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cling xin chan thanh gui 16i cam on t6i TS. Pinh Xuin Bach — Trung tim Piéu
do Hé thong dién Qudc gia. Trong thoi gian dugc hudng dan, em khong ngimg
tiép thu thém nhiéu kién thirc b6 ich ma con hoc duoc tinh than 1am viéc cling nhu
thai d6 nghién ctru dé tai nghiém tac, hiéu qua, day 1a nhiing diéu can thiét cho em

trong qua tinh hoc tap va cong tac sau nay.

Sau cung em xin guri 161 cdm on to1 gia dinh, ngudi than va ban be da luon
dong vién gitip d& em trong sudt qua trinh hoc tap tai Truong Pai Hoc Bach Khoa
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trong qué trinh thuc hién nghién ctru kinh mong su dong gop ¥ kién quy bau cua

Thay Co dé deé tai ciia em dugc hoan chinh hon.

Em xin chan thanh cam on!



CAM DOAN

T6i xin cam doan trong qué trinh ldm d6 an tot nghiép s& thyc hién nghiém

tic cac quy dinh vé liém chinh hoc thuét:

Khong gian 1an, bia dat, dao van, giap nguoi hoc khac vi pham.

- Trung thuc trong viéc trinh bay, thé hién cac hoat dong hoc thuit va két
qua tur hoat dong hoc thuat cua ban than.

- Khéng gia mao ho so hoc thut.

- Khong dung cac bién phap bat hop phap hoic trai quy dinh dé tao nén uu
thé cho ban than.

- Chu dong tim hiéu va tranh cdc hanh vi vi pham li€m chinh hoc thuat,
cha dong tim hiéu va nghiém tac thuc hién cac quy dinh vé luat s hitu
tri tué.

- St dung san pham hoc thuat ctia ngudi khac phai c6 trich dan ngudn gbc
r0 rang.

T6i xin cam doan s6 liéu va két qua nghién ctru trong dd 4n nay 1a trung

thuc va chua hé duogc st dung dé béo vé mét hoc vi nao. Moi su gitp do cho viée
thue hién d6 4n ndy da dugce cam on va cac thong tin trich din trong d6 an da duoc

chi rd nguon goc rd rang va dugc phép cong bo.
Sinh vién thuce hién

Tran Nguyén Thu Trang

L& Trong Minh Dtic

Nguyén Hai Dt
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MO PAU

1. Tinh cép thiét cia dé tai

Phén ving thi trudong dién 13 mot giai phap quan trong nhim nang cao hiéu
qua van hanh va ddm bao an ninh ning luong cho hé théng dién Viét Nam. Trong
bdi canh hién nay, khi tinh trang thiéu dién dién ra tai nhiéu khu vuc va hé théng
truyén tai gip kho khan trong viéc huy dong ngudn tir xa, viée chia tach thi trudong
thanh cac ving nho hon gitp t6i vu hoa viée sir dung cic ngudn tai nguyén ning
lwong sin co tai chd, giam phu thudc vao truyén tai lién ving. Dong thoi, phan
ving thi truong con goép phan nang cao kha ning diéu hanh va kiém soat hé théng
trong céc tinh hudng khan cép, gitp quan 1y hiéu qua hon va giam thiéu rii ro mat

dién trén dién rong.

Bén canh d6, viéc phat trién ning luong tai tao dang ngdy cang dugc uu
tién trong chién lugce nang luong qudc gia. Tuy nhién, cic ngudn ning lugng tai
tao nhu dién gi6 va dién mit troi thudng phan bd khong déu giita cac khu vuc.
Phén vung thi trudng dién cho phép thiét 1ap co ché gia phu hop véi diéu kién timg
vung, tir d6 tao ra co hoi 0 rang hon cho céc nha dau tu va don vi san xuét nang
lugng téi tao. Khi gid dién phan anh dung chi phi can bién tai tung khu vuc, thi
truong s& khuyén khich phét trién ning luong tai tao & nhiing noi c6 tiém nang
16n, dong thoi thiic ddy sy phan bd ngudn luc hiéu qua hon, gop phan vao qua trinh

chuyén dich ning luong xanh va phat trién bén virng.

Véi ly do d6 nhém thyc hién dé tai: “Mo hinh dé xuat xac dinh ving dau
thau trong thi truong dién dua trén gia bién theo vi tri va thuat toan phan cum”.
Trong d6 4n nay s& dé& xuat mot thuat toan giup phan ving thi truong dién, toi vu
hoa chi phi phat di¢n nhé nhét va tao ra sy minh bach vé gia cling nhu co hdi cho

cac nha dau tu nang luong.
2. Muc tiéu nghién ciru

Muc tiéu cua dé tai la xay dung mot mo hinh dé xuit nham xac dinh vung
d4u thau trong thi truong dién Viét Nam dua trén gid dién can bién theo vi tri
(Locational Marginal Price — LMP) va thuat toan phan cum. Thong qua viéc két
hop dit liéu van hanh hé théng va thuat toan hoc may, dé tai hudéng dén viéc phan
chia thi trudng dién thanh cac vang hop 1y, phan anh dang diéu kién truyén tai, su
phan bb ngudn — phu tai va dic diém kinh té — k¥ thuat cua timg khu vuc. M6 hinh
nay nham hd tro céng tac quy hoach, van hanh va thiét ké co ché thi trudng minh
bach, dong thoi tao nén tang cho viéc huy dong hiéu qua nguén nang luong téi tao,
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giam tac nghén truyén tai va nang cao hiéu qua kinh té — k¥ thuat ctia hé thong
dién.
3. Doi tweng va pham vi nghién ctru

a) Dbi tuong nghién ciru:

Péi twong nghién ciru ctia bai bao 1a phan ving thi truong dién dua trén cac
dic diém k§ thuat va kinh té ctia hé thong dién. Cu thé, bai bio tip trung vio viéc
ap dung thuat toan Spectral Clustering dé phan chia ving gia dién dua trén dir liéu
gia dién can bién theo vi tri (Locational Marginal Price — LMP) dugc tinh toan tu
mo hinh DC Optimal Power Flow (DC-OPF), két hop véi thong tin két ndi vat 1y
giita cac nut (bus) trong hé thong dién. Phan tich nay huéng téi viéc tim ra cac
ving ¢ dic diém van hanh twong dong vé mit k¥ thuat va gia ca, tir d6 dé xuat

mo hinh phan vung phu hop cho thi truong dién Viét Nam.
b) Pham vi nghién ctru:

Pham vi nghién ctru cia bai bao gii han trong mé hinh chuan IEEE 118-
bus, dugc str dung lam hé théng thir nghiém dé mo phong hoat dong thi truong
dién. Gia dién LMP dugc tinh toan cho 118 bus dudi bon kich ban van hanh gia
dinh (ngay ning/mua cia lic cao diém/thdp diém), dai dién cho cac diéu kién phu
tai va thoi tiét dic trung trong nam. Nghién ctru khong xét dén day du cac yéu to
dong nhu thay doi phu tai thoi gian thyc, nhung dam bao bao phu cac dic diém
quan trong trong thiét ké phan viing: tac nghén truyén tai, tinh lién két ctia hé thong
va phan bé gia dién. Két qua phan ving thong nhéat dugc rat ra tir tong hop cac
kich ban trén, hudng tdi rng dung cho thi truong dién Viét Nam trong tuong lai.
4. Phwong phap nghién ctru

Phuong phap phan tich tong hop 1y thuyét, thu thap s6 liéu, mé phong hé
thong bang phan mém GAMS va MATLAB
5. Y nghia khoa hoc va thyec tién ciia dé tai

Mo hinh toan huéng t6i tdi da hoa phiic loi xa hoi, giam thiéu chi phi phat
dién; giap cac co quan quan ly thi truong phan vung mdt cach chinh xéc trong thi
truong dién. Thém vao d6, mod hinh gitp thiét ké co ché thi trudng minh bach,
ddng thoi tao nén tang cho viéc huy dong hiéu qua ngudn ning luong tai tao, giam
tdc nghén truyén tai va nang cao hiéu qua kinh t& — k§ thuat cua hé thdng dién.

6. Cau tric cia luin van tot nghiép
Noi dung cta ludn van gom nhitng phan chinh sau:
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CHUONG 1: TONG QUAN VE THI TRUONG BPIEN
1.1. Thi trwong dién

1.1.1. Khai niém vé thi truong dién

Thi truong dién 18 mot mo hinh td chure hoat dong trong linh vuc dién luc,
cho phép nhiéu chu thé cing tham gia vao qua trinh san xuat, truyén tai, phan phdi
va ti€u thu dién nang thong qua cac co ché canh tranh va diéu tiét. Thi truong dién
la su chuyén ddi tir co ché diéu hanh tap trung — noi mot don vi doc quyén chiu
trach nhiém toan bo chudi cung Gmg — sang mot co ché linh hoat, noi cac thanh
phén duoc tach biét va van hanh dudi sy gidm sat cua co quan diéu tiét dé dam bao

canh tranh cong bang va hiéu qua.

Theo quan diém kinh té hoc, thi truong dién 1a moét thi trudng hang hoda dac
biét, boi dién nang khong thé luu trit v6i chi phi thap, phai duoc san xuét va tiéu
thu déng thoi. Vi vay, viéc diéu d6 va can béng cung — cau phai duogc thuc hién
theo thot gian thuc hodc gén thot gian thyc. Bén canh do, dac diém vt 1y caa ludi
dién, nhu tinh lién két gita cac nat (bus), gidi han cong suét truyén tai va tinh nhay
cam voi su ¢b ciing khién thi trudng dién tré nén phirc tap va doi hoi cac co ché
dac thu.

Thi truong dién cé thé ton tai dudi nhidu hinh thirc khac nhau, tlly vao muc
dd mé ctra va su tham gia cua cac thanh phén thi truong. Mot s6 mo hinh thi truong

phé bién bao gom:

e Thi truong dién don buyer (Single-buyer Market): Trong d6, mot don
vi mua duy nhét (thudng 1a cong ty nha nudc) s& mua dién tir cac nha
phat dién va ban lai cho khach hang cudi cung.

e Thi truong Pool canh tranh: Cac nha phat dién chao gia vao thi truong
theo co ché dau thau, va trung tdm diéu do s& lua chon cac to mdy theo
th tu gia ting dan dé dap tng nhu cau tiéu thu.

e Thi trudng da buyer (Multi-buyer, Multi-seller): Cho phép nhiéu ngudi
mua va ban dién tham gia thi truong théng qua cac hop dong song
phuong hodc san giao dich.

Ngoai ra, thi truong dién ciing duoc phan cip theo mirc d6 phat trién nhur:

e Thi truong phat dién canh tranh: Chii yéu gitta cac don vi phat dién va
trung tam diéu do.

e Thi truong ban budn canh tranh: M¢ rong cho cac don vi phan phéi,
truyén tai va cac nha tiéu dung 16n.
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e Thi trudng ban 1é canh tranh: Nguoi tiéu dung cudi cing duoc quyén

lga chon don vi cung cép dién.
Céc thanh phan tham gia trong thi truong dién bao gom:

e Don vi phat dién (GENCOs)

e Don vi truyén tai (TRANSCO)

e Don vi phan phdi (DISCO)

e Nguoi ti€éu dung (Customer)

e Nha diéu hanh thi trudng (Market Operator)
e Co quan diéu tiét (Regulator)

Véi su phat trién manh mé ctia cong nghé va nhu cau minh bach trong quan
1y nang luong, mo hinh thi trudng dién ngay cang trd thanh xu thé tat yéu ¢ nhicu

quéc gia, trong d6 c6 Viét Nam.
1.2. Tinh hinh phét trién ciia thi truong dién Viét Nam

Sy hinh thanh va phat trién thi truong dién khong chi nham thay thé mo
hinh van hanh truyén thong mang tinh bao cap va ké hoach héa tap trung, ma con
huéng toi muc tiéu chién lugce quan trong hon: xay dung mot nganh dién nang hién
dai, minh bach, canh tranh va hi¢u qua, c6 kha nang thich irng linh hoat v&i nhiing
bién dong ngdy cang phurc tap ciia nén kinh té, cong nghé va xa hoi. Trong bdi
canh nhu cau tiéu thu dién cua Viét Nam tang truong manh mé trong subt ba thap
ky qua — trung binh tir 8% dén 10% mdi nim — mo hinh van hanh cii dan boc 19
nhiéu diém yéu nhu thiéu linh hoat, cham thich nghi véi thay doi thi truong va
chua phat huy duoc hét tiém ning cuia cac thanh phan kinh té tu nhén.

Thi trudng dién hién dai khong don thuan 1a noi dé cac bén mua — ban dién
thyc hién giao dich thuong mai, ma con dong vai tro la cong cu diéu tiét hé théng
van hanh hi¢u qua, phan bd hop 1y nguén luc dau tu, déng tho1 tao ra cac tin hiéu
gia ca rd rang dé khuyén khich tdi wu hoa chi phi san xuét — truyén tai — phan phdi
va tiéu dung dién. Chinh vi vay, vi¢c phat trién thi truong dién khong phai 1a mét
xu hudng riéng cua Viét Nam, ma la sy lya chon chién luoc duge hau hét cac quéc
gia trén thé gidi trién khai tir nhiéu nam trudc, dic biét 1a tai cac nén kinh té phat
trién nhu Hoa Ky, Uc, Lién minh chau Au, Brazil, Nhat Ban, Han Qué)c. ..

Tai Viét Nam, sy phat trién cua thi truong dién 1la mdt qué trinh c6 dinh
huéng rd rang, duoc Nha nude thiuc day va kiém soat chat ché thong qua cac chién

lugc va quy hoach dai han. Tir nhitng nim dau cua thap ky 2000, Chinh phii da xac



dinh 6 viéc xay dung thi truong di¢n canh tranh 1a mot trong nhitng nhiém vu
trong tim trong tién trinh cai cdch nganh niang lwong. Bang viéc ban hanh Quyét
dinh s6 26/2006/QD-TTg vé 16 trinh phat trién thi truong dién va nhiéu van ban
phap 1y lién quan, Viét Nam timg budc chuyén déi tir co ché diéu hanh tap trung
sang mo hinh thi truong phat dién canh tranh (tor nam 2012), sau do 1a thi truong
ban budn canh tranh (tir ndm 2019), va dang trong giai doan chuan bi dé tién toi

thi trrong ban 1€ canh tranh trong thoi gian toi.

Qua trinh nay khong chi mang lai nhimg thay d6i vé mé hinh té chtrc van
hanh hé thdng, ma con kéo theo sy tham gia ngay cang rong rai cta cic thanh phan
kinh té, dac biét 1a khu vuc tu nhan va doanh nghiép nudc ngoai. Tinh dén nay, co
cu ngudn dién qudc gia dd khong con phu thudc hoan toan vio cic doanh nghiép
nha nuéc ma dang dan dich chuyén theo huéng da dang hoa chu thé tham gia. Cac
nha dau tu ning luong tai tao ciing da gdp phan quan trong vao viéc bd sung cong

suat, giam ap luc cho luoi dién quoc gia.

Tuy nhién, can phai thang thin nhin nhan rang, du da dat dugc nhidu két
qua quan trong vé mit td chitc va thé ché, thi trudng dién Viét Nam van con nhiéu
han ché ca vé ky thuat, co ché van hanh, co s& ha tﬁng va khung chinh sach. M6
hinh thi trudong hién nay van chua phan anh day du ban chat kinh té cua hé thong
dién, dic biét 1a van dé gia dién chua theo sat bién dong thuc té cua phu tai, ton
that truyén tai va su khac biét giira cac ving mién. Nhiéu yéu t k¥ thuat nhu tic
nghén ludi dién, gidi han cong suat truyén tai, hay cic rang budc vé dién ap, tan
s6 van chua duge ndi ham vao co ché dinh gia dién, lam giam tinh hiéu qua va tinh

canh tranh cua thi truong.

Trong bdi canh do, yéu cau tiép tuc hoan thién thi truong dién tré thanh mot
nhiém vu chién lugc, khong chi dé bao dam an ninh ning luong qubc gia ma con
dé hd tro qua trinh chuyén doi ning luong theo hudng bén viing, linh hoat va phu
hop voi cam két giam phat thai khi nha kinh ctia Viét Nam. Noi dung cac phan sau
s& trinh bay rd hon vé cac giai doan phat trién, thanh tuu va thach thirc trong thuc
tién to churc thi truong dién, tir d6 1am nén tang cho dé xuat phan ving nham nang

cao hiéu qua van hanh hé thong dién trong tuong lai.
1.2.1. Cac giai doan phat trién chinh
Giai doan 1 — Truéc nim 2005: Giai doan ddc quyén tap trung
Trude nam 2005, nganh di¢n Viét Nam hoat dong theo md hinh doc quyén

nha nudc, tt ca cac khau tir phat dién, truyén tai, phan phéi dén ban 1é déu do Tap
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doan Pién lyc Viét Nam (EVN) nam giit. Viéc diéu d6 hé théng dugc didu hanh
tap trung, gia dién duoc Nha nudc kiém soat va khong phan anh dy du chi phi
thuc té van hanh. Mo hinh nay tao ra sy on dinh vé cung cép dién nhung thiéu hiéu

qua trong phan bd ngudn luc va khong c¢é canh tranh.
Giai doan 2 — 2005 dén 2012: Thi trwong phat dién canh tranh (VCGM)

Luat Bién luc nam 2004 1a budc ngoat quan trong, mé duong cho viéc hinh
thanh thi truong dién. Giai doan nay danh dau su tach bach gitra don vi phat dién
va cac don vi truyén tai/phan phdi. Nam 2011, thi truong phét dién canh tranh dwoc
van hanh thtr nghiém va dén thang 7 nam 2012 chinh thirc dua vao van hanh. Tai
day, cac nha may dién bat dau duoc phép chao gia canh tranh trén thi trudng ngay
hém trude, trong khi EVN van 13 don vi mua dién duy nhét. Mic du mirc do canh
tranh con han ché, nhung day 1a nén mong quan trong cho cac budc phat trién tiép
theo.

Giai doan 3 — 2013 dén nay: Thi truwong ban budn canh tranh (VWEM)

T nam 2017, Viét Nam bat dau trién khai thi truong ban budn canh tranh,
cho phép cac tong cong ty dién lyc (TCTDL) nhu EVN SPC, NPC, CPC... tham
gia vao thi truong voi vai tro 1a don vi mua dién. Mo hinh nay tirng budc mé rong
canh tranh khong chi ¢ khau phat ma con ¢ khau mua ban dién, chuan bj cho viéc
hinh thanh thi truong béan 1é trong twong lai. Cting véi d6, hé thong diéu d6 va co
ché thanh toan duoc cai tién, minh bach héa qué trinh phan bd nguén lyc trong
nganh.

Giai doan tiép theo — Pinh huéng dén 2030: Thi truwdng ban 1é dién canh
tranh

Theo Quy hoach dién VIII va dinh huéng cia B Cong Thuong, Viét Nam
du kién sé trién khai thi truong ban 1€ canh tranh trong thoi gian té1. Giai doan dau
thi diém s& ap dung cho cac khach hang 16n (cong nghiép, thurong mai...), sau d6
mo rong dan cho ho gia dinh. Viéc nay s€ tao ra mot moi truong canh tranh lanh
manh giira cic don vi cung cdp dién, gbp phan giam gia thanh va ning cao chét

lugng dich vu.
1.2.2. Co céu td chirc thi trwdomg dién hién tai

Thi truong dién Viét Nam hién nay dang van hanh theo mé hinh “pool” —
mot hinh thirc phé bién trong céc thi truong dién canh tranh trén thé gidi. Theo mo

hinh nay, cac don vi phat dién thuc hién chao gid ban dién vao thi truong, sau do6



Trung tim Piéu d6 Hé thong dién Qudc gia (A0) — thude Tap doan Pién luc Viét
Nam (EVN) — s& tién hanh 14p ké hoach van hanh va diéu do hé thong dién theo
nguyén tac toi uu hoa chi phi toan hé théng. Muc tiéu cta dicu d6 1a dam bao nhu
cau phu tai duoc dap tng lién tuc va an toan, dong thoi toi thiéu hoa chi phi phat

dién theo murc gia chao va giéi han ki thuat hé thong.

Céc giao dich trén thi truong cht yéu duoc thyuc hién thong qua co ché ngay
hom trudce (day-ahead market), tirc 1a cac ké hoach phat dién va mua ban dugc xac
dinh trudc mot ngay van hanh. biéu nay tao diéu kién cho viéc chuén bi nguén va
1ap lich van hanh hop 1y. Tuy nhién, thi truong thoi gian thuc — noi c6 thé diéu
chinh san lugng dién theo thoi diém van hanh thyuc té — van chua duoc trién khai
day du. Thi trudng phu tro (ancillary services), von dong vai trd quan trong trong
duy tri 6 6n dinh vé tan sd, dién ap va du phong cong suit, ciing dang trong giai

doan nghién ctru va chua dugc van hanh mot cach hoan chinh
Co cau t6 chtrc thi truong dién hién tai bao gom céac thanh phé”m chinh nhu sau:

e (Cac don vi phat dién (GENCOs, IPPs, BOTs): Bao gém cac téng cong
ty phat dién (GENCO 1, 2, 3) thudéc EVN, cac nha dAu tu tu nhan trong
nude, va cac don vi c6 von dau tu nudce ngoai. Ngoai ra, cdc nha may
duogc xay dung theo hinh thirc hop dong xay dung — van hanh — chuyén
giao (BOT) ciing tham gia vao thi trudng véi cac diéu khoan hop dong
dai han. Hién nay, cac nha may nang luong tai tao (di¢n mat troi, dién
gid) chiém ty trong ngdy cang 16n trong co cau ngudn phat, gop phan
tang tinh da dang cho thi truong dién.

e Tong cong ty Truyén tai dién Qudc gia (NPT): La don vi duy nhat chiu
trach nhiém quan 1y va van hanh ludi dién truyén tai qudc gia cap dién
ap 220 kV va 500 kV. NPT truc thuoc EVN va c¢6 vai tro then chot trong
viéc dam bao ning luc truyén tai gitta cac ving mién. Tuy nhién, hé
thdng truyén tai hién nay van chiu nhiéu 4p luc do mat can ddi gitra phat
trién nguén va dau tu ludi dién, dic biét tai cac khu vuc c6 nhiéu nguff)n
nang luong tai tao nhu mién Trung, TAy Nguyén.

e Cic tong cong ty dién luc (TCTPL): Bao gdm cac cong ty thanh vién
cua EVN nhu EVN HANOI, EVN HCMC, EVN NPC, EVN SPC...
Céc don vi nay chiu trach nhi€ém mua dién tir thi truong ban budn, phan
phé)i dén khach hang va thyc hi¢n dich vu chdm séc¢ khach hang. Trong
tuong lai, cac tong cong ty dién luc s& phai canh tranh v&i cac nha ban

1€ khéc khi thi truong ban 1¢é dién dugc mé cura.
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e Trung tim diéu d6 hé thong dién qudc gia (A0): La co quan k¥ thuét co
vai tro trung tam trong thi trrong, ddm nhan viéc lap ké hoach véan hanh,
didu d6 nguodn va phu tai trén toan hé thong dién qubc gia. A0 sir dung
cac mo hinh tinh toan t6i wu (nhu OPF — Optimal Power Flow) dé xéac
dinh lich huy dong t6 may va dam bao su cin bang giira cung va cau,
trong khi van tuan thu cc gidi han ky thuat nhu tan sd, dién ap, gioi
han truyén tai.

e (Co quan diéu tiét dién luc (ERAV — thudc Bo Cong Thuong): La co
quan hoach dinh chinh sach, ban hanh quy dinh va giam sat hoat dong
cua thi truong dién. ERAV chiu trach nhiém phé duyét cac quy trinh thi
truong, biéu gia ban 1¢, ké hoach phat trién dién luc va bao dam quyén

loi cho cac bén tham gia thi truong, bao gdm ca ngudi tiéu dung.

Mic du co ché thi truong da dan hinh thanh va mé rong, mot s6 dic diém
ctia hé thong hién tai van chua dap ung dugc day du cac nguyén tic thi truong
canh tranh thuc sy. Pang chii y, gia dién trong thi trweong vin chwa phin anh
diy dii chi phi vin hanh thue té nhu: ton that truyén tai, mic do tic nghén ludi
dién, hay su khéac biét vé dia 1y va diéu kién van hanh giita cac khu vuc. Hau hét
cac giao dich dién ning van mang tinh tap trung cao, véi EVN dong vai tro 1a bén
mua budn duy nhat. Cac muc gia thanh toan dugc xac dinh dua trén biéu gia khung
va ké hoach van hanh duoc phé duyét trudce, thay vi thong qua qué trinh tuong tac

tu do gitta cung — cau.

Chinh vi vy, cdc dé xuit nhu phan ving thi trwong dién, dinh gia dién
theo viing hoic theo vi tri (LMP) ngay cang duoc nhiéu nha nghién ctru va co
quan hoach dinh chinh sach quan tim. Pay duoc xem 1a budc tiép theo can thiét
dé phan 4nh t6t hon cac diéu kién k¥ thuat va kinh té cta hé théng dién Viét Nam,
d6ng thoi lam nén tang dé trién khai cac hinh thire thi trudng phy tro va thi truong
thoi gian thuc trong tuong lai gan.

1.2.3. Nhirng két qua dat dwoc

¢ Gia tang tinh minh bach va canh tranh: Cac budc cai cach da mo duong
cho nhiéu chii thé tham gia thi truong, gitup cong khai hoa gia chao, ké
hoach huy dong va dir li¢u van hanh.

e Thu hat dau tu tu nhan: Tao diéu kién cho nhiéu doanh nghiép trong va
ngoai nudc dau tu vao cac nha may nhi¢t di€n, thuy di¢n, dién mat troi,

dién gio.



e Tach bach chirc ning van hanh va mua ban dién: Gép phan cai thién
tinh hiéu qua va giam xung dot loi ich trong quan 1y hé thong.

e Chuén bi nén tang cho trién khai thi truong dién hién dai: Cac h¢ théng
phan mém, co ché thanh toan va diéu d6 timg budc dugc nang cap dé
phu hop vai thi truong ban buon va tuong lai ban lé.

1.2.4. Nhirng thach thirc con ton tai

Mic du thi trudng dién Viét Nam d3 c6 nhitng bude phat trién dang ghi
nhan, song qua trinh van hanh va td chuc thi trudng van tdn tai nhiéu han ché va
thach thirc can dugc giai quyét trong thoi gian to1 dé dam bao sy minh bach, hiéu

qua va 6n dinh dai han cho hé thong dién qudc gia.

Thiéu phan vung gid dién: Hi¢n nay, hé théng dién van ap dung co ché gia
dién cao bang trén pham vi toan qudc, chua phan chia thanh cac ving gia dién
riéng biét. Viéc chua xéac 14p cac ving dau gia hodc ving gia phan anh dang diéu
kién van hanh cua tung khu vuc da lam giam hi¢u qua trong dAu tu va van hanh hé
théng. Cu thé, cac khu vuc ¢ phu tai cao hodc thuong xuyén xay ra tac nghén ludi
dién van phai 4p dung mic gia dién twong ty nhu cac khu vuc du thira ngudn va
¢6 ludi truyén tai 6n dinh. Diéu nay khong tao duoc tin hiéu dau tu rd rang va co
thé dan dén tinh trang mét can bang cung — cau, lam gia ting ton that truyén tai va

giam hiéu qua toan hé thong.

Chua ap dung co ché dinh gia theo vi tri (Locational Marginal Pricing —
LMP): Mic du di duoc nhiéu nude ap dung hiéu qua, co ché LMP hién véan chua
dugc trién khai tai Viét Nam. Gia dién hién hanh chu yéu duoc xac lap theo phuong
phap binh quan chi phi, khong phan anh dung su khac biét vé vi tri dia 1y, chi phi
truyén tai va tinh trang tic nghén trén ludi dién. Hé qua la cac nha may dién ¢ ving
xa trung tim phu tai khong bi rang budc bai chi phi truyén tai trong khi cac khu
vuc thiéu ngudn lai khong c6 dong luc thu hit dau tu méi. Picu nay lam giam hiéu

qua phan bo tai nguyén va ting nguy co qua tai cuc b trong hé thong.

Thi truong phu trg va thoi gian thyc chua hoan thién: Thi truong dién Viét
Nam hién chu yéu hoat dong theo co ché 1ap ké hoach ngay hém truée (day-ahead),
chua c6 co ché van hanh thoi gian thuc hodc thi truong phu trg thuc su. Trong khi
d6, hé théng dién ngay cang chiu nhiéu bién dong do sy phat trién manh mé cia
cac nguén nang lugng tai tao (nhu dién gio, di¢n mat troi), von ¢6 tinh khong on
dinh va phy thudc thoi tiét. Viée thiéu thi trudng thoi gian thyuc va phu tro khién
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hé thong kho thich ing voi cac bién dong ngan han, [am gia tang rdi ro ve tan so,

dién ap va can bang cong suat theo thoi gian thuc.

Su phu thudc vao EVN: Du da c6 budce tién trong viéc tach bach cac thanh
phén thi truong, nhung Tap doan Dién luc Viét Nam (EVN) van gifr vai tro chi
phdi trong ca ba khau: phat dién, truyén tai va mua ban dién. Cac cong ty con cua
EVN hién chiém ty trong 16n vé cong suat phat, van hanh ludi truyén tai va cung
g dién dén ngudi tidu dung cudi. Sy tip trung ndy giy ra rao can cho cac don vi
ngoai EVN tham gia thi truong, lam giam tinh canh tranh va tinh minh bach cua
hé théng. Ngoai ra, vi¢c cung mot tap doan vira tham gia thi truong, vira van hanh
hé thdng va nam giir co so ha tang trong yéu ciing dé din dén xung d6t loi ich va

lam cham qua trinh cai cach thi truong.

To6ng hop lai, nhitng thach thirc trén cho thiy rang thi truong dién Viét Nam
van dang trong giai doan chuyén ddi va can tiép tuc hoan thién manh mé& hon nira.
Viéc khic phuc cac han ché nay s€ la tién dé quan trong dé hudng dén mot thi
truong dién canh tranh toan dién, minh bach va hiéu qua, phu hop voi xu thé phat

trién clia nganh ning luong toan cau.
1.2.5. Pinh hwéng phat trién thi trueong dién Viét Nam

Trong bdi canh nganh ning luong toan cau dang bude vao giai doan chuyén
ddi manh mé huong dén minh bach, canh tranh va phat trién bén virng, thi truong
dién Vi¢t Nam ciing dang dinh hinh mdt 19 trinh cai cach toan dién dé dap ung cac
yéu cau trong nudc va hoi nhap qudc té. Vi muc tidu timg bude xdy dung thi
truong dién ban buon va tién toi thi truong dién ban 1€ canh tranh hoan chinh, Viét
Nam can ¢6 cac dinh hudng chién lugc cu thé nham khic phuc nhitng han ché hién
hitu va phat huy hiéu qua ctia hé théng dién qudc gia. Mot sé dinh huéng trong

tam co thé ké dén nhu sau:

1. Hoan thién co ché gia dién: Mot trong nhiing budc di mang tinh nén tang
trong tién trinh phat trién thi truong dién 13 chuyén déi tir co ché gia cao biang sang
dinh gia dién phan anh dung dic diém van hanh thyc té. Trong dé, viée trién khai
co ché dinh gia dién theo vi tri (Locational Marginal Pricing — LMP) [1] va phan
ving thi trudng 14 xu hudng pht hop va cip thiét. Gia dién sé khong con duoc xac
dinh theo muc trung binh chung ma phu thudc vao vi tri dia ly, tinh trang truyén
tai va phu tai ciia tig khu vuc. Diéu nay tao dong luyc khuyén khich dau tu vao

cac vung thiéu ngudn, han ché tinh trang tac nghén va t6i uru hoa chi phi truyén tai.

11



Viéc ap dung LMP cling giup tdng cudng minh bach va phan anh dung chi phi thuc
té trong hé thong.

2. Thuc day phat trién thi truong phu tro va thoi gian thyc: Dé dam bao hé
thdng dién c6 kha nang phan ing nhanh va van hanh linh hoat trong diéu kién ngay
cang nhiéu bién dong (dac biét do sy phat trién manh cia nang lugng tai tao), viéc
xay dyng thi trudng phu trg (ancillary services) va thi truong thoi gian thuc 1a can
thiét. Nhitng thi trudng niy cho phép diéu chinh cong suét, tan sd va dién ap trong
thoi gian ngan, gitp hé thong duy tri 6n dinh khi xay ra sy ¢6 hodc khi nhu cu
thay doi dot ngot. Pay 1a diéu kién quan trong dé nang cao tinh linh hoat, do tin

cay va kha nang tich hop ngudn phan tan vao hé thong.

3. Tang cudng tmg dung cong nghé théng minh trong do dém va diéu khién:
Cung v6i su phét trién clia cac mo hinh thi trudng, cong nghé ciing dong vai trd
then chot trong viéc hd trg van hanh va giam sat hé théng dién. Viéc trién khai hé
thong do dém thong minh (smart metering), ludi dién thong minh (smart grid), tu
dong hoa hé thong diéu do va tmg dung cac phan mém diéu khién tién tién s& gitp
nha diéu hanh hé thong va khach hang c6 thé giam sat hiéu qua tinh trang tiéu thy,
phan ung gia va cha dong trong viéc sir dung ning luong. Piéu nay con tao nén
tang cho viéc phat trién mo hinh “khach hang tham gia thi trudong”, noi ngudi tiéu

dung c6 thé diéu chinh phu tai va tham gia vao co ché dinh gia linh hoat.

4. Tién t6i xay dung thi truong ban 1é canh tranh: Hién tai, Viét Nam méi
dung lai ¢ giai doan thi truong phat dién va ban budn canh tranh. Trong giai doan
tiép theo, viéc mo rong sang thi truong ban 1€, cho phép khach hang lya chon don
vi cung cap dién, 1a xu hudng tat yéu. Mo hinh nay khong chi gitp cai thién chat
luong dich vu va gia ca thong qua co ché canh tranh ma con tao diéu kién cho su
tham gia rong rdi hon cia cac thanh phan kinh té ngoai qudc doanh vao linh vuc

dién luec.

5. Hoc hoi md hinh phan ving thi truong dién tir cac qudc gia di trude:
Nhiéu qubc gia da trién khai thanh cong mé hinh phan ving gia dién nhu Hoa Ky
(v6i dinh gia LMP tai ting nit), Y (v6i mo hinh zonal pricing chia thanh 21 ving),
Brazil (phan ving theo dic thu dia 1y) va cac nudc chau Au (v6i co ché ving gia
chung hodc tach ving khi co tac nghén). Nhirng mé hinh ndy mang lai nhiéu loi
ich trong diéu do, dau tu va van hanh hé thong. Viét Nam, véi dic diém dija 1y lanh
th6 kéo dai, phan bd ngudn — phu tai khong dong déu va ha tang truyén tai con han

ché, hoan toan c6 thé ap dung mo hinh phan ving dé phan anh tot hon cac dic
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diém k¥ thuat, tir 46 xay dung co ché gia pht hop hon va hd tro quy hoach dau tu

ha tang hiéu qua.

6. Phat trién co s& ha tﬁng déng bo va hién dai: Moi cai cach thi truong chi
c6 thé thanh cong khi dugc hd trg bai mot hé thong co so ha tang truyén tai va
phan phéi da manh. Vi vay, Viét Nam can vu tién dau tu nang cép luéi dign, tang
cudng kha ning két nbi ving mién, xay dung cac trung tdm diéu do hién dai va

d6ng bo hoa cac hé thong do dém, truyén dir liéu trong toan hé thong.

Thi trudng dién Viét Nam dang dung trude thoi diém chuyén doi quan
trong, tir co ché truyén thong sang mot hé thong thi tredng ning dong, canh tranh
va hi€u qua hon. bé dat dugc diéu do, viéc hoan thién co ché gia dién, déy manh
phan ving, phat trién thi trudng phu trg va ung dung cong nghé 13 nhiing nhiém
vu trong tim. Pong thoi, hoc héi cac mo hinh tién tién trén thé gidi va tuy bién
phtt hop vai diéu kién thyc té trong nudc s& giup Viét Nam xay dung mot thi trudng

dién minh bach, hiéu qua va bén viing trong twong lai gan.
1.3. Tinh hinh phén viing thi trwomg dién tai cic nwéc trén thé gidi hién nay

Phén ving thi truong dién 1a mot trong nhiing yéu t6 cbt 13i trong viéc thiét
ké va van hanh mot thi truong dién hién dai, minh bach va hiéu qua. Trong boi
canh ludi dién ngay cang trd nén phuc tap, viéc chia hé thong thanh cac ving dau
gia (bidding zones) giup phan anh rd hon diéu kién k¥ thuat, giéi han truyén tai,
tac nghén cong suat va chénh léch cung — cau tai ting khu vuc dia 1y cu thé. Mdi
ving duoc xem 1a mot thuc thé gia doc 1ap, noi ma gia dién phan anh ding chi phi
bién tai khu vuc d6, bao gdm ca ton that va gidi han truyén tai. Phan ving con 1a
co s& quan trong dé lap ké hoach van hanh hé théng, hd tro diéu do hiéu qua, phan

bd dau tu hop 1y va ting kha ning tich hop ning luong tai tao.

Trén thé gidi, cac qudc gia dd ap dung nhiéu md hinh phan ving khic nhau
[2], tir phan ving gi4 dién chi tiét dén dinh gia tai timg nut, tiy theo dic diém ludi
dién, muc d6 phat trién thi truong va nang luc didu hanh. Dudi ddy 1a mot sé mo
hinh tiéu biéu:

Hoa Ky — M6 hinh dinh gia tai tirng nit (Nodal Pricing): Tai Hoa Ky,
cac vung van hanh ddc 1ap (Independent System Operators — [SOs) nhu PJM,
MISO, ERCOT va CAISO trién khai thi truong dién theo md hinh dinh gid tai ting
nat (Nodal Pricing). Mdi niit trong hé thong — twong ng véi mot bus hoic diém
két ndi — c6 gia dién riéng duoc xac dinh thong qua mé hinh t6i wu héa dong cong
suit (OPF) c6 xét dén ton that va tic nghén. Gia LMP tai mdi nut bao gdm ba thanh
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phan: chi phi ning lugng, chi phi ton that va chi phi tic nghén. M6 hinh nay gitp

phan anh chinh xéc tinh trang van hanh hé théng va thuc déy diéu d6 hiéu qua.

Tuy nhién, mo hinh Nodal Pricing yéu ciu ha ting cong nghé rat cao, voi
hé thdng do dém, truyén thong va tinh toan phtc tap. Du vay, ddy duogc coi 1a mo
hinh t6i uu nhat vé mat 1y thuyét, giap giam chi phi toan hé théng va ting do chinh
xéc trong diéu do. Hoa Ky ciing 14 qudc gia dau tién trién khai thi trudng phu tro,

thi trudng cong suét va thi truong thoi gian thye mot cach toan dién.

Chiu Au — Zonal Pricing va co ché Market Coupling: Lién minh chau
Au (EU) 4p dung mé hinh phan ving gia (zonal pricing), trong d6 mdi qudc gia
hodc nhom qudc gia 1a mot ving gia riéng. Cac vung dugc xac dinh dua trén diéu
kién két ndi, ning lyc truyén tai va mic do tiac nghén ludi dién. Khi xay ra tic
nghén gitta hai vung, gia dién s€ tach biét, tao ra tin hi¢u thi truong rd rang. Cac
thi trudng nhu Nord Pool (Bic Au), EPEX Spot (Puc, Phap, Ha Lan) déu hoat

dong theo mod hinh nay.

Pic biét, EU con trién khai co ché Market Coupling, cho phép giao dich
dién xuyén bién gidi mot cach toi vu dua trén gia chiao mua — ban va dung luong
truyén tai kha dung. Co ché nay gitp toi wu héa trao doi dién giita cac quic gia,
giam su phan manh thi trudng va ting hiéu qua kinh té trong toan khu vuc. Tuy
nhién, zonal pricing ciing gip mot sd thach thirc, nhu viée xac dinh lai ving gia

trong trudng hop cau tric ludi thay doi hodc tac nghén phét sinh méi.

Brazil — Phin viing theo dic diém dia Iy va diéu kién van hanh: Brazil
ap dung mo hinh chia hé thong thanh 4 ving van hanh chinh: Biac (North), Pong
Bic (Northeast), Nam (South), va Pong Nam/Trung Tay (Southeast/Central-
West). Viéc phan vung dua trén cac dac diém ky thuat va dia ly, d@)ng thoi co xét
dén kha nang truyén tai gitta cac khu vuc. Gia dién dugc xac dinh trén co so chi
phi van hanh bién (Marginal Operation Cost) va dugc diéu chinh theo ving khi ¢

tac nghén.

Mo hinh nay pht hop véi cac qubc gia co dién tich rong 16n, phan bb ngudn
phat khong déu va diéu kién dia 1y da dang. Diém dic biét 1a Brazil c6 co ché lap
lich van hanh trung tdm dya trén mod phong chudi thoi tiét dai han (stochastic
optimization), giip phan anh cac bién dong trong san xuat thity dién — nguén chi

dao trong hé théng cua ho.

Y — Zonal Pricing véi 21 viing gia [3][4]: Y 14 qudc gia c6 mang ludi dién

trai dai tr Bac xuong Nam, v6i sy phan bo khong dong déu ctia ngudn phat va phu
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tai, trong dong véi Viét Nam. Vi vy, Y da thiét ké thi truong dién theo mo hinh
Zonal Pricing v6i 21 ving gia, bao gdm ca cac khu vyc dao nhu Sardinia va Sicily.
M&i ving c6 murc gia riéng, duge tinh toan theo co ché dau gia va can bang cung
— cau tai khu vye d6. Khi nang luc truyén tai giita cac ving bi han ché, gia dién sé
phan tach dé phan anh ding diéu kién k¥ thuat cuc bo.

Viéc phan ving chi tiét gitp thi truong Y xir Iy hiéu qué céc tinh hudng tac
nghén, giam tinh trang mua ré ban dét trai thuc té, déng thoi khuyén khich dau tu
ngudn phat va ludi truyén tai tai cac diém nghén. Pay 1a mot mo hinh tham khao
rat pht hop cho Viét Nam do twong dong vé hinh dang dia 1y, van dé truyén tai

Bédc — Nam va nhu cau phat trién thi truong dién vung mién.

Uc — M6 hinh thij trwong dién qudc gia (NEM): Uc trién khai thi truong
dién qudc gia (National Electricity Market — NEM) bao gdm nam ving gia twong
ung voi cac bang 1on: Queensland, New South Wales, Victoria, South Australia va
Tasmania. Hé thong truyén tai giira cac bang dugc quan 1y doc lap, va gia dién tai
ting ving duoc xac lap riéng biét. Khi khong c6 tic nghén truyén tai, gia co thé

dong bo gitra cac vung; tuy nhién, khi ¢6 han ché cong suat, gid s€ phan ky ro rang.

Mo hinh cta Uc ¢6 loi thé 13 vira phan ving rd rang, vira linh hoat trong két
nbi lién ving. Pay ciing 1a thi truong dién dau tién trién khai co ché du gia theo
thoi gian thuc (five-minute dispatch) va tich hop nang lugng tai tao quy mo lon

vao hé thong ma khong gay bat 6n van hanh.
Tt cac mo hinh quoc t€ trén, c6 thé rat ra mét s6 bai hoc quan trong:

« Viéc phan vung gitp phan anh ding diéu kién truyén tai, ton that va tic

nghén, tir d6 tao ra gia dién minh bach, cong béng va hop 1y hon.

« MOoi quoc gia s& lya chon md hinh phu hop véi dicu kién cu thé vé dia

Iy, trinh d6 k¥ thuat va ha tang di liéu.

« Du 4p dung Nodal hay Zonal Pricing, diém chung 12 phai dua trén cac
yéu t6 k¥ thuat nhu dong cong suit, kha ning truyén tai, vi tri bus va
mtrc do két ndi.

DPdi v6i Viét Nam — mot quéc gia cO hé théng dién kéo dai Bic — Nam, ¢6
su phan bd khong déu vé ngudn phat va phu tai — viéc nghién ciru cac moé hinh
phan ving trén thé gidi 1a co s& quan trong dé lya chon hudng di phu hop. Pic
biét, mod hinh cua Y va Brazil 1a nhitng vi du thyc tién gén giii, cho théy hiéu qua

16 rét trong diéu do hé thong, giam chi phi truyén tai va khuyén khich dau tu hop
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ly. Viéc ap dung co ché phan ving tai Viét Nam s& khong chi giup xu Iy cac van
dé k¥ thuat hién hiru, ma con 1a tién dé dé tién t6i thi truong dién ban 1¢ canh tranh

trong tuong lai.
1.3.1. M& hinh phan ving tai mot s6 quéc gia

Hoa Ky 1a qudc gia tién phong trong viéc xay dung thi trudng dién canh
tranh va ap dung phan vung rong rii. Cac t6 chire diéu hanh hé théng khu vuc nhu
PJM, MISO, ERCOT... dd phén chia thi trudng thanh nhidu ving dinh gia dién
khéc nhau dya trén LMP (Locational Marginal Pricing), trong d6 mdi nut ludi dién
c6 mot gia dién riéng tuy thudc vao chi phi bién va rang budc truyén tai. Viéc ap
dung dinh gia theo nut da gitp Hoa Ky kiém soat tac nghén hiéu qua, minh bach

hoa van hanh va toi wu hoa chi phi toan hé thong.

Chau Au, dic biét 1a Lién minh Chau Au (EU), di trién khai co ché phan
ving gia dién theo khu vuc (zonal pricing). Cac qudc gia thanh vién thudng chia
thi trudng thanh mot hodc nhiéu ving du thau, vi du nhu Na Uy chia thanh 5
vung, Thuy Dién 4 ving, va Pac — Ao trude diy 1a mot ving chung, nhung da
phai tach do hién tuong léch pha cong suit va tic nghén ludi. Co ché phan ving
trong EU gitip han ché cac giao dich gay qua tai va tao tin hiéu 15 rang cho dau tu
vao ludi va ngudn phat dién.

Y (Italy) 1a vi du dién hinh trong viéc ap dung mé hinh phan ving pht hop
v6i dia 1y qubc gia. V6i dic thu 1anh tho dai, hep va c6 nhiéu nut thit ha tang truyén
tai, Y da phan chia thi trudng dién thanh 21 ving gia (zones). Mdi ving cé gia
dién riéng, phu thudc vao tinh trang truyén tai va nhu cau tai khu vuc d6. M6 hinh
nay cho phép Y phan anh chinh xac tac nghén, diéu phdi hiéu qua ngudn dién va
thu hiit dau tu vao cac ving dang thiéu hut nang luong. Y ciing sir dung hé thong
dinh gia bién cuc bd va co ché diéu do dua trén nhu cau vung, phu hop véi diéu

kién dia hinh va cong suat két noi gitra cac khu vuec.

Brazil phan vung thi truong dién dua trén cAu tric mang ludi va han ché
truyén tai. Nudc nay chia hé théng thanh 4 ving dia 1y (North, Northeast,
Southeast-Central-West, South). Hé théng dinh gia ap dung & day la dinh gid theo
nut (nodal pricing), va thi trudng duoc van hanh béi t6 chic diéu hanh doc 1ap
(ONS). Viéc chia vung gitip Brazil kiém soat cac hién twong thiéu hut cuc bd va

tang hi¢u qua sir dung ngudn tai tao & cac vung xa trung tam.
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1.3.2. Bai hoc va lién h¢ véi Viét Nam

Qua cac mo hinh thi truong dién di duoc trién khai thanh cong tai nhiéu
qudc gia, c6 thé thiy riang phan ving thi trudng dién khong chi 1a mot cai tién k§
thuat, ma con 1a giai phap chién lwgc va toan dién nham giai quyét cac van dé mang
tinh hé théng trong van hanh ludi dién hién dai. Viéc chia thi truong thanh céc
ving gia doc 14p khong chi giup phan anh sat thue diéu kién k¥ thuat tai timg khu
vuc, ma con cai thién tinh minh bach cta co ché dinh gia, t8i wu hoa diéu do hé
thdng, dong thoi tao ra dong lyc thi trudong dé thu hut dau tu dung chd — ding thoi
diém. Cac quéc gia nhu Hoa Ky, Y, Brazil va Uc d3 minh chimg rd rang cho hiéu
qua cua co ché phan ving trong viéc xir Iy tic nghén truyén tai, giam ton that ky

thuat, diéu phdi dong cong suat tdi wu, va tich hop niang lugng tai tao hiéu qua hon.

Tuy nhién, Viét Nam hién nay van duy tri mé hinh dinh gia dién mang tinh
cdo bang, ap dung chung cho cic ving rong 16n ma khong phan anh su khéac biét
1d rang vé diéu kién k¥ thuat hay kinh té giita cac khu vyc. Piéu nay dan dén mot

loat cac bt cap trong diéu do, dau tu va phat trién thi truong:

e Cac khu vue c6 nhu ciu phu tai cao nhung thiéu ngudn phat (nhw
mién Bic) thuong xuyén phai huy dong cong suit tir cac nha may &
mién Trung va mién Nam, din dén tai ning cac duong day truyén tai
Bic — Nam, gay ton that dién ning 16n va ting rui ro van hanh.

e Cac khu vue giau tiém niing ning lwong tai tao (nhw mién Trung,
Tay Nguyén) — noi c6 toc do phat trién dién mat troi va dién gio rat
nhanh — lai khong thé phat hét cong suat do nang luc truyén tai han
ché. Viéc khong c6 co ché gia theo ving khién cac tin hiéu kinh té bi
sai léch, 1am cham qua trinh ning cip ha tang truyén tai hodc tai phan
b0 dau tu.

e Viéc dau tu lwdi dién thiéu hiéu qua do chua thé xac dinh chinh xac
cac diém nghén trong yéu ca vé khong gian (tuyén/nhanh cu thé) 1an
thoi gian (thoi diém phu tai cao diém hay bién dong thoi tiét). Néu
khong c6 phan ving thi truong dién, cac quyét dinh dau tu sé tiép tuc
mang tinh dan trai, thiéu uu tién va khong t6i uu hoa tong chi phi hé
thong.

Thém vao d6, Viét Nam c6 dic diém dia 1y kéo dai tir Bic Xuéng Nam, hé

théng dién phan bd khong ddng déu, phu tai tip trung & cac thanh phd 16n nhu Ha
Noi, TP.HCM, trong khi tiém ning ngudn dién (thity dién, nhiét dién than, dién

g16, mat troi) lai phan bo rai rac khap cac vung. Diéu nay khién ludi truyén tai luén
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& trang thai phai lién tuc diéu phdi cong suét giita cac khu vuc, gay ap luc 16n vé
van hanh va béo tri. Viéc thiéu mot co ché dinh gia phan anh chinh xac diéu kién
ting khu vuc khong chi lam giam hiéu qua kinh té ctia hé théng, ma con c6 thé
gy rui ro mat cin bang cung cau nghiém trong trong cic kich ban thoi tiét cuc

doan.

So véi cac qudc gia trén thé gidi, Viét Nam c6 nhiéu diém twong dong voi
Y - quéc gia da chia thi truong dién thanh 21 vung gia dua trén dia hinh hep dai,
su phan manh cua hé théng va mic d6 tic nghén thudng xuyén. Y di ap dung
zonal pricing tir [au va chirng minh dugc hi¢u qua trong viéc diéu do, khuyén khich
phat trién ngudn tai cac vung thiéu dién va cai thién cong suat truyén tai. Chinh vi
vy, md hinh phan ving ctia Y hoan toan ¢ thé dugc xem 1a mot bai hoc phit hop

dé Viét Nam tham khdo trong qua trinh thiét ké thi truong dién hién dai.

Viéc Viét Nam ting budc nghién ctru, thir nghiém va trién khai co ché phan
ving dua trén cac yéu to k¥ thuat nhu dong cong suat, ton that, LMP, va két cau
vat 1y ctia hé thong 13 budc di can thiét va cip bach. Khong nhiing giup phan anh
dung chi phi thuc van hanh, ma phan ving con 1a nén tang dé Viét Nam phat trién
thi truong thoi gian thuce, thi trudong phu tro, va tién tGi thi truong ban 1¢ canh tranh
toan dién trong twong lai. Quan trong hon, no tao diéu kién cho céc chinh sach diéu
d6 va dau tu luéi dién mang tinh dy bao, hiéu qua va bén viing — dap tng tot hon
v6i su phat trién nhanh chong ctia nang lugng téi tao va yéu cau giam phat thai cua

quéc gia.
1.3.3. Tinh cap thiét phai trién khai phan vung tai Viét Nam

Thi trudng dién Viét Nam dang dung trude nhitng thach thic 10n trong bbi
canh phat trién nhanh chong ctia phu tai, sy gia ting ty trong ning luong tai tao va
ap lyc van hanh hé thong ngay cang cao. Viéc thiéu phan ving thi trudong dién rd
rang khién hé théng gip kho khan trong viéc phan anh dang ban chat vat Iy va kinh
té ctia cac dong cong suat, dic biét 1a khi xay ra tinh trang tic nghén truyén tai,

mat can bang cung cau gilta cac vung mién.

Trén thuc t€, ludi dién Viét Nam c6 dic diém dia hinh trai dai tir Bac vao
Nam, véi cdu trac phuy tai va ngudn phat phian bd khong dong déu. Cac khu vuc
nhu mién Trung va Tay Nguyén c6 tiém ning 16n vé ning luong tai tao nhung ha
tang truyén tai con yéu, trong khi mién Bic va mién Nam lai c6 phu tai tip trung
16m. Tinh trang nay da din dén hién tuong mat sb nguén dién tai tao khong thé

phat hét cong sut (curtailment), gdy lang phi tai nguyén va lam giam hiéu qua van
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hanh chung. Ngoai ra, tinh trang tac nghén thudng xuyén xay ra trén cac hanh lang
truyén tai Bic — Trung va Trung — Nam d4 nhiéu 1an de doa dén do 6n dinh cua hé

thong dién.

Trong bdi canh dé, viéc trién khai co ché phan ving thi truong dién mang
¥ nghia dic biét quan trong va cép thiét. Co ché nay s& mang lai nhiéu loi ich thiét

thuc nhu:

e Phan anh chinh xéc chi phi truyén tai, ton that va tic nghén ludi dién
theo tirng vung: Gia dién khong con cao bé‘lng, ma duoc dinh hinh dua
trén diéu kién van hanh thuc té, gitip minh bach hoa chi phi va nang
cao hiéu qua sir dung ludi truyén tai.

e Tao dong lyc dau tu hop 1y va dinh hudng phat trién ha ting: Khi co
ving gia cu thé, nha du tu ¢ thé can nhic hiéu qua kinh té khi dt
nha may tai nhitng ving c6 loi thé hodc nhu cau cao, tir @6 phan bo
nguén luc hi€éu qua va han ché tinh trang thira — thiéu cuc bo.

e HO trg cong tac diéu do linh hoat va tin ciy hon: Phan ving gitip cac
don vi diéu d6 nhan dién chinh x4c cac khu vuc can kiém soat cong
suat hodc gidi han truyén tai, tir 46 ning cao kha ning phan tng trudc
bién dong phu tai va ngudn cung, nhat 1a trong diéu kién thoi tiét cuc
doan hodc su ¢6 ludi.

e Lamnén tang cho cac co ché thi truong dién hién dai: Co ché phan
vung 14 tién dé dé ap dung dinh gia theo vi tri (LMP), xdy dung thi
truong dién phu trg va thi trudng thoi gian thue, hudng téi mot thi
truong dién ban 1é canh tranh minh bach va hi¢u qua hon.

Véi nhitng yéu cau cip bach d6, nghién ctru 4p dung cac thuét toan phan
cum hién dai nhu Spectral Clustering — von ¢6 kha nang khai thac cau trac lién két
vat 1y va dir liéu gia dién (LMP) tir mo6 hinh OPF — 1 mét giai phap tiém nang dé
dé xuat cac ving van hanh c6 tinh dong nhét cao vé k¥ thuat va kinh té. Pay khong
chi 1a huéng di mang tinh cong nghé ma con ¢ vai tro chién luoc trong tién trinh
hién dai hoa thi truong di€n Viét Nam, dua hé théng tiém cén véi cac chuan muc
van hanh va thi truong tién tién trén thé gioi.

1.4. Két luan chwong 1

Chuong 1 da trinh bay tong quan toan dién vé thi truong dién tir 1y thuyét
co ban dén thuc tién 4p dung tai Viét Nam va trén thé gidi. Thong qua viéc phan

tich khai ni¢m, vai tro, ti€n trinh phat trién va tinh hinh phan viung & cac quoc gia
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tién tién, c6 the thay rod rang thi truong dién khong chi la cong cu van hanh ma con

1a nén tang dé hudng dén mot hé théng dién minh bach, hi¢u qua va bén viing.

O gdc d6 toan cau, cac nude nhu Hoa Ky, Y, Brazil va nhiéu qubc gia chau
Au d3 ap dung hiéu qua mo hinh phan ving thi truong dién nham phan anh ding
thyc trang tac nghén, ton that, chi phi van hanh va su phéan bd nguén — tai khong
d6ng déu. Nhitng mo hinh nay mang lai hiéu qua rd rét vé mat k¥ thuat 13n kinh
té, dong thoi hd trg qua trinh chuyén dich nang lugng, tich hop ning luong tai tao
va hién dai hoa luoi dién.

Véi Viét Nam, du dd dat duoc nhiéu thanh tyu trong viéc xay dung thi
truong phat dién va ban budn canh tranh, song nhiing ton tai vé co ché gia dién
cio bang, chua c6 phan ving rd rang va thiéu phan anh dung dic diém vat 1y cua
hé thong dién dang 1 rao can 16n. Co sé ha tang truyén tai khong dong déu, phu
tai ting nhanh va sy phat trién manh mé& cua nguff)n dién tai tao da dat ra yéu cau
cap thiét phai c6 mot chién lugc phan ving thi trudong dién hop 1y. Piéu nay khong
chi gitip minh bach héa gia dién ma con gop phan giam ton that truyén tai, ting do

tin cdy va toi vu hoa dau tu hé théng.

Do vay, viéc nghién ctru va ap dung thuat toan phan cum hién dai, dién hinh
1a Spectral Clustering, s& 1a mot hudng di day tiém niang nham xéc lap cac ving
dién theo tiéu chi dong bo van hanh va tuong quan gia dién. Pay ciing 1a tién dé
dé Viét Nam tién toi co ché dinh gia dién theo vi tri, nang cao nang luc diéu do hé

thong va phat trién thi truong dién ban 1é canh tranh trong tuong lai gan.

Céc chuong tiép theo s& 1am rd hon vé 1y thuyét nén tang, cic mo hinh toan
hoc va quy trinh tng dung thuat toan phan ving vao thyuc té hé thong dién, gbp
phén xay dung mdt khung md hinh thi truong dién hién dai, phu hop véi bdi canh

va dinh hudng phat trién cta nganh dién Viét Nam.

Tai Viét Nam, mic du d dat dugc nhiéu thanh tyu trong xay dung thi truong
dién ban budn canh tranh, song co ché gia dién hién nay van chua phan anh ding
thuc t& van hanh va sy khac biét ving mién. Do d6, viéc nghién ciru va ap dung
cac phuong phap phan ving thi trudng dién nhu cac qubc gia tién tién 1a rat can
thiét. Phan ving khong chi gitip nhan dién cac khu vuc bi tic nghén va t6n that cao
ma con tao co ché gia theo ving, hd trg didu do hiéu qua, giam chi phi toan hé

thdng va thic day su phat trién bén vimg.
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Noi dung cac chuong tiép theo s& tap trung vao 1y thuyét, moé hinh va tng
dung cu thé cta cc thuat toan phan vung, dac biét 1a Spectral Clustering, nham dé

xuat mot phuong phap phu hop cho thi trudong dién Viét Nam trong twong lai.
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CHUONG 2: MO HINH TiNH TOAN TOI UU DC-OPF VA THUAT
TOAN PHAN CUM DU LIEU

2.1. M hinh tinh toan t6i wu

Tinh toan tdi vu 1a mot budc quan trong trong phan tich va van hanh hé
thong dién. Bai toan Téi wu dong cong suit (OPF) 1a mot dang bai toan tdi uu hoa
phi tuyén va khong 161, véi muc tiéu giam thiéu chi phi phat dién va tn that truyén
tai trong hé théng dién, déng thoi tuan thu cac rang bude vat Iy duoc xac dinh béi
cac dinh luat Kirchhoff va Ohm.

K& tir khi Carpentier dua ra md hinh ddu tién vao nim 1962, linh vuc nay
da thu hit sy quan tAm manh mé tir cong dong nghién ciru. Pé xtr 1y dic tinh phi
tuyén ctia bai toan, nhiéu phwong phéap tuyén tinh hoa va xap xi da duoc ap dung,

chang han nhu x4p xi goc nhé hodc cac k¥ thuat thu gian khac.

2.1.1. Giéi thi¢u cong cu tinh toan (chwong trinh lap trinh GAMS)
2.1.1.1.  Gi6i thiéu chung

GAMS (General Algebraic Modeling System) 1a mot ngon ngir 1ap trinh bac
cao duoc thiét ké chuyén biét cho viéc mo hinh héa va giai cac bai toan tdi uvu hoa
trong nhiéu linh vuc, dic biét 1a trong k¥ thuat va kinh té. GAMS c6 kha nang giai
quyét da dang cac loai bai toan nhu toi wu hoa tuyén tinh (LP), phi tuyén (NLP),
bai toan hon hop s6 nguyén (MILP), va cac bai toan c¢6 quy md 16n, phirc tap.

Mot diém manh ctia GAMS 1a céch tiép cdn mo hinh héa rat gan véi cac
biéu thirc toan hoc, giup nguoi sit dung dé dang chuyén d6i tir mo hinh 1y thuyét
sang mo hinh tinh toan. Ngon ngit nay cho phép dinh nghia tap hop, tham s, bién
va rang budc mot cach rd rang, lam cho viée xdy dung va kiém tra mé hinh tré nén
truc quan hon. Ngoai ra, GAMS duoc thiét ké theo céu tric mo-dun, cho phép chia
nho chuong trinh thanh cac phan riéng biét. Nho d6, nguoi ding c6 thé dé dang
cap nhat, mo rong hoac chinh stta mé hinh ma khong anh hudéng dén toan bo hé
thong.

GAMS hd trg nhiéu trinh giai (solver) ndi tiéng nhu CPLEX, GUROBI,
IPOPT, CONOPT, ... gitip nguoi dung Iya chon cong cu giai phu hop véi tinh chat
bai toan cu thé. Viéc tich hop cac solver manh mé& nay gitip ting hiéu qua va do
chinh xac trong qua trinh tinh toan.

Trong linh vuc hé théng dién, GAMS duoc ing dung pho bién dé giai quyét
cac bai toan tdi wu nhu: tdi wu van hanh hé théng dién (OPF), lap ké hoach phat

22



dién t6i wu (Unit Commitment), va cac van dé lién quan dén thi trudng dién nhu
xéc dinh gia dién, chién lugc chao gia, v.v.

Trong khuon khé d6 4n ndy, GAMS duoc st dung dé xay dung va giai bai
toan DC OPF — mot mo hinh quan trong nham xac dinh phan phdi cong suat phat

tdi wu trong hé théng dién, dam bao hi€u qua van hanh va giam ton that truyén tai.

2.1.1.2. Giao dién chwong trinh

8~ ozgcamcPans SR
Hinh 2.1: Giao dién ciia phan mém
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Hinh 2.3: Cira s6 hién thi két qua
2.1.2. M6 hinh DC OPF

DC OPF [5] 1a phién ban don gian héa cta bai toan dong cong suat tdi uu
(Optimal Power Flow — OPF), trong d6 chi xét dén thanh phan cong suit tic dung
(P) va tuyén tinh hoa cac phuong trinh dong cong suat AC. M6 hinh DC OPF duoc
ap dung dé giai quyét van dé quy hoach tuyén tinh mot cach dé& dang bang cac thuat
toan hién dai c6 san, duogc trinh bay rd rang va chi tiét hon & [7].

Gia thiét ciia md hinh DC OPF:
e B0 qua cong suit phan khang (Q)
e Dién ap tai tit ca cac nit dugc gia st bang 1.0 p.u
e Goc léch pha gitra cac nit nho
e B0 qua dién tro duong day (chi xét dén dién khang)
Tir (1)-(4), hién thi mé hinh toan hoc ciia DC-OPF. Ham muc tiéu (1) 1a
giam thiéu chi phi phat dién: [8]
MinOPF } 41 42a4. (Pg)2+ by Py + ¢4 (1)

Céc phuong trinh (2)-(4) trinh bay cac rang budc cia mang. O day, (2) trinh
bay luu luong cong suét cua duong day, (3) dam béo cin bang cong suét tai mdi
nat va (4) trinh bay gidi han cong sut truyén tai cua duong day.
8i—=0;
jy= 2  VIEL 2)

y

P
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Pi—Pi—P +P =0 Vi (3)
g 4 iy i

—Pmax < p;; < pmax VIEL 4)
ij ij

Jslack = () (5)

Trong do:

g € G 1la may phat dién
d € D 1a nhu ciu
1,jla cac nut gitadong L € L
ag, by, cg4la cac tham s6 trong ham chi phi ciia may phat dién.
2.2. Gi6i thiéu vé phwong phap phin cum
Phan cum la qua trinh ty dong phan nhom mot tap dir liéu chua dan nhan,
dua trén su tuong déng gifra cac diém dit liéu theo mét tiéu chi nhat dinh (vi du:
khoang cach, mat do, tinh phan phéi, cel).
Gia st ¢o tap dit liéu D = {x1, x, ... X,}phan cum s€ chia tdp nay thanh K
nhom Cy, Cy, ... Cisao cho:

e MGJi diém dit liéu thudc duy nhat mot cum

e Tinh tuong dong ndi cum cao, tuong dong lién cum thap

12 T T T T T T

-2 0 2 4 6 8 10 12
Hinh 2.4:Vi du vé phan 3 cum
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Gia sit modi cum (cluster) dit liéu dugc dai dién bai mot diém trung tdm mau
vang. Cac diém dir liéu xung quanh s& duoc phan vao cing mdt cum véi diém
trung tdm gan nhat. Cach tiép can don gian nhat 1a: véi mdi diém bat ky trong
khong gian, ta xac dinh né thudéc cum nao bang cach do khoang cach tir diém do

dén cac trung tdm, va gan nd vao cum co trung tam gan nhat.

Tu day, ta co thé hinh dung mot bai toan tryc quan thu vi: trén mot
mat bién hinh vudng rong lom, c6 ba hon ddo mang hinh dang khac nhau — mot
hinh vuéng, moét hinh tam gidc, va mot hinh tron — dugc danh dau béng mau vang.
Mot diém bat ky trén mat bién s& duogc coi 1a thude “1anh hai” ctia mot hon dao

néu khoang cach tur diém d6 dén ddo do la ngan nhat so véi hai ddo con lai.

Nhiém vu dat ra 1a xac dinh ranh gidi phéan chia cac vung 1anh hai —
tic 13 xac dinh ving anh hudng cua timg ddo dua trén khoang cach gan nhat. Bai
todn nay tuong ty nhu qua trinh phan cum trong thuat toan k-means, trong do

khong gian duoc chia thanh cac ving dya trén trung tim cum gan nhét.

2.3. Thuit toan phian cum k-means
2.3.1. Giéi thi¢u tong quan

Phan cum dir liéu (Clustering) 1a mot phuong phap phan tich dit liéu khong
giam sat (unsupervised learning), trong d6 muc tiéu 1a nhom cac dbi twong dir licu
vao cac cum sao cho nhitng d6i tuong trong cting mot cum c6 dic diém twong dong
cao, con cac d6i twong & cum khac thi khac biét nhau nhiéu hon. Trong s cac thuat

toan phan cum, k-means 13 mot trong nhitng thuat toan don gian va pho bién nhét.

James MacQueen lan dau tién dua ra thuét nglr “k-means” vao nam 1967,
du ¥ twong vé thuat toan ndy da duoc Hugo Steinhaus dé cap tir nim 1956. Phién
ban thuét toan chuin duogc Stuart Lloyd tai Bell Labs phat trién vao nam 1957
nham phuc vu cho diéu ché mi xung, tuy nhién cong trinh nady mai dén nim 1982
méi duoc cong bd chinh thirc. Vao naim 1965, Edward W. Forgy ciing trinh bay
mot phuong phap tuong tu, do d6 thuat toan d6i khi con duoc biét dén véi tén goi
Lloyd-Forgy.

Hién nay van la nén tang trong nhiéu ung dung hién dai, tir xur Iy anh, nhan
dang mAu, phan tich hanh vi ngudi ding dén céc bai toan tdi wu hoa trong hé thong

dién.
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2.3.2. Nguyén ly hoat dong

Y tuong chinh cua k-means [6] 1a tim cach gan mdi diém dir liéu vao mot
cum sao cho tong binh phuong khoang cach tir cac diém dén tdm cum twong tng
1a nho nhat. Qua trinh nay dugc thuc hién thong qua mot chudi cac vong lap lién
tiép, trong d6 thuat toan thay phién thyc hién hai budc chinh: gan cym va cap nhat
tam cum. Ban dau, k tim cum duoc khéi tao ngﬁu nhién. Sau d6, mdi diém dir liéu
dugce gan vao cum co6 tim gain nhét theo khoang cach Euclidean. Tiép theo, tAm
cum moi1 duoc tinh lai béng trung binh cdng cua tat ca cac diém thudc cum do. Qua
trinh nay lap di lap lai cho dén khi cac tim cum khong con thay d6i dédng ké hodc

thuat toan hoi tu.

Vé mit toan hoc, gia sir ¢6 tap dir liéu gom n diém X = {xq, x2, ..., X},
trong khong gian d chiéu. Muc tiéu ctia thuat toan 1a chia tap dit liéu nay thanh K
cum {cy, €, ..., Cy}, sa0 cho ham muc tiéu:
K
minimizec >, D, ||x; — Cill
k=1 x;eCy

Trong do:

o (ylatrong tdm cum.
e |lx; — Cy|l 1a khoang cach Euclidean gitta diém dir liéu va tdm cum.
Ham muc tiéu nay thé hién tong binh phuong khoang cach Euclidean giita
cac diém dir liéu va trung tim cum twong (mg, phan anh mic do “gon” cua cac

cum hinh thanh.
2.3.3. Xac dinh s6 cum

Viéc xac dinh s6 cum k t61 vu cho thuat toan k-means la mot van dé quan

trong. Co nhiéu phuong phap dé xac dinh sé cum phu hop:
1. Phuong phéap Elbow (Khuyu tay):

e Chay k-means v6i nhiéu gia tri k khac nhau.
e Tinh tong binh phuwong khoang cach trong cum (WCSS — Within-Cluster
Sum of Squares) cho mdi k.
e V&d0 thi WCSS theo k va tim “khuyu tay” — diém ma viéc ting k khong
lam giam WCSS déng ké.
2. Phuong phap Silhouette:

e Tinhhé sé Silhouette cho mdi diém dir 1iéu v6i nhiéu gia tri K khac nhau.
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e Chon k c6 hé s6 Silhouette trung binh cao nhit.

3. Gap Statistic:

e So sanh tong phuong sai trong cum cua dit liéu thuc véi dit liéu ngiu
nhién.

e Chon k Iam cuc dai hoa khoang cach (gap) gitra log (WCSS) cua dit ligu
thuc va dir liéu ngéu nhién.

4. Phuong phap Information Criterion:

e St dung cac ti€u chi nhu AIC (Akaike Information Criterion) hoac BIC
(Bayesian Information Criterion).

e (Can bang giita d6 phirc tap ctia mo hinh (sb cum) va chit lugng phan

cum.

5. Phuong phap Cross-validation:

e Chia dit liéu thanh tdp hudn luyén va tap kiém tra.

e Chay k-means trén tap huan luyén va danh gia trén tap kiém tra.

e Chon k cho két qua tot nhét trén tap kiém tra.

Vi du: Chung ta van giit nguyén phan dit liéu mau da tao trong vi du 1 va
tinh WCSS trong phuong phap Elbow. “Khuyu tay” trén d6 thi Elbow 13 mot diém
quan trong va noi 1én viéc chon sb6 cum tdi uu trong thudt todn k-means. Pay la
diém trén do thi Elbow noi d6 dbc cua duong cong thay doi dang keé, tao ra hinh
dang gidng nhu mot khuyu tay.

WCSS (Within-Cluster Sum of Squares) 1a téng binh phuong khoang cach
gifra mdi diém dit liéu va thm (centroid) cia cum ma n6 thudc vé. bay 1a mdt chi
s6 quan trong dé danh gia chat luong cua viéc phan cum trong k-means.

Y nghia ctia “khuyu tay”:

a) Can bang giita s6 cum va tong binh phuong khoang cach trong cum
(WCSS):

e Trudc “khuyu tay”: Tang sé cum lam giam WCSS dang ké.

e Sau “khuyu tay”: Tang sé cum chi lam giam WCSS mét cht.

b) Diém tbi uvu:

o “Khuyu tay” thuong dugc coi la s6 cum tbi wu, noi ¢ sy can bﬁmg tdt

nhat gitra s6 lugng cum va chat lwong phan cum.
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2.3.4. Quy trinh thuc hién thuat toan
Bude 1: Xac dinh s6 luong cum k
Chon sb lugng cum mong mudn.

Budc 2: Khdi tao trong tam ban dau

e Trong tAm cum la tAp hop cac vector ban ddu {cy, ¢y, ..., Cy}, trong d6
mdi c¢j, dai dién cho vi tri trong tam cum thu k.

e Khoi tao ngiu nhién k diém tir tap dit liéu dé lam trong tAm cum ban dau.

Budc 3: Tinh khoang cac gitra cac diém dir liu va trong tdm cum

Str dung khoang cach Euclidean dé tinh khoang cac gitta mdi diém dir

liéu x; va trong tdm cym c:

d(xi, ci) = V(x5 — ckj)?

j=1

Trong do:

o d(x; ci) 1a khoang cach Euclidean giita diém dir liéu x;va trong tam cy,

® Xx; vacy latoadd cua x; va ¢, twong Ung trén chi€u thir j.
Budc 4: Gan moi diém dir liéu vao cum gan nhat

e MOoi diém x; s& dugc gan vao cum co trong tAm c; gan nhat:
x; thuoc vé cum k néu k = arg min d(x;, ci)
k

e Diéu nay nghia la diém dit lidu x; s& thudc vé cum k khi khoang cach dén

trong tam cj, 1a nho nhat.
Buwdc 5: Cap nhat trong tam cum

Sau khi gén xong céac diém dir liéu vao cac cum, trong tdm ctia moi cum

¢ s& duoc tinh lai bang cach iy trung binh cac diém trong cum do:

1
ck=—|Z X;

|Ck X;€Cy

Trong do:

e 1atap hop cac diém thudc cum k.
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e |ci| 1a s0 luong cac diém dir liéu trong cum k.
Bwéce 6: Kiém tra di€u kién hoi tu

Thuat toan 13p lai cac budce trén (tir Budc 4 dén Budc 6) cho dén khi khong

co su thay doi dang ké trong trong tdm cac cum hoac dat dugc sb 1an lap tdi da.

Bat dau

A

Input:
Chon K cum ban déu, tao
dbi tuong

y

Khéi tao ngdu nhién cac
tam cym ban déu

r
Tinh khoang cach tir nat dén k tdm cum: /

D

d(zir¢)) = ) _(@ia — ¢ja)’ /‘

d=1

Y

Gan mdi diiém di liéu
vao tdm cym gan nhét

Cap nhat tam cum:

Sy thay déi tam cum 1
Ci =+ L

J '.l?.'L:CJ

Hinh 2.5: Luu do thudt todn k-means
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2.3.5. Han ché ciia thuat toan phan cum k-means

Thuat todn phan cum k-means, mac du pho bién va hi€u qua trong nhi¢u
trudng hop, van c6 mot s6 han ché dang ké. Dudi day 1a nhitng han ché chinh cta

k-means:

1. Nhay cam véi viéc khéi tao trong tam ban dau:
o Két qua phan cum c6 thé thay ddi dang ké tuy thudc vao vi tri ban
dau cia cac trong tam.
e (06 thé dan dén két qué khong 6n dinh hodc t6i wu cuc bo.
2. Can xé4c dinh trude sb cum k:
e Yéuciu nguoi dung chi dinh s6 cum trudce khi chay thuat toan.
e Viéc chon k khong phu hop ¢ thé dan dén két qua phan cum kém
chat lugng.
3. Gia dinh vé hinh dang cum:
e k-means gia dinh rang cac cum c6 hinh dang hinh cau va kich thuéc
tuong duong.
e Khong hi€u qua véi cac cum c6 hinh dang phire tap hodc kich thudce
khéc biét 16n.
4. Nhay cam voi outliers:
e Outliers c6 thé anh huong dang ké dén vi tri cua cac trong tam.
e (6 thé din dén phan cum khong chinh xac hoic khong mong mudn.
5. Kho xur ly dit li€u c6 mat do khac nhau.
e k-means khong hi¢u qua khi cac cum c6 mat do diém dir liéu khéc
nhau dang ké.
6. Khong phu hop cho dit lidu khong tuyén tinh (Hinh 4):
e k-means gia dinh rang ranh giGi gitra cac cum 14 tuyén tinh.
e Khong hiéu qua khi ranh giéi giita cac cum 1a phi tuyén tinh.
2.4. Thuit toan phan cum pho (Spectral Clustering)

2.4.1. Gi6i thi¢u tong quan

Thuat toan Spectral Clustering [10] duoc phat trién dya trén sy két hop giita
ly thuyét d6 thi, dai s6 tuyén tinh va hoc may, v6i muc tiéu phan nhom dir liéu
thong qua phan tich ciu trac pho ctia ma tran Laplacian.

Y tudng cbt 18i cua thuat toan nay 13 biéu dién dit liéu dudi dang dd thi va
st dung cac vector riéng cua ma tran Laplacian dé anh xa dit liéu vao mot khong

gian dic trung méi, trong d6 cac cum c6 thé dugc phan tach dé dang hon.

Spectral Clustering bat dau thu hut sy chil y vao cudi nhitng nam 1990, dic
biét vdi cong trinh cua Shi va Malik (1996) trong linh vuc xt 1y anh, va dugc hé
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thong hoa boi Ng, Jordan va Weiss (2000) vi phién ban chuan hoa phd bién hién
nay. Sau d6, Ulrike von Luxburg (Dtc) tiép tuc hoan thién 1y thuyét nén tang, gitp

thuat toan tré nén pho bién trong cong déng nghién ctru.

Hién nay, Spectral Clustering di duoc ap dung rong rdi ¢ nhiéu qudc gia:
tai My, trong xur 1y 4nh, phan tich mang xa hoi va dir liéu 16n; tai Puc, trong xe tu
hanh va nhan dang giao thong; tai Trung Quéc va An Do, trong xur ly van ban, dir

lidu y té va hé thong dién.

Tai Viét Nam, mot sd nghién ctru gan day di tng dung Spectral Clustering
dé phan vung thi truong dién, tdi wu hoa diéu d6 cong sudt va phan cum phu tai
trong hé thong dién. Su linh hoat va kha nang xt 1y dit liéu phi tuyén khién thuat
todn nay tré thanh mot cong cu hi¢u qua trong nhiéu linh vuc k¥ thuat va khoa hoc

dix ligu.

Hinh 2.6: Minh hoa viéc phan cum

2.4.2. Co sé li thuyét
2.4.2.1. PO thi va ma tran lién két
Spectral Clustering hoat dong dua trén viéc biéu dién tap dit liéu dudi dang
mot d6 thi vo hudng cé trong s6 G = (V, E) trong dé:

e V:tap cac dinh, mdi dinh dai dién cho mot diém di licu.

e E:tap cac canh, dai dién cho md6i quan h¢ hoac do twong dong gitra cac
diém dir liéu.

e Trong s w;; = 0: thé hién muc do twong dong gitra diém dir licu x; va
X e

Tu dd thi nay, ta dinh nghia mdt ma tran trong s6 W € Rnxn véi Wi = wy,
va mdt ma tran bac (degree matrix) D € R"*n, 1a ma tran chéo véi:

D; = ZjWij
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2.4.2.2. Ma tran Laplacian

Tt hai ma tran D va W, ta dinh nghia ma tran Laplacian [11] chuan nhu sau:

Ma tran Laplacian khong chuan hoa
L=D-W
e Hodc ma tran Laplacian chuan hoa:
-1 -1

Lgym=D2LD2

Tuy theo bién thé thuit toan, ta sir dung cac dang Laplacian khac nhau dé

thuc hién phan cum
2.4.2.3. Phin tich pho (Spectral Decomposition)

Spectral Clustering st dung céc vector riéng (eigenvectors) twong ung voi
cac tri riéng nho nhat (eigenvalues) clia ma tran Laplacian dé anh xa dir liéu ban
dau vao mot khong gian dic trung mdi. Trong khong gian ndy, cac cum trd nén dé
phan tach hon [12].

2.4.3. Quy trinh thyc hi¢n thuat toan

Buéc 1: Tao ma tran ké W.

Dua trén Gaussian Kernel hodac cach khac dé thé hién muc do lién két
gitra cac diém dir liéu:

—(LMP—LMPj)?
Wij =e 20

Budc 2: Xay dung ma tran Laplacian.

e Tinh ma trin bic (ma tran dudng chéo chtra tong két ndi ctia mdi diém):
D; = ZjWij
e Tinh ma tran Laplacian
Tinh Ma tran Laplacian khong chuan hoa
L=D-W

Hodc ma tran Laplacian chuén hoa:

=1 =
Lgym=D2 LDz

Budc 3: Chon k vector riéng (Eigenvectors).

Buéc 4: Anh xa dir liéu sang khong gian méi.
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o Lay k vector riéng nho nhét (b vector dau tién néu tat ca 1a 0) dé tao
khong gian mdi vecs-k
e MSJi cot trong vecs_k 1a mot vector riéng, giup ta biéu dién dir liéu trong
khong gian dac trung moi.
e MGJi hang trong vecs_k 1a mot diém dit liéu dwoc chiéu vao khong gian
moi.
Buée 5: Chay k-means trén khong gian méi.
Buéc 6: Xuit két qua phan cum.
e Travé nhin cum cta ting diém dit liu.
2.4.4. Uu diém va nhwoc diém

2.4.4.1. Uudiém

e Linh hoat véi dir liéu phi tuyén: Thuat toan co thé xu 1y dir li¢u ¢6 hinh
dang cum phirc tap, ngay ca khi cdc cum khong c6 dang hinh ciu.

e Tbt cho d6 thi va mang xa hoi: Spectral Clustering hoat dong hiéu qua
trén dit liéu do thi, gitip phén tich cong déng hodc nhan dién cum trong
mang ludi.

e Khong phu thudc vao diém khai tao: Khong nhu k-means, thuét toan nay
khong nhay cam véi vi tri ban dau cta cum.

2.4.4.2. Nhuoe diém

e Chi phi tinh toan cao: Phan rd ma tran lién quan dén phép tinh tri riéng,
gdy t6n tai nguyén khi dir liéu 16n.

e Phu thudc vao ma tran lién két: Chat luong phan cum bi anh hudng boi
cach xay dung ma tran lién két giira cac diém dir lidu.

e Kho chon s cum: Thuit toan can x4c dinh truée sé cum kk, diéu nay co
thé khong 1 rang trong nhiéu truong hop.

2.5.So sanh hai thuit toan k-means va Spetral clustering

K-means va Spectral Clustering 1a hai phuwong phép phan cum phd bién
trong linh vuc hoc may khong giam sat, tuy cung muc ti€u la phan nhom dir liu
nhung ching khéc biét ddng ké vé nguyén 1y hoat dong, gia dinh dir lidu va kha
nang ing dung. k-means 12 mot thuat toan truyén théng, don gian va c6 hiéu suat
tinh toan rat cao. N6 hoat dong duya trén viéc t6i thiéu héa tong binh phuong khoang
cach Euclidean giira cac diém dir lidu va cac tdm cum. Thuat toan nay phan cum

bang cach lip lai hai budc: gon mdi diém dit liéu vao cum c6 tAm gan nhat va sau
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d6 cap nhat lai tdm cum dya trén trung binh céc diém thudc cum d6. Nho tinh don
gian va téc do xur 1y nhanh, k-means thudng duoc ap dung trong cac bai toan co
dir liéu 16n va yéu cau thoi gian tinh todn ngin.

Tuy nhién, k-means c6 mot sé han ché dang ké [13]. Thuat toan ndy gia
dinh rang cac cum c6 dang hinh cau, c6 kich thudc twong dong va dugc phin bd
déu trong khong gian. Do d6, né hoat dong kém hiéu qua khi di liéu c6 hinh dang
phtrc tap, phan bd khong déu hodc ton tai cac mbi quan hé phi tuyén giira cac diém
dir liéu. Voi nhimg dit liéu nhu vy, cac ranh giéi cum thuong khong thé duoc biéu
dién chinh xac chi béng khoang céach Euclidean, dan dén viéc phan cum sai l¢ch

hodc khong phan anh ding cau truc ndi tai cua dir li¢u.

Nguoc lai, Spectral Clustering 1a mot phuong phap hién dai hon, dya trén
Iy thuyét do thi va cac k¥ thuét dai sb tuyén tinh. Thay vi chi dya vao khoang cach
giita cac diém, thuat toan nay xay dung mot d6 thi biéu dién mdi quan hé tuong
dong gitta cac diém dit liéu thong qua mot ma tran trong s6. Sau do, thuat toan sir
dung ma tran Laplacian — mot cong cu quan trong trong 1y thuyét do thi — dé thu
dugc cac vector riéng (eigenvectors) dic trung cho cau tric cia dir lidu. Nhiing
vector nay sau d6 duogc stir dung lam dau vao cho mot thuat toan phan cum nhu k-
means, nhung trong mot khong gian dic trung méi, noi cac cum cé thé dugce tach

biét rd rang hon.

Uu diém 16n nhét cua Spectral Clustering 1a kha nang phat hién cac cum c6
hinh dang bat ky, khong bi gidi han & cac cum cau hoic dong nhat. Diéu nay khién
thuat toan dac bi¢t hi€u qua trong céac bai toan ma dir li€u c6 ranh gidi phic tap,
ciu trac phi tuyén hodc co lién két an gitra cac phan tir. Tuy nhién, mat han ché
ctia phwong phap nay 1a chi phi tinh toan cao hon dang ké so v4i k-means, dic biét
1a khi s6 lugng diém dir liéu 16n, do phai tinh toan va phan tich cac tri riéng cua

ma tran.

Tir phan tich trén c6 thé thay rang mdi thuét toan c6 diém manh va diém
yéu riéng. k-means phil hop véi cac bai toan cé dit liéu don gian, tuyén tinh va yéu
cau thoi gian xir Iy nhanh, trong khi Spectral Clustering thich hop hon véi nhiing
tinh hudng ma viéc phan cum can phan anh chinh xac cau triic dir liéu phirc tap

hodc ranh gidi gitra cdc nhém khong 10 rang.

Trong pham vi dd an nay, ching t6i lya chon str dung thuat toan Spectral
Clustering bai vi tinh chét cua dit liéu dau vao 1 phi tuyén. Cu thé, cong suét tiéu

thu tai cac tai co thé thay ddi theo nhidu yéu t6 va khong phan bo dong nhat, din
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dén gia dién cuc bo (LMP — Locational Marginal Price) ciing mang dic tinh phi
tuyén. Ngoai ra, hé thong dién bao gdm nhiéu bus lién két v6i nhau theo mét trang
thai mang ludi nhat dinh. Mbi quan hé giita cac nat khong don thuan 1a khoang
cach vat Iy ma con bao gém sy phy thudc vé cAu tric, cong suat truyén tai, va trang
thai két ndi. Nhitng yéu t6 nay pht hop véi cach tiép can bang 1y thuyét do thi cua
Spectral Clustering, cho phép mé hinh hoa chinh xac hon cac cum nit ¢ dic diém
tuong dong trong mang ludi. Do do, lya chon Spectral Clustering 13 phu hop va

to1 vu hon so véi viée ap dung k-means trong boi canh nay.
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CHUONG 3: PE XUAT VA TRIEN KHAI MO HINH PHAN VUNG
3.1. Dé xuit thuit toan phan ving

Tir nhitng co s (nén tang 1y thuyét va thuét toan) [9] dd néu ¢ trén, chiung
to1 da xay dung thuat toan dua trén thuat toan phan cum phé. Thudt todn nay st
dung cac gia tri riéng (eigenvalues) va vector riéng (eigenvectors) cua ma tran
Laplacian tir dit liéu dau vao, sau d6 ding k-means dé phan cum trong khong gian

dac trung (spectral space).

Spectral Clustering dugc str dung dé khic phuc nhuoc diém cua k-means
truyén thong khi dir liéu khong tao thanh cac cum hinh cau hoic tuyén tinh.
Spectral Clustering st dung 1y thuyét d6 thi va ma tran Laplacian dé 4nh xa dit liéu
sang khong gian vector ri€éng, gilp k-means phan cum chinh xac hon.

Diéu nay dic biét hitu ich trong cac bai toan c6 dit liéu dang hinh hoc phirc
tap, nhu vong tron, ludi mang dién, hodc dir liéu két ndi phi tuyén, thuat toan gitp
phan ving t6i wu hon va duoc trién khai qua céc budc sau:

Budc 1. Nhap dir li€u

Nhép dir liéu LMP (Locational Marginal Pricing) cua céc bus theo tung gio
va tiing ngdy. Pay 14 co s dau vao quan trong dé phan tich tinh trang tai va dinh
gia dién ning tai tng vi tri. Tién xtr 1y dit liu dé dam bao tinh nhat quan va day
du.

e XAy dung ma tran lién két thé hién mirc d twong quan gia giita cc bus.
e XAy ma tran tit ngh&n biéu dién cac rang budc truyén tai trén ludi dién.
< Muyc tiéu: Biéu dién quan hé khong gian va thoi gian gitta cac bus thong
qua dir li¢u LMP.

Buéc 2. Tao ma tran ké W

Dua trén Gaussian Kernel hodc cach khac dé thé hién mitrc do lién két gitra
cac diém dur liéu:

—(LMP—LMP))?
Wij =e 202

e Céc diém gan nhau hon (c6 LMP tuong dong) s& c6 trong s6 16n hon.
e W la ma tran d6i ximg, gitup xay dung dd thi khong hudng biéu dién quan
hé gitra cac diém dir liéu.

Budc 3. Xay dung ma tran Laplacian
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¢ Tinh ma trdn bac (ma tran dudng chéo chtra tong két ndi ctia mdi diém):
D; = ZjWij
e Tinh ma tran Laplacian
Tinh Ma tran Laplacian khong chuan héa: L=D - W
. -t 1
Hodc ma tran Laplacian chuan héa: Lgy,, = D2 L D>
% Ma tran Laplacian phan anh cau trac két ndi ctia do thi, va déng vai tro

trung tam trong vi¢c tim cac cum trong dir li€u.
Budce 4. Chon vector riéng (Eigenvectors)

e Chon cac vector riéng va tri riéng tr ma tran Laplacian & budce trén
e Sap x&p tri riéng theo thu tu tdng dan.
e (Céc vector riéng nay s€ lam co s& dé phan cum dir li¢u theo cau tric ket
noi.
Buwéc 5. Anh xa dir liéu sang khong gian méi

e Lay k vector riéng nho nhat (bo vector dau tién néu tat ca 1a 0) dé tao
khong gian mai vecs-k (4nh xa dif liéu tir khong gian ban dau qua khong
gian méi dé phan ving).

e MGJi cot trong vecs_k 1a mot vector riéng, gitip ta biéu dién dir liéu trong
khong gian dic trung moi.

e MJdi hang trong vecs_k 1a mot diém dir liéu duoc chiéu vao khong gian
moi.

e Viéc chon 5 vector riéng dau tién gitp giam s6 chiéu dir liéu nhung van
gilt dugc thong tin phan cym.

% Luu ¥ chi ldy phan thuc trong vector riéng vi thuat toan k-means chi lam
viéc voi sb thuc

% Khong gian mai giup biéu dién dit liéu theo cach ma cac cum trd nén dé
nhan biét hon.

% Viéc anh xa niy giip k-means hoat dong tét hon vi dir liéu da dugc

"phang hoa" dya trén két cau ctia do thi.
Budc 6. Chay k-means trén khong gian méi

e Sur dung thuat toan k-means dé phan cum cac diém dit liéu dua trén toa

do moi.
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Trong khong gian méi, phén cum k-means khong phu thudc vao toa do
(khoang cach Euclidean) dé tim tAm cym nita ma phan cum theo ciu triic
thuc té ca céc bus.

Phan cum k-means duoc thuc hién véi cac budc nhu sau:

B1: Khoi tao tam cym: chon s6 luong k cum mong muon lam tam cua k
cum ban dau

B2: Gan mdi diém dit liéu vao cum gz‘in nhét dya vao ciu trac lién két
ctia cac nat. Khi diém dit liéu trong khong gian géc co toa do x; , sau
khi chuyén d6i thanh khong gian méi, né c¢6 toa do y; trong khong gian
vector riéng. Khoang cach giira hai diém y; va y; duogc tinh bang cong
thirc Euclidean:

k
d(}’i:y/') = \/Z(}’i,m - yj,m)2

m=1

Trong d6

= y;m la thanh phan tht m cua diém y; trong khong gian vector
riéng.

»  k1asb vector riéng nho nhat duogc chon.
B3: Cap nhat tam cum
Gid su:
Cum C; chira N jdiém dir liéu yq,y2, ...yN; trong khong gian vector
riéng (mdi diém co k toa d6 tir k vector riéng nho nhat).
Tam cym p; dugc tinh bang trung binh cdng cua tat ca cic diém trong
cum do:

1

/~‘j=ﬁz Vi

J; .
lEC]

Trong do
* u; la vector toa do moi cua tdm cym j
=y, latoa dd cia diém dir liéu i trong khong gian vector riéng.
* Njla s6 lwong diém trong cum C 2
» Sau khi tinh toan xong thi cap nhat tdm cum bang trung binh cong
da tinh
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B4: Kiém tra hoi tu

o Néu tam cum khong thay doi hodc thay d6i rat nho thi chuyén qua
bude tiép theo

o Nguoc lai, quay lai budc 2

Buéc 7. Kiém tra két qua

e Dau tién ta kiém tra tit ca cac bus tir két qua phan ving c6 két ndi voi
nhau khong
= Néu két ndi thi ta xét dén diéu kién thir 2 1a su tic nghén cua céac bus
14 nhé nhat
= Néu khong két ndi thi ta ting sé vong lip i (bé hon 10) sau d6 tinh
toan lai cac thong s6 dé phan cum t6i wu. Néu i 16n hon 10 va dung
vong 1ap va tdng o 1én, sau do chay lai thuat toan v6i g1 va 1 vong
lap ban dau.
e Tiép theo la sy tic nghén clia cac bus 1a nho nhat
= Néu c6 nhiéu cip bus bj tit nghén thi ting sd vong lap va tinh toan
lai cac thong s6 nhu diéu kién thir nhat.
= Néu sy tic nghén cta cac bus 1a nho nhit két hop va cac thong sd
phan cum da ti uu thi lac nay thuat toan da t61 uu nhat va durng thuat
toan

Budre 8. Xuit két qua phan cum

e Tra veé nhan cum cua tung diém dir li¢u

e V& Dbiéu dién két qua phan cum 1én mé hinh IEEE 118-bus.
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Di¥ liéu dau vao:
LMP
Ma tran lién két
Ma tran tc nghén

S két ndi cia
cac bus?

Tinh ma tran ké W

—|LMP(@i)—LMP()| e
Wi j = € 2o

Tac nghén nhod
nhat?

Phan cum t6i wru

v

Tinh ma trdn Laplacian

L=I1-D'wD!

v

Chon tri riéng va
vector riéng

v

Xay dwng khdng gian
méi dé phan cum

l

Ap dung thuat todn
K-means Clustering: [«
Khdi tao tam cum

v

Gan mdi diém dir liéu vao cum gan nhét

k
Wi vs) = > Wim — Yim)®

m=1

l

Cap nhat tam cum:

T6i vu ?

Y

Hinh 3.1: Lueu do thudt todn phdn ving dé xudt
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3.2. Tong quan vé phin mém Matlab.

Matlab 1a tir viét tat cia Matrix Laboratory, Matlab 1a mot ngon ngir lap
trinh cp cao dang thong dich, né 1a moi truong tinh toan sé va lap trinh dugc thiét
ké boi MathWorks. Matlab cho phép thuc hién cac phép tinh toan s6, ma tran, v&
d6 thi ham s6 hay biéu dién thong tin (dudi dang 2D hay 3D), thuc hién cac thuat
toan, tao cac giao dién ngudi dung va lién két v6i nhitng chuong trinh may tinh
viét trén nhiéu ngdn ngit 14p trinh khac. Matlab giup don gian hoa viéc giai quyét
cac bai toan ki thuat so v6i ngon ngir 1ap trinh truyén thong nhu C++, va Fortran.
Matlab duoc str dung trong nhiéu linh vy khac nhau, bao gom xir Iy anh truyén
thong, thiét ké diéu khién tu dong, do luong kiém tra, phan tich mé hinh tai chinh,
hay tinh toan sinh hoc.... Matlab 13 ngon ngir cua tinh toan khoa hoc. Ctra s6 1am

viéc cua Matlab s€ c6 3 ctra s6 lam viéc chinh: Cira s6 1énh (Command Window),

ctra s thu muc hién tai (Current Folder) va ctra s6 chtra dit liéu lich sir tinh toan
(Workspace)

 MATLAS RaIMe

o Mo Vst y Aoty (o% = O Mefwwens o y Comraey

o
JOmeVar v Rt Ten Joehm o e e
ol paowel > > oA v

W J
Mew Cgen  Cguy Mt Se
- -

Eomme
Den  mevaece ) OceWessgace ) CewComney »  (bery

Hinh 3.2: Cira s6 phan mém Matlab

3.3. Chuwong trinh trién khai thuit toan Spectral Clustering
3.3.1. Nhap dir liéu

numCols = 24; % Sb cot can xir 1y (tir cot 2 dén cot 25)

outputFile = 'Clustered Buses.xlsx'; % Tén file Excel dau ra
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for col = 1: numCols % Vong lip qua timg cot can xét
sheetName = sprintf ('%d _h', col - 1);

% 1. Nhap gia tri LMP (Locational Marginal Price)
LMPData = LMP (col);

Poan mda MATLAB dé xir Iy di liéu LMP tir nhiéu cot va xuét ra file Excel,
va dang & phan dau vong lip.

3.3.2. Tao ma trin lién két
% 2. Tao ma tran lién két (118 x 118)
n=118;
A = matranlienket;
C = matrantacnghen(col);
adjMatrix = A - C;
Trong do:

e A lama tran lién két vat 1i ban dau (cac bus lién két v&i nhau duge biéu
thi bang 1(True), con lai bang O(False)).
e Clama tran tic nghén dugc tinh todn tir mo6 hinh DC OPF theo tung thoi
diém va trang thai (phu thudc vao thdi gian va vién canh ta xét).
e adjMatrix 12 ma tran lién két thuc té, tirc 1a loai bo nhirg duong két ndi
bi tac nghén.
3.3.3. Tao ma trin ké

% 3. Tao ma tran trong s6 W tir adjMatrix va LMPData
sigma = 100; % Tham s6 Gaussian W = zeros(n);
fori=1:n
forj=1:n
if adjMatrix (i, j) ==
diff = abs (LMPData(i) - LMPData(j));
W (4, ) =exp (-diff*2 / (2 * sigma”2));
end

end

43



end

e adjMatrix (i, j) == 1: Kiém tra diéu kién két ndi gitra cac bus. Néu két
nbi biéu hién bang s 1. Cac bus phai két ndi méi tinh khoang céch.

e diff=|LMP(i) - LMP(j)|: Chénh l¢ch gid LMP giira hai bus.

o cxp (-diff?/ (26?)): Gaussian similarity — khoang cach cang nho thi trong
s6 cang 16n (gan nhau — gia tri W 10n).

e sigma: Piéu chinh do nhay (gia tri 1én — sy khéac biét vé LMP it anh
huong).

e W 1ama tran trong sb (weight matrix), phan anh “murc d6 twong tu” giira
cac bus ¢ lién két v6i nhau.

e Ma trin W nay s& duoc dung dé xay dung ma tran Laplacian tiép theo
trong quy trinh xay dung thuat toan spectral clustering.

3.3.4. Tao ma tran Laplacian
% 4. Ma tran Laplacian
degree = sum (W, 2);

D sqrt_inv =diag (1./ sqrt (degree + eps));
L=eye(n)-D sqrt inv* W * D sqrt_inv;

e degree=sum(W,2):

e Tinh téng cic trong s6 két nbi ciia mdi node — hay con goi 1a bac
(degree). Mbi phan tir degree(i) 1a tong cta hang tht i trong W (téng
trong sb ma nut i lién két voi cac nut khéc).

e Sau khi c6 ma trdn bac D ta tao ma tran duong chéo D*((-1)/2). Thém
eps (mot s6 rat nho) dé tranh chia cho 0 néu degree = 0.

e D (sqrt.inv)= 1/\/(D_ii+e)

o L sym=I-D"((-1)/2) .W.D*((-1)/2)

e Pay la cong thirc cua ma trin Laplacian chuin héa (normalized
Laplacian), ky hi¢ula L _sym

3.3.5. Chon vector riéng va tri riéng va tao khong gian phan ving méi
% 5 Chon eigenvectors va eigenvalues
[~, idx] = sort(diag(vals));
vecs_k =real(vecs(:, idx(1:5)));

[vecs, vals] = eig(L):
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e Chon tri riéng (eigenvalues) va vector riéng (eigenvectors) cua ma tran
Laplacian L.

e vecs: mdi cot 1a mot vector riéng.

e vals: ma tran duong chéo chura cac tri riéng.

e idx = sort(diag(vals)): Trich xuat cac tri riéng thanh vector, roi sip xép
theo thir tw ting dan (nho dén 16n).

e vecs k=real(vecs(:, idx(1:5))):

° Léy 5 vector riéng dau tién (Gng vt tri riéng nho nhét), day s¢ la toa do
moi cua dir li€u trong khong gian mai.

e Dung real(...) dé loai bé phan ao (néu co), vi day s& 1am dit liéu dau vao
cho budc chay thuat toan k-means ma k-means chi la lam viéc véi )
thuec.

Muc dich:

e Bién doi dit liéu ban dau (118 bus) thanh mét biéu dién méi trong khong
gian 5 chiéu, noi cac diém (bus) dé duoc phan nhom hon.

e Bansé& dung vecs_k lam dit liéu dau vao cho thuit todn k-means.

3.3.6. Ap dung thuit toan Kmean Clusering trong khong gian méi
% 6. Phan cum k-means
1sOptimal = false;
maxRetries = 10;
retries = 0;
while ~1sOptimal && retries < maxRetries
retries = retries + 1;
clusters = kmeans (vecs_k, 5);
1sOptimal = true;
for cluster id = 1:max(clusters)
buses_in_cluster = find(clusters == cluster_id);
subgraph = adjMatrix (buses_in_cluster, buses_in_cluster);
isConnected = all (sum(subgraph, 2) > 0);
if ~isConnected

1sOptimal = false;
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cum

A\

break;
end
end
end

clusters = k-means (vecs_k, 5); k-means phan cum cac bus trong khong
gian vecs_k thanh 5 nhom (cum).

buses_in_cluster = find (clusters == cluster id); Tim cac bus trong cum.
subgraph = adjMatrix (buses_in_cluster, buses_in_cluster); Tao d6 thi
con.

isConnected = all (sum (subgraph, 2) > 0); Kiém tra tt ca cac bus trong

I cum thoéa man di€u kién: co lién két voi 1 bus trong cum do.

V&1 moi cum:

>

Lay danh sach bus trong cum.

Trich ra ma tran lién két con twong tmg (subgraph).

Kiém tra xem subgraph d6 c6 lién thong khong, bang cach kiém tra tong
mbi dong > 0 (trc 13 mdi bus trong cum c6 it nhat mot két ndi voi bus
khac trong cum do).

Néu c6 mot cum nao do khong thoa man, ban chay lai k-means (téi da
10 1an).

Thuat toan s& chay dén khi tdi wu (khoang cach giita cac tim cu khong

thay d6i hodc thay d6i khong dang ké) thi chuyén qua budc tiép theo.

3.3.7. Xuit két qua phan cum k-means

%7 Hién thi két qua néu phan cym thanh cong

if isOptimal

fprintf ('Cum t6i wu cho ¢t %d.\n', col);

% 7. Hién thi danh sach bus trong timg cum
disp ('Danh sach cac bus trong tirng cum:");

cluster data = cell (n, max(clusters)); % n: sb bus, clusters: vector phin

for cluster id = 1:max(clusters)

buses_in_cluster = find (clusters == cluster id);
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% Luu thong tin vao cell array
cluster data(1:length(buses in cluster), cluster id)=...

arrayfun(@(x)  sprintf('Bus  %d', x), buses in_cluster,
'UniformOutput’, false);

% In ra danh sach
fprintf ('Cum %d: ', cluster_id);
fprintf ("%d ', buses_in_cluster);
fprintf("\n');

end

end

e disp('Danh sach bus trong tung cum:"); Hién thi danh sach bus trong cum

e cluster data = cell (n, max(clusters)); Khoi tao cell array chira tén bus
trong tng cum

e buses in_cluster = find (clusters == cluster id); Tim cac bus thudc cum
do

o fprintf ('Cum %d: ', cluster_id);

o fprintf ('%d ', buses_in_cluster);

o fprintf("\n');

» Hién thi danh sach bus thudc cum d6 trén Command Window.
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CHUONG 4: UNG DUNG VAO LUOI PIEN IEEE 118 -BUS
4.1 Gi6i thiéu lwéi dién IEEE 118 -bus

Hé théng dién IEEE 118-bus la mdt trong nhitng mo6 hinh chuan dugc st
dung pho bién trong cong ddng nghién ctru hé thong dién trén toan thé gisi. Pay
la m§t mo hinh dugc mé rong va phat trién dua trén dir liéu thuc té tir hé théng
dién mién Trung T4y Hoa Ky vao nhitng nim 1960, ban dau thudc so hitu va van
hanh béi Hoc vién Cong ngh¢ [llinois (IIT). Phién ban 118 bus sau nay dugc IEEE
chuan hoa va str dung rong rii trong cic nghién ctru lién quan dén diéu do cong
suit, phan tich tdi wu hoa, phan tich an toan N-1, tinh toan gia di¢n theo vi tri

(LMP), va phan vung thi truong dién.

4.1.1 Cau triic tong thé ciia hé thong
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Hinh 4.1: Ludi dién mdu IEEE 118-bus
Hé théng IEEE 118-bus duoc xdy dung nhu mot mang dién lién két quy mé
khu vuc, bao gém:
118 nut (bus): Pai dién cho cac diém ndi gitta cac thanh phan trong hé thdng
nhu may phat dién, phu tai, may bién ap, thiét bi diéu khién dién ap, v.v. Trong do,
48



mot so bus chi c6 chiic nang trung chuyén cong suat, so khac lai c6 thé gan voi ca
may phat va phu tai.

186 duong day truyén tai: Tao nén mot hé théng ludi dién dan xen va phic
tap, voi nhiéu vong kin va rang budc cong suét truyén tai. Cac dudng day c6 gidi
han cong suat khac nhau, mo phong sat diéu kién van hanh thyc té.

54 t may phat: Puoc phan b khong dong déu trong toan hé théng. Mot sd
bus ¢6 nhiéu hon mét td may, phan anh dic diém cta céc trung tam dién lyc 16n,
trong khi nhiéu khu vuc khac chi 1 nuat tai hodc nut trung gian.

91 nat c6 phu tai (load buses): Cac phu tai dwgc phan bd rong khép, voi
cong suét tiéu thu khac nhau, tir vai MW dén hang tram MW, tao nén sy da dang

va bat doi1 xing trong cau truc cung — cau cua hé thong.

15 may bién ap c6 diéu chinh dién ap (tap-changing transformers): Puoc
tich hop trong hé thong nham mo phong kha niang diéu chinh dién ap va phan phdi
cong suat phan khang, gop phan dam bao chat luong dién nang trong qua trinh van
hanh.

4.1.2 Pic diém van hanh

Hé théng IEEE 118-bus duoc thiét ké dé phan anh cac dic diém quan trong

cua mdt ludi dién thuc té, bao gom:

Sy bt can bang ving mién: Phu tai va ngudn phat khong phan bd déu, mot
sd khu vuye thira ngudn trong khi cac ving khac thiéu dién, gy ra dong truyén tai
cong suat 10n qua cac hanh lang truyén tai chinh. Piéu nay tao ra cac diém tiém
ning tac ngh&n truyén tai, rat thich hop dé nghién ctru bai toan xac dinh ving gia
va phan cum thi truong dién.

Tinh két ndi cao: Mic du ¢6 nhiéu bus va dudng day, hé thong van duy tri
tinh lién théng manh, v6i nhiéu chu trinh vong kin. Diéu nay gitp dam bao kha
nang tai cau trac tai khi xay ra sy ¢b hodc diéu chinh phan b cong suit.

Pa dang héa rang budc ki thuat: Cac giéi han cong suat phat, gidi han
truyén tai, giéi han dién 4p tai bus va kha ning diéu chinh dién ap thong qua bién
ap tao diéu kién dé thir nghiém nhiéu thuat toan tdi vu phuc tap nhu DC-OPF, AC-
OPF, SCOPF.

Phti hop v&i md hinh thi truong: Vi hé théng c6 phan b gia LMP khac nhau

gitra cac khu vyc khi van hanh dudi rang bude, né rat phu hop dé nghién ctru cac
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thuat toan dinh gia theo vi tri (Locational Marginal Pricing) cling nhu bai toan phan

ving d4u thau (market zoning).
4.1.3 Vai tro trong nghién ciru phan vung thi truong

Hé thong IEEE 118-bus cung cip mot mdi trudng mod phong 1y tudng cho
viéc ap dung céac thuat toan phan cum dé xac dinh ving d4u thau trong thi truong
dién:

Nho vao dir liéu chuan, c6 thé dé dang tinh toan LMP tai timg niit thong
qua m6 hinh DC-OPF.

Céac mdi lién két giira bus va duong day co thé dugc biéu dién dudi dang
ma tran lién két (adjacency matrix) hodc ma tran Laplacian, thuan loi cho viéc ap

dung cac thuat toan d6 thi nhu Spectral Clustering.

Su khéc biét vé LMP, luu lugng truyén tai, va tai tiéu thu giita cac nat trong
nhiéu kich ban tai khac nhau cho phép kiém nghiém d6 6n dinh va hop 1y cta cac

phuong phap phan viung.
4.1.4 Ung dung trong nghién ciru nay
Trong nghién ciru ndy, hé théng IEEE 118-bus dugc sir dung dé:

e Tinh toan gia dién can bién theo vi tri (LMP) dudi nhiéu kich ban van
hanh khac nhau (ngdy nang, ngdy mua, cao diém, thip diém).

e Phén tich cau truc lién két vat 1y ctia hé thong dién thong qua dir lidu tir
file truyén tai (Transmission Branch).

e Ap dung thuat toan Spectral Clustering dé xac dinh cac ving dau thau
dua trén sy tuong déng vé gia dién va muc dg lién két truyén tai.

Két qua tir mo hinh 118-bus cho phép danh gia hiéu quéa ctia phuong phap
phan ving dé xuat, tir 46 dua ra nhan dinh vé kha ning mo rong va ap dung cho
hé théng dién thyc té tai Viét Nam — noi cling co cAu tric trai dai Bic — Nam, phan
b tai va ngudn phat khong dong déu, va thuong xuyén xay ra tac nghén truyén
tai.

4.2 Khéi chay thuat toan GAMS trén lwéi dién.

4.2.1 Gia dinh mirc tiéu thu: [3]
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Badng 4.1: mikc tiéu thy dién cao diém cho ngdy ndng va ngdy muwa

MUC TIEU THU PIEN (MWh) CHO NGAY NANG VA NGAY MUA (24h)

Ngay cao diém mua ning (Thir 4) Ngay cao diém mua mua (Tht 5)
Gio Muc tiéu thu (kWh) Gio Muc tiéu thu (kWh)

1 85 1 67.38
2 80 2 66.66
3 75 3 54.52
4 70 4 62.59
5 65 5 60

6 70 6 61.75
7 80 7 65.07
8 90 8 70

9 88 9 68.83
10 89 10 69.37
11 90 11 68.49
12 85 12 68.44
13 88 13 69.24
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14 87 14 67.79
15 90 15 68.78
16 85 16 67.04
17 89 17 68.65
18 90 18 69.39
19 88 19 68.53
20 85 20 67.27
21 83 21 67.1

22 81 22 65.56
23 79 23 65.13
24 78 24 64.92
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Bang 4.2: mikc tiéu thu dién thap diém cho mia hé va mia déng

MUC TIEU THU DIEN (MWh) CHO NGAY NANG VA NGAY MUA (24h)

Ngay thap diém mua ning (Chu nhat) Ngay thip diém mua mua (Thi 7)
Gio Muc tiéu thu (kWh) Gio Muc tiéu thu (kWh)

1 54.38 1 54.43

2 56.66 2 53.99

3 51.52 3 52.71

4 49.54 4 51.52

5 47 5 50

6 48.75 6 51.05

7 52.07 7 53.04

8 57 8 56

9 55.83 9 553

10 56.37 10 55.62

11 55.49 11 55.1

12 55.44 12 55.06

13 56.24 13 55.54
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14 54.79 14 54.67
15 55.78 15 55.27
16 54.04 16 54.22
17 55.65 17 55.19
18 56.39 18 55.63
19 55.53 19 55.12
20 54.23 20 54.34
21 54.1 21 54.26
22 52.56 22 53.35
23 52.13 23 53.08
24 51.92 24 52.95

CO SO GIA PINH

Ngay cao diém (Thir 4):

o Thoi tiét co thé rat nong, dic biét 1a trong khoang thoi gian tir 12h trua
dén 18h chiéu, khi mat trdi chiéu manh nhét.

e Thoi tiét c6 thé rat nong, ddc biét 1a trong khoang thoi gian tir 12h trua
dén 18h chiéu, khi mit trdi chiéu manh nhét

e Nhu cau st dung dién tang cao do ca nhu cAu sinh hoat gia dinh 1an hoat
dong kinh doanh.

Ngay cao diém (Thu 5)

e Gia dinh vao gifta tudn (Thir 5), khi nhiéu nguoi 1am viéc va hoat dong
kinh doanh dién ra binh thuong.
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o Thoi tiét c6 thé rat lanh, dic biét 13 vao budi sang sém va budi tdi, khi
nhiét d6 xudng thip nhat.

e Nhu ciu sir dung dién ting cao do ca nhu cau su6i 4m tai gia dinh 1an
tai cac noi lam viéc.

Ngay thip diém (Chu Nhat):

e Giadinh vao cubi tuan (Chu Nhat), khi nhiéu nguoi nghi ngoi va khong
c¢6 nhiéu hoat dong kinh doanh.

o Thoi tiét co thé mat mé hon so véi gilta tudn hodc moi ngudi cd xu
hudng di ra ngoai choi, du lich thay vi ¢ nha.

e Nhu ciu st dung dién gidm xuéng, dac biét 1a trong khoang thoi gian
tir 9h sang dén 17h chiéu, do nhiéu nguoi khong & nha.

Ngay thap diém (Thu Bay):

e Gia dinh vao cubi tuan (Thir Bay), khi nhiéu ngudi nghi ngoi va c6 thé

khong c6 nhiéu hoat dong kinh doanh.

e Thoi tiét c6 thé 4m 4p hon so voi cac ngdy trong tuan hodc moi ngudi

c6 xu huong di ra ngoai choi, du lich thay vi ¢ nha.

e Nhu ciu sir dung dién giam xuéng, dic biét 1a vao budi trua khi troi 4m

ap hon va it can dén sudi 4m.

4.2.2 Khéi chay dir liéu va xuat gia dién

Trong nghién ctru ndy, chiing t6i sir dung m6 hinh DC Optimal Power Flow
(DC-OPF) d3 xay dung & cic phan trudc va trién khai trén phan mém GAMS nhim
thyc hién tinh todn gid dién can bién theo vi tri (Locational Marginal Price — LMP)
tai tung nut (bus) cua h¢ théng. Gia tr1 LMP dai dién cho chi phi bién dé truyén
thém mot don vi cong suét dén mot vi tri cu thé trong hé théng, déng thoi phan
anh day du cac yéu to k¥ thuat nhu gidi han truyén tai, ton that va tinh trang tac
nghén trong ludi dién. Viée st dung LMP trong nghién ctru khong chi 1a budc
trung gian tinh todn, ma con mang y nghia kinh té sau sac, vi gia tri nay chinh la
co s dinh gia trong nhiéu thi truong dién tién tién trén thé gidi.

Mo hinh dugc ap dung trén hé thong chuan IEEE 118-bus, véi day du cac
rang budc k¥ thuat nhu cin bang cong suat, gidi han truyén tai, nang lyc phét cua
ting nha may, va nhu cau phu tai tai cac nat. GAMS hd trg mo phong chinh xac
cac diéu kién van hanh cia hé thong, tir d6 cho phép trich xut gia LMP tai mdi

bus véi do tin cdy cao.
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Pé dam bao rang phan ving khong chi dua trén mot trang thai hé thong tinh
va don 1¢, chiing t6i da xay dung bon kich ban gia dinh twong mg vé6i cac diéu
kién van hanh khac nhau trong nim, bao gom: ngdy nang cao diém/thap diém,
ngay mua cao diém/ thap diém. Cac kich ban nay duoc xdy dung dua trén dic diém
van hanh thuc té cua hé théng dién, cu thé 1a bién dong vé cong suét tiéu thy va
kha ning phat ctia cac ngudn ning luong tai tao trong cac diéu kién thoi tiét dién
hinh. Cach tiép can nay cho phép mé phong toan dién hon nhiing thay ddi trong
phan b phu tai, tinh trang tic nghén, cling nhu do linh hoat cua luéi truyén tai

dudi nhiéu diéu kién thuc te.

O mdi kich ban, m6 hinh OPF duoc chay riéng bi¢t dé thu duge mot bd gia
tri LMP dai dién cho tinh trang hé thong trong thoi diém d6. Bén bo dir liéu LMP
nay sau d6 dugc téng hop lai, tao thanh mgt ma tran dir licu dau vao da chiéu phan
anh tot hon toan bd pho bién thién cia hé thong dién. Thay vi phan ving duya trén
mot thoi diém duy nhat — vén dé gay sai léch va khong dai dién cho toan hé thong
—viéc st dung céc kich ban da dang gitp thuat toan phan cum (Spectral Clustering)
xéac dinh chinh x4c hon cac ving c6 tinh dong nhét vé k¥ thuat va kinh té, dong
thoi dam bao tinh bén viing va on dinh cta két qua phan ving dudi nhiéu diéu kién
van hanh khac nhau.

Viéc chuan hoéa cac gia tri LMP trong tirng kich ban cling dugc thuc hién
nham loai bo sy chénh 1éch vé quy mé tuyét ddi giira cac thoi diém, giup thuat toan
tap trung vao xu hudng bién dong va sy tuong quan twong doi giita cac bus. Sau
d6, dir liéu nay duoc két hop véi ma tran lién két vat 1y cua hé thong (topology
matrix) dé phuc vu cho thuat toan phan cum db thi Spectral Clustering.

Céch tiép can nay khong chi dam bao tinh toan dién cia thong tin dau vao
ma con cho phép xdy dung mot so d6 phan ving mang tinh tong hop, chinh xéac
hon, va ¢6 kha nang phan anh tot dac trung van hanh thyc té cta ludi dién Viét

Nam trong tuong lai.
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Budc 4: Vao phan report dé iy gia dién ctia 118 bus. Hoan tit tinh todn mo
phéng LMP cho 118 bus.

4.3 Khéi chay thuat toan Spectral Clustering trén ludi dién.

Sau khi hoan tat qua trinh xay duyng mo hinh hé thong dién IEEE 118-bus
va tinh todn gid dién can bién theo vi tri (Locational Marginal Price — LMP) thong
qua md hinh DC Optimal Power Flow (DC-OPF), budc tiép theo trong nghién ctru
1a tién hanh khoi chay luu dd thuét toan nhu da dé xuat & chuong 3, nham phan hé

thong dién mau nay thanh cac cum co cing diém chung. Phuong phép nay khong
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chi khai thac sy tuong dong vé gia LMP gitta cdc nit ma con tan dung duoc ciu
tric vat 1y ciia mang ludi truyén tai thong qua biéu dién dang d6 thi, giup dam bao

d6 chinh x4c cao va phu hop véi thyuc tién van hanh hé théng.
4.3.1 Céu tric dau vao cho thuat toan

Pé khoi dong thuat toan Spectral Clustering, ching t6i can chudn bi hai

nguon dir liéu quan trong:

e Ma tran LMP: Gia dién can bién tai 118 bus, duoc tinh toan tir mé hinh
DC-OPF trén phan mém GAMS. Céc két qua nay phan anh chi phi bién
tai ting vi tri, dong thoi bi anh hudng bai rang budc truyén tai, phu tai
va phan bd phat dién.

e Ma tran lién két vat 1y (adjacency matrix): Pugc trich xuét tir dir liéu
truyén tai that sy, bao gdm thong tin cac cip bus két ndi qua dudng day,
cung trang thai van hanh. Dir liéu nay duoc xu ly va biéu dién dudi dang
dd thi c6 trong s0, trong d6 moi canh phan anh muc do lién két hodc
kha ning truyén tai giita hai nut.

Ngoai ra, dir liéu duoc chuin hoa nham dam bao thuat toan khong bi léch
do sy chénh léch quy mé gia tri gitta cac yéu td. V&i muc tiéu phan anh tinh 6n
dinh cuia két qua phan ving theo diéu kién van hanh, chiing t6i da chay thuat toan

nay dudi bon kich ban thoi tiét va phu tai khac nhau:

Peak sunny day
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Hinh 4.2: Dit liéu LMP ciia ngay ning cao diém
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Nhin tong thé, dit liéu LMP cia ngay ning cao diém phan bd khong déu
trén toan hé théng, phan anh sy chénh 1éch l6n vé gia dién tai cac khu vyc khac
nhau. Dic biét, tai mot s nat nhuw BUS 6 va BUS 7, gia LMP tang vot vugt mirc
4000, cho thay tinh trang tic nghén truyén tai nghiém trong hodc gidi han cuc bd
vé kha ning phat dién. Trong khi d6, nhiéu nat khac c6 gia LMP dao dong quanh
mirc 1500-2000, cho thay diéu kién cung cau twong ddi cin bang.

C6 thé nhan thiy rd sy phan cum vé gia: mot s6 ving c¢6 gia cao, ving khac
gia thap, chimg t6 hé thdng ton tai hién tuong phan manh thi trudong. Dic biét,
tir BUS 76 dén BUS 91, gia LMP thip hon dang ké so véi cac khu vuc con lai,
nhiéu kha ning do san luong ning lugng tai tao cao (chang han nhu dién mit troi)

lam giam é&p lyc cung ing.

Off peak sunny day
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Hinh 4.3: Di¢ liéu LMP ciia ngay ndng thdp diém

Biéu d thé hién gia can bién tai nit (LMP — Locational Marginal Price)
theo ting niit BUS trong diéu kién ngay nang nhung khong phai gio cao diém (Off
peak sunny day). So véi biéu d6 cia ngy nang cao diém, mirc LMP trong trudng
hop nay thap va dong déu hon, dao dong chu yéu trong khoang 1250—1350. Diéu
nay phan anh tinh trang hé thong dién van hanh 6n dinh hon véi it tic nghén va
bién dong cung cau.

Tuy nhién, van c6 sy chénh 1éch nhét dinh vé gia giira cac khu vuc, dic biét
trong khoang tir BUS 81 dén BUS 101, noi gia LMP thap hon 13 rét so véi cac khu
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vuc con lai. Hién tuong nay co thé do sy hién dién cua nguén nang luong tai tao
(nhu dién mat troi) hodc phu tai thép tai khu vuc nay, lam giam 4p lyc cung trng
tir cac khu vuc khac. Ngoai ra, ranh gidi 1o rét gitta BUS 76 va 81 cho thiy kha
nang co tdn tai gi61 han truyén tai hodc dic diém cu trac mang ludi khién khu vuc
nay van hanh gan nhu doc lap hon.

Nhin chung, trong diéu kién khong cao diém, hé théng it bj qua tai hon, chi
phi can bién 6n dinh va phan anh ding tiém nang tiét kiém chi phi nhd niang luong
tai tao vao ban ngdy. Biéu d6 cling cung cap co so dé phén tich quy hoach va van

hanh hé théng theo thoi gian thyc va theo ving.

Peak rainy day
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Hinh 4.4: Di¢ liéu LMP ciia ngay ndng thdp diém
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Biéu db trén thé hién gia can bién tai nt (LMP) trong ngdy mua va vao gid
cao diém (Peak rainy day). So voi hai biéu d6 trude (ngdy ning), ta thiy rang gia
LMP trong biéu d6 nay c6 xu hudng cao va bién déng manh hon giita cac nit BUS,
dao dong tir khoang 1200 dén trén 2600.

Mot s6 nut nhu BUS 6, 16, 26 va 116 ¢6 mic gia vot 1én gan 2700, cho thy
tinh trang tic nghén truyén tai nghiém trong hodc nhu ciu vuot kha ning cung tmg
tai nhitng vi tri ndy. Nguyén nhan c6 thé 1 do san luong dién mat troi suy giam
manh trong diéu kién mua, 1am gia tang ap luc 1én cdc ngudn phat truyén thong,

dac biét vao thoi1 diém nhu cau cao.
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Tuong ty nhu cac biéu do trude, cé thé quan sat thiy su phan manh rd rang
trong gia LMP gitra cac khu vuc. Bac biét, khu vuc BUS 7686 lai tiép tuc c6 LMP
thip hon phan con lai, cho thdy ddy c6 thé 1a khu vuc it chiu anh hudng cua tic
nghén, hodc c6 ngudn phét gan phu tai.

Biéu d6 nay phan 4nh rd sy phu thudc cua hé théng vao thoi tiét, va nhan
manh nhu cau can c6 céac chién lugc linh hoat vé van hanh va bd sung dy phong
(nhu luu trit ning lwong hodc ngudn phat nhanh) trong cac diéu kién thoi tiét bat

loi.

Off peak rainy day
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Hinh 4.5: Dir liéu LMP ciia ngay mua thap diém

Biéu d0 thé hién gia can bién tai nut (LMP) trong diéu kién ngay mwa nhung
khong phai gior cao diém (Off peak rainy day). Quan sat chung cho thay gia LMP
O muc thép va 6n dinh, dao dong quanh 1250-1350, tuong tu nhu biéu d6 "Off
peak sunny day".

Tuy nhién, van ton tai sy phan hoa gia giita cac ving. Cu thé, khu vuec tir
BUS 81 dén 101 tiép tuc c6 LMP thap hon dang ké so véi cac ving khac. Diéu nay
cho thiy dic diém cau truc ciia hé thong va kha ning tu cung tu cip clia ving ny,
c6 thé do phu tai thap hoic c6 ngudn phat ndi tai dn dinh (nhu thuy dién hoic dién

gi6 khong phu thudc ning).

Pang chu y, su dong déu vé gia trong didu kién mua va phu tai thip cho

théy hé théng dién van gilt duoc trang thai van hanh hi¢u qua, du san luong ning
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luong tai tao nhu dién mat troi bi han ché. Piéu nay ciing ching minh rang cac
ngudn phat truyén thong hodc hé thdng truyén tai van du kha ning duy tri cAn bang

cung cau khi phu tai khong qué cao.

Tong thé, biéu d6 nay phan anh tinh 6n dinh cua hé thong trong di¢u kién
khong cao diém, va nhan manh vai tro cta cau tric mang va kha nang ndi can bang

khu vyc trong viéc giit chi phi dién nang ¢ murc tdi uu.
4.3.2 Két qua phin ving theo tirng kich ban

Khoi chay thuat toan dé xuét da néu & trén, két qua thuc nghiém trén bdn
kich ban khac nhau da cho thiy sy thay d6i trong phan bd cum giita cac diéu kién
thoi tiét — phu tai. Tuy nhién, c6 mot s6 cum bus xuat hién lap lai nhiéu lan & cac

kich ban khac nhau, cho théy muc d6 6n dinh cao vé mit van hanh va kinh té.

e Nhom bus tir 83 dén 93 va 100 dén 112 thudng xuyén nam trong cing
mot cum, do c6 gia LMP dong déu va lién két vat 1y manh.

o Nhom bus 20-26 va 70-77 ¢6 dic diém két ndi noi tai chat ché va it bi
anh huong bai dong cong suat truyén qua cac ving khac.

e Nhom nho gdm céac bus 4, 5, 8, 9, 10 thuong xuat hién dong thoi trong
cac cum ria, co lién két 1ong 1éo véi cac nut khac, phan 4nh su ¢ lap
trong cau triic hé thong.

Trén co s& théng ké tan suét xuat hién cua cic cum tuong tu qua bon kich

ban, chung toi tién hanh tong hop va chuan hoa lai thanh mot mé hinh phan ving
thong nhat, gdbm 4 ving chinh phan anh dong thoi ca gia dién, lién két vat 1y va su

on dinh van hanh.

63



fr {
T T L r— =
—_ T "y ‘ M
v T I,., -}
R Ul T 1 =
L i} |
-1 T I PR L =
H 4 4 1
" R —t
F r - ¥ L_r
- A % [._1:_‘
=12 B 7“-‘ ._T__._—.r._
Y.
+ - -L'.
.
] f‘ | I.
ST v | v —_—
4 W angead
Y —— Y
" ¥
pre——altigll| b, sy |

puptep——t hic.
— e T
e Tery vfr-‘—* ey vree
—
1
T el
T TIL_TET = B A I & 1T
I = 1T
L) __H !

Hinh 4.6: M6 hinh phén viing théng nhat cho cdc kich ban
4.3.3 Panh gia tinh phu hop va y nghia thue tién

Phuong phap phan ving str dung Spectral Clustering thé hién hiéu qua vuot
troi trong viée xur 1y cac hé thong dién co cau trac phirc tap va phan bd phuy tai
khong déu nhu hé théng IEEE 118-bus. Khac véi cac phuong phap nhu k-means
vbn chi xét dén khoang cach hinh hoc, Spectral Clustering cho phép gan két cac
nut khong nam gﬁn nhau nhung c6 dic tinh van hanh tuong tu, nhd vao viéc khai

thac cac dic trung phd va cau trac db thi.

Thém vao d6, két qua phan ving tir thuat toan khong chi mang ¥ nghia hoc

thuat, ma con co thé duoc ung dung thuc tién vao:

e Xay dung ving d4u thau trong thi truong dién, dam bao gia LMP phan
anh dung diéu kién van hanh va kha ning truyén tai.

e HO tro diéu do hé théng, gitip nhan dién khu vuc ¢6 nguy co tac nghén
hodc can vu tién giam tai.

e Lip ké hoach dau tu vao ha tﬁng, thong qua vi¢c xac dinh khu vyc can

tdng cuong nguon hodc truyén tai.
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4.4 Két qua

Nghién ciru nay da tién hanh x4y dung va trién khai mé hinh phan ving thi
truong dién st dung thuat toan Spectral Clustering, dya trén dit li¢u dau vao duoc
tinh toan tir mé hinh DC Optimal Power Flow (DC-OPF) trén hé thong dién chuan
IEEE 118-bus. Trong qua trinh nay, cac gia tri Locational Marginal Price (LMP) —
dai dién cho chi phi bién cua viéc truyén thém mot don vi cong suét dén tung nut
cu thé trong hé thdng — dd dugc st dung lam thong tin kinh té chinh. Pdng thoi,
cau trac lién két vat 1y cua ludi dién, duoc biéu dién dudi dang ma tran két nbi
giita cac bus, ciing duoc tich hgp vao mé hinh nham dam bao rang qué trinh phan

cum phan anh dung tinh chat van hanh thuc té cta hé thong.

Viéc két hop ca yéu t6 kinh t& (LMP) va yéu t6 k¥ thuat (topology) 12 diém
dic biét noi bat trong nghién ciru nay, giup nang cao tinh toan dién va kha ning
mg dung thyc té cia md hinh phan ving. Trong cic nghién ciru trude day, viée
chi st dung mot nguff)n dir liéu don 1é — chéng han nhu gid dién tai mot thoi diém
¢d dinh — c6 thé dan dén két qua phan ving chua phan anh ding ban chat dong hoc
va vat 1y ciia hé thong dién. Trong khi d6, mé hinh dé xuat trong nghién ciru di
khai thac thong tin tir nhiéu chiéu canh, lam tang do tin cdy cho qua trinh phan

vung.

Cu thé, md hinh DC-OPF d3 duoc chay trén bon kich ban van hanh dic
trung gdbm: High Sun, Low Sun, High Rain va Low Rain — phan anh céc diéu kién
thoi tiét va phu tai khac nhau, dién hinh cho cc chu ky van hanh mua hé va mua
mua, ciing nhu muc tiéu thu cao/thap trong ngdy. Viéc tao ra cac kich ban nay
nham ting cuong do da dang cua dir liéu dau vao, tir 46 ning cao kha ning tong
quat hoa va 6n dinh ctia mé hinh phan cum khi 4p dung trén thyc té. Pay ciing 1a
mot bude tién quan trong so véi cac phuong phap phan ving truyén thong von chi

dua trén trang thai hé thong tinh hodc gia dinh don gian.

MBbi kich ban duoc xur 1y doc 1ap, voi viée chuén hoa dit liéu LMP va tinh
toan ma tran Laplacian trudc khi dua vao thuat toan Spectral Clustering. Két qua
phan cum cho tirng kich ban dugc phan tich riéng biét, sau d6 so sanh chéo dé danh
gia mtrc do 6n dinh cua cac cum phan ving. Tir phan tich d6, nhém nghién ciru
nhan théy mac du céc vung cu thé c6 thé thay dbi nhe tuy theo diéu kién phu tai va
thoi tiét, nhung tén tai mot s6 nhom bus co tinh 6n dinh cao, lién tuc xuit hién
cung nhau trong ca bon kich ban. Cac nhom nay thudng 14 cac bus co lién két vat
1y manh, vi tri gﬁn nhau trén so dd mang ludi, hodc co dac diém LMP tuong déng
— thé hién qua murc d6 bién thién thip trong toan bo tap di liéu.
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Duya trén két qua tong hop tir bén kich ban, mot mo hinh phan ving thong
nhat gdm 4 ving di duoc xac 1ap. Viée xac dinh phan ving thong nhat thay vi sir
dung két qua tir mot kich ban riéng 1¢ gitip mo hinh c6 tinh kha thi cao hon trong
thuc té, vi co thé duy tri tinh nhat quan trong diéu do va van hanh hé thong theo

nhi€u di€u kién. Cu thé:

e Vung 1: Gom céc bus 4, 5, 8, 9, 10 — thudng xuyén c6 mirc LMP twong
duong va co lién két vat 1y gan nhau, nam ¢ khu vyc trung tam hé thong.

e Ving 2: Gom cac bus tir 83 dén 93 va tir 100 dén 112 — 14 cac nit ¢ khu
vuc bién, thuong co rang bude truyén tai dac thu va gia dién chénh I¢ch
s0 V&1 trung tam.

e Vung 3: Gom cac bus tir 20 dén 26 va 70 dén 77 — dai dién cho khu vuc
c¢6 diéu kién van hanh dic trung va nguff)n phu tai 6n dinh.

e Ving 4: Bao gdm tit ca cac bus con lai — tuy c6 sy da dang cao vé vi tri
va LMP, nhung dugc gom lai do khong thudc cac nhém 6n dinh néu

trén.

Viéc xac 1ap mo hinh phan ving nay khong chi dam bao sy dong nhét trong
van hanh theo nhiéu kich ban ma con gitp hé thong phan anh tot cac yéu to ky
thuat va kinh té — diéu kién quan trong dé tién toi xay dung thi truong dién canh
tranh theo ving tai Viét Nam. Ngoai ra, két qua nay con cho thiy tiém ning tng
dung ctia Spectral Clustering trong cac bai toan ti uu hoa, diéu d6 va hoach dinh
chién lugc phat trién ludi dién trong twong lai.
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