 0.1987 0.1798
17 | 0.0151 | 0.1022 | 0.0602 0.0859 0.0745 0.0567
18 0 0 0 0 0 0
19 0 0 0 0 0 0
20 0 0 0 0 0 0
21 0 0 0 0 0 0
22 0 0 0 0 0 0
23 0 0 0 0 0 0
24 0 0 0 0 0 0
Gio | Thang 7 | Thang 8 | Thang 9 | Thang 10 | Thang 11 | Thang 12

1 0 0 0 0 0 0
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2 0 0 0 0 0 0

3 0 0 0 0 0 0

4 0 0 0 0 0 0

5 0 0 0 0 0 0

6 0.0973 | 0.0749 | 0.0870 | 0.0887 0.0615 0.0722

7 0.2684 | 0.2596 | 0.2685 | 0.2657 0.2521 0.2193

8 0.4484 | 0.4446 | 0.4519 | 0.4440 0.4325 0.4115

9 0.5674 | 0.5815 | 0.5904 | 0.5670 0.5706 0.5735
10 | 0.6416 | 0.6505 | 0.6581 | 0.6526 0.6565 0.6845
11 | 0.6590 | 0.6681 | 0.6784 | 0.6665 0.6654 0.7145
12 | 0.6301 | 0.6503 | 0.6435 | 0.6253 0.6266 0.6775
13 | 0.5769 | 0.5881 | 0.5692 | 0.5363 0.5456 0.5961
14 | 0.4741 | 0.4921 | 0.4493 | 0.3998 0.4134 0.4602
15 | 0.3462 | 0.3418 | 0.2976 | 0.2550 0.2587 0.3009
16 | 0.1999 | 0.1866 | 0.1427 | 0.1040 0.0984 0.1259
17 | 0.0690 | 0.0591 | 0.0116 0 0 0
18 0 0 0 0 0 0
19 0 0 0 0 0 0
20 0 0 0 0 0 0
21 0 0 0 0 0 0
22 0 0 0 0 0 0
23 0 0 0 0 0 0
24 0 0 0 0 0 0

Bang A4.7: Dit liéu mo phong hé s tai hé thng phan phédi IEEE 25 nit

Gio | Thangl | Thang2 | Thang3 | Thang4 | Thang5 | Thang 6
1 0.4757 | 0.4757 | 0.4757 | 0.3969 0.3969 0.3969
2 0.4473 | 0.4473 | 0.4473 | 0.3906 0.3906 0.3906
3 0.426 0.426 | 0.426 0.378 0.378 0.378
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4 0.4189 | 0.4189 | 0.4189 | 0.3654 0.3654 0.3654
5 0.4189 | 0.4189 | 0.4189 | 0.3717 0.3717 0.3717
6 0.426 0.426 | 0.426 0.4095 0.4095 0.4095
7 0.5254 | 0.5254 | 0.5254 | 0.4536 0.4536 0.4536
8 0.6106 | 0.6106 | 0.6106 | 0.5355 0.5355 0.5355
9 0.6745 | 0.6745 | 0.6745 | 0.5985 0.5985 0.5985
10 | 0.6816 | 0.6816 | 0.6816 | 0.6237 0.6237 0.6237
11 | 0.6816 | 0.6816 | 0.6816 0.63 0.63 0.63
12 | 0.6745 | 0.6745 | 0.6745 | 0.6237 0.6237 0.6237
13 | 0.6745 | 0.6745 | 0.6745 | 0.5859 0.5859 0.5859
14 | 0.6745 | 0.6745 | 0.6745 | 0.5796 0.5796 0.5796
15 | 0.6603 | 0.6603 | 0.6603 0.567 0.567 0.567
16 | 0.6674 | 0.6674 | 0.6674 | 0.5544 0.5544 0.5544
17 | 0.7029 | 0.7029 | 0.7029 0.567 0.567 0.567
18 0.71 0.71 0.71 0.5796 0.5796 0.5796
19 0.71 0.71 0.71 0.6048 0.6048 0.6048
20 | 0.6816 | 0.6816 | 0.6816 | 0.6174 0.6174 0.6174
21 | 0.6461 | 0.6461 | 0.6461 | 0.6048 0.6048 0.6048
22 | 0.5893 | 0.5893 | 0.5893 0.567 0.567 0.567
23 | 05183 | 0.5183 | 0.5183 0.504 0.504 0.504
24 0.4473 | 0.4473 | 0.4473 0.441 0.441 0.441
Gio | Thang 7 | Thang 8 | Thang 9 | Thang 10 | Thang 11 | Thang 12
1 0.64 0.64 0.64 0.3717 0.3717 0.3717
2 0.6 0.6 0.6 0.3658 0.3658 0.3658
3 0.58 0.58 0.58 0.354 0.354 0.354
4 0.56 0.56 0.56 0.3422 0.3422 0.3422
5 0.56 0.56 0.56 0.3481 0.3481 0.3481
6 0.58 0.58 0.58 0.3835 0.3835 0.3835
7 0.64 0.64 0.64 0.4248 0.4248 0.4248
8 0.76 0.76 0.76 0.5015 0.5015 0.5015
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9 0.87 0.87 0.87 0.5605 0.5605 0.5605
10 0.95 0.95 0.95 0.5841 0.5841 0.5841
11 0.99 0.99 0.99 0.59 0.59 0.59

12 1 1 1 0.5841 0.5841 0.5841
13 0.99 0.99 0.99 0.5487 0.5487 0.5487
14 1 1 1 0.5428 0.5428 0.5428
15 1 1 1 0.531 0.531 0.531
16 0.97 0.97 0.97 0.5192 0.5192 0.5192
17 0.96 0.96 0.96 0.531 0.531 0.531
18 0.96 0.96 0.96 0.5428 0.5428 0.5428
19 0.93 0.93 0.93 0.5664 0.5664 0.5664
20 0.92 0.92 0.92 0.5782 0.5782 0.5782
21 0.92 0.92 0.92 0.5664 0.5664 0.5664
22 0.93 0.93 0.93 0.531 0.531 0.531
23 0.87 0.87 0.87 0.472 0.472 0.472
24 0.72 0.72 0.72 0.413 0.413 0.413

Bang A4.8: Dit liéu mo phong hé s6 cong suit moé-dun quang dién cho hé thong

IEEE 123 nat.

Gio | Mua dong Mua xuén Mua ha | Mua thu
1 0.0000 0.0000 0.0000 0.0000
2 0.0000 0.0000 0.0000 0.0000
3 0.0000 0.0000 0.0000 0.0000
4 0.0000 0.0022 0.0180 0.0000
5 0.0000 0.0427 0.1080 0.0000
6 0.0000 0.1335 0.2399 0.0118
7 0.0000 0.2667 0.3914 0.0723
8 0.0144 0.4163 0.5386 0.1746
9 0.0826 0.5500 0.6667 0.2866

10 | 0.1698 0.6535 0.7603 0.3759
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11 0.2293 0.7168 0.7996 0.4274
12 0.2491 0.7283 0.8291 0.4329
13 0.2275 0.7012 0.8104 0.3970
14 0.1673 0.6299 0.7498 0.3201
15 0.0827 0.5203 0.6420 0.2147
16 0.0217 0.3824 0.5108 0.1097
17 0.0003 0.2320 0.3637 0.0364
18 0.0000 0.1014 0.2158 0.0032
19 0.0000 0.0227 0.0912 0.0000
20 0.0000 0.0000 0.0060 0.0000
21 0.0000 0.0000 0.0000 0.0000
22 0.0000 0.0000 0.0000 0.0000
23 0.0000 0.0000 0.0000 0.0000
24 0.0000 0.0000 0.0000 0.0000

Bang A4.9: Dit liéu md phong hé s6 cong suat tua-bin gi6 cho hé théng IEEE 123

nat.

Gio | Mua dong | Mua xudn | Muaha | Mua thu
1 0.5896 0.4668 0.3608 0.5419
2 0.5945 0.4642 0.3638 0.5440
3 0.5976 0.4607 0.3615 0.5411
4 0.5968 0.4601 0.3533 0.5375
5 0.596 0.4575 0.3431 0.5364
6 0.5968 0.4552 0.3449 0.5331
7 0.6015 0.4670 0.3735 0.5303
8 0.6065 0.4941 0.4069 0.5322
9 0.6090 0.5242 0.4293 0.5412
10 0.6102 0.5489 0.4445 0.5536
11 0.6140 0.5643 0.4557 0.5647
12 0.6183 0.5727 0.4606 0.5737
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13 0.6185 0.5756 0.4602 0.5755
14 0.6169 0.5727 0.4561 0.5724
15 0.6168 0.5628 0.4460 0.5625
16 0.6162 0.5437 0.4299 0.5500
17 0.6131 0.5200 0.4076 0.5430
18 0.6085 0.5030 0.3798 0.5425
19 0.605 0.4964 0.3582 0.5426
20 0.6028 0.4940 0.3604 0.5403
21 0.6000 0.4922 0.3680 0.5393
22 0.5971 0.4870 0.3700 0.5407
23 0.5947 0.4775 0.3674 0.5403
24 0.5887 0.4751 0.3603 0.5392

Bang A4.10: Di lidu hé s6 cua tai IEEE RTS-96 (pu) cho hé théng IEEE 123 nut.

Gio | Mua dong | Mua xuan | Mua ha | Mua thu
1 0.4757 0.3969 0.64 0.3717
2 0.4473 0.3906 0.6 0.3658
3 0.426 0.3780 0.58 0.3540
4 0.4189 0.3654 0.56 0.3422
5 0.4189 0.3717 0.56 0.3481
6 0.426 0.4095 0.58 0.3835
7 0.5254 0.4536 0.64 0.4248
8 0.6106 0.5355 0.76 0.5015
9 0.6745 0.5985 0.87 0.5605
10 | 0.6816 0.6237 0.95 0.5841
11 | 0.6816 0.6300 0.99 0.5900
12 | 0.6745 0.6237 1.00 0.5841
13 | 0.6745 0.5859 0.99 0.5487
14 | 0.6745 0.5796 1.00 0.5428
15 | 0.6603 0.5670 1.00 0.5310

138



16 | 0.6674 0.5544 0.97 0.5192
17 | 0.7029 0.5670 0.96 0.5310
18 | 0.7100 0.5796 0.96 0.5428
19 | 0.7100 0.6048 0.93 0.5664
20 | 0.6816 0.6174 0.92 0.5782
21 | 0.6461 0.6048 0.92 0.5664
22 | 0.5893 0.5670 0.93 0.5310
23 | 0.5183 0.5040 0.87 0.4720
24 | 0.4473 0.4410 0.72 0.4130

Bang A4.11: Dit liéu khéa mé caa hé thdng phan phdi IEEE 123 nit

Bang A4.12: Dit liéu ty bu cong suat phan khang hé thong phan phdi IEEE 123 nut

Nut A NUt B | Trang thai
13 152 Pong
18 135 Dong
60 160 Dong
61 610 Dong
97 197 Dong
150 149 Dong
250 251 Mo

450 451 Mo
54 94 Mo
151 300 Mo
300 350 Mo

Nut Pha A Pha B Pha C
KVAr KVAr KVAr
83 200 200 200
88 50 0 0
90 0 50 0
92 0 0 50
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‘ Total ‘

250

‘ 250 ‘ 250 ‘

Bang A4.13: Dir liéu tai cho hé théng phan phdi IEEE 123 nut

Nat | Phal | Phal | Pha2 | Pha2 | Pha3 | Pha3
KW | kVAr | kW | kVAr | kW | kVAr
1 40 20 0 0 0 0
2 0 0 20 10 0 0
4 0 0 0 0 40 20
5 0 0 0 0 20 10
6 0 0 0 0 40 20
7 20 10 0 0 0 0
9 40 20 0 0 0 0
10 20 10 0 0 0 0
11 40 20 0 0 0 0
12 0 0 20 10 0 0
16 0 0 0 0 40 20
17 0 0 0 0 20 10
19 40 20 0 0 0 0
20 40 20 0 0 0 0
22 0 0 40 20 0 0
24 0 0 0 0 40 20
28 40 20 0 0 0 0
29 40 20 0 0 0 0
30 0 0 0 0 40 20
31 0 0 0 0 20 10
32 0 0 0 0 20 10
33 40 20 0 0 0 0
34 0 0 0 0 40 20
35 40 20 0 0 0 0
37 40 20 0 0 0 0
38 0 0 20 10 0 0
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10
20

20

20

10
20
20
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20
20
40

40

40

20
40

40

1155

20

20

10
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20

10
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20

20
20

515

40
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20
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40

40

40

915

20

20
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20
10
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10
775
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40

40

20
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40

20
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77
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87

88

90
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95
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98
99

100
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104
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111
112
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114
Total
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Bang A4.14: Dit liéu duong day ctia hé théng phan phdi IEEE 123 nut

NGt A NGt B | Do dai(ft.) | Kiéu
1 2 175 10
1 3 250 11
1 7 300 1
3 4 200 11
3 5 325 11
5 6 250 11
7 8 200 1
8 12 225 10
8 9 225 9
8 13 300 1
9 14 425 9
13 34 150 11
13 18 825 2
14 11 250 9
14 10 250 9
15 16 375 11
15 17 350 11
18 19 250 9
18 21 300 2
19 20 325 9
21 22 525 10
21 23 250 2
23 24 550 11
23 25 275 2
25 26 350 7
25 28 200 2
26 27 275 7
26 31 225 11
27 33 500 9
28 29 300 2
29 30 350 2
30 250 200 2
31 32 300 11
34 15 100 11
35 36 650 8
35 40 250 1
36 37 300 9
36 38 250 10
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10
11

10

10

10

12
12
12
12
12

11

11
11

325
325
250
500
200
200
250
300

150
250
250
250
200

125
275
350
275
250
750
250
550
250

175
350
425
325
200
275
250
275
325
275
275
200
350
400
400
700

100
225

39

41

42

43
44
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47

46
48

49
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55
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56
58
60
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61
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63
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65
66
68
72
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69

70
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75
77
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78
79

38
40
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55
57
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58
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76
77
78
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Bang A4.15: Cau hinh duong diy cua hé théng phan phdi IEEE 123 nut

Kiéu Ma tran tré khang (Ohms/ mile)
0.4576 +j1.0780 | 0.1560 + j0.5017 | 0.1535 +j0.3849
1 0.1560 + j0.5017 | 0.4666 +j1.0482 | 0.1580 + j0.4236
0.1535 +j0.3849 | 0.1580 +j0.4236 | 0.4615 +j1.0651
0.4666 +j1.0482 | 0.1580 +j0.4236 | 0.1560 +j0.5017
2 0.1580 +j0.4236 | 0.4615 +j1.0651 | 0.1535 +j0.3849
0.1560 +j0.5017 | 0.1535+j0.3849 | 0.4576 +j1.0780
0.4615 +j1.0651 | 0.1535+j0.3849 | 0.1580 + j0.4236
3 0.1535 +j0.3849 | 0.4576 +j1.0780 | 0.1560 + j0.5017
0.1580 +j0.4236 | 0.1560 +j0.5017 | 0.4666 +j1.0482
0.4615 +j1.0651 | 0.1580 +j0.4236 | 0.1535 +j0.3849
4 0.1580 +j0.4236 | 0.4666 +j1.0482 | 0.1560 + j0.5017
0.1535 +j0.3849 | 0.1560 +j0.5017 | 0.4576 +j1.0780
0.4666 +j1.0482 | 0.1560 +j0.5017 | 0.1580 + j0.4236
5 0.1560 +j0.5017 | 0.4576 +j1.0780 | 0.1535 +j0.3849
0.1580 +j0.4236 | 0.1535+j0.3849 | 0.4615 +j1.0651
0.4576 +j1.0780 | 0.1535+j0.3849 | 0.1560 + j0.5017
6 0.1535 +j0.3849 | 0.4615+j1.0651 | 0.1580 +j0.4236
0.1560 +j0.5017 | 0.1580 +j0.4236 | 0.4666 + j1.0482
0.4576 +j1.0780 | 0.0000 + j0.0000 | 0.1535 +j0.3849
7 0.0000 + j0.0000 | 0.0000 +j0.0000 | 0.0000 + j0.0000
0.1535 +j0.3849 | 0.0000 + j0.0000 | 0.4615 +j1.0651
0.4576 +j1.0780 | 0.1535+j0.3849 | 0.0000 + j0.0000
8 0.1535 +j0.3849 | 0.4615+j1.0651 | 0.0000 + j0.0000
0.0000 + j0.0000 | 0.0000 + j0.0000 | 0.0000 + j0.0000
1.3292 +j1.3475 | 0.0000 + j0.0000 | 0.0000 + j0.0000
9 0.0000 + j0.0000 | 0.0000 + j0.0000 | 0.0000 + j0.0000
0.0000 + j0.0000 | 0.0000 + j0.0000 | 0.0000 + j0.0000
0.0000 + j0.0000 | 0.0000 + j0.0000 | 0.0000 + j0.0000
10 0.0000 +j0.0000 | 1.3292 +j1.3475 | 0.0000 + j0.0000
0.0000 + j0.0000 | 0.0000 + j0.0000 | 0.0000 + j0.0000
0.0000 + j0.0000 | 0.0000 + j0.0000 | 0.0000 + j0.0000
11 0.0000 + j0.0000 | 0.0000 + j0.0000 | 0.0000 + j0.0000
0.0000 + j0.0000 | 0.0000 +j0.0000 | 1.3292 +j1.3475
1.5209 +j0.7521 | 0.5198 +j0.2775 | 0.4924 +j0.2157
12 0.5198 +j0.2775 | 1.5329 +j0.7162 | 0.5198 +j0.2775
0.4924 +j0.2157 | 0.5198 +j0.2775 | 1.5209 +j0.7521
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