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CAM TA

Xin tran trong cAm on céac thady PGS. TS. Truong Viét Anh va thiy PGS. TS.
Duong Thanh Long di tao diéu kién gitp d& huéng dan tan tinh kién thirc nghién
ctru, dinh hudéng va xdy dung tién dé ciing nhu gitp do giai quyét moi kho khan trd
ngai trong qua trinh nghién ctru. Bén canh d6, trin trong cam on cac thay cd trong
cac hoi dong bao vé chuyén dé, da chi ra va giup phat hién nhitng khiém khuyét dé
lan an duoc hoan thién tdt hon.

Trong sudt thoi gian nghién ctru, khong chi hiéu sau hon vé linh vuc nghién
clru cia minh ma con phat trién nhiing k¥ nang va hiéu biét quan trong chic chan s&
dinh hinh tuong lai hoc tap va nghién ctru cua ban than. Sy giup do tan tinh cua cac
thay trong viéc thiic ddy su phat trién tri tué da c6 tic dong sau sac dén ban than 13
mot ngudi nghién ctru sinh.

Qua trinh cung cip kién thirc vitng chic cua cac thiy di gitp cho ban than
nhan duoc két qua m& rong nhan thirc cung véi nhitng suy nghi thdu ddo va su sin
sang chia sé kién thirc va chuyén mén cua cac thay di 1a cong cu gitip ngudi hoc phat
trién trong hoc tap hi¢n tai va ca tuong lai. Thoi gian cac théy danh dé thao luan va
dién giai khong nhiéu nhung du thay dugc quan trong thé nao cho cic y tudong nghién
clru, danh gia cong viéc va dua ra phan hdi tich cuc.

An tuong nhat ddi véi ban than 1a khi nhan ra niém dam mé cia cac thay doi
v6i linh vye ctia minh va sy c¢ng hién cua cac thay trong viéc truyén niém dam mé
d6 cho nghién ctru sinh ctia minh. Su gitip d& ciia cac thay khong chi 1am phong phu
thém kinh nghiém hoc tip ctia t6i ma con truyén cam hing cho toi phan dau dé dat
duoc su xuit sic va tiép tuc hoc tap va phat trién. Va chéic chian ré“mg ban than sé
mang theo nhitng bai hoc, nhitng hiéu biét quy gid ma cac thay da truyén dat dé truyén
lai cho céac thé hé mai sau.

Xin céc thay nhan noi dy 16i cAm on chan thanh nhat tir trai tim. Em thyc sy
biét on va mong céc thay ludn c6 nhiéu sirc khoe dé c6 nhiéu co hoi cho cac thé hé
sinh vién, nghién ctru sinh hoc hoi nhiéu hon nira tir cac théy.

Tran trong,
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TOM TAT

Trong nhitng thap ky qua, NLTT, dac biét 1a PG va BPMT, da c6 nhiing budc
tién dang ké nho vao cac co ché hd trg manh m& nham diy nhanh qué trinh chuyén
d6i ning luong bén virng. Tai Viét Nam, chinh sach gia FIT wu dii da dong vai tro
quan trong trong viéc thuc day cac du an PG va DPMT. Tuy nhién, theo xu hudng
phat trién tat yéu cua thi truong dién, su canh tranh ngay cang gia ting dang dan thay
thé cac chinh sach hd tro tryc tiép. Piéu nay dat ra yéu cau cap thiét doi véi cac nha
dau tu trong viéc danh gid rai ro tai chinh mot cach than trong, nhét 1a khi su bat dinh
cua nguén nang luong tai tao dat ra nhiéu thach thirc vé mat k¥ thuat va kinh té, anh
huong dén sy 6n dinh HTD ciing nhu hiéu suit dau tu. Trudce bdi canh nay, nhiéu
nghién ciru di tip trung vao cac giai phap cai tién cong nghé va tdi uu tai chinh nham
nang cao nang luc canh tranh ciia loai hinh ning lwong méi nay, bao gém viéc tng
dung cac phuong phap du bao hién dai va phat trién cac thuat toan toi wu, xay dung
chién luoc dau tu tai chinh. Tuy nhién, cic nghién ctru danh gia tong quan gan day
cho thiy cac giai phap van con mé ngd va doi hoi nhiéu nghién ctru hon, nhiéu sang
kién hon dé thuc day qua trinh chuyén doi nang luong bén viing trén quy mé toan
cu,

Xuat phét tir thyc trang d6, nham muc tiéu tim kiém céc giai phap nang cao
hiéu qua dau tu trong linh vuc PG, d¢ tai nay di nghién cru hai noi dung chinh: xay
dung mé hinh va dé xuat phuong phap. Thir nhdt, nghién ctru moé hinh xac suat bat
dinh dién gi6 trén thi trudng dién. Trong d6 xay dung cac mé hinh xac sudt phic hop
thé hién bién dong khong luong trudc cong suat phat dién gio; Thiét lap mo hinh lién
két theo tirng co ché phdi hop dau thau ctia ngudn dién gio trén thi trudng dién ngay
hém sau, mdi mo hinh lién két 1a mot kich ban phdi hop giit nguon dién gié véi cac
ngudn dién gi6 khac, hodc loai hinh ngudn dién khac. Tir d6, danh gia bién dong
doanh thu thuc cta chi dién gi6 theo timg co ché dau thau dua vao xac suat bat dinh
dién gi6, va dé xuat cac mo hinh lién két dau thau hiéu qua cho cic nha dau tu dién
gi0. Thir hai 13 & xuit phuong phap giai quyét bai toan nang doanh thu dién gié trong

cac diéu kién mdi. M6 hinh da xay dung la mot budc tién dé nang hi¢u qua dau tu
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dién gié. Tuy nhién, khi lién két nhiéu ngudn dién trong mo hinh thi bai toan da bién
c6 khdi luong tinh toan ting theo cip s6 nhan trd nén khong 16 khi xét dén xac suat
bat dinh, vi vy cac phuong phap tdi wu trd nén kho khan, dic biét khi ngudn dién
xay dung trong cac HTD 16n. Trong dé tai nay nghién ciru dé xudt hai giai phap: Mot
la Gmg dung tri thong minh nhan tao dé cai tién co ban thuat toan tdi vu metaheuristic.
Nghién ctru tich hop mang no-ron LSTM vao céu trac hai thuat toan toi vu GA va
PSO nhim nang cao hiéu qua chién lugc chao gia dién gi6 trong thi trudng dién canh
tranh. Két qua cac dé xuat nay khong chi cai thién tdc do hoi tu ma con tang d0 chinh
xac trong du bao, déng thot giam thiéu nguy co bﬁy méc ket tai cac cuc trj cuc b,
qua d6 dé xuat chién lugc ddu thau dién gid trong mo hinh lién két ngudn dién dé dat
duogc t6i wu doanh thu; Hai la ting cudng trir ning dé mo rong trang trai dién gio hién
hitu nhu 13 mot giai phap nang hiéu qua trudc mat. Nghién ciru str dung bb trix ning
két hop khai thac t6i uu may bién ap truyén tai dé toi da hoa kha nang phat dién gio
ban dién cho thi truong dién. Tt d6 danh gia hi€u qua tai chinh cho théy uu tién mo
rong cac trang trai dién gi6 hién c6 t6i wu hon trién khai dau tu dy 4n moi.

Nghién ctru d3 cho két qua dat duoc dong gop cho cong ddng khoa hoc ba
diém méi gom: (i) M6 hinh hoa x4c suat bat dinh dién gi6 1am co s& dé lién két cac
ngudn dién ddu thau trong thi trudng dién canh tranh; (i) D& xuat k§ thuat lai méi
LSTM tich hop vao qua trinh t6i wu héa ctia hai thuat toan GA va PSO; (iii) Tang
cudng sir dung bo trit ning va tdi wu may bién ap truyén tai trong moé hinh mé rong
trang trai dién gié ma khong can mo rong truyén tai dau nbi. Nghién ctru cling gop
phan vao cong bd 12 cong trinh trén céc tap chi khoa hoc, trong dé ¢ 03 bai bao khoa
hoc Q1 va 01 bai Q2 trén cac tap chi ISI va Scopus (1 bai Q1 cho déng gop diém méi
thir nhét, 2 bai Q1 cho diém méi tht hai, va 1 bai Q2 cho diém méi thir ba). Ngoai
ra, mot sang ché da duoc chip nhin don hop 1é dé ding ky quyén s& hitu tri tug.

Tuy nhién, nghién ciru ciing cho thiy mét s6 han ché can tiép tuc mo rong, can
thuc nghiém trén hé thong dién 16n hon va da dang chung loai ngudn dién hon (vi du

nhu thiy dién); va cling nén thuc nghi¢m trén thi truong dién Viét Nam.
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MO DAU
1. Ly do chon dé tai

Nghi quyét 70-NQ/TW ngay 20/8/2025 ctia Trung wong chi ra chién luoc ning
luong Viét Nam: “xay dung thi truong nang luong déng b0, canh tranh, minh bach,
da dang ...; ap dung gia thi truong ddi v6i moi loai hinh ning luong”; va “uu tién
khai thac st dung triét dé va hiéu qua cac nguén nang lugng tai tao”. Vi vay, viéc
chon lwa dé tai sau khi ddnh gia thuc trang 1a phu hop véi thuc trang chinh sach phat
trién ning luong.

Trén thé gi6i, mdi quan tdm cho ky nguyén twong lai van dit cac thach thirc
bai bién d6i khi hau 1én hang dau. Bao, 1{i, han han, trai dat nong 1én, ... 13 cac hién
tugng bat thuong gan day de doa sinh thai va thiét hai kinh té, dién hinh nhu mat mat
tai mién Béac Viét Nam trong nim 2024 boi bdo s6 3 (Yagi). Trong khi dé, Lién Hop
Quéc d3 bao cao luong khi thai CO2 do nguyén lidu hoa thach 1a tac nhan co ban tac
dong nhiét d6 bé mat trai dat. Trong bdi canh do, viéc chuyén doi sang cic ngudn
NLTT trong d6 c6 DG 1a cap thiét va kha thi.

PG 1a mot loai NLTT véi kha ning phét trién manh trong twong lai theo béo
céo cua cac to chirc nang lugng thé gidi. Do khong thai khi gay 6 nhiém trong qua
trinh hoat dong, n6 giup giam tac dong tiéu cuc dén moi truong. Hién nay, nhiéu nudc
dang thuc didy mo hinh ting trudong bén viing va chuyén d6i sang NLTT dé dan cit
phu thudc san phém hoa thach. Piéu nay mo ra co hdi tdt cho DG nhu 1a diéu tat yéu,
dic biét cac khu vyc c6 diéu kién gié thuan loi tai Viét Nam.

Du ¢6 nhiéu loi ich rd rang cua dién gié nhung tinh bat dinh cao do bién dong
tbc do gi6 kho luong va dot ngdt, gan 1ién chit ché voi diéu kién thoi tiét nén sai sb
du doan rat cao. Trong khi d6 xu hudng phat trién thi truong dién canh tranh trén thé
gidi dang chuyén bién dén mot giai doan tu do va binh ding ddi voi tit ca cac nha
cung cép dién, trong do co ca dién gi6. Vige tu do canh tranh d6 yéu cau diu thau
cong bang trén thi truong dién, diéu nay co nghia chu dién gié khong chi chao gia
ban dién ma con phai chao chinh xac cong suat phat dién trong twong lai, vi du nhu

chao lich trinh phat dién theo gid (hodc nura gio) cua ngay hom sau trén thi truong



dién ngay hom sau. Trong khi d6, bat dinh gay nén du bao tdc do gi6 co thé sai sd
tuong ddi cao 1am cho cong suat dién gié phat thuc té sai 1éch 16n so véi chao thau
trudc d6. Didu nay din dén rui ro thiét hai cao cho chi du tu dién gid khi bi phat
theo luat thi truong do thiéu hut cong suét phat di¢n nhu du bao ban dau. Thiét hai do
bat dinh nay phu thudc vao timg thi truong dién cu thé qua mirc phat, va thuong kha
cao ddi véi céc thi truong dién co nhiéu rai ro.

Dé tai "Nghién ctru nang cao lgi nhuan dién gio trong thi trudong dién" duoc
chon nghién ctru khong chi phan anh tam nhin chién luoc trong viée cai thién tic nhan
cuc doan va gop phan hudng téi bén viing khi phat trién. Linh vuc ndy c6 tiém ning
to 16n mang lai gia tri thuc tién va gop phan bao vé trai dat cho twong lai, dap ung
muc tiéu net zero 2050 da dat ra.

“Nghién ctru nang cao loi nhuan dién gi6 trong thi truong dién” dé cap dén
phan tich khoa hoc nham tim kiém mo hinh va bién phap ting doanh thu hodc giam
thiét hai dé cai thién hiéu qua kinh té cia cac dy an dién gi6 boi thach thirc bat dinh
khi tham gia vao co ché thi truong dién canh tranh. Trong do, “nang cao lgi nhuan”
13 muyc tiéu gia ting hiéu qua dau tu gia tri tai chinh cua “dién gid” trong diéu kién
xéc suit bat dinh khi ching tham gia d4u thau binh ding trén "thi trudng dién”, mot
co ché giao dich va dinh gia dién ning noi cac nha san xuat phai canh tranh va thich
g v6i quy dinh cta nganh. Toan b khéi niém nay cho thay dinh hudng tiép can &
hai khia canh, vira toan hoc trong xac suét san lugng dién gio, vira mo rong sang yéu
t6 kinh té - thi trudng, nham t5i wu hoa loi ich cho cac nha dau tu va gop phan nang
cao hiéu qua chung cua hé théng dién.

2. Hai muc tiéu nghién ctru

- Nghién ciru dé xuat mo hinh nang doanh thu dién gio6 trong diéu kién moi,
diéu kién tac dong cua bat dinh khi tham gia ddu thau trén thi trudng dién canh tranh
trong tuong lai.

- Nghién ctru phuong phép giai quyét nang doanh thu dién gié dé ting hiéu
qua dau tu tai chinh cta chung trong cac mé hinh dé xuét.

3. Nhiém vu nghién ctru



- Phan tich tinh bat dinh ctia PG va thach thtc boi thi truong. Mo hinh toan
hoc dua véao xéc suat bat dinh téc do g16. Trén co s& do, nghién ctiru xay dung cac mo
hinh lién két ngudn dién gi6 va cac ngudn dién truyén thong tham gia ddu thau trén
thi truong dién.

- Phan tich cac phuong phéap t6i uu va nghién ciru dé xuét phuong phap giai
bai toan nang loi nhuan dién gid trong cac mo hinh da xay dung trong budc trudce.

- Ngoai ra, nghién ctru img dung trit ndng trong phuong phap nang hi¢u qua
dau tu dién gio.

- Thyc nghiém va kiém tra cdc mo hinh nghién ctru trén hé théng dién chuan
IEEE dé xem xét hiéu qua va kha thi.

4. Pham vi nghién ctru

Nghién ctru tap trung vio tai chinh dé ting doanh thu va hiéu qua dau tu cho
trang trai gio6 trong thi truong dién, st dung mo hinh todn hoc va thuat toan t1 vu thur
nghiém trén hé thong IEEE tiéu chudn. Pham vi chinh bao gdm xu 1y bat dinh cong
suat dién gio, co ché phat trén thi truong dién, két hop cac ngudn trir nang ciing nhiét
dién. Cac gi6i han chinh ctia nghién ctru dugc tom tit nhu sau:

- Dit liéu va mo hinh hé théng: st dung cac cong cu dugc tich hgp trong
Matpower/Matlab dé thyc nghiém trén mo hinh hé thong dién chuan IEEE 30-bus.
MBS hinh dién gi6é xem xét phan bd xac suat Weibull trong qua trinh thuc nghiém.

- Gia dinh thi truong dién: Dua trén kich ban thi truong ngay hom sau két hop
giao dich giao ngay vdi gia dién chiu anh huong chi yéu tir ngudn nhiét dién chi phéi.
Loai thi truong ndy dugc chon nghién ctru phu hop véi muc ti€u canh tranh binh dfmg
ctia xu hudng phat trién.

- Thuat toan va phuong phép: Gidi han & mot s6 thuat toan pho bién nhu LSTM
va GA/PSO, két qua nghién ciru s& danh gia kha ning Gng dung rong hon.

- Pham vi tng dung: Tap trung vao lgi nhuén kinh té, trong do chua xét dén
cac yéu t6 twong dong cac du 4n dau tu nhu ton that truyén tai, bién doi khi hau, bién

dong quy dinh phép 1y ciing nhu van hanh hé théng.



Céc gi6i han thuc nghiém cu thé cho timg bai toan duoc trinh bay chi tiét trong
cac chuong tuong ung.

5. Cac phwong phap nghién ciru

- Théng ké, phén tich, danh gia va chon loc.

- M6 hinh hoa.

- Thyc nghi¢m.

6. Y nghia khoa hoc, ¥ nghia thuc tién

* V& khoa hoc

- Kiém soat rai ro dau tu dién gi6 va tdi wu loi ich khai thac ning luong tai
tao: Nghién ctru gay dung co sé khoa hoc vé cach tiép can méi vé mo hinh hoa xac
suat bat dinh va tich hop da dang ngudn dién dé ting hiéu qua dau tu PG trong diéu
kién méi, thoi ky giam wu dai chuyén sang canh tranh cong bang. Cac mé hinh tich
hop da ngudn ciing nhu t6 hop ngudn PG véi truyén tai duoc dé xuat s& bd sung vao
kho tang 1y thuyét trong linh vuc quan Iy NLTT.

- Phat trién cac phuong phap tdi uu hoa tién tién dua trén AI: Nghién ctru khai
thac tiém niang két hop céac thuat toan hoc sau véi metaheuristic dé giai quyét cac bai
toan tdi wru phire tap lién quan dén sy bat dinh ciia PG. Didu nay khong chi md rong
ung dung cua Al trong nganh nang lugng ma con mo ra cac hudng nghién ctiru dot
phé cho linh vuc nay.

- Khai thac ngudén ESS dé ting hiéu qua dau tu dién gid: Viéc tich hop hé
thong ESS vao mé hinh t6i wu mang lai phuong thirc can bang giira cung va cau dién
trong diéu kién san xuat khong on dinh. Pay 1a mot dong gop co gia tri trong HTD
thong minh va bén viing.

* V& thuc tién

- Tang dau tu DG: Cac mo hinh van hanh va chién luoc diu thau duoc dé xuét
gitip cac nha dau tu va khai thac PG nang loi ich, kiém soét rai ro béi bat dinh cia

san lugng gi6 va gid dién trén thi truong.



- On dinh HTP va tang do tin cay van hanh: Viéc tich hop hé théng ESS trong
khi t6i wu giup giam anh huong bét loi do bat on trong san xuat PG, tir d6 cai thién
chat lugng dién dén khach hang.

- Hb tro chinh sach tin dung NLTT: Cung cap thong tin va dé xuat cu thé, giup
cac nha quan 1y x4y dung chinh sach hd trg hop 1y nhdm phat trién DG trong diéu
kién TTD.

- Phat trién bén vitng: Goép phan nang san lugng ning luong sach, 6n dinh dai
1au phu hop xu hudng ting dan.

- Cai thién phat thai CO» va méi truong: Khai thac PG tdi wu, két hop véi hé
théng ESS 1am giam dan viéc st dung san pham hoa thach, qua d6 dan giam xa CO;
vao mdi trudng song.

7. CAu triic ciia Luin 4n

Luan 4n gom 05 chuong nhu sau:

- Chuong 1 (Tong quan): Phan tich danh gia bdi canh trong va ngoai nudc dé
xéc dinh tinh cap thiét va dé ra muc tiéu phuwong nhuéng nhiém vy nghién ctru.

- Chuong 2 (Xay dung md hinh): Co s& 1y thuyét, Iy luAn mo hinh hoa bat dinh
dién gi6 va xdy dung danh gia cac mo hinh tich hop ngudn dién trong thi truong dién
canh tranh.

- Chuong 3 (Phwong phap t6i uvu): Nghién ciru phuong phap lai LSTM véi cac
thuat toan GA va PSO va dé ra ciu tric t6i uu méi dé nang hiéu qua trong mo hinh
dau tu PG.

- Chuong 4 (Van dung ESS nang hiéu suit DG): M6t nghién ciru sir dung ESS
két hop t6i vu MBA truyén tai dé nang hiéu qua dau tu mé hinh mé rong trang trai
dén gi6 hién hitu ma khong can dén bu giai téa mé rong ludi dién truyén tai dau ndi.

- Chuong 5 (Két luan): Nhirng dat duoc cua luan an sau khi nghién ctru, nhirng

dong gop cho khoa hoc, va khuyén nghi phuong huéng phat trién tiép ctia dé tai.



CHUONG 1: TONG QUAN



1.1. B6i canh xu hwéng phat trién ning lweng trén thé giéi
1.1.1. Phat trién ning lugng dén 2024

Bién dong ning lugng Chau Au 2020 khi ngudn cung khi @6t tir Nga bj cat
giam d anh huéng nhiéu dén da sé quéc gia trén toan cau, trong d6 x3 hoi va kinh té
bi tac dong dang ké. Gia dau khi d ting dot bién trong mot trdi gian trude khi duoc
thé giéi dé ra giai phap kiém ché. Diéu d6 cho thdy nhiéu rai ro khi phu thudc vao
san pham hoa thach. Cac nudc di dit ra chuong trinh khai thac NLTT dé dan thay
thé san pham hoéa thach, nho d6 mirc do dong gop ting nhanh trén toan thé gidi va dy
doan xu hudng tuong lai [1], ddc biét 1a trang trai PG tdm trung va 16n [2]. Cac sd
liéu phat trién duoc néu trong tai liéu [3], sy phat trién d6 anh huong that su dén moi
truong nhu cac tai liéu [4, 5] da trinh bay.

Hinh 1.1 duoc IRENA bao céo chi tiét trong [6] cho thdy sy phu thudc 16n vao
san pham hoa thach trén toan cau va tién trién NLTT con kha han ché dén nam 2021.
Céc ngudn nang luong sir dung dau khi chiém ty trong cao tai hau hét cac ving Trung
Poéng, Bic va Nam My. Trong khi d6, than van 13 ngudn ning luong chil yéu ¢ khu
vuc A chau va tiép theo 1a doc Thai Binh Duong.

Ty 1¢ NLTT va thuy dién con thép & da s6 cac khu vuc, ngoai trr Nam MY,
noi thay dién chiém ty trong dang ké (22%). Pic biét, cac qubc gia dang phat trién
khu vuc Chau A va Chau Phi van c¢6 muc sir dung NLTT rat thip. Tuy nhién, Chau
Au va SNG d3 d6t phé trong viéc chuyén d6i nang lugng, NLTT dat khoang 5% va
nang lugng nguyén tu dat 9%, cao hon cac vung con lai. Nhu vay, khu vuc nay dang
dan dau trong nd luc cat dan nhién liéu héa thach.

Cap nhat dén 2024, bao céo ciia co quan bang lugng qubc té IEA trong [7],
cho thdy NLTT d4 d6t pha hon, burt toc ky luc trong nim 2023 véi mire ting 565 GW,
cao hon 60% so vo1 nam 2022, dua téng cong suét tai tao toan cau 1én 3.700 GW,
chiém 30% tong san luong dién thé gidi, Hinh 1.2. Trung Qudc din dau véi gan 2/3
tong cong suit moi, tiép theo 1a Hoa Ky va EU nhd cac chinh sach hd trg manh mé,

trong khi An D¢ 13 qudc gia ting nhanh nhat, tir 15 GW (2023) 1én 62 GW (2030).



Trong sb cac loai ning luong, DG phuc hdi manh véi du bao ting gip bon lan, dat
970 GW vao cudi ndm 2023, chiém 26% tong cong suat dién tai tao. Tuy nhién, PG
van gip nhiéu thach thirc boi chi phi dau tu cao (dic biét 1a PG ngoai khoi), tic nghén
ludi dién va chinh sach chua 6n dinh. Nhin chung, NLTT, dac biét 1a BG va BMT,
dang tang trudng manh nhung dé duy tri da phat trién, can ¢ chién lugc cai thién ha

tang truyén tai va day manh dau tu, ning tim ESS, dé phat trién bén viing.
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Hinh 1.1: Sir dung nang lwong thé gici dén 2021 [17]
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Hinh 1.2: Bdo cdo phdt trién nang lwong dén 2024 [7]
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Hinh 1.3: Du bdo co cdu nang heong dén 2050 [6]
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Hinh 1.4: Chién luoc phat trién NLTT dén 2030 [7]

Nhin chung, dit 1iéu phan anh sy phu thuéc manh mé vao nang luong héa thach
trén toan cau chwa bién do6i 16n du né gy 6 nhiém va khong bén vimng. Pong thoi,
viéc chuyén doi sang ning luong sach van dang gip nhiéu kho khan.

1.1.2. Xu hwéng dén 2050

Biéu dd Hinh 1.3 phan 4nh qué trinh chuyén dich ning luong trén thé gidi dén
nam 2050, voi sy gia ting manh m& cua NLTT va cat giam niang lugng héa thach
theo tai liéu [6]. Day 1a mot dot pha 16n trong nd luc kiém soat qua trinh thay doi khi

hau va duy tri 6n dinh ning luong cho tuong lai. Theo d0, cing véi ting trudong gip



d6i tong cong suat phat dién 1én dén 50 nghin TWh vao nim 2050 thi DMT va BG la
cac dang nang lugng tang truéng manh meé nhat, dic biét 1a giai doan 2040-2050. Cac
loai NLTT nay dan thay thé cho dién than va dau s& bi cit giam manh trong tuong
lai.

Nhu vay, xu huéng rd rang trong viéc thay doi tir hoa thach sang NLTT, voi
d6t pha manh PMT va DG tir nay dén 2050. Vai tro ciia ching trd thanh tru cot chinh
trong mot khdi nang luong thong nhat toan cau nhu thé hién trén biéu d6, gop phan
quan trong kiém soat tic dong bién ddi khi hau va nang phat trién bén viing.

Theo du bao ctia IEA trong bao céo [7], dén nim 2030 ciing cho thiy toan cau
du kién phat trién NLTT véi kich ban trung binh 13 2,7 1an so véi nam 2024, gan
10.000 GW, Hinh 1.4. Trong d6 cong suat PG toan cau du kién khoang 30% tong
cong suat dién tai tao. Tuy nhién, tdc dd trién khai hién tai van gap nhiéu rao can va
can cac chién lugce thich hop manh mé& hon.

1.1.3. Két lugn

Tir théng ké va du bao qudc té két luan nhu sau:

- Thyc trang st dung ning lwong dén nam 2024, hoa thach van chiém ap dao
trong co cdu nang lugng toan cau, chil yéu tai Trung Pong, Nam va Bac My. Bén
canh d6, NLTT (bao gdm PG va DMT) chiém ty 1& con kha thip ngoai trir mot sd
ving nhu Pong A, Chau Au va My, noi da c6 gang trong chuyén doi sang NLTT.

- Ké hoach dén nam 2050, du kién tong cong suat phat dién toan cau ting gan
gap d6i dé dap tmg nhu cau ting trudng kinh té va xd hoi. Cung vé6i phat trién nhu
cau chung, NLTT dugc du bao tang truéng manh mée, dac biét PG tang gﬁn 3 lan dén
nam 2030 va 10 1an dén nam 2050, tré thanh tru cot chinh trong co cAu nang luong
toan cau, thay thé dan cac ngudn ning lugng hoa thach.

- Tuy nhién, dé dat duoc dicu nay can nd lyc tir nhiéu phia, nhiéu nguén luec.
Trong d6 chién luge thuc day nha dau tu vao linh vuc NLTT, nhu PG, mang tim

quan trong dang ké.
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1.2. B6i canh phat trién niing lwong trong nwéc
1.2.1. Tong quan

Quyét tam phat trién ning luong da dang dé dam bao an ninh dwoc Trung wong
chi ra trong Nghi quyét 70 ngay 20/8/2025 [8]. Trong d6 chi tiéu NLTT dat 25-30%
nam 2030, va nhan manh wu tién phat trién DG va NLMT, dic biét PG ngoai khoi.
V& thi trudng dién, tai liéu ciing danh gia con nhiéu han ché va chinh sach gia chua
phtt hop voi thi trudng. Vi vay phai xay dung chién luoc phat trién thi truong canh
tranh, minh bach, va 4p dung gié thi trudng ddi v6i moi loai hinh ning luong.

Chién lugc phat trién DG tai Viét Nam da duoc cht trong tur nhitng nam 2000
vo1 hudng dén muc tiéu cam két tai hoi nghi quéc té vé bién d6i khi hau lan 26, trung
hoa carbon vao nam 2050. Chinh phu dé 4p dung nhiéu chinh sach thuc day nghién
clru va dau tu vao NLTT dé dan thay thé héa thach, vén van chi phdi trong co ciu
hién nay. Trong d6, gia mua PG wu dai (FIT) duoc xem 1a chinh sach hd tro quan
trong nhat. Ngoai ra, Quy hoach dién VIII cling bao cdo cac chinh sach wu dai vé
thué, khuyén khich dau tu, va hd trg phat trién ha ting ciing da duoc trién khai, gop
phan thic day su ting truong vuot bac ciia PG trong thoi gian gan ddy va tao da cho
dot pha trong tuong lai [9].

Thé hién cho dinh huéng phat trién nang luong, Quy hoach dién VIII da duoc
nghién ctru, thiét 1ap va phé duyét vao thang 5/2023 [10], véi ké hoach chi tiét c6 hiéu
Iuc tir thang 4/2024 [11]. Quy hoach nay dinh huéng phét trién dién dén 2030, tim
nhin 2050, dam bao nhu ciu phy tai dién c6 day manh chuyén d6i NLTT. Trong do,
DG gitr vai tro chu dao, dong gép 16n hién thyc hoa muc ti€u Net Zero 2050. Tuy
nhién, dé dat duoc cac muc tiéu di dé ra, chién luogc phat trién DG gap nhiéu kho
khin can giai quyét:

- T4i cdu tric luéi dién: Khai thac tot DG doi hoi phai tai cdu trac HTD dap
g truyén tai. Rao can chinh 1a hiéu qua truyén tai dién lién ving bi anh huéng boi
tinh bat dinh cta san lugng DG trong thoi gian thuc. Pic biét, chi phi truyén tai tir

mién Trung — khu vuc ¢6 tiém nang DG 16n nhung nhu cau tiéu thy thip — dén cac
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khu vuc phu tai 16n nhu mién Béc va mién Nam 14 rat cao do khoang cach duong
truyén dai.

- Chuyén d6i chinh sach va canh tranh thi trudong: Sau khi chinh sach gia FIT
két thuc, cac dy an PG s& phai canh tranh song phang trén thi truong. Diéu nay giy
kho khan 16n khi cac du an DG canh tranh véi cac nguén NLTT, bén canh con dbi
dau véi cac ngudn truyén théng véi cac vu thé von di tao dung duoc 1ong tin nho chi
phi 6n dinh va kinh nghiém van hanh lau dai.

Nhiing thach thirc nay doi héi phai c6 nhiéu bién phap dong thoi, tir nghién
ctru, quy hoach, dén chinh sach va cong nghé dé tan dung téi da phat trién DG, hudng
dén qua trinh chuyén d6i NLTT va han ché khi nha kinh vé 1au dai.

1.2.2. Ning lwong gié Vigt Nam dén 2020

Theo bdo cdo quy hoach di¢n luc, ba viing co ban dugc chia do dién tich trai dai
theo hudng bac dén nam trén 2000km. Hai viing c6 nhu cau phat trién phu tai dién 16n
v6i nhiéu d6 thi d6 1a ving bac bo va nam bd. Mién trung c6 khong gian trai dai két
n6i hai mién bac va nam nhung phu tai dién twong dbi thap trong khi d6 tiém ning
NLTT lai cao.

Biéu do Hinh 1.5 thé hién su gia ting cong suat dit phat dién Viét Nam trong
giai doan 2010-2020, bao gém cac loai nhi¢t di¢n, thuy dién, PG, PMT, di¢n sinh khi.
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Hinh 1.5: Tang truéng cong sudt dat nguon dién dén nam 2020 [8].
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Nhin chung, Téng cong suét dit gia ting déu cac nam, tir 20,4 GW nam 2010 1én 69,3

GW niam 2020, gap hon ba lan trong mudi nam, diéu nay phan anh téc do nhu cau ngay

cang tang. Pac bi¢t, vai tro ciia nhiét dién chi phéi trong co ciu nguén dién, dong gop

16n nhat vao tong cong suat dat. Trong khi d6, sy ndi 1én gan day cta cac nguén NLTT

dang dugc cong nhan.

DPMT duoc ghi nhan sy bung nd giai doan cudi thap nién 2010s. Nam 2020 n6
tr& thanh ngudn NLTT c6 cong suét 16n nhét, phan anh hiéu qué cua cac bién phap hd
tro thiic ddy nang lwong mat troi, nhu gia FIT vu ddi. PG co ty 16 gop phan han ché so
v6i tiém nang va voi DPMT.

Nhu vay dén nam 2020, nang lugng tiéu thu nhi¢t dién va thuy dién van cha yéu
tai Viét Nam, trong khi d6 nang lugng gi6 chiém ty trong kha khiém ton, dudi 1% nhu
Hinh 1.6 theo bao cdo [9]. Tuy nhién, trong bao cao chua cap nhat khdi lwong kha 16n
cac du an DG chuén bi van hanh thoi diém 2024, khoang trén 3000MW [11], twong
ung khoang 5%.

1.2.3. Quy hoach dién gié Vigt Nam dén 2030
1.2.3.1. Trir lwong

Hinh 1.7, trich tir bdo cdo quy hoach dién VIII, thé kién két qua khao sat so bd
trit lwgng ngudn ning luong PG, trén 200 nghin MW trén bd va khoang 600 nghin
MW ngoai khoi. PG ngoai khoi chiém wu thé nhd bd bién dai, hinh (b). San lugng
dién tap trung khu vuc phia nam ty trong dén trén 64%, ké dén 13 phia bic véi 23%

va cudi cung 1a mién trung vé&i khoang 13%. Déi véi trir lugng PG trén b, hinh (a),
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Hinh 1.7: Ttiém néng dién gié Viét Nam [8]

khu vuc phia nam van 1a viing chiém ty trong san lugng cao nhat dén 53%. Cac ving
con lai thap hon, nhung khu vuc mién trung nhinh hon mét ti so véi ving phia bac
nhd khu vuce cao nguyén co tde do gid cao hon.

Xét trit luong theo toc d6 gid, trung binh khoang 5.0-6.0m/s ddi véi PG trén
bo. Trén 50 san luong du trir khao sat co tbc do gi6 nhé hon 5.5m/s, tbc do nay co
hiéu suat dau tu thép, trong khi do, trtr lugng con lai tdc do trung binh béng hoac cao
hon mang dén hiéu suat c6 thé dat dugc hiéu qua dau tu. Bén canh do, téc do gid
trung binh khoang 7-8m/s cho PG ngoai khoi. Tuy nhién, viing téc d6 gi6 trung binh
cao, trén 7m/s, tap trung khu vuc mién trung va nam trung by vadi trir lwong khoang
200 nghin MW, trong khi d6 phan con lai ¢ toc d6 gié trung binh thap hon can xem
xét hiéu qua dau tu can trong vi hidu qué c6 thé thap hon.

1.2.3.2. Quy hoach phdt trién dién gié dén 2030

DPén 2030, du béo nhu cau dién ting gap khoang 2.29 1an cong suit cuc dai so
v6i 2020, dat twong duong trén 92 nghin MW, trong khi d6, quy hoach phét trién
ngudn dién cac loai dat khoang 138 nghin MW [9]. Trong d6, riéng DG phat trién véi
tdc do rat nhanh, gan 24 nghin MW trong giai doan quy hoach nhu thé hién trong
Bdng 1. 1, tuong Ung gia ting toc 46 khoang 28%/nam. Hinh 1.8 cho thiy ving phia
nam gia tang cao nhit véi 21%/nam, nguoc lai mién trung ting cham nhat 13 9%/nim,
con lai mién bac ting khoang 16%/nim. Két qua ndy twong Ung v4i cong suat tang
thém trung binh mdi nim ting ving bic, trung va nnam 1 826MW/nim,

479MW/nam va 1,084MW/nam.
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Badng 1. 1. Quy hoach dién gi6 dén nam 2030 [10]

S Khu S tinh  Quy hoach dén 2030 Kéhoachvin Con lai
TT vuc MW Ngodi  Trénby hanh 2030 (MW)
khoi (MW)
Tong 37 23,896 17,896 6,000 10,103 13,793
1 Bic 14 8,264 5,764 2,500 3,634 4,630
2 Trung 7 4,791 4,291 500 870 3,921
3 Nam 16 10,841 7,841 3,000 5,599 5,242

Thanh phan cong suét van hanh dén 2030 trong Bang 1. 1, khoang trén 10 nhin
MW, 12 khéi luong da c6 quy hoach kha chi tiét, va chil yéu cac dy an dau tu PG trén
bo. 58% khdi lugng PG con lai dang trong giai doan xay dung ké hoach chi tiét va
tim kiém nha dau tu. Trong s6 d6 gan twong duong chia déu sé luong cho PG trén
bo va ngoai khoi, twong tng khoang gan 7.8 nghin MW va 6 nghin MW. Xét theo
ving mién, PG duoc phat trién khoang 539MW chii yéu cic ving trung va nam bd,
trong khi d6 tiéu thu dién tap trung ¢ hai mién nam va bac bo nhu Hinh 1.8.

Vi lugng quy hoach DG nhu da néu, ty trong PG da duoc nang 1én trén 13%
tong cong suit ngudn vao nam 2030, trong Gng gan 28 nghin MW [11]. Tuy nhién,

khéi luong nay ciing chi dat khoang 13% so véi tiém nang PG cua Viét Nam. Theo
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Hinh 1.8: Tang truong dién gio trung binh hang nam [8§]
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d6, khu vuc phia béac khai thac nhiéu nhat, ké dén 1a mién nam. Nguyén nhén 1a do
phu tai dién tap trung tai cac vung nay.
1.2.4. Két qud quy hoach dién gié

Quy hoach dién VIII da cho théy bire tranh toan canh dién luc dén 2030, tim
nhin 2050, v6i phat trién DG kha manh mé trong thoi gian t6i, va duoc danh gia theo
bao cdo [12, 13] nhu sau:

* Pat dugc mic gia ting PG trung binh 18%/nam 1a rat cao, can nd lyc cia ca
cong dong gop phan thac ddy dau tu phat trién ngudn NLTT dé tao dat dugc muc tiéu
net zero 2050.

Can bang duogc san luong dién giita cac ving mién, tir d6 giup giam thiéu
truyén tai nang luong lién ving. Khi d6 gitp giam yéu cau ting cudng ludi truyén
tai, d6 1a thach thirc 16n tré ngai trong nhiéu nam lién trude day.

Can bang ty trong ngudn NLTT véi cac ngudn nhiét dién va thuy dién dam
bao dy trit nang luong trong cac trudng hop bat dinh ctia nguén NLTT; gii han bat
6n van hanh truyén tai dién; va giit vitng an ninh ning luong.

* Cac kho khan phai giai quyét lién quan dén yéu cdu mot ngudn lyc 16n nhidu
mat, tai chinh, nhan lyc, vat lyc va cong nghé.

Giam wu dai cua chinh phi c6 thé gdy rui ro cao cho cac chu tai chinh khi PG
tham gia vao TTD, xu hudng dang tién toi. Tinh bat dinh ciia PG gay cho ho bat loi
trong TTD so véi loai nguén dién chu dong hon (nhu nhiét di¢n, thuy dién). Rui ro
nay c6 thé dan dén hoang mang cho nha dau tu khi suat thu lgi bat dinh.

Su canh tranh véi cac loai khac nhu nguyén tir hay NLTT méi noi: sinh khoi,
hydro, ciing 12 mét thach thirc dang chu ¥ véi cac chu dau tw PG quan tim.

* Pinh hudng nghién ctru cac phuong thire ci thién, nang hiéu suat dau tu PG
12 mot dinh hudng giam rii ro va ning tin cdy cho chi ddu tu NLTT khi ching tham
gia vao TTD.

Téi wu truyén tai dién giita cic ving mién ciing can duoc nghién ctru xay

dung phuong thirc van hanh. Xay dung cac loai ngudn trit ning luong dién dé giam

16



ap luc truyén tai, giam rui ro do tinh bat dinh cia chung 1a can thiét nghién ctru phat
trién.
1.3. Nhitng thach thicc ddi véi dién gi6 trong giai doan phat trién téi

1.3.1. Tinh bt dinh ciia dién gié

Thién nhién mé ra cho ching ta mot co hdi chuyén héa ning luong tir gio,
nhung bién dong theo thoi gian cta toc do gid 1a khong ludng trude. Su bién dong do
1a cho san luong phat dién gio cla tua bin bat dinh theo, va nd giy ra hau qua khong
hé nho cho van hanh hé théng dién, dién hinh nhu mat on dinh tin s6 hoic dién ap,
qua tai cuc bo h¢ théng dién [14]. Chinh vi vay, du bao chinh xac toe do gi6 dugc dat
1én hang dau nham giam thiéu thiét hai. Cac phuwong phap du bao da bat dau tir rat
1au va tién bd nhanh chéng gan day nho tri thong minh nhan tao. Ty theo muc dich
khac nhau, viéc du bado dugc phan ra theo thoi gian cuc ngén, ngén han, trung han va
dai han [15], trong d6 phuc vu cho thi truong dién ngay hom sau thuong duoc dy bao
ngan va trung han [16].

Sai s6 du bao toc do gi6 1a khong thé tranh khoi vi chiu anh hudng bai nhidu
yéu td tac dong mic du di giam dan nho cac phuwong phap hién dai gan ddy nhu da
chi ra tai [14]. Nhitng du doan cuc ngan c6 thé sai sé khoang 15% [17], nhung cac
du doan ngin han tinh dén ngay thi sai s6 c6 thé trong tam 10-30%, tham chi c6 khi
1én dén 50% va hon véi nhimg thoi diém xay ra hién tuong thoi tiét cuc doan, gié dat
[18]. Bién dong khé luong d6 khong chi khé khin cho viéc van hanh dién gié trong
mot hé thong dién ma con 1a thach thire 16n cho quyét dinh chao thau dién gi6 trén
thi truong dién, dic biét véi cac diéu kién phat hop dong sai 1éch dau thau.

1.3.2. Thi truwong dién tich hgop dién gio

Ting budc phat trién thi trudng dién theo xu hudng tir doc quyén dén ngay
cang tu do canh tranh. Céc thi trudng lau doi trén thé gidi di phat trién phai ké dén
1a thi trudng Chau Au, My, Uc. Cac thi truong nay tich hop nhiéu phuong thire giao
dich, trong d6 canh tranh ban 1é chiém ty trong dang ké, dién hinh 14 thi truong dién

ngay hom sau [19]. Mic du Viét Nam van dang trong giai doan thi truong ban budn
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nhung theo quy hoach dién VIII diéu chinh dang dinh huéng phat trién thi trudng ban
1¢ trong thoi gian sap t&i hudng téi canh tranh [20].

Trong khi céc chinh sach wu dii cho ngudn ning luong gid giam dan trong
thoi gian qua, canh tranh binh dang gitta cac loai hinh ngudn trén thi truong, ké ca
ngudn ning luong gid, di bit diu chuyén minh phat trién trén thi trudng dién Chau
Au [21], thi trudng dién My [19], d6 1a thi truong dién trong thoi ky méi; va thi
truong dién canh tranh tu do dau thau ngay hom sau tich hop ngudn ning luong tai
tao 12 mot lya chon dién hinh [22]. Sy gia tang ty trong NLTT trong thi trudong cé thé
1am thay doi dang ké ca cau truc thi truong 1an gay ra bién dong gia ca [23].

Khong giéng hop dong gia FIT hay song phuong, cong suét phat dién co thé
tha ndi, khi dau thau canh tranh trén thi truong di€n, nguoi ban dién ngoai chao gia
ban con phai chio ké hoach cong suét phat dién chuan xac theo gid ciia ngay ké téi
(hodc nira gio tiy theo thi trudong). Viéc chao sai cong suat phat dién dan dén nguy
co bi phat néu thiéu, hodc xa bo néu du ma khong c6 ngudi mua [23].

Dy doén trung va ngin han 13 cach ma cac cha dau tu dién gio6 xay dung biéu
d6 phat dién khi chao thau. Bat dinh ctia cac du doan nay co xac suat sai s6 cao nhu
d3 néu, din dén nguy co rui ro sai 1éch céng suat phat dién 1a diéu kho tranh khoi
[24]. Hanh vi ctia cha dién gié khi d6 13 tim cach giam thiét hai nhét c6 thé [25]. Tai
thoi diém thiéu dién, cha dién gi6 thuong mua dién gia giao ngay kha cao trén thi
truong dé bdi thuong cho khach hang dé giam thiét hai [26], hoic chiu phat hop dong
v6i thiét hai cao dang ké.

1.3.3. Cac thach thirc

Nhu vay, thach thirc co ban d6i voi cha dau tu dién gié trong thoi ky maéi 1a
bat dinh trong thi truong dién ma ho phai tim kiém giai phap han ché thiét hai va xay
dung chién luoc chao cong suit dién gio hop 1y dé giam thiéu rui ro bi phat hop dong
bai bat dinh khi ho tham gia trén thi truong dién canh tranh. Cu thé hon,
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(i) Téc do gid co tinh bién dong 16n theo thoi tiét dan dén viée dy doan san
lugng tror nén kho chuan xéc. Trong khi do, chénh 1éch du bao véi thyc té gy mét
can b'flng trong HTD, lam tang chi phi va giam hi¢u qua.

(ii) Theo luat cAn bang ning lugng, bat ké thay d6i that thudng ctia mot ngudn
anh huong dén cac doi twong khac 13 khong tranh khoi, gy bt on thi trudng. Bén
canh d0, sy canh tranh ngay cang khdc liét theo luét thi truong, yéu cau chién lugc
dau thau phai hiéu qua. Do tinh khé dy doan cong sut phat dién ctia PG dan dén
cong tac quan 1y va diéu phdi thi trudng trd nén phuc tap, quy luat can giai phap can
bang loi ich giita cic bén tham gia.

(111) Viéc phat dién cua BG trén HTD doi hoi xur 1y khdi luong dir li¢u 16n véi
nhiéu yéu t6 ngiu nhién, 1am ting do phtc tap tinh toan, dic biét ddi véi hé théng 1on
hodc yéu cau thoi gian thyc. Nhiéu thuat toan ti vu thuong gip khé khin bdi biy
cuc trj dia phuong do bién dong kho luong cia dién gié. Vi vay, can phuong phap toi
ru tién tién hon dé nang cao hiéu qua.

1.4. Nhirng nghién ciru lién quan gin day

Vi nhitng thach thirc nhu da néu, viéc nghién clru cac gidi phap nang cao hi¢u
qua khai théc va tich hgp DG vao HTD trd thanh mot nhiém vu cap bach. Nhiéu nha
khoa hoc di céng bd nhimg cong trinh nghién ctru cai thién nhu sau,

1.4.1. Nghién ciru mo hinh cdi thién hiéu qua dién gio

Ba nhom nghién ciru dién hinh tip trung cac khia canh nhu sau: Thtr nhét, mo
hinh két hop ESS trong HTD 1a dé xuét phd bién cho giai phap giam thiéu bién dong
va nang cao hiéu qua BG. Mot phuong phap t6i wu héa van hanh HTD duoc trinh bay
nham giam thiéu tac dong cua bién dong thi truong dién co tich hop DG [27]. Hon nita,
viéc cai thién loi ich cho cac bén tham gia thi truong thong qua tinh linh hoat ctia hé
théng, tir do ha gid va can bﬁng khéi luong thi trudng, duoc nhén manh nhu mot chién
lugc hi¢u qua [28]. Ngoai ra, vi¢c tham gia thi truong di¢n dugc xem la giai phap kha
thi dé han ché ton that kinh té do mat can bang cung cau niang luong [29].

Thir hai, phan tich kinh té van hanh ngudn dién va phuong thirc hoat dong TTD,

cac nghién ctru di dé xuat cac co ché sang tao dé hd tro cac nha may DG. Mot thi
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truong du trir song phuong duge dé xut, cho phép cac nha may PG mua ning lugng
Iuu trit € giam rdi ro bi phat, dua trén 1y thuyét trd choi [30]. Tich hop cac co ché du
trir diéu tiét nhanh trong HTD dugc chimg minh 1a giai phap hiéu qua dé giam thiét hai
doanh thu, déng thoi nang cao do 6n dinh va an toan ludi dién [31]. Ngoai ra, viéc két
hop tham gia vao ca thi truong nang lugng va thi truong luu trir gitip cac nha may BG
han ché ton that tai chinh do sai 1éch gitra san lugng du bao va thuc té [32].

Cudi cing, cac mo hinh phan tich tai chinh két hop rui ro va ton thét dién ciing
mang lai nhitng dong gop quan trong. Mot bién phap giam thiéu thiét hai do bt dinh
trong san xuat DG da duoc gidi thiéu, tap trung vao viéc quan 1y rui ro hiéu qua [33].
Mot thi truong du trit song phuong dugce dé xuat, cho phép cac chi PG mua ning
luong dy trir & giam nguy co bi phat [34]. Hon nita, viéc bo sung ngudn du trit didu
tiét nhanh duogc xac dinh 14 phuong phap ting cudng an ninh HTD [35]. Céac khoan 15
do du thira hodc thiéu hut nang luong, giy ra bai tién phat hodc chi phi xir 1y, da dugc
phan tich, cung cip co sé dé cai thién quan 1y tai chinh cho cac nha may PG [23].

1.4.2. Cac nghién cwu nang cao chinh xdc duw bao

Du bao 13 yéu t6 duoc quan tim nhiéu thoi gian qua dé t6i wu hiéu qua van hanh
va dau tu trong thi truong dién canh tranh véi bdi canh bién dong tu nhién cua tbc do
gi6 [36]. V& du doan toc d6 gio, nghién ctru [37] phat trién mo hinh lai kién tric mang
hoi quy sau voi LSTM, mang lai hiéu qua vuot trdi vé toc do va do chinh xac trong du
bao nang lugng gi6. Tuong tu, tai ligu [38] gidi thi€u phuong phap du bdo lai thuat
toan khir nhiéu phan r3, tbi wu Seagull, toan tr Cauchy, va LSTM dé nang cao ca do
chinh x4c va d tin cay. Tai liéu [39] tap trung vao quan Iy bat on trong céc trang trai
dién gi6 thong qua du bao téc do gio sir dung Al da bién, trong khi nghién ciru [40]
tmg dung cac phan b xac sudt Weibull va Lognormal dé du bao cong suit ngin han
cho DG va DMT. Ngoai ra, nghién ctru [41] phén tich ché d6 bién dbi va 4p dung hoc
may cuc tri bién dé toi vu hoa dy béo toe do gié da muc tidu. D6i véi du bao gia dién,
tai liéu [3] st dung thuat toan Al dé du bao gia ban, hd tro kiém soat rui ro dau tu, trong

khi nghién ctru [42] ap dung xac sudt Markov dé xay dung chién lugc dau thau gia hiéu
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qua. Tai liéu [43] dé xuit khung hoc sau hai budc véi ki thuit bu 161 dé du bao gia dién
ngan han theo chu ky nira gid, phtt hop v6i yéu cau van hanh thoi gian thuec.

Bén canh d6, dé nang cao hiéu qua cac k¥ thuat lai két hop Al va phuong phap
t61 ru hoa di duoc nghién ciru kha phd bién. Nghién ciru [44] st dung thuét toan meta-
heuristic dé diéu chinh trong sb trong mang hoc sau, cai thi¢n dang ké chat lugng dyu
bao. Tuong tu, tai liéu [45] khai thac thuat toan GA dé tang do chinh xac cua moé hinh
du bao d6 4m dat dua trén mang LSTM. Cong trinh [46] dé xudt thuét toan Cosine-
Sine cai tién dé toi uu hoa siéu tham s6 ciia mang LSTM va GRU trong du bao ning
lwong, trong khi nghién ctru [47] trién khai thuat todn ti wu ca voi dé diéu chinh siéu
tham sd, ho tro du bao tai nhiét d6 véi d6 chinh xac cao. M6 hinh lai PSO-LSTM dugc
ap dung trong tai liéu [48] va [49] lan luot cho du bao do am dat va gia dién chi tiét,
cho thay hiéu qua trong xtr Iy cac bai toan phirc tap. Ngoai ra, nghién ctru [50] két hop
mang LSTM véi mang dbi khéang tao sinh tao dé du bao san lugng dién mat troi dua
trén mo hinh ddm may, mé ra hudng tiép cdn mai trong viée xir Iy dir liéu thoi tiét bién
dong. Nhitng tién bo nay khong chi cai thién d6 chinh xac ma con ting kha ning tng
dung thyc tién trong quan 1y ning luong tai tao.

1.4.3. Cdc nghién ciru phwong phdp t6i wu

Céc nghién ctru tdi wu hoa trong linh vuc NLTT da dat dugc nhirng tién bod
dang ké, chuyén tir cic phuong phép toan hoc truyén thong nhu l4p trinh tuyén tinh
[51], 1ap trinh dong [52], va lap trinh phi tuyén [53] sang cac k§ thuat heuristic [54]
va meta-heuristic tién tién [55]. Céc thuat toan MH nhu PSO [56], GA [57], tim kiém
tabu [58], tim kiém thich tmg ngau nhién [59], va t6i uvu dan kién [60] di dugc trién
khai rong rii dé giai quyét cac bai toan toi wvu héa HTD, mang lai hiéu qua cao trong
quan ly va van hanh. PBéc biét, Al va hoc sau da tao ra budc ngoat trong dy bdo san
lugng PG [61], v6i su két hop giita thuat toan t6i uu hoa va hoc sdu nham nang cao
d6 chinh xac va khic phuc han ché cia tirng phwong phap [62]. Chang han, thuit toan
t6i wu hoa s6i xam dugce st dung dé t6i wu hé thong két hop PG, PMT, luu trit hydro
va pin nhién liéu [63]; phién ban cai tién ctia PSO Salp ting hiéu qua xac dinh diém

cong suét cuc dai cho tua-bin gi6 [64]; PSO ho tro tdi uu da muc tiéu cho hé théng
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tich hop DMT, DG va ESS [65]; dong thoi, phuong phap tién hoa Gradient diéu chinh
tir GA cai thién hiéu sut hé thong IoT [66]. Nhin chung, su phat trién ctia Al va cac
k¥ thuat toi wu khong chi nang cao d6 chinh xac trong dy bao va van hanh HTD ma
con mo ra nhiéu tmg dung tiém ning cho NLTT.
1.5. Nhitng dat dwge va khoang trong trong cac nghién ciru

1.5.1. Dat dwoc

Céc nghién ctru ndi bat nhét trong linh vuc PG gan day van la du bao, da dat
dugc nhitng tién bd quan trong trong viéc nang cao do chinh xac va hiéu qua, dap
g nhu cau quan 1y ning luong tai tao trong thi trudng dién canh tranh. Cac phuong
phap tién tién, trong d6 chu dao 1a mo hinh lai két hop mang hoc sdu nhu LSTM da
cai thién dang ké kha nang du bdo san luong PG trong diéu kién tdc d6 bt dinh. Céc
k¥ thuat st dung xac suét v6i hoc sau da hd tro dy bao gia dién, xay dung chién lugc
dau thau hiéu qua, giup giam rui ro dau tu. Cac tng dung thut toan meta-heuristic,
t6i uu hoa siéu tham s6, két hop voi Al da nang cao d6 chinh xac trong du bao ning
luong va cac yéu tb lién quan, mé rong kha ning Gng dung thyc tién.

Bén canh do, cac nghién ctru vé phuong phép tdi wu ciing duoc nhiéu quan
tam. Chuyén tir toan hoc truyén thong sang cac k§y thuat tdi wu meta-heuristic cai tién
d3 mang lai nhiéu wu thé trong viéc giai quyét cac bai toan t6i wu héa HTD. Bén canh
do, lai véi Al dac biét 1a hoc sau da nang cao dd chinh xéc cua cac thuat toan du bao,
qua d6 cai thién hiéu suat van hanh hé thong dién, va giai quyét thach thirc bat dinh
ctia NLTT. Tuy nhién, cac phuong phap lai cling méi dirng lai theo hudng ti vu kién
tric va trong sb cua cac mang Al dé phuc vu vao bai todn dy bao da néu.

Ngodi ra, cac nghién ciru vé mo hinh dénh gia va van hanh khi tich hop PG
trong HTD ciling dugc nghién ctru cai thién hié¢u qua bt dinh cua dién g16. Trong do
chu dao 1a cac nghién ctru vé mo hinh két hop ESS gitip giam tac dong ctia bién dong
thi truong va can bang cung ciu; co ché thi truong duy trit song phuong va tich hop
ngudn diéu tiét nhanh ciing ddng quan tim giam rai ro phat; va cdc mé hinh phan tich

tai chinh khac cling cung cip cac giai phap quan Iy hiéu qua bat dinh san lugng PG.
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1.5.2. Khodng tréng

MG hinh tich hop ning luong tai tao vira phat trién trén cac thi trudng dién 1au
doi trong thoi gian gan ddy. Céac co ché wu dai ning lwong xanh con dn siu trong tim
thirc ctia nhitng nha du tu nhung xu hudng canh tranh 1a tat yéu. Trong khi d6, cac
nghién ctru mé hinh bt dinh dién gid con roi rac, chua gin lién tong thé trong mot
hé théng phtrc hop vi tinh phtrc tap cua nod, dac bi¢t sy nhay cam bién dong cua thi
truong dién khé luong khi cong hudng voi ngau nhién bat dinh cua dién gio [67].
Hau qua anh hudng dén 1¢i ich c4c bén tham gia thi truong va ca xa hoi, dac bi¢t thi¢t
hai 0 rang dén hiéu qua dau tu linh vuc dién gi6. Vi vay tac dong cua bat dinh dién
gi6 1én thi truong 12 mot khoang trong dang ké can nghién ctru trong thoi ky méi.

Bai toan bién dong dién gio trong cac phan tng ngau nhién thi trudng dién lién
quan dén x4c suat va 13 mot bai toan chiu tac dong béi nhiéu tham sb ngiu nhién c6
thé doc 1ap hodc phu thudc 13n nhau. D¢ giai bai toan phuc tap nay vi vay 1a kho khan,
tlr cac bién x4ac suit bat dinh dién gio, dén hanh vi phan g cua céac thanh phén bi
tac dong cua thi trudng dién, va tdi vu cho nhiéu doi tugng. Cac thuat toan tbi wu cho
mot mé hinh phtec tap 13 mot khoang tréng nita can cho cac nghién ctru phat trién.

Ngoai ra, trang trai dién gié da va dang phat trién tai nhiéu qudc gia ké tir khi
con nhiéu chinh sach wu dai. Nhung khi gidm dan ché d6 hd tro, hiéu qua dau tu can
dugc dénh gia lai. Nghién ctru danh gid mé hinh tich hop hé thong trit ning trong cac
trang trai hi¢n cé dé mo rong so voi phat trién dau tu méi nham tim hudng di hi¢u
qua cho phét trién dién gi6 cling nén duoc xem xét nghién ciru.
1.6. Tinh cép thiét cia dé tai

Thach thirc do bién dong kho luong ctia PG, ciing vi yéu cau canh tranh ngay
cang cao trong TTD, da lam suy giam lgi nhuén va gia tang rui ro tai chinh cho céc
nha dau tu. Vi vay, cap thiét nghién ctru nhim nang cao hiéu suit khai thac DG trd
nén can thiét, khong chi dé cung cd long tin cua gidi dau tu ma con hd trg thuc hién

cac cam két giam phat thai, thic day phat trién bén vimg va ning cao loi ich kinh té
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- x4 hoi. Khoang tréng nghién ctru di mo ra su can thiét cho nghién ctiru nay theo ba
hudng cap thiét nhu sau:

- M6 hinh x4c suét bat dinh dién g16 trong thi truong dién. Trén co s& do, cac
mo hinh tich hop ngudn dién gié voi cac nguodn dién truyén thong trong hoat dong
d4u thau trén thi truong dién canh tranh, ma dién hinh nghién ctru trén thi truong dién
ngay hom sau, dé xem xét danh gia hiéu qua dau tu va tim kiém mo hinh nang cao
doanh thu cho ngudn dién gio.

- Pé giai quyét bai toan tang doanh thu trong mot méi trudong phire tap da néu,
céc phuong phép tdi wu dugce xem xét va nghién ctru dé xuat phuong phap phi hop
1a can thiét. Tri théng minh nhan tao dang duoc ing dung ngdy cang rong rii, lién tuc
cai tién. T khoang trong nghién ciru lai théng minh nhéan tao voi meta-heuristic nhu
d3 trinh bay, tiép can va phat trién thuit toan toi vu meta-heuristic theo xu huéng tich
hop tri thong minh nhan tao vao cau tric quy trinh t6i vu dé nang chat luong toi wu
trong bai toan ting hiéu qua dau tu dién gio.

- Ngoai ra, trong mo hinh xac suit bat dinh dién gi6 trén thi truong dién, tich
hop hé théng trit nang theo xu hudng phat trién hién nay ciing can thiét nghién ciru
dé ting hiéu qua dién gié. Trudc mat, cic giai phap md rong trang trai dién gid hién
hitu can thiét duoc xem xét danh gia va dbi chiéu hiéu qua so véi viée dau tu moi
hoan toan mdt trang trai, véi mudn van khé khan trong do nhiéu dy an xay moi tro
ngai khi gip trd ngai dén bu giai toa cho hé thdng truyén tai dau ndi vao luéi dién
qudc gia.

1.7. Muc tiéu va phwong hwéng nghién ciru

Luan vin ndy c6 muc tiéu ting doanh thu dién gi6 trong diéu kién bét dinh voéi
thoi ky phat trién méi, canh tranh tu do va cong bang trén thi truong dién. Qua nghién
ctru tong quan, dé dat dugc muc tiéu d6 can phat huy hai noi dung co ban: xay dung
mo hinh dién gi6 trong diéu kién mai, va phuong phap giai bai toan ting doanh thu
trong md hinh. T6 chtrc trién khai phuong huéng thuc hién 02 noi dung trén thanh 03
trong tam tuong ung voi 03 chuong nhu sau:

(Chirong 2): Xdy dung mé hinh bt dinh PG trong TTP
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Thoi ky méi duge ké dén & day 1a giai doan giam bao trg va ting canh tranh
nhu da trinh bay, khi do tinh bat dinh cua PG anh hudng 16n dén doanh thu. Pinh
hudng nghién ctru mo hinh theo cac ndi dung nhu sau:

- M6 hinh héa x4c sut bat dinh PG theo phan b mat do xac suat toc do gio.

- M6 hinh thi tredng dién canh tranh bao gdm ngudn DG. Trong nghién ctru chi
xem xét mot dang thi truong dién ngay hom sau két hop giao ngay.

- Mo hinh céc phuong thuc lién két nguén PG véi cac nguon dién truyén thong,
¢ day xem xét nguén nhiét dién.

(Chirong 3): Phat trién phwong phdp lai dé t6i wvu mé hinh PG

Pé giai bai toan tdi vu trong md hinh PG c¢6 tinh chat bat dinh bi tic dong boi
nhiéu yéu td khach quan, cac thuat toan tdi wu truyén théng, GA hodc PSO, dugc nghién
clru cai tién bang cach tich hop mang Al dé ting toc do va tranh cuc tri dia phuong, 1a
cac yéu diém 10n cua thuat toan MH. Trién khai cac ndi dung chinh nhu sau:

- Tim hiéu cac thuat todan GA va PSO truyén thong.

- Tim hiéu kién trac LSTM trong cac mang Al.

- Nghién ctru lai LSTM bén trong chu trinh t6i uu ctia cac thudt toan GA/PSO.

- Thuc nghiém giai bai toan t6i uu cho mé hinh PG.

(chirong 4): Tang sir dung ESS két hop MBA truyén tdi ndng hiéu sudt mé rong
DG

Mot nghién ctru ting cuong st dung ESS dé ting hiéu qua trang trai dién gi6
hién hiru nhu 12 mot giai phap ting doanh thu DG trong giai doan dau chuyén doi sang
thot ky maéi. Cu thé, nghién ctru tan dung ha téng hién hitu dé mo rong trang trai dién
gi6 bang cach str dung ESS dé can bang cong suat gi6 dau ra va ting hiéu suat may
bién 4p truyén tai. Noi dung cu thé nhu sau:

- Xay dung md hinh tich hop ESS trong t6 hgp PG va MBA truyén tai.

- Can bang cong suat PG va ti uu van hanh MBA.

- Béanh gia chi tiéu tai chinh céac kich ban XDM va mo rdng trang trai di¢n gio.
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CHUONG 2: MO HINH BAT PINH PIEN GIO TRONG THI TRUONG
PIEN



2.1. Pt van dé

Trude nhitng thach thirc vé hiéu qua dau tu do tinh bat dinh ctia DG trong bdi
canh TTD canh tranh, viéc ndng cao hiéu suit van hanh va khai thac ngudn tai nguyén
tré nén dac biét quan trong. Chuong nay dé xuat mo hinh hoa xac suét bat dinh cia
dién gi6 trong mot thi truong dién canh tranh, mét huéng nghién ctru mo hinh dau
thau trén thi trudng dién ngay hom sau va thi truong giao ngay theo cac mé hinh tich
hop cac nha may PG voi nguon nhiét dién va xét dén su dong gop cua bo ESS.

2.1.1. Cic mé hinh xdc sudt bt dinh ciia di¢n gio

Bét dinh toc do gi6 gay sai léch 16n trong du bio ngan va trung han nhu da
trinh bay phan trén, diéu nay dan dén cong suét phat dién gié kho tranh sai so trén thi
truong dién ngay hom sau. Sai 1€ch gitra san lugng dién du bao dé dAu thau véi thuc
té phat dién d6 gdy mat can ddi cung cau, anh hudng dén dang ké loi nhudn cta nha
dau tu [25]. Vi cac yéu to tic dong cua thoi tiét 1a ngiu nhién nén bién dong do sai
léch cong suat phat dién gio 1a dai luong ngiu nhién, vi vdy phuong phép toan hoc
dé moé phong dai lugng nay 1a xac sut. Nhiéu nghién ctu trude ddy da sir dung
phuong phap xac suat ndy dé mo hinh hoa tinh bat dinh ctia dién gid, phan tich bién
dong toc do gio so voi du bao.

Phu thudc vao hoan canh tmg dung khac nhau, nhiéu phan bd xac suat da dugc
ding mo hinh bit dinh tdc do gié dé danh gia sai sb cua cic phuong phap du bao
[68]. Cac dang phan bd xéac suat phd bién phai ké dén 1a cac phan bé Weibull,
Rayleigh, Gama, Burr, hay phin bb chuan [69]. Déi v6i du bao cong suit dién gio
ngan va trung han, cic nghién ciru gan day ap dung phan b Weibull hai tham sé rong
rii nho tinh don gian, kha ning phan anh thuc té va sai sé du bao & muc chap nhan
dugc [70]. Vi vdy trong nghién ctru nay mé hinh xac suat bat dinh bang phan b
Weibull.

27



2.1.2. M6 hinh chao thau bdn sin lwong dién gié trén thi truong dién
2.1.2.1. Nguyén Iy chdo thau ciia chii nguon dién gi6

M0 hinh thi truong ngay hom sau dugce khao sat trong nghién ctru nay dua trén
canh tranh cuta tit ca cac chii so hitu ngudn dién tham gia thi truong. Ngoai cac quy
dinh vé xdy dung ké hoach phat dién tong thé dé phuc vu an ninh va 6n dinh hé théng
dién, theo luat thi tredng, mdi nha may phat dién (bao gom ca dién gio) s& chao déu
thau cho ngdy hom sau mét cip thong sd: lich trinh cong suét phat dién theo gio va
gia ban san lugng dién twong ing. Co quan quan 1y thi truong sé xac dinh tring thau
dua trén quy luat cung cau. Tai thoi diém giao hang, néu chu ngudn dién gié du cong
sudt phat so véi trung thau thi tiép tuc chio ban cho thi trudng dién giao ngay. Nguoc
lai néu thiéu cong suét phat dién, chu dién gi6 phai c6 nghia vu mua san lugng dién
bi thiéu trén thi truong giao ngay dé bu cho khach hang, hoic bi phat hop dong néu
khong mua du san luong cung cp cho khach hang.

2.1.2.2. Twong hé cung cdp dién giita cac nguon dién

Theo tinh nang van hanh, nguén dién co hai loai: nguén dién c6 kha nang chu
dong va ngudn thu dong (hay bi dong). Trong cac loai ngudn chu dong, nhu nhiét
dién va thuy dién c6 hd chura, co thé linh hoat diéu chinh san luong dién dé dap ung
nhu cau tiéu thy, ddm bao sy 6n dinh cta hé théng. Nguoc lai, voi nguén bi dong,
trong d6 c6 PG va PMT, phu thudc hoan toan vao diéu kién thoi tiét, din dén san
lugng bién dong va kho kiém soat. Su bat dinh nay dit ra thach thirc 16n d6i véi viee
can bang cung - cAu va duy tri an ninh ning luong.

Maic du khong thé loai bo hoan toan tac dong cua su bién dong trong DG, cac
phuong phap diéu phdi ngudn dién hop 1y c6 thé giup giam thiéu anh hudng ticu cuc.
Chuong nay tip trung vao viéc nghién ciru cac giai phap t6i wu doanh thu bang cach
phéi hop hai chiing loai ngudn dién chu va bi dong dé ting tinh 6n dinh cta hé thong.
bac biét, su phéi hop gitra cac trang trai PG, nha mdy nhiét di¢n va hé théng ESS sé
dugc phan tich chi tiét nham danh gia tiém ning va hiéu qua ctia mo hinh lién két nay

trong vi¢c cai thién dd tin cay cua HTD.
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2.1.3. Cic mé hinh lién két trang trai dién gié

Do d6, su bién dong cua DG 1a mot yéu td tat yéu khi tham gia TTD. Dé ning
cao hiéu qua d4u thau va dam bao loi ich kinh té - x hoi, can c6 nhitng nghién ctiru
chuyén sau, dic biét dbi v6i cac nha may PG. Trong bdi canh TTP Viét Nam dang
chuyén d6i tir giai doan ban budn sang ban 1¢, viéc tim ra cac mé hinh giao dich
thuong mai phu hgp tré nén quan trong hon bao gio hét. Dic biét, viec két hop va
van hanh nhiéu loai hinh ning lugng khac nhau khong chi giup giam rii ro do sy bat
dinh ma con t6i wu loi nhuan cho nha dau tu va mang lai gia tri xd hoi cao hon. Pay
12 mot linh vuc quan trong ma céc to chirc tai chinh trong nganh ning luong can tap
trung nghién ctru va phat trién.

Hinh 2.1 minh hoa nim mé hinh dau tu dién hinh dugc phan tich va so sanh
trong chuong nay, bao gom:

1. Mo hinh 1: M6t tua-bin PG — mé hinh co ban nhét, chii yéu mang tinh 1y
thuyét va it duoc 4p dung thuc tién, nhung van dugc sit dung dé tham chiéu
(MH1TB).

2. M6 hinh 2: Mét trang trai PG — mé hinh phd bién, phu hop cho cac nha dau
tu mdi tham gia thi truong nang lugng (MHIDG).

3. Mo hinh 3: Hé théng két hop hai hodc nhiéu trang trai PG — hudng di thich

hop cho céc nha dau tu dai han nhiam tbi da hoa hiéu suit va loi nhuan (MH2DG).

(1.M6 hinh mot) — ~
turbine gio M6 hinh nguén
iéng & ESS ( e )
riéng 1é ) 3 | 5 Mob hlnh
trang trai gid
(2. M6 hinh mot) (Mb hinh phan }—" tich hop ESS |

b xac suit
Weibull (" 4.M06 hinh )
trang trai gio
(3.M6 hinh hai (Mo hinh dien b= tich hop nhiét
trang trai gi0 [€———— gi0 trong thi _dién
tich hop 8 truong dién )

Hinh 2.1: Nam mo hinh phuwong thirc van hanh dién gio

trang trai nhiéu
L turbine gio

Y \.
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4. M6 hinh 4: Trang trai DG két hop v6i nha may nhiét dién — mot phuong
thirc can duoc nghién ctru dé phat trién (MHDG-N).

5. M6 hinh 5: Trang trai DG két hop trit ning va ngudn nhiét dién — phwong
thirc hoan thién, mang tinh twong lai va c6 tiém ning cao (MHDG-T-N).

Phan nay tap trung vao ndm mo hinh van hanh, bao gém ca hoat dong doc lap
va tich hop giira cac ngudn dién khac nhau. Nghién ctru phan tich chi tiét anh hudng
cta tinh bat dinh trong PG va phan tng cta tirng mé hinh trong TTD, dic biét d6i
v6i cac tinh hudng du thira cong suat dan dén xa bo PG hoic yéu cau bdi thuong khi
khong dap Gng tiéu chuin van hanh. Dua trén cac két qua danh gia, cac chi sb tai
chinh s& duogc ap dung dé xac dinh phuong thirc van hanh ti vu, dong thoi dé xuat
chién lugce ddu thau hop 1y nham t6i da hoa hiéu qua kinh té va giam thiéu rii ro dau
tu.

2.1.4. Pham vi va gioi han nghién cuwu cua chuwong

Chuong tap trung vao viéc dé xuit cac mo hinh lién két tai chinh gitra cac trang
trai gié va cac nguodn niang lugng khac nham ting lgi nhuén trong thi truong dién canh
tranh. Nghién ciru phan nay duoc gidi han trong pham vi sau:

- Gidi han thir nghiém: chi mo6 phong trén hé thong dién chuan IEEE c6 céc
ngudn nhiét dién chi phdi va phan bd cong suit tdi wu chi phi van hanh cac ngudn
dién dé xac dinh cong suat van hanh mdi trang thai. Thi trudng dién ngay hom sau
chao gia theo gio.

- Gia dinh mb hinh x4c suit gié: Str dung thong sé Weibull hai tham s cu thé
dugc trich dan tir cac cong bd khoa hoc. Ngoai ra, trong nghién ciru gia dinh két qua
du doan tdc d6 gid da cong bd trong cac nghién ctru khoa hoc. Phan bd Weibull mo
hinh héa xéc suét sai 1éch du doan dai han, khong mo phong hanh vi thi trudng theo

gio.
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2.2. Ly thuyét co sé mé hinh hoa
2.2.1. M6 hinh xdc sudt cong sudt phdt di¢n gié
2.2.1.1. Xéc sudt ciia mét tua-bin gi6
Phan bd mat do xac suit toc do gid dua trén Weibull tai mot vi tri 1ap dit tua-
bin gi6 mo ta su bat dinh san luong dién san xuét, co dang duoc biéu dién bai biéu

thurc theo [71] nhu sau:

ky o k=1 ()
=)@ < (1)

Trong do v la tbc do gi0; ¢ va k la cac tham s6 Weibull. & 1a hé sb xac dinh
hinh dang va ¢ 1 tham sé ty 1&. Su phan bd c¢6 cac dang khac nhau voi cac gia tri khac
nhau ctia k va c. Hinh 2.2 thé hién vi du phan bd mat do xac suit cua téc do gi6 tai

hai vi tri khac nhau tham khao tai tai li€u [72] vo1 cac tham s6 ¢=9; k=2 va c=10; k=2.
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San luong dién cua tua-bin 14 két qua ciia dong hoc gié theo phan bd xac suit

Weibull trén cac canh cua né va duge mo ta theo biéu thirc nhu sau [40],

0, V<V and v > Vg
UV —Vin
Pw(v)= Pwr(v — v ); Vin SV
T mn
Pur  Up <V < Vo (2-2)

Trong d0, Vi, Uy VA Uy, bicu thi téc dd gi6 gidi han can dudi, dinh mirc va
tbc d6 gid gidi han can trén cua tua-bin. P, 1a cong suat dinh mirc cua tua-bin gio.

Hinh 2.3 thé hién phan bd mat d6 xac suat cong suat cua hai tua-bin gi6 gidng
hét nhau ¢ hai vi tri: ngudn 1 véi ¢ = 9; k =2 va ngudn 2 véi ¢ = 10; k = 2. Thong s6
tua-bin gi6 1a P,,,=3MW; v;,,=3m/s; v,=16m/s va v,,,;=25m/s. Theo do, c6 hai vung
trong hinh ma xéc suat ting dot ngot khi cong suat dién cua tua-bin bang 0 va bang
cong suat dinh murc. D6 1a do khi téc do gié nhé hon v;, hodc 16n hon v,,,, tua-bin
gi6 s& khong hoat dong nén cong suat bang 0. Ngoai ra, khi tbc d gié nam trong
khoang tir v, dén v,,,; thi cong suét tua-bin gié dat dinh cao nhit twong tng véi cong
suét dinh murc.

2.2.1.2. Xdc sudt t6 hop

Khi ¢6 nhiéu tua-bin gi6 hodc nhiéu trang trai gié cong tic v6i nhau thanh mot
lién két théng nhit, phan bd mat d6 xac suat cho mot PG to hop dugc xac dinh theo
cac nguyén tic quy luat xac suat nhu sau:

Ny
fw(P w) = fw,i(Pw,i)
e 1_1[ 2-3)

Ny
Psy, = Z Pw,i
i=1 (2-4)

Véi fy,, va Pg,, 12 phan bd mat d6 xac suat theo van tc gi6 va tong cong suat
t6 hop tir cac tua-bin hodc tlr cac trang trai gi6 tily theo ting tinh huéng cu thé.
2.2.2. M6 hinh bt dinh ciia doanh thu dién gié trong thi trwong di¢n
Pa s6 cac nghién ciru gan day huéng ti dau thau dién tai tao trén thi truong

dién ngay hom sau [73, 74]. Vi mo hinh dau thau gia v6i chién luge chao cong suit
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dién c6 thé mo ta trong cac trudng hop theo hop ddng nhu sau: Cong suat phat dién
Pys, Cong suit du Py, va cong suit thiéu hut P,,. Cac dudng cong trén Hinh 2.4 thé
hién doanh thu téng, doanh thu truc tiép, thu nhap du va chi phi phat cia mét DG.
Hinh nay cho thiy doanh thu truc tiép va bét dinh tuyén tinh, trong khi d6 dong tién
hau nhu ting khong dang ké trong trudng hop cong suit PG vuot du doan nhung lai
gidm manh khi nho hon. Pac biét, chu trang trai PG s€ khong c¢6 thu nhap ma phai
tra phi khi P,, thap hon P,,. Nguyén nhén 13 do gia ban san lwong dién gié khi du
thudng rat thap vi bi dong it ngudi mua, trong khi gia mua dién giao ngay khi thiéu
lai rét cao.
2.2.3. Mé hinh héa nguén trit ning

Vén dau tu ESS hién van cao, nén thuong chi duoc trién khai khi khoéng c6
giai phap thay thé. ESS dong bo voi NLTT giup giai quyét cac van dé van hanh, dic
biét 1a bu dap thiéu hut hoic ESS du thira [75, 76]. Trong PG, ESS luu trir dién gia
thip hodc khong ban duogc, dong thoi bu dip thiéu hut, tranh phat hop dong [72].
Ngoai ra, ESS con ban dién nguoc lai voi giad cao, tao lgi nhuan tir chénh I¢ch gia
mua va gia ban. Gia mua thuong rat thp, trong khi gia ban gan bang gia phat PG,
trong nghién ctru nay mo phong bang khoan chi phi ma chu dién gi6 phai tra khi mua

dién cua ESS, dugc thé hién qua biéu thuc (2-5).

Téong  — — — Tructiép
\ .................... Bé sung ———— Bf)l thucng

Doanh thu
v

PWU pWS PWF

Céng suét

Hinh 2.4: Cdc thanh phan doanh thu va chi phi cia dién gi6 trén thi truong dién
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Ce(Pe) = Ae. P + Ceqy (2-5)

Trong d6 P, 13 cong suit ESS phai bu cho thiéu hut cia DG; 1, 1a gia dién ma
DG phai tra cho ESS, gia nay thudng cao nhung thip hon gia phat cua PG:; Cep; 12
tat ca cac chi phi c¢b dinh lién quan dén ESS.
2.3. Co s6 toan hoc

2.3.1. Ham muc tiéu

Muc tiéu dau tu DG 1a mong muén dat duoc loi ich cao nhat. RS rang hon,
mot trang trai PG bat dinh trén thi truong can ddu gia gia dién ban va san luong dién
dé toi da hoa doanh thu. Thuc hién yéu cau nay, nha dau tu can ban nang lugng truc
tiép nhiéu nhat v&i muc phat tdi thiéu. Vi vay, ham muc tiéu dugc xay dung dua trén
cuc dai doanh thu trir chi phi phat cta trang trai gi6 theo biéu thuc (2-6).

maximize {F = Ry, (B,) — Cpy,(Py)} (2-6)

O day R,, 1a thu nhap ctua PG; Cp,, 13 chi phi PG phai tra cho cac ngudn dién
lién két. Trong trudng hop khong lién két véi ngudn dién nao khéc thi gid tri niy bang
khong.

Trong bdi canh TTD, doanh thu tir nguén PG gdm hai thanh phan chinh: doanh
thu truc tiép (khong xac suit) va doanh thu xac suét (goi 1a bat dinh). Biéu thirc (2-7)
thé hién tong cac doanh thu nhu trinh bay. Trong d6, doanh thu tryc tiép dugc xac
dinh dya trén san lugng di¢n da dugc dy bdo va dAu thau truée, mang lai nguén thu
on dinh cho chu so hiru. Tuy nhién, do tinh bat dinh ctia DG, sy sai léch giita san
luong dién thuc té va mirc chao thau thuong din dén cac bién dong doanh thu, goi la

doanh thu bat dinh.
Ry(B) = D Rui = ) [Rusi(Pusi) + Runsi (APw,)] @7
Trong d6, P,, 1a tong cong suit DG ban trén TTD; Ry is Rysi> Ryy i 1a doanh
thu tong, truc tiép, va bat dinh cta trang trai gié thu i; PysivalAPy,; = Pyayi — Pysi
13 cong sudt ddu thau va do 1éch cong suét so véi thuc té Pyavi cua DG.

Khi san luong dién thuc té cao hon murc du béo, phén dién du c6 thé duoc ban

lai trén thi trudng, tao ra doanh thu bo sung. Tuy nhién, do viéc ban phat sinh dot Xuét
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va nhu cau thi truong khéng 6n dinh, gia ban thuong thip hon nhiéu so véi mic gia
d3 dau thau. Nguoc lai, néu san luong thyc té thip hon dy kién, nha du tu budc phai
mua dién véi chi phi cao dé bu dip sy thiéu hut. Trong truong hop khong thé bo sung
du luong dién can thiét, ho c6 nguy co chiu cac khoan phat do vi pham cam két cung
cap dién theo hop dong.

Nhitng chi phi phét sinh tir viéc cAn bang cong suét, bao gdm ca chi phi mua
dién bo sung va tién phat hop dong, gay anh hudng nghiém trong dén hiéu qua tai
chinh ctia dy an. Do d6, viéc xay dung chién luoc van hanh va dau thau hop 1y 1a diéu
can thiét nham giam thiéu rai ro do su bién dong trong san xuat PG.

2.3.2. Chi tiét doanh thu ban di¢n truc tiép

Doanh thu tryc tiép cta trang trai PG thtr i duoc xac dinh twong Gng voi gia
chao va PG cung cép trén thi trudng, xac dinh theo,

Rus,i(Pws,i) = Mw,iPus,i (2-8)

Trong biéu thirc (2-8), doanh thu dong bién véi san luong PG dugc ban theo
ké hoach d4u thau, P, va don gia ban dién truc tiép, A,, ;. Trong co ché dinh gi4 thi
truong, gid nay thuong xac 1ap theo gia ban dién binh quan cua loai ngudn chi phdi,
dién hinh nhu TTP Chau Au nhiét dién khi chii yéu nén thuong chi phdi gia ban dién

thi truong. Poi véi ngudn nhiét, chi phi san suat dugc tinh bang biéu thirc sau:

Ntg
Cr(Prg) = Z(ai + b;Pr; + ciPfc)
= (2-9)
Argi = bi + ¢iPrg; (2-10)

O day a;, b;, va c; 1a cac hé so k¥ thudt cla nhi¢t dién; Pr ; 1a cong suat phat
dién cua nhiét dién; Nz 1a s6 ngudn nhiét dién; va Ay ; 1a don gia ban dién cua ngudn

nhiét dién tuong ung véi chi phi cua nd.
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2.3.3. Chi tiét nguén thu bat dinh
2.3.3.1. Xeét dién gio doc lap

Nguén thu nay biéu dién bang cac biéu thirc dudi ddy bang ky hiéu R,,,,, gdom
hai phan thu (Rg,,) va phat (Cp,,). Thu nhap c6 duoc nhd ban dién khi du so véi chio
thau, con phat 1 boi thuong thiét hai khi dién gié thiéu hu so véi chao thau,
Rewi(BPwi),  if Pyapi = Pus
Crw,i(APwsi),  if Pwavi < Pusg (2-11)
Rpw,i(BPy,;) = kg ihw,i(Pwavi = Pws,i)

Rwu,i(APw,i) = {

Pwr,i
= kR,ilw,i -[Pws,z (pw,i - Pws,i)fw(pwri)dpw'i (2-12)

CPw,i(APw,i) = kP,ikw,i(Pwav,i - Pws,i)
P

= kP,ikw,i . ’ (pw,i - Pws,i)fw (pw,i)dpw,i (2-13)

Pyay Va P,,s lan luot 13 cong suat phat dién thuc té va cong sut chio thau cua
cung mot nha may BDG. Ham mat do xac suit ctia cong suat DG tai nha may duogc ky
hi¢u 1a f;,(py; ). Gia ban san lugng DG tryc tiép duoc biéu thi boi A,,,;, trong khi do,
kg va kp; 1an lugt 1a h¢ so gia dién thira va hé s6 gia dién phat. C4c hé s6 nay bi chi
phéi boi nhitng yéu t6 ngau nhién, phan anh sy dao dong tirc thoi cia cung cau trén
TTD hoic két qua thuong luong giita cac bén lién quan.

Thong thudng, hé sb gia dién du thira c6 xu hudng thap, trong khi hé sé gia
dién phat lai & mirc rat cao, thim chi co thé gép nhiéu 1an so véi gia ban trung binh.
Diéu nay budc cac don vi tham gia thi trudng phai tim kiém ngudn cung bo sung dé
bu dép su thiéu hut cong suit. Tuy nhién, gid dién mua bd sung thuong bi anh hudng
dang ké béi tinh hinh cung cau, dan dén chi phi cao hon nhiéu so v&i mirc gia binh
quan. Trong nghién ctru nay, mot phan tich s€ dugc thuc hi¢n véi hé $b phat dao dong
tir 1,0 dén trén 2,4 nham danh gia tac dong cua cac yéu té nay dén chién luoc dau

thau va hi¢u qua tai chinh cua cac nha may DG.
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2.3.3.2. Xét bi dap ciia nguon nhiét dién
Viéc DG chi tra chi phi cho nhiét dién co thé dugc tinh trong biéu thirc sau
day,
Crp(Prp) = ArPrp; P, € (0 + Prg) (2-14)
Pr, 1a san luong nhiét dién bu ddp cho DG; Ay 1a don gia lién két nhiét dién
va PG. Pon gi4 nay dam bao bu dap cho nhiét dién do nang cong suat nha may dé bu
cho PG. Tuy nhién, don gia ndy van thip hon don gia phat hodc don gia giao ngay
cua TTD. Nhu vay, san lugng dién dy trit cia nhiét dién t6i da 6 thé bu cho DG 14,
Prg = Pry — Prg (2-15)
Vi Pr, va Prg 13 cong suét cuc dai va gia tri ddu thau ctia ngudn nhiét. Tuong
ng quy trinh phdi hop trong lién danh nhu vira néu, doanh thu bat dinh trong ham
muc tiéu thay doi trong tng 3 trang thai nhu sau,
Ry(B,), ifP,=0

RWU(PP) = CTp(PTp)v if Prp = _Pp >0
Cow(B,),  if =B, > Prg (2-16)

Py = Pray — Prg
Khi —PB, > Prg, Cpyy(B,) = Cpy(AB,) + C,(Prg)
AP, = B, — Prg
Vi AP, 1a A0 1€ch san lugng DG thuc té so voi chao thau trén thi truong; R,
Crp Va Cpy, 1an lugt 12 doanh thu nho bén dién vuot, chi phi bu dép nhiét dién va cudi
cung 13 phat; Py, va Prg 12 cong suat thuc va gia tri chio thau binh thudng cua céac
nguén nhiét trén thi truong.
2.3.3.3. Xét b6 sung nguon trir ndng
Khi ngudn ESS tham gia phat dién trong lién két, chi phi ma DG phai tra cho
ca nhiét dién va ESS khi d6 duoc tinh,

Cp(Bp) = Crp(Prp) + Co(Pe) (2-17)

0<Pp,<Prprva0<P, <P
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Va khi d6 chi phi trong doanh thu bat dinh bd sung thém 1 trang thai twong
g v6i b dap cia try nang khi thiéu hut DG nhu sau,

( R,(R,), ifB,=0
Crp(Prp),  if Prp2—P, >0
Crp(Prr) + Co(P),  if Pg+ Prg = =B, > Prg
Crw(Py),  if =By > Pp + Prg (2-18)
Crp va C, la chi phi trd cho nhiét dién va ESS twong (rng. Thanh phan chi tiéu

Cwu(Pp) =

b6 sung phai dugc thanh toan cho chi phi ESS nhu duoc chi ra trong phuong trinh
(2-18). Vi vay, hai khoan thanh toan s& phat sinh khi san luong PG giam xudng duéi
muc dau thau. Pau tién, cac may phat nhi¢t dugc uu tién van hanh. Ké d6, ESS duoc
stt dung dé bo sung cho phan cong suat du thira ctia phan bu con lai. Cudi cung 13
phat hop dong.
2.3.4. Mo hinh hoa dién gio trén thi truong dién
2.3.4.1. M6 hinh 1

Mét TTD co ban véi nhiéu ngué)n nang luong khac nhau, nhu Hinh 2.5, bao
g6m ca niang luong giod, nhiét dién va ESS, ... Trong trudng hop nay, mdi nguén PG

14 mot tua-bin dugce dau tu ¢ vi tri phit hop. Tinh hudng nay dudng nhu khong kha

Nhiét dién
1
P,
P e Nhiét dién
Dién gi6 o i
1 ¥ khéc
Thi trwdrng
dién
bién gio Cac loai
2 Pet, nguon khac
Aoe1

ESS

Hinh 2.5: M6 hinh mot thi truong dién ngay
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thi vi kh6 mang lai hiéu qua tai chinh néu chi du tu mot tua-bin nhung 13 co s& phat
trién cac mo hinh sau.

Hinh minh hoa cho théy cac nguén dién hoat dong ddc lap trong thi truong,
mbi ngudn dién dua ra gia ban va san lugng theo ké hoach riéng. Péi véi PG, gid ban
va san luong dugc xac dinh dya trén du dodn ctia chu sé hitu nham t6i vu loi nhuan.
Trong md hinh nay, xac suat cong suét dién chao thau dugc tinh toan dua trén phan
bd Weibull. M6 hinh ciing bao gdm doanh thu truc tiép va thu nhap bét dinh, duoc
xéc dinh theo cac biéu thirc di trinh bay & phan trude.

2.3.4.2. M6 hinh 2

M0 hinh nay, xét trén khia canh TTD, twong tu nhu mé hinh mét tua bin da dé
cap, nhung thay thé mot tua-bin gi6 don 1¢ bang mét trang trai PG gém nhiéu tua-
bin. Céc trang trai PG van hanh doc lap trong TTD, véi gia chao thau va san lugng
dién duoc xac dinh riéng r&, khong chiu sy chi phdi tir cdc ngudn ning luong khac.
Trong mé hinh nay, xac suat cua trang trai PG duoc xem 1a to hgp cua céc tua-bin
gi6, nhu da trinh bay trong phén md hinh toan hoc. Cu thé, xac suét téng thé duoc
tinh bang tich cac thanh phan xéc suat clia ting tua-bin, trong khi cong suat tong duoc
xac dinh bang tong cong suat ctia cac thanh phan, biéu thirc (2-3) va (2-4).

2.3.4.3. M6 hinh 3

Mo hinh nay dugc minh hoa trong Hinh 2.6, mo ta sy lién két giita nhiéu trang
trai DG nham giam thiéu rui ro do tinh bat dinh trong ting trang trai riéng 1é. Thong
qua viéc tich hop, cac trang trai gi6 c6 thé hd tro 1dn nhau trong truong hop mét trang
trai gip bién dong san luong. Piéu nay giup giam rai ro van hanh va chi phi lién quan
dén viéc bu dap cac truong hop thiéu hut dién cho ca hai trang trai, ning cao hiéu qua
kinh té tong thé. Xéac suat Weibull ciia mot t6 hop PG tong thé do trong mé hinh nay
duoc xay dung bang cach két hop cac ham phan b mat do xac suit cia ting trang

trai DG, nhu di dugc mé ta trong phan mé hinh toan hoc trudc d6, biéu thirc (2-3) va
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Hinh 2.6: M6 hinh mét thi trieong dién cé lién két 02 PG

(2-4). Viéc to hop nay phan anh sy tong hop cong suat va xac suat van hanh cia toan
bd hé théng, cho phép danh gia chinh xac hon hiéu qua hoat dong cta to hop.
2.3.4.4. M6 hinh 4

MO hinh lién két gitta DG va nhiét dién dugc thé hién ¢ Hinh 2.7. Véi su lién
két nay, phan chi phi dén bu thiéu cong suat ciia PG s& duoc wu tién bu dip bai nha
may nhiét dién lién két cho dén khi hét kha ning cia no. Sau d6, néu PG vén thiéu
san luwong cung cip cho thi trudng theo ké hoach, phai tién hanh cac bién phap dén
bu can thiét hodc chiu phat hop dong.

Vi xéc sudt dén bu cia PG 1a yéu td ngiu nhién, chu dau tu nhiét dién khong
thé mao hiém du phong cong suét 16n cho DG. Do dé, viée bu dép thiéu hut cua DG
bai nhiét dién ciing bi gidi han, va diéu nay co thé gay thiét hai cho PG.

2.3.4.5. M6 hinh 5
Hinh 2.8 thé hién mo hinh lién két cac ngudn véi ESS dé khai thac tdi da higu
qua PG, mac du gidi han cua nhiét dién van con bi rang budc va gia dau tu ESS van
con kha cao nhu d3 trinh bay. ESS c¢6 nhiém vu bu dip cho thiéu hut ciia DG sau khi

nhiét dién da hd tro ti da.
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Hinh 2.8: M6 hinh mét thi truong dién co lién két gio — nhiét — trit nang

2.3.5. Luwu do chu trinh khdo sdt va ddanh gid

Luu d6 duoc trinh bay trén Hinh 2.9
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Hinh 2.9: Luu d6 cuc dai loi nhudn

2.3.6. Thuc nghiém

2.3.6.1. Dit liéu dau vao

HTPD IEEE 30-bus nhu Hinh 2.10 dugc sir dung dé thyc nghiém trong bai toan.

Hé thdng nay bao gdm 30 bus, 41 nhanh va 6 ngudn dién. Trong d6, c6 bon nha may

nhiét dién dit tai cac bus 1, 2, 8 va 13, véi cac tham sb trich dan theo tai liéu [77, 78]

va dugc trinh bay trong Bang 2.1.
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Hinh 2.10: Heé théng dién chuan IEEE 30-bus

Bang 2.1: Nguon nhiét dién

Tham s | Ténnguon | TGI TG2 TG3 TG4

chi phi Bus sb 1 2 8 13

a 0 0 0 0

b 2 1,75 3,25 3

c 0,00375 0,0175 0,00834 0,025
Bang 2.2: Nguon dién gié

Bus | Tham sO | Toc d6 gio trung binh | §4 tua-bin Cong suit dinh

SO Weibull (m/s) (MW)

5 k=2; ¢=9 7,976 25 75

11 k=2; c=10 8.862 20 60
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Ngoai ra, hai nguén DG duoc gia dinh dat tai bus 5 va 11, voi $6 luong tua-
bin lan luot 1a 25 va 20, mdi tua-bin co cong suit dinh mac 3 MW. Hai tham sd
Weibull 1a hinh dang, &, va tham ) ty 1¢, ¢, theo Bang 2.2.

Vé don gia ban dién tryc tiép ctia PG duya trén gia dinh chi phdi trén thi truong
boi ngué)n nhiét dién. Vi vay, gia ban dién tur nguén DG duoc xac dinh theo gia binh
quan cua cac ngudn chi phdi, ngudn nhiét, thé hién ¢ phuong trinh (2-9) va (2-10).
Doi véi don gid dé bu x4c dinh theo hé s6 bdi thuong k,, trong khoang 1.0-2.4.

2.3.6.2. Thuc nghiém trén mo hinh 1

Mot tua-bin gi6 3MW duoc lép dat tai bus 5 cua hé théng. Phan b Weibull
duoc thé hién theo ky hi¢u Gen 1 trong Hinh 2.3. Xac suét cao nhat duoc xac dinh &
mirc 7m/s tuong tng voi cong sudt dau ra cua tua-bin gan 0,7MW, nhu minh hoa
trong hinh. Két qua doanh thu cila tua-bin xac dinh duoc néu trong Bang 2.3.

Véi két qua Bang 2.3 duoc trinh bay bang biéu d6 Hinh 2.11. Theo d6 doanh
thu tua-bin gié giam lién tuc khi hé s ty 18 bodi thudng ting. Diéu d6 c6 thé hiéu 1a

do strc tang chi phi bdi thuong cao hon mirc ting thu nhap dan dén doanh thu tong

o
h I

—_—
— h M2

Doanh thu
=
Lh

=

-0.5

-1.5

k (Tyl& phat )

Hinh 2.11: Doanh thu mot tua-bin gio

thé giam. Mot sb truong hop doanh thu 4m & mét ty 1¢ boi thuong nhat dinh, ham y
tai d6 chu so hiru DG khong con duge hudng loi va nhu vay khong con mong mudn

dau tu vao cac du an DG, di€u nay rd hon trong md hinh trang trai gio.
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2.3.6.3. Thu nghiém trong mo hinh 2

Kich ban nay xem xét mot trang trai gié hoan chinh tai bus 5 cua HTD. Ham
Weibull dugce t6 hop tir 25 tua-bin cua trang trai, tao ra mot phan bd mat d6 xac suét
tuong dwong thé hién trong Hinh 2.12, véi dinh hoi dich chuyén vé phia cong sut
dau ra thap hon, khoang 30-32MW.

Doanh thu cua trang trai PG, dugc minh hoa trong Hinh 2.13, cho théy su khac
biét rd rét giita cic ving cong suat. Dong tién ting gan nhu tuyén tinh khi san luong
dién dudi 25 MW, nhung giam gan tuyén tinh khi san luong vuot qua 40 MW. DPang
cht y, doanh thu dat dinh trong khoang 3040 MW, tai do xudt hién sy tac dong cua
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Hinh 2.12: Ham phan bé mdt dé xdc sudt Weibull t6 hop dién gio tai Bus 5
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cac khoan bdi thuong. Ty 16 don gia bdi thudng anh hudng tryc tiép dén gia tri dinh
va muc giam doanh thu & phia sau dinh, khi cong suat chao thau vuot qua 40 MW.
Hinh 2.13 ciing cho thiy, khu vuc ting truong doanh thu it bi anh huéng boi
hé sb gia boi thuong, trong khi khu vuc giam doanh thu lai phu thudc dang ké vao hé
s6 nay. Vi dy, khi cong suit chao thau 1a 70 MW, doanh thu dat khoang 80 USD/h
néu gia bdi thudng bang gia truc tiép. Tuy nhién, khi hé sb bdi thuong tang 1én 2.4,
doanh thu giam xudng mirc am, khoang -80 USD/h.
Pinh dong tién ciing thay doi theo hé s6 boi thuong, dit mirc do khong 16n.
Khi hé sb boi thuong & murc tdi thiéu (1.0), doanh thu cao nhét dat duoc tai cong suét
45 MW. Nguoc lai, khi hé sb bdi thudng ting 1én murc tdi da (2.4), dinh doanh thu
giam xudng va dich chuyén vé cong suat 30 MW.
2.3.6.4. Thu nghiém trong mo hinh 3

Trong m6 hinh mét trang trai PG da trinh bay, ham Weibull cia tirng trang
trai DG dugc xay dung tir ham mat do phan bd xéc suét cta cac tua-bin. Pi vai mo
hinh t6 hop tir hai trang trai PG lién danh tai cac bus 5 va 11, Hinh 2.14 minh hoa
phan b mat d6 xac suét cua tig trang trai riéng 1¢ va cua té hop hai trang trai.

Quan sat cho thay, hinh dang bién ctia dudng cong phan bd mat o xac suat to
hop vé co ban khong thay d6i. Tuy nhién, dinh cua duong cong thip hon va dich
chuyén theo chiéu ngang vé phia mirc cong suét cao hon. Pac diém nay phan anh sy
anh hudng cua td hop cong sudt tir hai trang trai. Pang chu ¥, d6 thi x4c suét to hop
xuét hién céc duong soc dung, do viéc tich hgp cong suat duogc xac dinh tir van téc
gi6 101 rac voi cac bude tinh toan khong déu, dan dén phan bb mat do xac suat khong
lién tuc.

Doanh thu tir hai ngudn nang lwong gi6 dugc thé hién trén Hinh 2.15, véi cac
dudng cong phan 4nh md hinh twong tu nhu truong hop mot dién gid, nhung dinh
ctia cac duong cong khac nhau tuy thudc vao dic diém cia ham phan bé mat d6 xac
sut to hop. Két qua cho thay doanh thu dat gié trj t6i da tai mot dia diém moi khi
cong suit DG tich liiy ndm trong khoang tir 55 dén 65 MW.
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Hinh 2.15: Doanh thu t6 hop hai trang trai dién gi6
Phén tich dong tién so sanh giira hai m6 hinh 2 va 3 duoc minh hoa trong Hinh
2.13 va Hinh 2.15, cho thay rang mé hinh PG ddc 1ap mang lai loi ich cao hon khi ty
1¢ dén bu thap hon 1.5. Tuy nhién, khi ty 1& dén bu vuot ngudng 1.5, mé hinh nay bat
dau chiu thiét hai dang ké. Doanh thu thdp hon trong céac truong hop co ty 1& dén bu
giam dugc 1y giai boi su chic chan duge nang 1én hon nhd hd tro trong hd gitta cac
nha may PG trong mé hinh 3, 1am giam x4c suat thiéu hut san luong dién so véi cac

nha may PG hoat dong doc lap.
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Nhu vay, hiéu qua cua viéc lién két cac nha may PG phu thudc vao sy chénh
léch gia dang ké trén TTD. Trong trudng hop ndy, ty 1¢ chénh léch gia t6i thiu can
thiét dé dam bao hiéu qua kinh té ctia m6 hinh lién két hai DG 13 16n hon 1.5.

2.3.6.5. Thu nghiém trong mo hinh 4

Gia str mdi quan hé thuong mai dugc thiét 1ap gitta nha may nhiét dién tai Bus
1 va cic trang trai DG nhu trong mé hinh 3, trong d6 nha may nhiét dién c6 cong suat
dinh mtrc 200 MW va gia giao dich vo1 PG mang lai 1gi nhuan 10%. Hinh 2.16 trinh
bay doanh thu cta tir PG sau khi lién két véi nha may nhiét dién nay.

Quan sat biéu do cho thay hinh dang cta cac duong cong doanh thu khong
d6ng nhat so vdi cac mo hinh trude. Cu thé, cac dudng cong thé hién su bién dong 16
rét v6i cac dao dong nho vé phia ting trudng doanh thu. Tuy nhién, mdi mirc phat chi
c6 mdt gia tri cyc tri, va do dbc di xuéng sau diém cuec tri twong tu nhu cac moé hinh
truge do.

Dang luu y, khi ty 1¢ dén bl vugt mirc chi phi san xudt ctia cic nha may nhiét

dién, doanh thu tbi da cua DG c6 su gia tang dang ké. Cu thé, khi hé sb dén bu 16n
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Hinh 2.16: Tong doanh thu ciia t6 hop WPP va nhiét dién bus 1
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hon 1.1, tong doanh thu cao nhét ting tir dudi 150 USD/h 1én hon 180 USD/h. Tuy
nhién, twong ty nhu cac kich ban trude, ty 18 dén bu cang cao c6 thé 1am giam muc
tran doanh thu téi da.

Mit khac, cong sudt dau thau dinh ctia PG ting 60 MW trong mé hinh 3 1én
gan 90 MW trong mé hinh nay, xem trong Hinh 2.16. Su gia ting ndy phan anh sy
chic chin dugc nang cao hon do giam chi phi thiéu dién nho vai tro hd tro ctia nha
may nhiét dién trong lién danh. Diéu nay gitip ciing c¢6 niém tin ciia cac chit PG trong
qua trinh d4u thau, thuc ddy ho dua ra cac gia thau cao hon trén TTD, tir d6 dan dén
su tang truong doanh thu.

2.3.6.6. Thur nghiém trong mo hinh 5

Gia sir mot hé théng ESS c6 cong suat xa tdi da 10 MW, chang han nhu hé
thong pin lithium, va gia sir chi phi san xuat dién cao hon gip 1,5 1an gia ban trung
binh cua thi trudng. Két qua doanh thu tir mé hinh nay cho thiy duong cong doanh
thu dugc chia thanh ba doan c6 dang riéng biét, nhu minh hoa trong Hinh 2.17:

1. Dang tht nhat: Khi dén bu khong dang ké, vi du ty 18 gia dén bu gan bang

1.0, duong cong doanh thu khong cé su khac biét so vdi cac mé hinh doc 1ap.
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Hinh 2.17: Tong doanh thu ciia té hop
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2. Dang thtr hai: Khi hé sb dén bu nim trong khoang tir 1.2 dén 1.4, két qua
tuong ty mo hinh 4, ngudn nhiét dién tham gia lién danh va hudng loi tir viéc cung
cap san lugng bu cho PG.

3. Dang thtr ba: Khi hé s6 dén bu vuot 1.5, ca ngudn nhiét dién va ESS déu co
co hoi huong loi tir viée cung cip san luong dién bu cho DG trong trudng hop thiéu
hut.

Két qua tir mo hinh nay cho thiy dinh doanh thu ctia PG ting dang ké, dat
khoang 200 USD/h, so v6i 170 USD/h trong mo hinh cé thém nhiét dién va cao hon
nhiéu so v6i cac mo hinh trude d6. Pong thoi, cong suat chao thau ctia PG ciing dugc
khuyén khich ting 1én, dat gan 100 MW, so véi chi khoang 85 MW trong mé hinh
lién két nhiét dién.

2.3.7. Nhin xét va danh gid két qud thwe nghiém

Po6i voi mo hinh chi dau tw mot tua-bin gid, chua can khao sat ciing c6 thé
danh gid muc d§ khong hiéu qua ctuia du an. Tuy nhién, s6 liéu tinh toan tir bai toan
nay cho thay rd doanh thu ctia dy 4n rat thap va giam rat nhanh khi mic phat trén thi
truong tang, nhu thé hién trong Bang 2.3. Pac biét, két qua con xac dinh dugc mot
ngudng ma tai do ludn 16 do doanh thu am, tac 1a cang ban dién cang 16. Do do,
khuyén nghi khong nén du tu vao mé hinh nay 1a hoan toan hop 1.

Di liéu so sanh két qua thtr nghiém bdn m6 hinh con lai dugc thé hién trong
Bang 2.4. Két qua mo phong cho thiy doanh thu tdi wu cua céac trang trai PG ting
dan qua tirng mo hinh, phan anh rd rét lgi ich cia viéc tich hop cac ngudn dién. Pac
biét, m6 hinh thi nam, két hop DG vaéi nha may nhiét dién va ESS, mang lai tong
doanh thu cao nhat. Sy tich hop nay khong chi giam thiéu bat 6n lién quan dén ngudn
i ma con giup cac trang trai DG chi dong hon trong chién lugce d4u thau trén TTD,
nhd kha ning diéu chinh linh hoat dwa trén gia thi truong. Doanh thu téi wu ctia mo
hinh nay dat 196,3 USD/gi0, tang 132% so v4i mo hinh thtr hai - trang trai gio6 doc
1ap - von chi dat 148,3 USD/gio.
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Bang 2.4: So sanh céng sudt dinh va doanh thu

Ty 1& | M6 hinh 2 M6 hinh 3 M6 hinh 4 M6 hinh 5
dénbu | CS Doanh CS Doanh thu | CS Doanh thu | CS Doanh thu
dinh thu dinh dinh dinh

1.0 80 148.3 65 144.3 65 144.3 65 144.3
1.2 65 142.2 60 140.6 85 185.1 85 185.1
1.4 60 138.4 60 137.6 85 180.0 85 180.0
1.6 60 134.8 55 136.0 80 175.0 95 196.3
1.8 55 132.7 55 134.8 80 172.1 95 191.2
2.0 55 130.8 55 133.5 80 169.2 95 186.2
2.2 55 128.9 55 132.3 80 166.4 90 182.3
2.4 55 126.9 55 131.0 80 163.5 90 179.5

Khi phan tich tic dong cua ty 1 gia boi thuong 1én hanh vi ddu thau cia cac
trang trai gio, két qua cho thay ty 1é phat cao 1am giam doanh thu do rui ro tai chinh
gia tang, nhu minh hoa trong Hinh 2.18. Tuy nhién, sy hop tac giira cac nguodn dién
trong mo hinh tich hop gitp giam thiéu nguy co boi thudng bang cach cung cap hd
trg chui dong. Bang chu y, ton tai mot ty 1€ gia boi thuong tdi wru, tai d6 doanh thu dat
murc cao nhat, tuong tng véi ty 1& 1.6 va doanh thu dinh gan 200 USD/gio.

Khoéng phai moi phuong an tich hop déu mang lai hiéu qua cao. Chang han,
khi mirc phat giam xudng dudi 1,4 thi doanh thu ciia mé hinh hai PG lai thap hon so
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Hinh 2.18: Doanh thu va céng sudt dinh ciia dién gié theo cdc mé hinh
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voi mot BG. Hon nira, sy phu thudéc qua mac vao hé théng tich hop co thé dan dén
tinh trang du thtra cong suat dy phong, gdy xung dot trong lich trinh van hanh va lam
suy giam tinh 6n dinh cia HTD. Piéu nay khong chi tac dong tiéu cuc dén hiéu qua
tai chinh ma con gia tang rui ro cho cac bén tham gia trong linh vuc DG.

Trong tit ca cac mé hinh duogc xem xét, khi chi phi phat thiéu dién gia ting,
kha ning bu dp trd thanh yéu t6 then chdt quyét dinh hiéu qua kinh té cta céc trang
trai PG. Vi vay, viéc xac dinh chién lugce chao thau phu hop, bao gdm ca gia va san
lugng dién, can duoc phan tich k¥ ludng nham dam bao van hanh t8i vu. Viéc két
hop linh hoat giita cac ngudn ning luong khong chi giup giam nguy co bi phat ma
coOn cai thién hiéu suét sir dung nang luong tai tao, mang lai loi ich 1au dai cho ca nha
dau tu va xa hoi.

Nhung trén thyc té, cac trang trai DG thuong c6 xu hudng wu tién loi ich riéng,
dan dén viéc phai gia ting dau tu vao hé thong ESS nham giam thiéu rui ro. Nhu da
dé cap, tich hop ESS vao van hanh cé thé nang cao hiéu qua dAu thau trén TTD. Pic
biét, trong md hinh 5 ¢ bo sung trit ning, cong suat chao thau co thé dat t6i 95 MW
tai mot s thoi diém, trong khi & mé hinh trang trai gi6 doc lap — khong c¢6 ESS — con
s6 ndy chi dimg lai & mac 55 MW.

Ngoai loi ich tai chinh, viéc mé rdng quy mod st dung nang luong tai tao con
mang lai tac dong tich cuc ddi véi xa hoi, dac biét trong vi¢c han ché su phu thudc
vao nhién li¢u hoa thach. Trong mo hinh c6 trit nang, ty 1€ tham nhdp cua DG vao hé
thong co thé ting dén 173%, gbp phan dang ké vao viéc giam nhu cau str dung nhién
liéu hoa thach. Diéu nay khong chi gitp can bang co cdu nang luong ma con thuc day
muc tiéu phat trién bén vimng, dong thoi giam thiéu tic dong tidu cuc dén moi truong
trén pham vi toan cau.

2.3.8. Két lugn

Mo hinh x4c suét bat dinh dién gio trén thi trudong dién 1a co sé dé xay dung

toan hoc khao sat, phan tich va danh gia doanh thu dién gi6 tirng mé hinh lién két

dién gi6 khac nhau nham muc dich tim kiém va d€ xuat mo hinh c6 doanh thu tot nhat
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cho chu dién gié trong diéu kién ton hai boi bat dinh lién quan dén dau thau canh
tranh trén thi truong dién. Két qua cho thdy mot lién két dién gid véi nhiét dién mang
lai doanh thu cao dang ké nho tan dung triét dé cong suat du phong ctia nhiét dién dé
bu dép cho thiéu hut cta dién gid din dén tranh bi phat. Didu nay ciing ding khi co
lién két voi ngudn trit ning trong diéu kién ty 1& phat cta thi truong cao. Véi két qua
nghién ctru cia chuong nay, c6 cac dong goép nhu sau:

- M6 hinh xac suat bat dinh dién gi6 trong thi truong dién va d& xuat moé hinh
nang doanh thu dién gio trong thi trudng dién, mo hinh tich hgp dién gié va nhiét dién
6 thé két hop ESS. M6 hinh tich hop nay twong ddi pht hop véi cac Genco tai Viét
Nam.

- Tang san luong phat dién gi6 tuong Gmg véi mo hinh dé xuat, tao dong luc
cho sy phat trién bén ving ctia nganh ning luong tai tao, ddng thoi mang lai loi ich
kinh té - xa hoi.

- Cong bd 01 bai bao QI trong cong dong khoa hoc.
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CHUONG 3: PHUONG PHAP TOI UU LAI AI-MH



3.1. Giéi thiéu

3.1.1. Pt vin dé

Bai toan toi wu khong chi can thiét cho k¥ thudt ma con 1a cuc ky quan trong
trong kinh té. Nang doanh thu dién gi6 1a mot bai toan tai chinh trong d6 t6i wu loi ich
dién gi6 dau thiu trén thi trudng khi hanh vi chao thau thay d6i cong suit dé danh gia
cac kich ban. Yéu to bat dinh cong sut phat dién gid, cing véi phan tng bién dong
ngau nhién cia thi truong dién, va diéu kién van hanh ti wu hé théng dién tao thanh
mot to hop da bién phtrc tap cua bai toan tdi wu. Trong chuong ndy nghién ciru phat
trién hai thuat toAn metaheuristic kinh dién trong linh vuc nang luong, do 1a thuat toan
GA va PSO, béng cach van dung uu thé dy doan cua tri thong minh nhan tao, cu thé 1a
kién trac LSTM, nham tang tdc d6 hoi tu va tranh bﬁy cuc tri dia phuong.

3.1.2. Pham vi va gioi han nghién cuu cua chuwong

Chuong tap trung nghién ctru cai tién thuat toan bang cach lai Al véi MH dé
t61 wu hoa doanh thu khong chic chin cua trang trai gid trong thi truong dién. Cac
g161 han nghién ctru trong pham vi nhu sau:

- M6 hinh tinh toan: han ché tinh toan trong mo hinh lién két dién gi6 vo1 nhigt
dién c6 phdi hop trit ning (md hinh lién két gid — nhiét — trir ning da dé xuét trong
chuong 2), trong hoat dong du thau canh tranh trén thi trudng dién ngay hom sau.

- G161 han thuat toan: Trong tdm nghién ctru trong pham vi mang LSTM duogc
su dung dé dy doan cac thudc tinh ndi bat cua ca thé va tich hop chung vao qua trinh
tdi wu hoa trong thuat toan tdi wu GA, hodc PSO.

- Thuc nghiém: sir dung dir li¢u hé théng dién chuén IEEE 30-bus; tham s6 va
gia dau tu ESS tham khao gan dung tir cac ngudn cong bd tai thoi diém thuc nghiém

twong ung voi gia st cong nghé pin lithium dugc thyc nghiém.
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3.2. Ly thuyét mé hinh toan hoc

3.2.1. Mo ta bai todn

Bai toan nhim muc tiéu t6i vu doanh thu dién gié trong mé hinh lién két da dé
xudt trong chuong trude. Dit kién dau vao cta bai toan gdbm: tham s6 cac ngudn dién,
phan bd mat do xéac suit bt dinh cua PG, tham sd hé théng dién dé phan bd cong Suat
va xac dinh gia ban dién thi truong. Két qua bai toan 1a cong suat dau thau PG téi vu
va cong suat ESS tuong tmg. Két qua nay duogc str dung dé khuyén khich chu dién gio
d4au thau véi viée chao cong suat phat dién theo mot lich trinh dé dat dugc doanh thu
tot nhat.

Két qua thyc nghiém sé& kiém tra 02 ndi dung: (1) danh gia két qua t6i hoa so
v6i két qua da nghién ciru trong Chuong 2 [79]; va (2) danh gia hiéu qua thuat toan lai
s0 voi cac thuat toan toi hoa gdc va mot sd cai tién gan day [80].

3.2.2. Ham muc tiéu

Muc tiéu cua bai toan 14 tdi da hoa doanh thu DG trong mé hinh 5 (lién két véi
DG voi nhiét dién va ngudn trir ning da dé xuét chuong 2). Haim muc tiéu (2-6) duogc
trién khai cho mo hinh lién danh, phan tich dua trén tinh bét dinh doanh thu van gém

thanh hai thanh phén duoc viét lai, va cuc dai loi ich DG biéu dién nhu sau,
max {F = R,, + ICy,} (3-1

R, 13 doanh thu truc tiép khi chao thau, va ICy, 1a doanh thu bat dinh.
3.2.2.1. Doanh thu truc tiép dwa vao cong sudt dién chao thau
Ry = R (Pys) + RE(Pry) (3-2)
Biéu thirc doanh thu truc tiép R, [26], ¢6 hai thanh phan, doanh thu PG R%
tuong (mg v6i san luong dién chao dau thau ciia PG P, va doanh thu nhiét dién trong
lién danh R¢ theo san luong dién chao thau cta ching Prg. Doanh thu truc tiép duoc

xac dinh dya trén mo6 hinh TTD nhu [23] sau,

Ri = AwxPys (3-3)
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R% = ApxPrg (3-4)

Trong hai biéu thirc trén, A,,, Ay 14 gia chao dau thau PG va nhiét dién khi dau
thau theo cong suit chao 1a P, Prs twong tmg. Khi canh tranh trén TTD, ca gia ban
dién va cong sut dién chao thau timg ngudn dién phai du doan sao cho két qua dau
thau dat t6i da loi ich [3]. Vi gid ban dién ciia PG duoc tinh toan theo gia ban binh
quan thi truong dién, va gia binh quan d6 thudng ty 18 véi gid chio thau cua cac ngudn
dién chi phéi trén thi truong [21]. Trong thuc nghiém ciia nghién ctru ndy xét cic ngudn
nhiét dién chi phéi twong tu nhu thi trudng Chau Au.

3.2.2.2. Thu nhdp bat dinh:

La thu nhap phu thudc vao cong sudt phat dién tai thoi diém giao cho khach
hang. Khi cong suét giao du so véi chio thau thi mang lai doanh thu cho chi nguén

dién nhung khi cong suat thiéu hyt thi mat chi phi bdi thuong.
IC,, = RY(AP,) — (Cg + Cr + Cp) (3-5)

Thu nhép bat dinh (IC,,) phu thudc vao muc do sai khac gitta cong suit phat
dién thuc té theo thoi gian thuc (P,,4,) va cong suat chao thau (P,,) tai mot thoi diém
phat dién, dugc ky hi¢u 1a AP,,. Khi cong sut PG du thira va ban dugce trén thi truong,
thu nhap bt dinh nay duong, tao ra doanh thu R},. Nguoc lai, néu san lugng dién théip
hon mirc chao thau, cha dau tu phai chiu chi phi bu dip thiéu hut. Chi phi nay co thé
phat sinh tir viéc mua dién giao ngay tir ngudn nhiét dién dy phong (Cr) [40], str dung
dién tir hé thong luu trit (Cx) [25], hodc bi phat hop dong (Cp) [22]. Chi tiét cac thanh

phan tham s6 tinh theo cac biéu thuc sau:

Cp = ng(Ac — A5)Pg (3-6)
Cr = RF(Prs) + R¥(AP) (3-7)
Cp = ApAPp (3-8)

AP, = Pygy — Pos (3-9)
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Chi phi van hanh ESS phu thudc vao hiéu suat cia ca hé théng luu trit (- O
day gia sir gdm ca hiéu suét sac-xa va hiéu suat bo chuyén doi), cong suit ban dién tir
hé thong luu trit (Py), va chénh 1éch giita gid ban dién luu trir (A, & ddy gia sir nho hon
don gia dién phat hop dong va 16n hon gia ban dién cta nhiét dién) v6i gia mua dién
dé sac (hg O day gia st 1a gia ban dién thap nhét trén thi truong dién). Trong khi do,
chi phi van hanh nha may nhiét dién lién quan dén doanh thu ban dién truc tiép (R$)
va doanh thu bat dinh (R%). P4i véi chi phi phat hop dong, muc chi tra dugc tinh dya
trén gid phat (Ap) va san lugng dién bi phat (APp).

Apuy 18 gid mua dién sac, . kp,

Duya trén md hinh lién két gi6 — nhiét — trit ning trong TTD, tai mbi thoi diém
c6 thé xay ra hai truong hop: du thira hodc thiéu hut san lugng PG so v6i mitc chio

thau ban dau. Cong suét phat di¢n thuc té ctia PG duoc xac dinh theo cong thuc sau,

[3]:

Pwav(t) = Pws(t) + So(t) (3-10)
V6i p(t) = o, () + p,,, () = Py (t) — Bys(t) = AR, (3-11)
va @ ,,,(6) = AP, — o, () (3-12)

@ = AP,, 1a cong suét sai léch gitra phat thyuc té so v6i cong suat chao thau dién
gi6, gom hai thanh phan: d6 1éch trong pham vi cho phép cta luat thi truong @ in V&
dd 1éch vuot ra ngoai pham vi cho phép @ out” Theo luat thi truong, khi 1éch cong sut
trong pham vi cho phép thi khong bi phat va ISO s& tu diéu tiét thi truong, con khi do
1&ch vuot ra khoi gidi han cho phép thi bi phat, va nhu vy ¢ out la nguyén nhan dan
dén thu nhap bat dinh.

Truong hop ¢ . > 0 din dén du san luong dién PG, phan du d6 duoc ban

out
cho bét clr ngudi mua nao c6 nhu cau trén thi trudng véi gia théa thuan giao ngay. Do
san lugng dién giao ngay bat dinh nén thudng gia ban 1a rat thap, thim chi ¢ thé khong

¢6 ngudi mua. Nguoc lai v6i trudng hop o . < 0, tire thiéu san luong dién, chu PG

out
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budc phai mua dién giao ngay ctia cac ngudn dién du phong trén TTD dé dén bu cho
khach hang mua dién ctia minh; hodc chip nhén bi phat hop dong néu khong thé mua
duoc dién giao ngay. Viéc mua dién ctia chit DG trong truong hop niy 14 bit ngd nén

gia mua dién cling thuong cao hon nhi€u lan so vdi gid ban dién trung binh cua TTD.

Thu nhap bat dinh dugc xac dinh theo phan bd xac suat va bién doi tir (2-11)

nhu sau:
RY = { RRW(pout)’ khi £ out =0
! _CPW(pout)’ khi O our < 0 (3-13)
Pyr
Rryw = krAdwTour = kridw (pw - Pws)fw (pw)dpw
(Pws+Tin) (3-14)
Cer,  khi|p,  |<AP;
CPW = CPT + CPE' khi APT < |<§00ut| < (APT + PE)

Cpr + Cpg + Cpo, khi | ‘goout| > (AP, + P;) (3-15)

& day hai thanh phan doanh thu ban dién du Ry, va chi phi dén bu dién thiéu
Cp,, duoc biéu dién theo (3-14) va (3-15). Trong d6 phu thudc vao xac suit phat dién
ctia dién gio tai thoi diém giao ngay f,,. Hé sd ty 18, kg, dai dién cho mirc giam gia ban

dién du, thuong thip hon gia chao thiu do xac sudt ngudi mua dién giao ngay thap.

Ba thanh phan chi phi phat sinh khi thiéu cong suat dién gio tai thoi diém giao
ngay duoc biéu dién trong 3 biéu thirc (2-16) dén (2-18) gdm: chi phi tra cho nhiét dién
Cpr phan cong suit bu ctia ngudn nhiét nay; chi phi cho bd trir ning Cpy khi str dung
ESS dé bu thiéu hut; va chi phi phat Cp, khi x4y ra ca nhiét dién va ESS khong du cong

sudt dé bu thiéu hut cua dién gio.
Cpr = kp1Aw § ),

(Pws_zfoin)
_Jeeat Y (Bus =P )Py, Khi| .| < AP

(Pws_ @in—APT)

kpiAwAPr,  khi|@, |= AP (3-16)
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Crg = kpzﬂw( @out - APT)

(Pws KOm_APT PE)

(Pws KOm_APT) .
Kz ) Bus = P fu®u)dby,  Khi AP < | @, | < (APp + Pp)

kpz/wPg,  khi| | = (APr + Pg) (3-17)
Cpo = kpo/lw(@(,ut — APp — PE)
I (Pws— $ jn—APT—PE)
- Poﬂ”w 20 (Pws - pw)fw(pw)dpw (3-18)

RY — { Rpr(APy), khi AP =0
T 7 =Ry (AP}), khi APy < 0 (3-19)

Céc hé s0, kp;, 1 ty 18 tang gia dién boi thudng so voi gia chao thau va 16n hon
1. Bdi véi nguén nhiét dién, doanh thu con dugc bd sung mot khoan thu nhap R¥ khi
ban dién cho dién gio.

Ham f,, trong cac biéu thirc trén 14 phan bé mat do xac suat cong suat PG, no
biéu dién x4c suat sai léch du doan cong suat trong thoi gian twong lai, c6 thé ngay hém
sau hodc tudn sau, thang sau tiy theo TTD. Ham phén b Weibull hai tham sb ¢ va k
duoc ap dung co thé tham khao céc tai liéu [79, 71].

3.2.2.3. Chi s6 gid dién trong thi trirong dién

M6 hinh TTD dua trén viéc khop 1é€nh gitta cung va cau theo cong suit va don
gia. DIt liéu chao mua ban dién tuong ting v6i gia mua ban di¢n dugc chao ngay hom
sau (gia su la thi truong ngay hom sau) cua nhitng ngudi mua dién (1a cac phu tai dién
hodc nhiing cong ty phan phdi dién), va ngudi ban dién (chu yéu 1a ngudn dién cac
loai) duoc tap trung tai trung tim quan ly TTD (ISO). Mt diéu chinh gia dién trong
cac tinh huéng du san lugng di¢n, hodc thiéu san lugng dién co thé xac dinh theo [81].
Gia sir gia ban san luong dién gi6 duwa trén gia ban dién cua ngudn nhiét dién nhu

(2-10), khi d6 ty s6 diéu chinh gia dién thay d6i theo cac biéu thic sau:

Agw by + cg(PTg — APW) B (1 B cgAR,

k. = -
R0, by + c4Pry

(3-20)
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A
Tg=1

kp, = —
PL7A, (3-21)

L1 A cgAPy,
Ky hiéu f = gAW = B(AP,) (3-22)

Trong d6, cac hé sb b va ¢ 1a thanh phan hé s6 phi phi ctia ngudn nhiét dién. Déi
v6i ngudn trit ning, gia sit dau tu ESS khong tinh dén 1oi ich, khi d6 doanh thu chi dé
bu chi phi. Bién ddi tir cac biéu thirc (3-32) va (3-33) bén dudi co:

CI nv

ko, = AE_W — i[
i Aw Aw Ne(l - a)PESS

+ Cp + lbuy]

1
== Z (UICESS + CO + /’tbuy) (3_23)

Ky hiéu UICggs & day biéu dién mot ty 16 sudt dau tu ngudn ESS. Phan phat hop
dong tuy thudc vao luat thi trudng, & ddy gia st gid phat duoc tinh theo gia dién cia
ngudn nhiét dién dy phong c6 chi phi cao nhat. Ty 1¢ phat khi d6 la:

Apw _ by +cg|Prg + AR, — APp — (1 — @) Pggs]

kon =
PO 2 by + ¢, Prg
_ (1 +Cg[APW_APT_ (1—a)PEss]> — 14
Ay Y (3-24)
K}'] hléu ]/ — Cg[APW—AP’;'—(l—(Z)PESS] — Y(APW) (3_25)

Vi AP,, 1a ngau nhién nén S va y 1a cac gia tri ngau nhién.
3.2.3. Cac rang bugc
3.2.3.1. Gioi han van hanh cua hé théng dién
Céc rang budc van hanh 6n dinh HTD truyén tai, & day chi dat ndng cac diéu
kién xac 1ap véi giéi han bién nhu: can bang cong sudt cung cau, gidi cong suat truyén
tai, gioi han van hanh dién ap nut van hanh tuong ty nghién curu [82]. Ddi véi cac rang

budc van hanh khac it anh hudng dén bai toan doanh thu ngudn DG thi gia sir bo qua.
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Pgi — Ppi — Z ViV;(Gij cos 8 + Byj sin&y;) = 0
je(tap nit) (3-26)

QGi — QDi — Z VLV](GLJ sin 611 + Bl] coS 611) =0

jE(tap nat) (3'27)
ie(tap nit) = Vieeap niey < Vie(tap nat) (3-28)
Sie(tap nhann) < Sic(tip nhanh) (3-29)

Céc thong s Pg;, Qci, Ppiy Qp; 13 cong suat tac dung va cong suat phan khang

van hanh cuia nguén dién va phu tai tai nut i; G;;, B;; 1a thanh phﬁn thuc va 4o cua téng

ij»
dan nhanh ndi hai nut i-j; S;, S™%* 14 céng suat biéu kién van hanh va dinh murc ctia
nhanh tht 1; V; 1a dién dp van hanh cua nat i; 6;; 1a goc 1éch pha cua dién éap gitra hai
nat i-j; va V™Mn, mex 13 dién ap toi thiéu va cuc dai cho phép ctia nut i.
3.2.3.2. Gioi han tua-bin gio
Van hanh tua-bin gié bi rang budc béi gidi han van toc gié dudi va trén nhu

biéu thurc:

Vin SV = Voye
Cong suat phat dién twong tmg 0 < P < Py, (3-30)
Vi v;,, 12 giéi han van téc khoi dong cia tua bin va v,,,, 12 gidi han van toc gid
cao, toc do g16 vuot ra khoi pham vi gidi han tua bin s€ dung hoat dong.

3.2.3.3. Gidi han diéu kién dau tw ESS

Trong khi gid dau tu ban dau cta hé thong ESS con kha cao nén chi dau tu khi

c6 loi hodc yéu cAu can thiét, danh gia co thé biéu dién nhu sau:
Cess < Rgss (3-31)

O diy Cggs tong chi phi va Ry 12 doanh thu dat dugc. Trong nghién ciru nay

xem hé thdng ESS 14 tron bd gém ca pin va hé thong chuyén doi ddu ndi luéi dién.
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Cong nghé trit ning pin lithium gia st duoc st dung thue nghiém trong bai viét nay,

cac chi phi va doanh thu theo cac biéu thirc sau, [83]:

Cess = Ciny + NoCo (1 — ) Pgss (3-32)

Rgss = Ne(kpzﬂvw - )z’buy)(l — @) Ppss (3-33)

Céc chi phi dau trr va van hanh ESS duoc ky hiéu 1a C;,,,, va Cy. N, 12 56 1an x4
sau twong duong trong vong doi ESS tuong g véi hé s6 xa sdu a va cong suét dinh
murc cua ESS 13 Pggs.

3.3. Phwong phap tdi wu
3.3.1. Cdc thudt todn géc

3.3.1.1. GA

Thuét toan tién hoa tiép tuc 1a mot phuong phap quan trong trong viée giai quyét
céc bai toan toi uu nhiéu bién nhd tinh linh hoat va kha nang tim kiém da dang ctia no,
tiéu biéu 1a GA [84]. Qua trinh tién hoa cua thuét toan dién ra qua nhiéu thé hé, trong
d6 hoat dong mdi thé hé (sau day goi 1a vong lip) bao gdm mot hodc nhiéu quan thé
va trai qua cac giai doan chinh nhu: lya chon, lai ghép va dot bién [85]. Mdi ca thé
trong quan thé duogc biéu dién dudi dang mot chudi gen trong nhiém sic thé, trong tmg
v6i céc bién s cua bai toan. Ban dau, quén thé duoc khéi tao ngﬁu nhién va sau do
duoc diéu chinh dan qua tirmg vong lap dé cai thién két qua tdi vu. Qua trinh nay duoc
1ap lai cho dén khi dat duoc muc tiéu, mdi chu trinh duge mé ta qua cac budc chinh
gém: xay dung cong déng, chon loc, lai hoa, dot bién. Mdi hoat dong duoc biéu dién
dién hinh nhu sau:

- Chon loc dé loai bo nhitng c4 thé kém chit lwong bang cac phuwong phap nhu

Tournament selection [86], Roulette Wheel selection [87], vi du md ta toan hoc chon

loc Roulette Wheel:

_f
Pi=ST (3-34)

Vi p; 14 x4c sudt chon c4 thé thu i, twong ung f; 1a ham muc tiéu.
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- Lai cac gen cha me dé sinh ra cac con véi cac ki thuit lai single-point va
double-point [88], Uniform crossover [89], hodc cac phuong phép lai tao khac. Vi du
nhiém sic thé lai bang phuwong phép single-point c6 thé biéu dién:

cha cha ,.me me ]

[xcon] = [xl ’ --'ixj—lrxj v Xy (3-35)

- Dot bién gen nham tang tdc d6 hoi tyu, hodc thoat ra khoi vong 1ap co thé dan
dén cuc tri dia phuong. Cac k¥ thuat dot bién dién hinh nhu Power mutation [90],

Uniform mutation [91] ¢6 thé biéu dién:

xJotbiEn rand(L;, U;) (3-36)

l

Vi rand 1a ham phat sinh ngau nhién va L;, U; twong tmg 1a gia tri can dudi va
trén ciia mo1 gen.

3.3.1.2. PSO

Thuat toan PSO, theo nghién ctru [92], 1a mdt k¥ thuat t61 wu dua trén sy mo
phong hanh vi di chuyén ciia cdc nhom sinh vat nhu dan chim hay dan c4, voi myc tidu
tim ra vi tri t6i vu chung cho ca tap thé. Qua trinh ndy bat dau bang viéc tao ra mot
quan thé cac ca thé tng cir vién ngau nhién, mdi ca thé dai dién cho mot diém trong
khong gian tim kiém. Mi ca thé duoc dic trung boi vi tri va van tdc cua no, va trong
mdi vong lip, chung cap nhat trang thai dua trén vj tri tdt nhat tung dat duoc cling nhu
vi tri t&i uru toan cuc. Pidu nay giup dinh hudng chuyén dong ciia mdi ca thé theo hudng

¢6 1oi hon, gop phan cai thién két qua toi uu theo thoi gian [93].
Van toc ctia mdi ca thé trong mdi bude 1ap duoc tinh toan theo phuong trinh
dong hoc sau [94]:
Vi = oVi + o1 R (pt — xt) + 02R5 (g — xt) (3-37)
Trong do, Vti 1a van tdc hién tai cta ca thé i; o 12 hé sb quan tinh, diéu khién
mirc do bién d6i van tdc. Hai thanh phan ty nhan thirc va tac dong xa hoi: ¢; 13 hé sb
hoc hoi ca nhan va @ 12 hé s6 hoc hoi xa hoi, thuong duoc khoi tao véi gia tri bang 2

[92]. Cac bién ngau nhién R:, va R, 1a cac s6 ngdu nhién trong [0,1], gitp ting tinh
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ngau nhién va tranh roi vao cuc tri cuc bd. Vecto py 1a vi tri tot nhat ma ca thé i ting
dat duogc, con g; 1a vi tri tot nhat toan cuc. Cudi cung, x; la vi tri hién tai cta ca thé i,

duoc cap nhat theo cong thirc sau [94]:
Xip1 = X + Vi (3-38)

Ban dau, vi tri va van toc cta céac ca thé dugc khoi tao ngau nhién, trong khi vi

tri t5t nhat cia mdi ca thé duogc thiét 1ap bang gid tri ban ddu cta chinh no, tirc 1a pb=x.

Trong sudt qué trinh t6i wu hoa, c6 thé ap dung cac ciu trac lién két nhu mé
hinh vong hodc mé hinh sao nham nang cao hiéu qua tim kiém [95, 96]. Ngoai ra,
phuong phéap bo sung nhiéu loan ciing duge sir dung dé ting tinh da dang trong quan
thé, béng cach dua vao cac ca thé ngau nhién méi nham tranh roi vao cuc trj cuc bd va

.....

3.3.1.3. LSTM

LSTM la mot phién ban cai tién ctia mang no-ron hdi tiép, duoc thiét ké nham
xir 1y dit liéu theo chudi va khic phuc han ché vé kha nang ghi nhé trong qué trinh lan
truyén nguoc. Mo hinh nay do Hochreiter va Schmidhuber [98] dé xuét, dic biét phu
hop cho céc bai toan dy bao chudi thdi gian, xir Iy ngon ngit tu nhién va nhiing tmg
dung yéu cau luu giir thong tin dai han. Cau triic cia LSTM bao gdm nhiéu don vi Cell
két ndi v6i nhau nhu Hinh 3.1, trong d6 mdi don vi chira cac cong diéu khién giup loc,
cap nhat va duy tri thong tin mdt cach co6 chon loc, tir d6 nang cao hi€u qua xu ly dir

liéu tuan tu.

M5 hinh LSTM tdi thiéu bao gdm ba thanh phan chinh: 16p dau vao, 16p dau ra
va cac 16p LSTM gbém nhiéu don vi 4n ndm giira nhu minh hoa trong Hinh 3.2. Qua
trinh hoat dong ctia LSTM dién ra theo sau budc co ban. Pau tién, mé hinh tiép nhan
thong tin dau vao cung trang thai bo nhé va trang thai an tir budc trude. Tiép theo, cong
quén quyét dinh loai bo hodc gifr lai mot phan thong tin tir bd nhd ci, trong khi cong
nhép x4c dinh dr li¢u moi can duoc bod sung. Sau d6, bo nhé dugce cap nhat bﬁng cach

két hop thong tin hién tai véi dir li¢u da dugc chon loc. Tiép theo, céng dau ra diéu
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Hinh 3.2. Cau triic mang no ron LSTM

chinh trang thai an moi dua trén dit lidu luu trit, gitip mo hinh xac dinh mbi quan hé
giita cac budc trong chudi thoi gian. Cudi cliing, trang thai 4n méi nay dugc chuyén
sang budc tiép theo, tiép tuc qua trinh hoc va du bao. Cac cong thirc toan hoc lién

quan dén co ché hoat dong ciia LSTM dugc trinh bay trong [99], nhu sau:

fe = G(Wth + Wyshi—q + bf) (3-39)

i, = o(W,X, + Wyshe_y + b;) (3-40)

0y = o(Wo Xy + Wyohi_y + b,) (3-41)

C, = C,_,®f, + i,@tanh(W.X, + Wy he_y + b.) (3-42)
h, = 0,@tanh(C,_,) (3-43)

Ma tran trong s, cac bién thién vi duoc hién thi duéi dang W (f,i,0,C) va

b(f,i,0,C) twong tng. O ddy, h,_, biéu thi don vi 4n trudc d6 13 phép cong phan tir
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theo trong s va C, trd thanh Cell hién tai sau khi xir Iy. Phép nhan theo phan tir gitta
don vi dau vao, don vi 6 va don vi ddu ra ciia cac 16p an duge biéu thi bang ®. Cac
ham bién ddi duoc biéu dién biang tanh va o. Cac phuong trinh (3-39) - (3-41) lan
luot biéu dién cac gia tri quén, dau vao va dau ra. Phuong trinh (3-42) va (3-43) hién

thi 6 nhd hién tai va don vi an & budce thoi gian t.

Do khé nang quan ly dong thong tin hi¢u qua, LSTM dugc xem la mdt trong
nhirng mo hinh tién tién trong xur 1y dit liéu chudi thoi gian. Trong cac tng dung du
bao, LSTM c6 thé nim bit va mo hinh hoa xu huéng bién doi theo thoi gian, gop
phan nang cao d6 chinh xac. Viéc tdi vu qua trinh huan luyén két hop voi cac phuong
phap hién dai giap LSTM cai thién hi¢u suit, dic biét trong cac bai toan phurc tap voi
dit liéu c¢6 murc d6 bién dong cao.

3.3.2. Thudt todn lai thong minh nhén tao — metaheuristic dé xudt

3.3.2.1. Cau truc

Céu trac van hanh cta hai thuat toan GA va PSO c6 diém dic trung 1a mdi ca
thé hoat dong doc lap nhung van chiu sy chi phéi béi tién trinh tién hoa chung. Qua
trinh ndy vira mang tinh canh tranh vira c6 sy hop tac, huéng dén muyc tiéu t6i wu. Nho
vay, cac vong lap sau thuong ¢ chit lugng gen cao hon, tiém can nghiém ti vu hon
so voi1 vong 1dp trude. No6i cach khac, sy phat trién cua cac ca thé khong chi tién bo
theo thoi gian ma con co thé dat dugc mirc hiéu qua vuot trdi so voi trang thai ban dau,

tuong ty nhu su tién bo trong xa hoi.

Duya trén nguyén 1y ndy, néu trong mot quan thé ton tai mot sd ca thé mang
nhitng dic tinh vuot trdi cta twong lai, thi cac ca thé ndy c6 thé dong vai trd nhu mot
tac nhan thuc day sy phat trién chung. Trong thuat toan GA, cé thé uu viét nay c6 kha
ning ddy nhanh qua trinh tién hoa, trong khi & PSO, n6 cé thé gitip tang toc do hoi tu
va dinh hudng céac ca thé khac dén nghiém t6i wu mot cach hiéu qua hon. Két qua la
toan bo hé thong co thé dat dugc trang thai tdi wu voi toc do nhanh hon va do chinh

xac cao hon.
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Hinh 3.3. Chu trinh dy dodn trong qud trinh tién héa ciia chu trinh MH

Str dung kha nang du doan theo truc thoi gian ctia LSTM, thuat toan dé xuét co
thé du doan trudc cac dic tinh wu viét tuong lai va gan cho mot sb ca thé trong GA
hodc xac dinh toa do ca thé trong PSO. Nhirng ca thé "hién dai" nay dugc hoa nhap vao
cong déng hién tai, dong vai tro nhu nhirng nhan t6 dan dat, gilp tang tdc do hoi tu,
nang cao hiéu qua tdi uu toan cyc va phat huy sy phat trién 6n dinh qué trinh giai bai
toan.

3.3.2.2. Nguyén ly lai hoa cac thuat toan

Trong thuat toan tdi wu GA va PSO, qué trinh tién t&i muc tiéu dua trén tuong
tac cong dong phat huy cac t6 chat noi bat clia timg ca thé va kim ham céc yéu to bat
loi. Vi hoat dong cong déng nén su dan dit cua cac ca thé ndi troi dong vai tro quan
trong trong viéc vuot qua cac chudng ngai vat va ting toc do di dén két qua. Y tudng
méi duoc dit ra 1a bd sung va hinh thanh cac ca thé trong lai trong cong dong, cac ca
thé nay thudng gioi, s& tuong tac va gop phan dan dat hudng di cho ca cong dong. Bang
tri thong minh nhan tao, nhiém sac thé cua cac ca thé twong lai trong thuat toan GA
duoc dy doan; hodc toa do vi tri va tde do cua cac ca thé tuong lai trong thuat toan PSO
dugc du doan. Két qua hinh thanh hai thuat toan t6i uu lai méi: LSTM-GA va LSTM-
PSO.
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3.3.2.3. Lai LSTM-GA

Hinh 3.3 thé hién mot chu trinh két ciu lai LSTM-GA. C4c bién dau vao va ra
tuong tu thuat toan géc, khéc biét & diém thuat toan deep learning dugc céy vao bén
trong thuat toan tién hoa nhu 13 mot budce bién ddi trong chu trinh tién hoa GA. Budc
bién d6i dugc bd sung nay 1a két qua dy doan nhiém sic thé da duoc tién hoa hién dai
hon béng thuit toan LSTM véi kién tric du doan hdi quy theo thoi gian. Cac ca thé
mang nhiém sic thé mai tt hon d6 dugce thim nhdp vao cong déng cu dan dé hoat
dong tién hoa cung véi cong dong dé mang lai su tién hoa tot hon. Qua trinh nay thé

hién qua nam budc dugce bi€u dién,

Gen 1 Gen 2 Gen 3 Gen 4

Hinh 3.4. Nhiém sdc thé dién hinh 2 trang trai gio
Budc 1: Thiét 1ap hé thong va dinh nghia tham s6 ban dau

Tién hanh cu hinh cic thong s6 cia HTD, bao gom dic diém cua ngudn phat,
tai tiéu thy, cung voi cau tric ludi dién va tham sd diéu kién van hanh cac nat va duong
day truyén tai. Str dung mé hinh Weibull dé xac dinh phan bd xac suét cta toc do gio
tai cac trang trai PG, tir d6 xdy dung phan b x4c suit ciia cong suat phat nham mo

phong su dao dong va tinh khong 6n dinh ctia ngudn ning luong gio.

Khai tao cac tham sb cho thuat toan GA, dinh nghia nhiém séc thé biéu dién dic
trung timg cdp hai gen cho tirng ngudn dién gio, Hinh 3.4 mé ta nhiém sic thé cua 2
nguén DG, cu thé:

Gene 1: Mtic chénh 1éch cong suat gié giita du doan va chao thau PG 1. Giéi
han cong suét tbi da twong tng cong suat dinh mirc cua dién gio.

Gene 2: Cong suit bd ESS dé bu dép su sai 1€ch cua dién gi6 1. Gidi han cong
suit t6i da bang lugng bu cho cong sudt dinh mirc cua dién gid.

Trang trai PG thi 2 trong hinh duoc biéu dién béi cap (gen 3 va gen 4) tuong

ung.
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Khoi tao tham sé mang LSTM, bao gdm cAu trac cac 16p dau vao, du ra va sb
16p 4n LSTM trung gian; cac tham sb huan luyén quan trong cho qua trinh du doan

nhiém sic thé twong lai.

Budc 2: Khéi tao quﬁn thé ban dau, ngau nhién mot quﬁn thé duoc tao.

Budc 3: Tinh toan gia tri muc tiéu ting ca thé va danh gid ca thé

Tién hanh phan b cong sudt van hanh t6i vu trong HTD. Trén co sé d6 xac
dinh phan b cong suit cac ngudn dién 1a co sé tinh toan don gia dién binh quan va xac
dinh ban dién ctia PG va tinh gia tri ham muc tiéu cho timg phan tir trong tap hop giai
phap.

Budc 4: Huan luyén LSTM va thyc thi thuat toan GA.

Truyén dit liéu quan thé cho LSTM huén luyén: Déi voi vong 1ap ban dau, xir
Iy chuan hoa di liéu ddu vao va huan luyén kién triic duoc thuc hién; Déi v6i cac vong

lap tiép theo, cap nhat mo hinh bang dit liéu mai.

Dy doéan nhiém sac thé cta cé thé twong lai, c6 thé du doan thé hé ké can hoac

nhiéu thé hé twong lai.
Thuec thi thudt toan GA gdm:
Cép nhit cac ca thé da dy doan bang LSTM vao trong quan thé hién tai.
Hoat dong bién d6i va tién hoa trong quﬁn thé: chon loc, lai tao va dot bién.
Budc 5: Xay dung thé hé méi twong timg vong lip méi va danh gia muc tiéu

Hinh thanh quan thé méi dua trén cac ca thé da bién doi, tién hoa va du doan dé
hinh thanh mot cong dong trong vong lap mdi. Thé hé cong dong trong vong 1ap méi
nay sau khi duogc kiém tra diéu kién két thac néu khong dat thi tiép tuc quay lai Budc
3.

Luu d6 thuat toan lai LSTM-GA duoc minh hoa trong Hinh 3.5, trong d6 qua

trinh xt ly dir li¢u dau vao, huan luyén va dy doadn tuong lai béng hoc sau duoc tich
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Hinh 3.5. Luu d6 thudt todn LSTM-GA
hop truc tiép vao co ché van hanh clia GA. Thong tin vé nhiém sac thé ciia cac ca thé
trong quén thé dugc st dung dé dao tao kién tric LSTM, gia tri do I¢éch muyc ti€u ca thé
trong cong dong dugc gan cho ham lost dé nham nang cao d6 chinh xac dy bao. Cac

c4 thé sau khi duoc du doan boi LSTM s& duoc dua vao vong lap tiép theo dé thyuc hién
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qua trinh lai ghép va dot bién. Phuwong phap nay gop phan nang cao kha ning tim kiém
nghiém ti uu toan cuc va rat ngin s vong lap tién hoa can thiét.
3.3.2.4. Lai LSTM-PSO
Twong tu nhu lai véi GA, mang LSTM dugc nhiing trong chu trinh PSO dé du
doan tuong lai dich chuyén cac ca thé ndi bat dé sir dung ching dan dit cong dong
nhanh chong hudng dén muc tiéu. Chu trinh ciia thuat toan lai thé hién trén Hinh 3.5

theo cac budc:

Budc 1: Thiét 1ap hé théng va dinh nghia tham sé ban dau — thong sé6 HTD va

cac nguon dién, trong do c6 phan bo mat do xac suat dién gio duoc thiét l1ap.

Cai dat cac tham sb hoat dong cho PSO, dién hinh nhu sb ca thé trong quﬁn thé,
quan tinh, ty 1& twong tac, ..., va dinh nghia bién gin lién véi ca thé (x1, x2, x3, x4,

...), mdi cip bién thé hién thong s6 ctia mot trang trai dién gid twong tng:

x1: Mirc chénh 1éch cong suit gio giita du doan va chao thau. Gidi han cong

suat toi da twong ung cong suat dinh muc cua dién gio.

x2: Cong suét bd ESS dé bu dép su sai 1éch cua dién gi6. Gi61 han cong sudt toi

da bang luong bu cho cong suat dinh mirc cua dién gio.

Khi c6 nhiéu trang trai dién gi6 tham gia trong lién két, timg cap (x1, x2), (x3,

x4), ... trong tmg tham sb cta ting trang trai dién gio.

Tiép theo sau 1a khdi tao tham sd ciu trac mang LSTM, bao gom sb 16p dau

vao/dau ra, sO 16p an, va thiét 1ap cac tham s6 ban dau.
Bude 2: Ngau nhién khoi tao mot quan thé ban dau
Budc 3: Tinh todn ham muc ti€u ting ca thé va sap xep vi tri

Phan b6 cong suét trén HTD dé 14y dir liéu x4c dinh gia ban dién cia cac DG
va tinh toan gia tri ham muc tiéu cho timg ca thé trong quan thé trong cac pham vi rang

buoc.
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Hinh 3.6. Luu dé6 LSTM-PSO

Budc 4: Huan luyén mo hinh LSTM va thuc thi thuat toan PSO

Viéc truyén dit liéu cho LSTM va huén luyén twong tw nhu thuat toan lai LSTM-

GA, sau khi hudn luyén tién t6i du doan xu huéng dich chuyén dé xac dinh vi tri twong
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lai cia cac c4 thé ndi trdi trong quan thé. Cac thong sd vi tri dy doan nay duoc gan cho
cac ca thé méi, goi 1a c4 thé tuong lai.

Song song d06, qua trinh dich chuyén ctia céc c4 thé trong PSO duoc thuc hién
theo dting quy luat by dan da duoc thiét lap.

Budc 5: Xay dung cong dong méi va danh gid lai muc tiéu

Cong dé)ng moéi duoc xac dinh gé)m cac ca thé da dich chuyén dén vi tri m&i sau
bude 1ap két hop véi cac ca thé duoc du doan duoc bd sung. Cong ddng méi duogce kiém
tra dicu kién két thiic, néu khong dat thi tiép tuc quay lai Budc 3.
3.4. Thuc nghiém

3.4.1. Xay dung cac kich ban thiwr nghiém

Nam kich ban dugc xem xét thir nghi€ém cung gidi bai toan voi dir li€u dau vao
nhu nhau va so sanh danh gia dua vao su khac bi¢t phuong phap giai bai toan, trong
d6 ¢o 1 kich ban giai bang phuong phap toan hoc gan diing khi cong suat dién gié thay
d6i 101 rac, 2 kich ban bang phuong phap tdi wu gdc, va 2 kich ban tdi uvu bang phuong
phép moi:

- Kich ban 1: Roi rac hoa cong suét dién gi6 trong phuong phap tdi wu toan hoc.

- Kich ban 2 (GA): t6i uu bang thuat toan GA gbc.

- Kich ban 3 (LSTM-GA): str dung thuat toan lai m&1 LSTM-GA.

- Kich ban 4 (PSO): thuat toan toi uu PSO gdc

- Kich ban 5 (LSTM-PSO): thuat toan lai méi LSTM-PSO.

Ngoai ra, két qua con so sanh vai kich ban 6, 1a kich ban t1 wu trong nghién
ctru cong b tai [79] bang phwong phap sd nguyén tuyén tinh di trinh bay Chuong 2.

3.4.2. Dir liéu dau vao
3.4.2.1. He théng dién chudn IEEE 30-bus
Thong s6 va dit kién cia HTD chuan IEEE 30-bus, nguon PG, ESS da dugc mo

ta va cung cip trong phan 2.3.6.1. Ngoai ra, cac thong tin chi tiét nhu sau:
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Bang 3.1. Théng s6 cai dit GA

Thong s6 GA gbc GA trong lai hoa
Dén sb 50 50
Ty 1€ lai tao 0.8 0.8
Ty 1& dot bién 0.1 0.1
Ty 1€ du doan Khoéng 4p dung 0.05
Vong lap toi da 20 20
SO hoat dong trong | 3 hoat dong (chon lya, | 4 hoat dong (bé sung hoat dong du
moi vong lap lai tao, dot bién) doén)
Bdng 3.2. Théng sé cdai diat PSO
Thong sd PSO gbc PSO trong lai hoa
Dan sb 100 100
Hé sd quén tinh 0.1+1.1 0.1+1.1
Ty 18 twong tac cong dong 0.25 0.25
Ty 1& tu diéu chinh so véi | 1.49 1.49
tuong tac cong dong
Ty 1€ du doan Khong ap dung 0.05
Vong lap toi da 25 25
Cac hoat dong trong mdi vong | Twong tic va dich | Ngoai twong tach dich
lap chuyén chuyén bo sung thém nhiéu
c4 thé du doan

Badng 3.3. Thong sé cai ddt va hudn luyén LSTM

Kién trac Huén luyén
Thong s6 Gia tri Thong s6 Gid tr1
Lép dau vao 01 SO lan hoc toi da 100
Lép LSTM/don vi | 2+3/50+120 | Gidi han gia tdc bién dong trong s6 | 1
Lop daura 01 Ty 1€ hoc ban dau 0.001
Ty 1€ loai no ron 0.2 Chu ky mdi 1an giam s6 1an hoc 20
S0 bién dau vao 4 S6 lwong mau mdi nhém dir lidu hoc | 20
120
—»— Mua gié Ién ...+ Mua gi6 thap
100
80
§ 60
é

B
=]

[y
[=]

1 23 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24

Chu ky (gi®)

Hinh 3.7 Biéu dé cong sudt gié ngay theo hai mia

75




* Ngudn dién gié: Pau tu tai chinh ngudn DG tham khao [100], suat dau tu
750.0006/MW tuong tmg véi tudi tho 25 nam, chi phi O&M 1a 1,5%. Biéu d6 cong
suat phat PG ngay dugc dy doan theo hai mua cao diém va thap diém duoc tham
khao trong tai li€u [3] nhu trén Hinh 3.7.

* Bo trir nang ESS

Chon luu trix 1 pin Lithium-ion dé thi nghiém, chi tiét nhu sau [101]: Tudi tho
t6i thiéu 10 nam. Suat dau tu 1a 200 €/kWh va chi phi van hanh 3%, hi¢u suat luu trit
90%, mdi budc cong suat thay doi 1a IMW [102].

3.4.2.2. Dir liéu cai dat cho thudt toan GA, PSO va kién tric LSTM

Cau hinh va cac tham s6 ciia thuét toan GA, PSO duoc trinh bay trong Bang 3.1
va Bang 3.2. Di vai kién trac hoc sau LSTM, cac tham s6 cau hinh va thong sb phuc
vu huin luyén dy doéan duogc cho & Bang 3.3.

3.4.2.3. Cong cu thi nghiém

Phan mém Matlab dugc sir dung dé viét code va chay thi nghiém cuing véi cac
cong cu tmg dung cho HTP ma ngudn md Matpower duoc truy cp tai [103]. Thuc thi
trén may tinh Windows 11, c6 cau hinh CPU Intel Core i7 1068G7, RAM 32Gb, RTX
3050.

3.4.3. Két qua thir nghiém
3.4.3.1. Kich ban 1

Bién thién roi rac bién d6 1éch cong suat theo chidu ting 1én va giam xudng,
doanh thu trong kich ban nay cho két qua trén [79]. Trong biéu d6 cho thiy doanh thu
thay ddi mot cach lién tuc theo su thay ddi cua do 1éch cong suit chao thau dién g16 so
Vo1 cong suat du doan (%AP), va dinh doanh thu luén ludén léch vé phia &m cua do léch
cong suat. Két qua dat dinh doanh thu nam trong viing %AP khoang (-10% dén -30%)
va dat tdi thiéu trong vung (+10% dén +3 0%). Cuc dai toan cuc cua doanh thu dat duoc

74 triéu $/mam tai %APpuss=-25%, %APbus11=-20%, Prgss = SMW ,Va Prsg; = SMW
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3.4.3.2. Kich ban GA va LSTM-GA

Thi nghiém 1an lugt 15 1an chay lién tuc GA va LSTM-GA cho két qua cac quy
dao hoi tu thé hién trén Hinh 3.9, trong d6 hinh (a) biéu dién thuat toan GA va hinh (b)
biéu dién LSTM-GA. Mdi chim biéu thi gia trj loi ich tdi vu tai mot lan 13p 1an thyc
thi cu thé. Két qua qua trinh cua cac 1an thyc thi ¢6 thé xem tai phu luc 1. Nhan xét két

qua nhu trén hinh nhu sau:

Céc thuat toan dugc thuc hién 25 vong 1ap cho mdi lan chay c6 két qua cho théy

6n dinh muc tiéu tir vong lap 13 tr¢ di trong da s6 cac lan chay, va 6 dinh tir vong lap
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18 tré di trong tt ca cac vong lap. Vi vdy trong cac hinh biéu dién chi thé hién dén

vong 1dp thar 20.

Hinh (a): Két qua cta thuét toan GA thong thudng cho thiy qua trinh t6i vu dat
cuc tri sau khoang 10 dén 15 vong lap tién héa. Tuy nhién, mot s 1an thye thi gip phai
hién tugong méc ket tai cuc tri dia phuong, dan dén su phan tan dang ké cua nghiém
cubi cing gitra cac lan chay. Nguyén nhan chu yéu 1a do thuat toan khong thé thoat
khoi cac bﬁy cuc tri cuc b9, gay ra sy chénh 1éch 16n gitra cac nghi¢m t8i wu thu duoc.
Do d6, can ¢ cac bién phéap cai tién GA dé ting cudng kha nang tranh cuc tri dia

phuong va nang cao do on dinh cta nghiém tim dugc.

Hinh (b): Két qua cai thién kha nang hdi tu toan cuc dang ké & thuat toan LSTM-
GA. O vong lap cudi cung (vong lap thit 20), cac nghiém tap trung chit ché quanh mot
gié tri t6i wu, nhu vay d6 chinh xac nang 1én so v6i thuat toan GA truyén thong. Ngoai
ra, trong giai doan dau cua qua trinh tién hoa (tir vong lap 1 dén khoang vong lap 10),
cac duong cong hoi tu c6 do dbc 16n va muot ma, dic biét 1a sau vong lap 4-5. Diéu
nay cho théy thuat toan LSTM-GA khong chi dat tdc d6 hoi tu nhanh hon, ma con duy
tri dugc sy 6n dinh trong qué trinh tién hoa, giup cai thién hiéu qua tdi wu so voi GA
truyén thong trong hinh (a).

3.4.3.3. Kich ban PSO va LSTM-GA

Tuong tu, cling thuc thi 15 lan lién tuc chay trén cac thuat toan PSO va LSTM-
PSO. Két qua qua trinh hoi tu cta bai toan duoc biéu dién trén Hinh 3.10 va nghiém
tién toi tdi wu cua tung lan thu nghiém, xem s6 liéu tai PHU LUC 1: Qua trinh t6i wu

hoa cac thuat toan .

Hinh (a): Két qua phén tich cho thiy qué trinh hoi tu dién ra v6i mirc do bién
dong cao, trong do xuét hién mot sb giai doan c¢0 sy thay doi dot ngdt, gdy anh hudng
dén tinh 6n dinh cta qua trinh t6i wu. Thoi gian hoi tu ¢6 thé kéo dai dén vong lap thir
25, va trong mot ) trrong hop, thuat toan khong dat duogc gia tri cyuc tri toan cyuc ma

dung lai tai mot cuc tri dia phuong.
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Hinh 3.10. Qua trinh hoi tu sau 25 vong lap PSO va LSTM-PSO

Hinh (b): Piém héi tu cta thuat toan LSTM-PSO nidm chu yéu trong khoang
vong lap thi 15 va tap trung rd rét tai vong 1ap thir 17. Trong 5 vong lip dau, su phan
b ciia cac diém hoi tu twong ty nhu trong Hinh (a), nhung tir cac vong lap tiép theo,
cac gia tri dan hoi tu chit ché hon. Pic biét, tir vong lap tha 18 tro di, tit ca cac lan
thuc thi déu hoi tu vao mot diém cuec tri toan cuc, hau nhu khong gap phai tinh trang
ket trong cuc tri dia phuong nhu quan sat thy ¢ Hinh (a).

3.4.4. Thdo lugn
3.4.4.1. Bdnh gid hiéu qud dau tw dién gié

Mb hinh két hop ba dang ngudn dién gié — nhiét — trir niang da duoc dé xuat
nham nang cao hiéu qua dau tu PG trong bdi canh TTP canh tranh, dong thoi xem xét
tac dong cua tinh bt dinh tir ngudn ning lugng gi6. Tinh hiéu qua ctia mé hinh nay da
dugc phan tich trong Chuong 2. Trong phan nay, cac thuét toan ti uu tién tién duoc
ap dung dé danh gia mirc d6 cai thién loi ich kinh té ma mo hinh dé xuit mang lai.

Cu thé, Béang 3.4 trinh bay két qua thtr nghiém cua sau kich ban khac nhau, bao
gém: Mot kich ban tham chiéu tir nghién ctru trude [79]; Ba kich ban st dung cac
phuong phap t6i wu truyén thong dé so sanh; va hai kich ban ap dung thuét toan t6i uu
lai méi dé xuat.

Két qua phan tich cho thay, trong bén kich ban ap dung phuong phap tdi wu
meta-heuristic, kich ban 2 dén 5, doanh thu cao hon so vé&i 71 triéu USD/nam khi st
dung phuong phap t6i wu tuyén tinh trong kich ban 6 va 74 triéu USD/nim d6i véi

phuong phép toan hoc dugc roi rach cong suat dién gi6 trong kich ban 1. Sy chénh I¢ch
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Bang 3.4. So sanh chi tiéu cac kich ban

Roi rac | GA LSTM- | PSO LSTM- [79]!
Kich ban CS bG GA PSO
1 2 3 4 5 6
Do léch | Bus 25% | (-15%)+ | (-15%)+ | (-15.6%)~+ | (-15.7%)+ |-30%
%AP 5 (-28%) | (-18%) | (-16.5%) | (-16.5%)
Bus -20% | (-16%)+ | (-16%)+ | (-15.6%)~+ | (-15.6%)+ |-30%
11 (-28%) | (-17%) (-26%) | (-16.5%)
Cong suat dién 104 | 97+114 |111+114| 100+114| 113+114 95
gi6 chao thau
cao nhiat (MW)
Cong suat ESS 10 18 19 16 16 10
MW)
Doanh thu 74| 7332+ | 75.75+ 74.86+ 75.84+ 71
(triéu $/nam) 75.90 75.94 75.94 75.94

nay c6 thé bat ngudn tir viéc cac phuong phéap toan hoc truyén thong thuong dua trén
cac gia dinh gan ding, 1am ting sai sd so v&i cac phuong phép t6i wu hién dai.

Tai diém cong suat PG t6i vu, tuong tmg véi do 1éch cong suat chio thau goi 1a
d6 1éc t6i uu (%APop), thé hién trén Bang 3.4 cho thiy tat ca cac gid tri khuyén khich
déu am, dong thoi pham vi tdi vu dan thu hep theo tha tirkich ban 6 -2 — 1 — 4 —
3 — 5. Trong do, kich ban 3 va 5, rng voi thuat toan LSTM-GA va LSTM-PSO, cé
gia tri %APop tap trung va sat véi cong sudt PG du doan nhét, véi do l1éch dao dong
trong khoang -15% dén -18%.

Nhu vy, cac phuong phép téi wu lai giup chu déu tu PG tu tin hon khi chao
thau v6i cong suat toi uu 16n hon, cao hon 20% so véi kich ban 6 di duoc cong bd
trong [79] nhu d3 néu. Cu thé, hai ngudn PG trong cac kich ban 3 va 5 dugc khuyén
khich d4u thau téi 114 MW, trong khi kich ban 6 chi dat mac 95 MW.

Do d6, trong mé hinh lién két ba dang ngudn dién, phuong phép t6i wu lai dugc
dé xuét da cho théy tiém nang trong vi¢c cai thi¢n hiéu suét khai thac DG, hd tro qua
trinh chuyén doi sang nang lwong bén vimng va nang cao gié tri kinh t& — xa hoi.

3.4.4.2. Danh gia cdc thudt toan lai

Hinh 3.11 minh hoa qua trinh hdi tu cta hai thuit toan: GA truyén thong va
LSTM-GA lai, dugc thé hién thong qua gia tri sai s6 cuc tri trung binh qua tirng vong
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1ap. Két qua cho théy tdc d6 hoi tu cua thuét toan LSTM-GA duoc cai thién dang ké so
v6i GA truyén thong.

Trong nim vong 1ap dau tién, sy tién hoa cta quan thé dién ra twong dong giira
hai thuat toan, cho thdy viéc tich hgp LSTM chua tic dong déng ké dén hiéu suit tdi
vu hoa trong giai doan nay. Piéu nay c6 thé dugc giai thich boi qué trinh huan luyén
ban dau ctia mang LSTM, khi dit liéu huin luyén van con phan tan va trong sb cua

mang noron chua héi tu dén trang thai tdi wu.
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Tuy nhién, tir vong lip tht sau tré di, toc d6 cai thién chit lvong quan thé cua
LSTM-GA bit dau vuot troi so véi GA truyén thong. Dic biét, LSTM-GA dat cyc tri
trong khoang vong lip thtr 910, trong khi GA truyén thong can dén 16-17 vong lap
dé dat cuc tri tuong tu. Nhu vay, thuat todn lai khong chi gitp tang tdc d6 hoi tu, ma
con dam bao mirc do 6n dinh véi su bién dong nho hon sau khi dat cyec tri, thuong chi
mat thém 2-3 vong lip dé hoan toan 6n dinh. Diéu nay gitp rut ngin thoi gian hoi tu
tir 6 dén 8 vong 13p so voi GA truyén théng, nhur minh hoa trong hinh.

Ngoai ra, chat luong hoi tu cia LSTM-GA ciing cao hon dang ké. O vong lip
cudi cung, sai s6 tdi wu trong GA truyén thong van dao dong khoang 0,2%, trong khi
LSTM-GA chi sai léch duéi 0,05%. Diéu nay cho thiy quan thé trong GA ¢6 mirc phin
tan cao hon, lam ting nguy co mic ket trong cuc tri dia phuong. Nguoc lai, LSTM-GA
gitip quan thé hoi ty tip trung hon, ning cao xac suat dat dén cyc tri toan cuc, gbp phan
cai thién hiéu qua t61 uu hoa cua thuat toan.

Gidng nhu céc so sanh trén, Hinh 3.12 mo ta qua trinh hoi tu cua hai phuong
phap: PSO truyén thong va thuat toan lai LSTM-PSO. Két qua cho thay thuét toan lai
¢6 toc dd hoi tu vuot troi, giip nang cao hi¢u qua tdi wu so véi PSO truyén théng.

Trong giai doan dau, khoang 10 vong lip dau tién, ca hai thuat toan c6 xu hudng
tién hoa quan thé tuong dong. Toc do cai thién cta cac ca thé ting 1én mot cach tir tir,
v6i su chénh 1éch vé sai sb giita hai phuong phap khong dang ké. Piéu nay cho thay
anh huong cia LSTM trong giai doan khai dau van con han ché, twong ty nhu nhiing
quan sat trudc d6 v6i thuat toan LSTM-GA. Nguyén nhan chu yéu do mang LSTM
chua dat trang théi hoi ty trong qué trinh huén luyén ban dau, dan dén kha nang du bao
va diéu chinh quan thé chua dem lai hiéu suét t6i vu dang ké.

Nhung tir giai doan tiép theo, thuat toan lai cho thay sy but pha 16 rét vai toc do
hoi ty nhanh hon dang ké. Cu thé, LSTM-PSO dat cyc tri chi sau khoang 6 vong lap,
trong khi PSO truyén théng can hon 10 vong lip dé dat duoc két qua twong duong.
Dang chil ¥, sai s6 cuc tri cia LSTM-PSO gan nhu bang khong, trong khi PSO truyén
théng van duy tri mgt mure sai s6 nhat dinh, cho théy chét lugng hoi tu cua thuat toan

lai cao hon.
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Ngoai ra, két qua ciing chi ra ring LSTM-PSO c¢6 tinh 6n dinh cao hon gitta cac
1an thuc thi khac nhau. Cu thé, cac gia tri cuc tri dat dugc trong thuat toan lai c6 murc
do tap trung cao, vdi sai s6 nhé va it bién dong gilra cac lan chay. Nguoc lai, PSO
truyén théng van thé hién sy phan tan cta cac gia tri cuc tri, du khong qua 1én nhung
cling phan anh sy thiéu nhat quan trong két qua toi uu hoa. Diéu nay cang khang dinh
rﬁng viéc tich hogp LSTM vao PSO khong chi tang tdc d6 hoi tu ma con cai thién do
chinh x4c va tinh 6n dinh cua két qua tdi wu.

Nhu vay, qua trinh hdi tu cta céac thuat toan lai n6i chung cé thé duoc chia thanh
ba giai doan chinh:

- Giai doan khéi ddu: Trong nhimg vong lip dau tién (khoang 5-10 vong), do
dit liéu huan luyén cho mang LSTM con han ché, thuat toan lai chua thé phat huy hi¢u
qua t6i wu. Tdc d6 cai thién chit lugng ca thé trong quan thé trong duong véi thuat
toan goc.

- Giai doan tang toc: Khi sé vong 1ap tiép tuc ting (khoang 5-10 vong tiép theo),
mang LSTM dan hoan thién qua trinh huan luyén, gitp thuat toan lai ting toc hoi tu
manh mé. Két qua cho théy ) vong ldp can thiét dé dat cuc tri c6 thé duge rat ngén tur
10-15 vong, gitip toc d6 tdi vu nhanh hon dang ké so véi cac thuat toan truyén thong.

- Giai doan hdi tu 6n dinh: O céac vong lap cudi, thuat toan dat trang thai hoi ty,
nhung thuat toan lai cho két qua tip trung hon va it phan tan hon, thé hién kha ning
vuot bay cuc tri dia phuong tdt hon nhd vao kha nang du doan va diéu chinh thong
minh cua LSTM.

3.5. Két luin
3.5.1. Hiéu qua dat dwoc cua cdc thudt todan lai

Nghién ctru nay danh dau mot bude tién quan trong trong toi vu hoa thong
minh, khi tich hop thong minh nhan tao vao ciu triic ctia cac thuat toan téi uu meta-
heuristic truyén théng cai thién déng ké tdc d6 hoi tu, 6 chinh xac va kha nang tim
kiém nghiém ti wu toan cuc. Cac mé hinh lai LSTM-GA va LSTM-PSO di chimg

minh hi¢u suat vugt trdi so véi phién ban ban dau, khong chi giam s6 vong lap hoi tu
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tir 6 dén 10 1dn ma con giam sai s6 t6i wu mot cach dang ké, déng thoi ting cudng
tinh 6n dinh va d¢ tin cdy cta két qua. Chi tiét cac dot pha chinh c¢ thé ke dén la:

1. Tang tdc hoi tu: Trong khi GA va PSO truyén théng mét hon 16-17 vong
lap dé dat cuyc tri, thuat toan lai chi khoang 6-10 vong lap, giup toc d6 t6i uu nhanh
hon tir 40% dén 60%. Diéu nay mang lai budc dot pha trong tdc do tinh toan, cho
phép ap dung rong rii vao cac hé thong doi hoi kha nang xir 1y tirc thoi.

2. On dinh nghi¢m: Khong chi hdi tu nhanh hon, thuat todn lai con gidm dang
ké mirc sai s6 t6i vu. O vong lap cudi, thuat toan GA va PSO truyén théng van dao
dong voi sai s 1én dén 0,2%, trong khi LSTM-GA va LSTM-PSO chi con dudi
0,05%. Piéu nay ching té mdt budc tién vuot bac vé do chinh xéac, dam béao quén thé
khong bi phan tan va giam nguy co mac ket trong by cuc trj dja phuong.

3. Giam bay cuec tri dia phuong: Véi tinh niing du bao va thich nghi linh hoat
ctia LSTM, thut toan lai c6 thé huéng quan thé dén cic nghiém toan cuc mot cach
hiéu qua hon. Piéu niy nang cao dang ké chat luong t6i uu hoa, dong thdi mé rong
tiém ning g dung trong cac bai toan phrc tap, dic biét 13 ti vu doanh thu PG trong
moi trudng TTD ¢6 tinh bat dinh cao.

4. Véi dit liéu va cu hinh may tinh thuc nghiém, thoi gian hoan thanh mdi lan
thuc thi bai toan toi uu trong vong 3-4 phut, va gan nhu it khac biét giita cac thuat
toan. Diéu nay dé hiéu vi sé vong lap twong dong va quy mé HTP 30-bus kha nho
nén chua phan hoa. Tuy nhién, khi HTD 16n, sy khac biét do thoi gian phan bd cong
suat dong gop 16n trong thoi gian tinh toan ham muc tiéu mdi ca thé, diéu nay dan
dén thoi gian t6i uvu cang nhanh khi s6 vong lap dé dat dugc tdi vu cang sém.

3.5.2. Kiém tra d¢ tin cdy hiéu qud dau tw mé hinh tich hop dién gié

Trong Chuong 2 d3 mo hinh hoa xac suét bat dinh dién gié trong thi truong
dién va dé xuat mo hinh nang doanh thu dién gi6, mé hinh tich hop ngudn dién gié —
nhiét — trir ning. Bing cach Gmg dung cac thuat toan tdi vu lai méi, két qua thuc
nghiém trong chuong nay da ching to hiéu qua t6i uu doanh thu dién gié trong mo

hinh dé xuét.
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Cu thé mtrc 1gi nhuén t8i wu c6 thé dat dén dat 75,9 triéu USD/nam, cao hon
két qua cac phuong phap toan hoc truyén thong di thuc nghiém trude d6 gom kich
ban 6 (71 triéu USD/nam) va kich ban 1 (74 triéu USD/nam). Piéu nay khang dinh
rang viéc ap dung cac thuit toan tién tién gitp giam sai s6 trong du bao va nang cao
hiéu sudt tai chinh cua cac trang trai PG.

Ngoai ra, phan tich do léch cong suét tdi wu chi ra ring cac phuong phép tdi
uu két hop gitip giam bién do dao dong cong suat chao thau. Cu thé, dé xuat chu dién
gi6 ¢ thé nang mirc cong sut chio thau 1én dén 114 MW, cao hon 20% so v&i mirc
95 MW trong nghién ciru trudc ddy. Piéu nay cho thy rang cac thuat toan két hop
khong chi cai thién do chinh xac trong du bdo cong suat DG ma con hd tro tdi vu
chién lugce dau thau, tir d6 gia tang loi nhudn.

3.5.3. Dong gop cua nghién ciru trong chuwong

- Pé xuat phuong phép t6i wu lai méi dya trén co sé hai thudt toan
metaheuristic truyén thong 1a GA va PSO, bang cach tich hgp vao cau tric t6i wu mot
kién trtc mang no ron thong minh nhan tao LSTM. Két qua dat dugc hai thuat toan

lai LSTM-GA va LSTM-PSO.
- Thyc nghiém da dat duoc hiéu qua tdi wu trén bai toan nang doanh thu dién
gi6 trong mo hinh lién két ngudn dién gid da nghién ctu trude do.

- Péng gop 02 cong bd trén tap chi Q1 trong cong dong khoa hoc.
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CHUONG 4: UNG DUNG ESS KET HQOP TOI UU MBA TRUYEN TAI PE
TANG HIEU QUA MO RONG TRANG TRAI PIEN GIO



4.1. Gidi thiéu
4.1.1. Viin dé

Viéc trién khai mot trang trai DG doi hoi su phan tich k¥ ludng trén nhiéu khia
canh, trong d6 c¢6 bdn thanh phan chinh duoc minh hoa trong Hinh 4.1: (1a) hé théng
tua-bin gio, (1b) mang ludi trung thé, (2) cac may bién ap truyén tai (sau day goi
chung 13 may bién 4p), (3) hé thdng duong diy ddu ndi, va (4) hé thong ESS. Trong
giai doan dau phat trién DG, ESS chua dugc wu tién tich hop do cac chinh sich mua
ban dién gia FIT chu yéu khuyén khich khai thac t6i da cong suat phat ma khong can
diéu tiét. Ngoai ra, chi phi dau tu cho cac may bién ap va dudng day truyén tai thudng
khong qua 16n, do d6 ha ting truyén tai thuong dugc thiét ké véi hé s du phong kha
cao dé dat yéu cau tiéu chuan va dam bao kha nang truyén tai cong suat ti da tir trang
trai Ién ludi dién.

Dé t6i da hoa loi nhuan, cic nha dau tu ¢6 thé lua chon mot trong hai hudng
tiép can: (1) Phat trién mot trang trai DG méi véi day du ha ting, hodc (2) Mé rong
mot trang trai PG hién co, tan dung lgi thé tir hé théng truyén tai san co va ap dung
cac giai phap nang hiéu qua.

Phuong an (1) di kém vé6i nhiéu thach thtc, bao gém viée tim kiém dja diém
phtt hop va thuc hién cac thi tuc phap 1y can thiét dé trién khai dy an. Ngoai yéu cau
vé vbn dau tu cao, qua trinh x4y dung con gip khé khan trong viéc giai phong mat
bang, dic biét doi voi hé thong may bién ap va duong diy truyén tai. Viéc dau ndi
vao ludi dién qudc gia thuong phai di qua cac khu vuc ¢ dia hinh phtc tap hoic d6

thi dong duc, gay tro ngai 16n cho qua trinh thuc hién.

Tua bin gid Ludi dién Trir ning MBA truyén Truyén tai ddu
trung thé tai noi

« |\ \ EEE @ & 2

Hinh 4.1: Hoan thién mét dw én dau tw dién gio
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Trong khi d6, phuong an (2) c6 tinh kha thi cao nhd tan dung co s& ha tang
hién c6, gitp giam dang ké chi phi cling nhu rat ngan thoi gian trién khai. Dac biét,
viéc khong phai giai phong miat bang cho hé thong truyén tai gitip han ché cac rui ro
phap 1y va ky thuat, khién phuong an mé rong tré thanh mét lua chon hip din khi
diéu kién phat trién bd sung van con phu hop.

Mot s6 nghién ciru gan day trén thé gidi tip trung vao viéc nang cao hiéu suat
van hanh ciia may bién ap trong cic trang trai PG. Pién hinh nhu tich hop bién tan
vao tram bién ap dé t6i wu chuyén doi ning luong gi6 [104]; cai tién co ché van hanh
may bién 4p nham nang cao hiéu suat tua-bin gié [100]; cai thién kha ning 1am mat
may bién ap dé nang cao kha ning tai DG [105]; va toi vu van hanh may bién 4p trong
cac cum trang trai gi6 trén bo va ngoai khoi [106].

Tuy nhién, chua c6 nghién ctru danh gia hiéu qua dau tu mé rong mot trang
trai DG ma khong can nang cap hé théng truyén tai trong mot tong thé bat dinh dién
gi6 trong twong lai tham gia thi truong dién canh tranh. Do d6, phan nay dé xuat
nghién ctru danh gia hiéu qua dau tu cac kich ban tir xdy méi dén mé rong trang trai
dién gi6 hién hitu theo hai huéng tiép can:

(1) Tang cudng ESS dé cat dinh cong suat truyén tai may bién ap va on dinh
cong suit bat dinh cua dién gié, ting hiéu qua d4u thau dién gi6 trén thi trudong dién
canh tranh.

(2) T6i wu may bién ap truyén tai bang cach kiém soat nhiét do va tudi tho dua
trén ham phan bd mat d6 xac suét bién ddi toc d6 gié theo biéu dd ngay.

4.1.2. Bai todn

Bai toan x4c dinh va danh gié cac chi ti€u tai chinh, gia tri hién tai rong (NPV)
va ty suat hoan von (ROI), cho cidc md hinh xdy dung mé&i va mé rong trang trai dién
gi6 trong diéu kién bat dinh va tham dau thau trén thi trudng dién. Cong suat ESS
duoc xem xét két hop tdi wu van hanh may bién ap truyén tai dé ting hiéu qua ning

luong bét dinh ciia dién gi6. Nang lwong gia tri thap duoc hiéu 1a lugng dién gi6 ban
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gi4 thip trén thi truong hodc doi khi cit bo do qué tai truyén tai hodc khong co ngudi
mua; con nang lugng co6 gia ban cao la loai nang luong co6 gia tri cao.

Do dic diém dia 1y cua cac trang trai PG thuong nam & khu vue héo lanh, viéc
trién khai ha ting truyén tai nhu dudng diy va tram dit cac bién ap gip nhiéu trd
ngai, dic biét trong khau giai phong mit bang. Thay vi xdy dung mot trang trai méi
c6 quy mo tuong duong, viéc cai thién hi¢u suét van hanh may bién ap hién co béng
cach diéu chinh theo biéu d6 cong suat PG bat dinh s& mang lai hiéu qua kinh té va
k¥ thuat cao hon.

Theo tiéu chudn IEC [107], hiéu suat van hanh may bién 4p can duoc danh gia
dua trén cac yéu t& nhu muc tdng nhiét do, tudi tho va kha nang chiu tai. Vi¢c tan
dung san lugng DG du thura thong qua luu trlt nang luwong va phat dién khi c6 nhu
cau khong chi gitp t6i uvu van hanh hé théng ma con nang cao tinh linh hoat va gia
tri kinh té ctia nguén PG trén TTP.

4.1.3. Pham vi va gioi han nghién cvwu ciia chuwong

Chuong thé hién tap trung linh vuc tai chinh dé chon giai phap dau tu méi hay
mo rong trang trai gié khi xét dén bat dinh trong thi truong dién. Theo d6 dé xuat
phuong phap ting hiéu qua dién gi6 bang cach tdi da hoa dung lwong bién thé truyén
tai va qua d6 dé xuat ting cudng hé thong trit ning dé kiém soat cong suét bat dinh.
Muc tiéu 1a ting cac chi sb tai chinh dau tw NPV va ROI. Cac gidi han trong nghién
clru gdm:

- Kich ban dau tu: so sanh dua trén kich ban ddu tu méi hodc mé rong trang
trai dién gi6 hién c6 duwa trén kiém soat luong cong suit dién gi6 bién thién bat dinh
cong suat dién gio két hop hiéu suat may bién ap truyén tai.

- Thuc nghiém: gia thiét bo qua cac chi phi va tac dong tuong dong cua céc
kich ban (nhu dén bu giai toa, moi truong, ...); diéu kién van hanh va tham sb may
bién ap gia sir theo tiéu chuan IEC; hé thdng trit ning st dung cong nghé pin lithum

trong diéu kién van ah2nh 6n dinh 1au dai.
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4.1.4. Phwong phap gidi bai todn
Str dung phuong phap toan hoc thuan tay dé giai bai toan tim ra céc chi tiéu
tai chinh cua ting kich ban lam co sé danh gia hiéu qua dau tu va dé xuit giai phap
¢6 loi ich tbt nhéat.
4.2. Ly thuyét toan hoc
4.2.1. Ham muc tiéu
Cuec dai gia tri hién tai thudn (NPV) cta dong tién dau tu, va hiéu suit dong
vbn dau tu (ROI) 12 myc tiéu hiéu qua dau tu dong tién (nhu da trinh bay), duoc mo

ta trong biéu thirc sau, trich tir [100],

=~ CF,

max NPV = Z—_IO
L (1
iz

+ 1) (4-1)
Va max ROI = NIPV
? (4-2)

NPV, don vi 14 tién t&, 12 1oi nhudn rong quy vé thoi diém hién tai, 1a mot chi
tiéu kinh t& nham danh gia hiéu qua dau tu va so sanh cac du an dau tu. Trong khi do,
ROI tinh trén %, 1a chi tiéu loi ich trén mdi dong tién dau tu. i 12 khoang thoi gian
xéc dinh chi sb ctia dong tién (ndm); n 1a s6 ky han va r 1a chiét khau/13i suit, [%]. n
tuong tng v4i tudi tho cla trang trai gié va ¢ day 1a 25 nam tuong tu [105]. I, 1a vbn
dau tu ban dau tinh dén chi phi hé théng tua-bins gio, bao gdm tua-bin va trung thé
lién két, may bién ap truyén tai. CF; 1a dong tién tai thoi diém i. Céc gid tri ndy dugc

tinh nhu sau,

I, = Cry + Cpr + Ciss

(4-3)
CF, = B; — C; + Bf (4-4)
C; = CO8M + C8M 4 Q&M (4-5)
T
BE = D (P, Cyrice)
= (4-6)

90



Cpws Crr, Crss 13 cac tham sb dau vao biéu thi von dau tu, chi phi lap dat tua-
bin gi6, may bién 4p va ngudn trit ning (néu co). B; 1a loi ich ban dién tir PG cung
cip, bao gdm doanh thu ban dién tryc tiép va thu nhap bt dinh. Cac thanh phan thu
nhap d6 gin voi hanh vi ddu thau cua cha sé hitu DG trong TTD. C; 1a chi phi van
hanh cua ngudén DG va cac thanh phan lién quan trong mdi ndm. P¥* 1a cong suit
van hanh cla trang trai gio; COSM, C2%M, C28M 13 cac chi phi O&M tua-bin gi6, may
bién ap va ngudn ESS. Va thu nhép tir chimg nhan nang luong xanh Bf, Vi du tham
khao tai Thuy Dién, gia ctia Chtng chi Xanh Cprice thay d6i hang nam, theo tai liéu
[100] gia nay cho nam 2019 1a 0,305 [€/MWh].

4.2.2. M6 hinh may bién dp truyén tii

Cong sudt may bién ap trung gian thudng dugc lya chon dinh mitc phu thudce
vao luong ning lugng dién phai truyén qua may bién ap theo tiéu chuan IEC [107].
Mo hinh khéo sat mirc gia nhiét do dau 16p trén ctng khi qua tai va nhiét d6 cudn day
may bién ap. Cac phuong trinh phan bd nhiét 36 dé dam bao réng nhiét do té1 han
nam trong gia tri ngudng dugc mo ta trong tidu chuan IEC 60076—7. Pau tién, chi phi

dau tu may bién ap:

Ctr = Rl Pl 4-7)
Chi phi nay gan nhu ty 1¢ tuyén tinh v6i cong suat cia may bién ap. Trong do,
RI,, 13 suat dau tu va PJ,. 1a cong suit danh dinh. S liéu nay tham khao [100].
Céc rang budc diéu kién van hanh may bién ap gdm c6 03 tiéu chi nhu sau:
4.2.2.1. Gidi han vé cong sudt truyén tdi toi da
Itz-Tsize = Pg/uav
PW(lU
hay Tg;,e 2 tl_z
' (4-8)
Biéu thirc (4-8) [107], biéu dién rang budc cong suat MBA, theo d6 CS biéu

kién chon lyva MBA Ty;,, khong vuot giéi han ty 16 cong suit truyén qua nd, ¢ day 1a
cong suat cia DG. Ngoai ra, theo quy dinh qué tai ngin han dam bao nhiét do may

bién 4p trong pham vi cho phép I, [107],
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Bdng 4.1. Giéi han van hanh mdy bién dp

Thong s0 Qué tai 1ap lai | Qua tai dot | Qué tai ngdn
chu ky xuat dai han | han

Dong dién cho phép [p.u] 1,5 1,5 1,8

Nhiét 6 cudn day cue dai [°C] | 120 140 160

Nhiét do 16i thép cuc dai [°C] | 140 160 180

Nhiét d6 cuc dai 1op trén cung | 105 115 115

dau cach dién [°C]

I, <1
t cp (4_9)

O day, I, 1a dong dién vay hanh may bién 4p tai thoi diém t, va I, 1a dong
dién cho phép van hanh t6i da cia MBA nhu trong Bang 4.1.
4.2.2.2. Gidi han nhiét @6 mdy bién dp t6i da
Gi6i han nhiét d6 tai cac vi tri trong may bién ap tac dong 16n dén su gia di
ctia cach dién va vt liéu dan dién trong may bién ap. Khi van hanh, ké ca qua tai dai
han hoac ngén han, gid1 han nhi¢t do hot-spot va top-oil phai dugc dam bao,

chst < ethst,max (4_10)

to top,max
6, <6,°F

(4-11)
Céc thong s nhiét do hot-spot trén cudn day may bién ap 67 va nhiét do top-
oil cia bé mat trén cung cua dau céach dién 0: op phu thudc vao cong suét truyén tai
qua may bién ap. Cac thong sé ;™ va 6,°P™% 1a nhiét d6 ti da cho phép ciia
cudn diy may bién ap va mit trén cung cta 16p dau cach dién. Di liéu theo tiéu chuin
IEC cho cic may bién ap co cong suat trung binh hodc 16n nhu thé hién trong Bang
4.1. Céc chi sd nhiét do dau va cudn day phu thudc vao dong di¢n qua may bién ap

biéu dién nhu sau:

I2 = PO — P,.0,%% — Py, (4-12)

01t = MOy, IE + 6,7 (4-13)
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1
P1:

At.R.AO,,
(to +At).(R+1) + A0y (4-14)
To
P, = .P.
2 To+ At " (4-15)
Py, =P At(e +A8‘”‘)
3,;t — L2 T, amb,t R + 1 (4_16)

Trong do, At 1a budce thoi gian; R 1a ty 1€ t6n hao; AB,,, 1a d¢ tang nhiét do cua
16p dau phia trén tai ton that dinh murc; 7, 13 hiang s6 thoi gian dau; A8y, 14 gradient
diém néng dau trén cing ¢ dong dién dinh mirc va 8,,,,;, 1a nhiét d6 moi truong xung
quanh.

4.2.2.3. Gidi han tudi tho may bién dp
Mot trong cac thong sd quan trong cho may bién 4p 1a d6 suy giam tudi tho

may bién ap (LOL), 1a tong thoi gian gia di ciia may bién 4p,

T
LOL = z v,
t (4-17)

Vi, V 1a tde do gia hoa, thuong xéac dinh theo chu ky T 1a 1 nam. DPdi vai loai

cach dién thong thudng trong may bién ap, toc d6 niay dugc tinh theo IEC,

1{  E E
V= ko _ i e§<9hr+273 9#5t+273>
(4-18)
Trong d6 A 1a hé $6 truge ham mi, [1/h]; E 1a nang lugng kich hoat, [kJ/mol];

R 14 hang s6 khi, [kg/(Kmol)]; 67t 1a nhiét 46 diém nong, oC; chi sé r biéu thi gid tri
tham chiéu dinh mic.

Sau khi tinh toan téc d6 130 hoa, c6 thé tinh LOL theo tiéu chuan bang cach st
dung (4-15). Tiéu chuin quy dinh tong that tudi tho cua may bién 4p t6i da ' hang
sO thoi gian nhiét d6 cudn day. Dé dam bao rang may bién 4p khong bi hong trudc
khi trang trai gi6 nging hoat dong, giéi han LOL theo tudi tho MBA LTy, so V6i

tudi tho du an dién gi6 LTy ing:
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LTypa

LOL < .8760

Wind (4_ 1 9)

4.2.3. M6 hinh nguén triv ning
Gia st dung cong nghé lithium-ion cho ESS nhu [107] va [101]. Tinh toan loi
ich ESS duoc xac dinh trén co s& gia ban dién x4 va gid mua dién trir nhu sau:

Cgss = Rlgss. Egss (4-20)

T T
Revggs = Z(AD,P ED,t) - Z(AR,F ER.t)
t=1 t=1

(4-21)
Costgpss = Cpag” (4-22)

Rl 14 sudt dau tu ESS. Ay, va Ag, 14 gid ban va gid mua dién, san lugng
ban Ep, , vi mua Ey ;. Theo sy phdi hop van hanh ESS va may bién 4p, viéc thiét 1ap
ning luong sac va xa cta ESS can bang boi hai qué trinh: (i) Nang lugng truc tiép:
Pénh gia mtrc do du thira va thiéu hut ning lugng thong qua phan tich gidi han truyén
tai ciia may bién ap, dua trén du bao cong suat DG. Khi ngudén PG du thira, hé thong
tién hanh luu trit, nguoc lai s& xa khi ngudn cung khong du. (ii) Nang luong bat dinh:
Xac dinh su bién dong cua DG theo mo hinh xac sut, tir d6 ude luong mirc cong suét
chénh 1éch so véi cam két ddu thau trén TTD.

4.2.3.1. Tinh todn nang heong truec tiép

Vi du trén Hinh 4.2 cho thiy khi gidi han cong suit truyén tai may bién ap
tang thi qué trinh sac nang luong giam (dién tich Recharge trén so d6 giam), va nang
luong xa ban dién cua ESS ting 1én. Trong khi d6, luong ning luong truyén tai vuot
qua hay dudi giéi han may bién ap phu thudc vao: kha nang tai 1én cia PG va gidi
han dinh ctia may bién ap.

Khi cong suat ciia may bién ap dugc giit nguyén, kha ning tai ciia né bi chi
phéi boi cac yéu t6 trang thai va diéu kién van hanh. Hai thanh phan ning lugng dién

sac co dinh ER va xa Ef cua ESS duogc x4c dinh nhu sau:

t
EI? = ftlz(Pforecast(t) - PrZ;Z‘}c)dt (4-23)
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g PTramax Vung sac
:g Ving xa R Viing xa |
| | |
o
t t
0 K t |
5 10 15 20 24
Chuky (Gie)
Hinh 4.2 Biéu do nang luwong xac va xa dw kién
t 24
Eg = fol (Pmnglc - Pforecast(t)) dt + ftz (Pr%?c - Pforecast(t)) dt (4_24)

4.2.3.2. Nang lwong bat dinh
Ning lugng sac bat dinh EY va xa bat dinh EY phy thudc hai gié tri ngdu nhién:
van toc gié bat dinh, khi thoi tiét bién dong bat ngd dan dén cong suat gio dau ra vuot
qua gidi han giy ra qua tai may bién ap; va xac suat cong suat phat DG vuot qua cac

gia trj chao thau, din dén thira ning lugng trén TTPD.

PWT pwr
ES = [ (Jyrea 0 — PEED. £ 0. dpt )t + [ (7 (pt -

a forecast
Pforecast)- fw (pgv) dpgv) dt (4—25)
t PWT
Eg = ftol (fpforecast(pgv - Pforecast)'fw (pgv) dpgv) dt (4_26)

(t, — t;) va (t; — t,) 1a thoi gian cong suat gi6 dudi hodc vuot gidi han cia
may bién 4p.
4.2.4. M6 hinh bit dinh dién gié trong thi trwong di¢n
Mo hinh toan hoc trang trai PG trong thi truong dién da mo ta phén 2.2.
4.3. Cac kich ban nghién ciru

- Kich ban 1: dau tu xay mdi mot du an trang trai PG theo md hinh truyén

théng.

- Kich ban 2: M¢ rdng trang trai PG da duoc dau tu trong kich ban 1 nhung
khong thay ddi hé théng truyén tai ddu ndi.
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- Kich ban 3: Mé rong trang trai dién gi6 trong kich ban 2 két hop xay dung
hé thong trit ning.

- Kich ban 4: d4u tu trang trai DG twong tu kich ban 1 nhung t6i vu may bién
ap 63 MVA bang cai tién ché d6 lam mat dé nang cao hiéu qua truyén tai DG [100].

Dir liéu!dﬁu vao:
- H¢ thong dién
- Nguodn dién

v

Phidn bon cong sudt cic ngudn dién
(P7¢;) dinh gia ban dién thi trudng
(Ar6.0)
'L Dir lidu phén bé xdc suit tdc
Dinh gia ban dién (4,) don gio, tir day )fE’IC dinh san
A= Arc lugng dién gid bat dinh
Kich ban BGXDM Kich ban BPGMR Kich ban PGMR-T
XDM dién gi6 truyén . . M rong dién gio két
théng Mo rong dién gio hop ESS
XDM trang trai dién gi6 gf)m:, M¢ réng dién gi6 kich ban TS: Mo rong trang trai gio OWS:
- Tua-bine va h¢ thong két| |- Dya vao bicu db gié xac dinh| |- Xé4c dinh san luong dién gié
ndi: Theo nhu cau dau tu. bién d6i nhiét ¢ MBA va cdc| |bat dinh va di¢n gié du thira
- Tram bién ép‘ truyén tai:| [rang budc vén hanh. do qua tai MBA.
phi hgp véi dicéu kién van| |- Tang cong suat dinh dién gio t6i| (- Xdc dinh cong suat sac va xa
hanh trang trai theo tiéu| |da dé khai thic hi¢u suat MBA| |ESS phu hop san lugng dién
chuan IEC cao nhat co thé da tinh.

A 4 A 4 A 4
Tinh doanh thu va chi phi cho
phin céng sudt dién gié ting
thém bao gom ca ESS theo cic
ham muc tiéu

N NS

Phan bd chi tidu tai
Phan b chi tiéu tai chinh (NPV, ROI) theo
chinh (NPV, ROI) lrong cong suit gio ting
thém

N S

Danh gia, so sanh va dua ra 101 khuyén

Tinh toan doanh thu, chi phi| |Tinh doanh thu va chi phi cho phén
theo cac biéu thic ham muc| [cong suit dién gié ting thém theo
tiéu. cac ham muc tiéu

Két thic

Hinh 4.3: Luu dé chu trinh
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4.4. Lwu dd chu trinh khao sat va danh gia
Phuong phap toan hoc dugc sir dung dé giai bai toan theo trinh tu lwu d6 duoc
thé hién trén Hinh 4.3.
4.5. Thue nghiém
4.5.1. Dir liéu dau vao
4.5.1.1. He théng dién chudn IEEE 30-Bus
Trong nghién ctru nay sir dung HTD chuan IEEE 30-bus [108] dé thuc nghiém,
c6 41 nhanh va 6 nguén dién, dit liéu chi tiét tham khéo tai [40], [109]. Trong do6 co

120
—— Mua gio I&n ...¢-- Mua gi6 thap
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£
&
2 60
2
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0
1 2 3 4 5 6 7 8 9 10111213 14 1516 17 18 19 20 21 22 23 24
Chu ky (gi®)
Hinh 4.4 Biéu do cong suat gio ngay theo hai mua
80
—x- - X&c suét vuot Dy doan — o - X&c suét thiéu
70
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=
=3
Re) 50
()]
c
@ 40
]
(=]
& 30
3
3
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0

1 2 3 4 5 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24
Chu ky (gio)

Hinh 4.5 Xdc sudt san lwong dién gio mua cao diéem
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hai ngudn dién duoc thay thé béi trang trai PG tai bus 5 va 11. Théng s6 PG tham
khao tai li¢u [40].
4.5.1.2. Nguon dién gi6

Dau tu tai chinh nguén DG tham khao [100], suit ddu tu 750.0006/MW tuong
g v6i tudi tho 25 nam, chi phi O&M 1a 1,5%. Biéu d6 cong suat phat PG ngay
duoc du doan theo hai mua cao diém va thép diém duogc tham khao trong tai li€u [3]
nhu trén Hinh 4.4.

Phéan b6 mat do xac sudt bat dinh tdc d6 gio tham khao [71], su bat dinh dan
dén san luong dién cua trang trai DG khac biét so vo1 du doan. Dya vao phan bd
Weibull x4c dinh duoc két qua giao dong san luong DG cho nguén dién tai bus 5 nhu
sau,

Theo do6, san lugng DG duogc chia ba thanh phén: nang lugng dy doan va hi¢n
nay thuong duoc chao thau cung cép, ning lugng xac suat vuot du dodn va xac suat
thip hon dy doan. Thé hién trén Hinh 4.5.

4.5.1.3. ESS

Chon luu trit 14 pin Lithium-ion dé thi nghiém, chi tiét nhu sau [101] va [102]:

- Tudi tho toi thiéu 10 nam.

- Suat dau tu 13 200 €/kWh va chi phi van hanh 3% tham khao.

- Cong suat moi Block IMW.

- Hiéu suat luu trit 90%.

4.5.1.4. May bién ap

- Suat dau tu 30.0006/MVA va chi phi van hanh 3% tham khao [100].

- May bién 4p loai cach dién dau OF, cac tham s theo [107].

- Ty s6 ton hao: R =6

- Muc chénh 1éch nhiét d6 cudn day va lop dau trén cung: AG,,= 49K

- Miic gia ting nhiét do tir diém nong nhét cudn day dén diém néng nhat cua

dau: A@,,= 29K
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ong suat (MW)

C

- Hang s6 thoi gian cudn day: t,,= 7 phit
- Hang s thoi gian dau: T, = 90 phut
- Nhiét d mdi truong 25,6°C
4.5.2. Gid ban dién trén thi truong
Gia str ngudn nhiét dién chi phdi trong HTD chuan IEEE 30-bus nén gia ban

dién binh quan ddi v&i nhiét dién da tinh trong tai liéu [79]. Theo do, gia chao ban

80 160

70 140

60 120

50 100 £
3

40 50 8
=
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0 0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Chu ky (gi®)
- . — . Nhiét @6 dau Nhiét @0 cudn day  «eeereees Céng suét truyén tdi - ----- Céng suat MBA

Hinh 4.6. Bién thién nhiét do may bién dp ngay cao diém
dién trung binh thay ddi trong khoang 26-31,7€/MWh.
4.6. Két qua thi nghiém
4.6.1. Kich ban 1

Thiét ké chon cong suit may bién ap truyén tai theo dit liéu ban dau ngudn DG
tai bus 5 ¢6 cong suat dinh 7SMW. Theo tiéu chudn IEC [107], thiét ké v6i diéu kién
rang budc van hanh mdy bién 4p, trong d6 biéu d6 bién thién nhiét may bién ap co
két qua nhu Hinh 4.6. Két qua cong suat téi wu may bién ap tinh toan dugc xac dinh
14 57 MVA va chon chuin 63 MVA. Dong tién qué trinh dau tu dy 4n tinh duoc trong

truong hop nay nhu Bang 4.2

Bdng 4.2. Dong tién dy én trong kich ban xdy méi PG
Nam 0 1 2 20

Dong tién (ngan €) | -58,140 4,271 4,271 4,271 4,271
NPV (ngan €) 2,562
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Céc két qua nay véi gia st gia dién khong ddi qua cac ndm, va giam mot nira
v6i gia ban dién vuot ddu thau, gia phat thiéu dién sé ting gap d6i. Két qua NPV
duong cho thay hiéu qua dau tu du an theo thiét ké truyén thong cua kich ban xay noi
DG. Tuy nhién khi gia phat thay doi thi NPV c6 thé bi thay ddi theo.

4.6.2. Kich bdn 2

Cong suét cua trang trai DG bus 5 dugc nang cdp ma khong co su diéu chinh
may bién 4p truyén tai va hé thong dudng diy. Muc gia ting t6i da duoc xac dinh dua
trén gidi han truyén tai cia may bién ap. Qua trinh thiét ké bao gom hai giai doan.
Giai doan dau tién ap dung phuong phap ti vu toan hoc, nhu mo ta trong [107], dé
tinh toan cong suat cuc dai méi cua DG, co tinh dén sy thay ddi nhiét do va cac diéu
kién van hanh cua may bién ap theo tiéu chuan IEC. Két qua dat duoc thé hién trong
Hinh 4.7 twong tmg véi cong suat dinh PG dinh mai 1a 90 MW, ting 20% so véi
kich ban xay méi PG trudc ddy. Sy gia ting nay dan dén ting cong suat dau thau cuc
dai, tir khoang 57 MW 1én 74 MW, tiic ting gan 30%. Tuy nhién, hai khoang thoi
gian trong ngdy ma cong suat gié vuot qua dinh mirc cia may bién ap can danh gia.
Budce 2: NPV duogc xac dinh tuong tu kich ban 1 nhung dua trén dir licu md rong

trang trai gio.
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4.6.3. Kich bdn 3

Bo6 sung ngudn ESS trong kich ban mé rong DG hién hitu va xem xét danh gia
san lugng DG bi thiét hai do bi gidi han cong suat may bién 4p truyén tai va tinh bat
dinh cua téc d6 gid. Téng hop ning luong san xuat tir PG can thiét cho luu trit trong
ngay cao diém c6 thé thdy nhu trén Hinh 4.8. Két qua nay duoc tinh theo cic biéu
thirc (4-23) dén (4-26). Doanh thu va chi phi tinh theo (4-20) dén (4-22).

Hinh cho thiy trong suét 24h ctia ngay cao diém hé thong ESS c6 thé lam viéc
lién tuc sac va xa nhung co ban chia thanh hai khoang thoi gian trong ngay. Vo1 cong
sut gi6 dinh 90MW va may bién 4p 63MVA, ning lugng sac va xa tdi uu cho ché do
truc tiép va bat dinh. Co thé chia thanh hai khoang thoi gian chinh. Khoang thoi gian
tr 11 gid sang dén 9 gio tdi duoc vu tién cho qua trinh sac nham tan dung tdi da luong
DG du thira. Ngoai khoang thoi gian nay, viéc phat dién duoc vu tién dé dap tmg nhu
cau ctia TTD khi can thiét. Két qua tong hop nang luge sac va xa trong chu ky duya trén
cac thong s6 tinh toan nhu sau:

Ning luong dién sac c6 dinh ER=24 MWh, xa E5 = 319 MWh; va ning luong
dién sac bat dinh EY = 214 + 7 = 221 MWh, x4 bat dinh EY = 97 MWh. Nhu vay
tong ning luong c6 thé sac tdi da 1a E;=245 MWh, xa t6i da 1a E,=416 MWh; turong
mg cong suét sac trung binh tdi thiéu Pgry,i,=10,2 MW, va xa trung binh téi da

PEDmeanzl 7,3 MW

101



Tir d6 suy ra cong sudt xa trung binh yéu cau la 7,IMW=(17,3-10,2)MW, va
chon nguén luu trit c6 cong suat xa 1a 10MW, véi do xa sau dén 20%.

Ngoai ra, thoi gian x4 lién tuc ctia ngdy cao diém 1a 14 gid/ngay, nhu thé hién
trén Hinh 4.8. Vi vay chon b sac c6 kha nang luu trit ndng lwgng 140MWh.

4.7. Nhan xét va danh gia két qua thwe nghiém
4.7.1. Xem xét khd nang thu hoi von NPV

Hinh 4.9 m6 ta két qua chi tiéu NPV cua ba kich ban cho thay tat ca cac kich
ban c6 NPV>0, nghia 1 dy an dau tu c¢6 hiéu qua. Trong d6, kich ban mo rong nguén
DG tich hgp ESS duong nhu mang lai doanh thu cao nhat cho nha dau tu BG. Hon
nita, NPV cua kich ban nay gan nhu it bi anh huéng boi ty sé gia dién dén bu khi
ngudn DG bi thiéu hut cong suat so voi du bao ban dau do cac nguyén nhan khong
mong mudn.

Thir nhét, vé loi ich mang lai cho chu dau tu, dudng NPV ciia kich ban thir hai
khi mé rong ngudn PG ma khong dau tu thém tram va cac may bién ap cao hon kich
ban truyén thong. Piéu nay cho thiy loi ich ctia chi s¢ hiru duoc ning cao hon nhd
doanh thu phﬁn cong suit DG duoc mé rong mang lai. Déi voi kich ban thir ba, kich
ban co tich hop ESS, NPV tang dot bién so véi cac kich ban con lai, 65.1% khong
phai dén bu va 573% khi muc gia dién dén bu 13 2. Nguyén nhan 1a do ngoai doanh
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Hinh 4.9 Chi tieu NPV cac kich ban
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thu tir vi€c md rong nguén DG nhu kich ban thir hai, tai chinh thu duoc 16n hon nho

ba ngudn loi ich. Thr nhét, san lugng dién bi cit bo do gidi han may bién ap duoc

tich trit dé ban vao dip khéc. Thir hai, bu cho khoan san lugng dién bi thiéu hut cua

ngudn PG, ma dang ra ho phai mua dién véi gid cao dé dén bu cho TTD. Thit ba,

chénh l&ch gifra gia mua va gia ban dién cua ESS mang lai mét loi nhén dang ké.

Tht hai, trong mdi truong TTD canh tranh, viéc boi thuong hop dong duong

nhu khong ai mong muén nhung d6i khi khong tranh khoi vi cac yéu té ngiu nhién
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khong ludng trude cua cac nha cung cp dién, dic biét 1a DG co yéu td bat dinh. Vi
vay, NPV cta du an thudng bi anh hudng 16n boi mirc don gia bdi thudng, nhu cac
kich ban 1 va 2 trén hinh. Tuy nhién, trong trudng hop & kich ban 3, NPV thay doi
rat it mic cho gia dén bu thay d6i, 6n dinh quanh mirc 17.28 triéu €. Diéu nay 1 hoan
toan hop 1y, do san lugng dién thay vi chit DG phai dén bu, vi sai biét so voi du doan,
thi nho ESS can thiép dan dén tranh duoc hanh vi bi xt phat hoac boi thuong hoac
phai mua dién gia cao dé bu cho ngudi mua. Cubi cung, chi so hitu PG bét di ganh
nang tiéu ton chi phi va cac nguoén luc khi phai quan tdm qua muc vao su thiét hai
boi bat dinh trong du béo toc do gio gay ra.
4.7.2. Pdnh gid sudt hiéu qud dau tw

Véi suat lgi ich trén m&i MW PG dau tu, duong ty 18 nay trong kich ban mo
rong cao hon nghia la dau tu mo rong hi¢u qua cao hon xay mot du an PG, mac du
trén hinh nhan thiy muc chénh léch hiéu qua dau tu so véi kich ban xdy méi 1a khong
dang ké, Hinh 4.10. Riéng kich ban ¢ hd tro trit ning, ty sb nay ting dot bién, diéu
nay cho thiy dau tu mo rong PG tich hop ESS 1a giai phap mang lai hiéu qua cao
hon v&i ddu tu m&i du an. Hon thé nita, hiéu suét dau tu kich ban m& rong két hop
trit ning cang ting cao khi muc gia dén bu thiéu hut céng suit ciia PG ting cao. Pién
hinh khi hé s6 dén bu nay ting dén 2.0, thi chi s6 hiéu qua dau tu dau tu ROI ting 1én
gap trén 4.5 1an (cu thé & day 13 464%) nhu Hinh 4.11.

Dé co danh gia toan dién hon, nghién ctru nay tién hanh dbi chiéu véi két qua
trudc day, cu thé 1a kich ban 4, duoc trich dan tir [100] Trong kich ban nay, mdt may
bién ap co cong suat danh dinh 63 MV A duoc dé xuét tdi wu hiéu suét truyén tai cong
suat PG.

Khi so sanh céc chi tiéu tai chinh va diéu kién dau tu giita bon kich ban thi
kich ban 4 thé hién sy cai thién dang ké vé mat tai chinh so véi cac kich ban xay méi
va mé rong PG. Tuy nhién, kich ban c6 hé¢ théng trir nang van dat hiéu suat vuot troi
hon han, véi chi s6 ROI cao hon 24,8% so véi kich ban 4, Bing 4.3. Do d6, viéc dau
tu vao ngudn DG tich hop cung hé thdng ESS theo kich ban bd sung trit ning duoc

xem la phuong 4n t6i wu, khong chi mang lai loi ich tai chinh cho nha dau tu ma con
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Badng 4.3. Doi chiéu chi tiéu cdc kich ban

Kich bdn 1 2 3 4
Wind Power (MW) 75 90 90 75
Xét dén su bat dinh Yes Yes Yes No
NPV (triéu €) 2.56 3.36 17.28 |11.2
NPV/WP (ngan €/ MW) 34.1 37.3 192 149.3
ROI (%) 4.4 4.8 24.8 19.2

dong gop tich cuc cho x4 hoi. Tuy nhién, viéc trién khai kich ban nay can dugc xem
xét trong boi canh bat dinh thyc té, dua trén phan bé Weibull va cac rang budc ki
thuat ctia may bién ap, nham tranh phat sinh chi phi dau tu bo sung do yéu cau mo
rong hé thong truyén tai.

4.8. Két lugn

Nghién ctru da dé xuat mot mo hinh dau tu tiém nang trong linh vuc phat trién
trang trai PG, nhan manh vao viéc ting cudong tng dung ESS két hop tdi wu may bién
ap truyén tai dé mo rong cac trang trai hién hitu c6 loi hon trién khai du 4n méi. Mo
hinh m¢ rong tich hop ESS dé xuat mang lai 191 nhuan dau tu hon han dau tu mai,
dic biét trong bdi canh giam dan cac chinh sach vu d3i va ap luc canh tranh trén TTD.
Két qua chirmg minh qua danh gia ddi chiéu cac chi s6 tai chinh NPV va ROL Cu thé
mo hinh gitip nang ty suét loi nhudn tir 4,4% trong dy an xay méi truyén thong 1én
24,8%.

Hon nira, mé hinh d& xuit mé rong trang trai PG ma khong yéu cau xay dung
thém tram va cac may bién ap va nhu vay khong yéu cau mo rong hé thong truyén tai
dau ndi. Tir d6 giam thiéu bién dong moi trudng va an sinh x hoi cho viée xay dung
truyén tai, cat giam dang ké chi phi dau tu ha ting va nhan cong trong khau dénh gia
tac dong moi truong. Hon nira, vi tri nguén dién khong bién dong nén it bi anh hudng
bai nhiing thay doi trong chinh sach gia dién, dam bao hiéu qua tai chinh bén viing
trong diéu kién TTD bién dong.

Véi két qua nghién ctru da gop phan cac dong goép nhu sau:

- Tang cuong hiéu qua ung dung ESS trong diéu kién bat dinh dién gi6 trén

thi truong dién.
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- Nang hiéu qua dau tu dién gi6 va mé ra mot co hoi phat trién nhanh trong
tuong lai gan.

- Pong gop 01 bai bao Q2 duge cong bd trong cong ddng khoa hoc va chip
nhan don dang ky sang ché huéng dén cong nhan quyén sé hitu tri tué cho giai phap

t61 wu ESS trong trang trai dién gio.
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CHUONG 5: KET LUAN



5.1. Noi dung dat dwgc muc tiéu
5.1.1. Két quad nghién curu

Tém tét két qua nghién ctru tir ba chuvong ( chuong 2, 3 va 4) da dat dugc nhu
sau:

- M6 hinh héa duge x4c suét bat dinh dién g16 trong thi truong dién canh tranh,
qua danh gia di dé xuit mo hinh ning doanh thu dién gi6 tham gia d4u thau trén thi
truong dién, d6 14 mo hinh lién két dién gi6 v6i ngudn nhiét dién két hop trit ning.
Noi dung nay dugc thé hién trong Chuong 2.

- Pé xuit phuong phép t6i vu lai méi dua trén tri thong minh nhén tao dé giai
bai toan t6i wu phirc hop da bién, trong d6 c6 xac suat bat dinh va bién dong cua thi
truong dién khi c6 dién gié tham gia. Hai thuat toan lai LSTM-GA va LSTM-PSO
dugc thuc nghiém dat dugc nhiing vu thé nhét dinh trong bai toan vira néu. Noi dung
nay dugc trinh bay chi tiét trong Chuong 3.

- Cudi cung 1a dé xuat mot giai phap ting hiéu qua dau tu dién gié kha thi
trong twong lai gan. Giai phép ting ing dung ESS trong mét mé hinh t6i vu may bién
ap truyén tai dé mo rong trang trai dién gio da dugc dé xuat c6 suat hiéu qua dau tu
tai chinh cao hon du an xay dung moi tuong duong. Noi dung nay trinh bay trong
Chuong 4.

5.1.2. Déi chiéu véi muc tiéu nghién ciru dgt ra

Nghién ctru tong quan trong Chuong 1 dd dé ra mot muc tiéu twong tng hai
noi dung va trién khai ba trong tdim nghién ciru. Muc tiéu tim giai phap tang loi ich
cho dién gi6 da dat dugc qua ca ba trong tdm dat dugc nhu sau:

- X4y dwng mé hinh xac suit bt dinh dién gi6 trén thi truong dién: i
xdy dung mé hinh hoan chinh va dé xuat mo6 hinh nang doanh thu dién gié trong diéu
kién moi.

- P& xuit phwong phiap lai giai quyét bai toian ning doanh thu di¢n gié
trong diéu kién méi: D3 thr nghiém trén bai toan mo hinh dién gié va dé xuét cac

thuét toan tdi wu lai m&i LSTM-GA va LSTM-PSO.
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- Tang str dung ESS trong mo6 hinh mé rong trang trai dién gié: thur nghiém
tmg dung ESS két hop van hanh téi wu MBA dé ting hiéu qua dau tu mé rong trang
trai dién gio trong diéu kién bat dinh dién gi6 gan lién véi thi truong dién.

5.2. Tinh méi va cac déng gép cia nghién ciru

Nghién ctru ndy dong gop cac diém méi chinh nhu sau:

- Thir nhat, nghién ciru da xay dyung va dé xuat cic mo hinh nhiam nang cao
hiéu qua dau tu dién gi0 trong bdi canh chiu nhiéu bién dong bat dinh, v6n khién loai
hinh nguén dién nay kém loi thé so véi cac ngudn dién truyén théng 6n dinh hon
trong thi truong dién canh tranh toan dién.

- Thtt hai, nghién ctru d& xuat mot phuong phap giai quyét cho bai toan t6i wu
phirc hop va c6 mirc d6 phuc tap cao do phai dong thoi xét dén xac suat bién dong
ngau nhién cta tdc d6 gid va phan tng bat dinh tir cac ddi tac tham gia thi truong
dién; trong do, mdot thuat toan t61 vu lai méi duge phat trién v&i wu thé vuot troi nho
su tich hop tri tué nhan tao vao ciu trac thudt toan ti wu truyén thong.

- Thir ba, nghién ctru dé xuit mo hinh tng dung hé thong luwu trit ning nhim
gia tang loi ich dAu tu cta cac du 4n dién gio trong trudng hop md rong quy mo trang
trai, ma khong can dén viéc tang cudong hé thong truyén tai dau ndi.

Ngoai cac dong gop vé ndi dung nghién ciru, 03 bai bao khoa hoc Q1 (1 bai
cho chuong 2 va 2 bai cho chuong 3), 01 bai Q2 (cho chuong 4), 01 bai Q4 va céc
bai hoi nghi khoa hoc ciing nhu bai bao khoa hoc trong nuéc ciing 1a két qua nghién
ctru dong gop phat trién cong dong nghién ciru khoa hoc trong va ngoai nuée.

5.3. Nhirng khuyén nghi
5.3.1. Céc han ché

Du da c6 nhitng dong gép quan trong, nghién ctiru van con mot sd han ché, dic
biét trong viéc tng dung thuc tién va thir nghiém trong hé théng ning luong ngay
cang phirc tap. Cu thé:

1. Gia dinh vé dic tinh bt dinh caa PG: M6 hinh phan bé Weibull dugc sir

dung dé moé phong toc do gid, tuy nhién, van con nhidu mé hinh phan bd khac phu
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hop ting diéu kién dia phuong cu thé. M6 hinh nang lgi nhuan dién gié bdi mot danh
gia tong thé xac suat bat dinh tir ngiu nhién cua thién nhién dén hoat dong thi truong
trong linh vuyec tai chinh trong thoi ky méi, giam wu dii va canh tranh, con han ché
nghién ctru trén thé gii nén viéc ddi chiéu so sanh chua dugc thyc hién.

2. Dit liéu dau vao vé toc do gi6: Nghién ctru dugc thuc hién dya trén nguff)n
dir liéu c6 san tir cac cong bd khoa hoc trude day, song tde do gi6 co sy khac biét
déng ké dya trén vi tri va thoi diém, tity thudc vao dic diém dia ly riéng biét, doi hoi
tap dir liéu thue nghiém da dang hon dé ning cao tinh tong quat cia mé hinh.

3. B6i canh TTD: Nghién ctru gid dinh mot thi truong canh tranh theo co ché
ngay hom sau phd bién co to chirc ISO quén 1y, véi cong sudt nhiét dién chiém ti
trong chi phdi. Tuy nhién, muc dd phat trién va co cau van hanh ctia TTD t6n tai trén
cac thi trudng khac nhau, diéu nay co thé tic dong luat dau thau khac nhau.

4. Thuat toan méi: M6 hinh thuat toan lai dé xuat di thu duoc két qua t6i uu
dang khich 1é trén quy mé thir nghiém, nhung ddi véi cac bai toan tbi uu co cau tric
da dang va rong hon, hi¢u suét co thé tang r0 rét khi &p dung tap dir ligu huin luyén
mé rong. Tuy vay, cac nghién ctru hién nay van con mot sé diém chua toan dién can
tang cuong tong quat hoa 16n hon. Ngoai ra, toc do hoi tu duge danh gia bang sé vong
1ap, thot gian hoi tu cua thuat toan lai co thé 1au hon trong vai chu ky déu tién hoa do
huan luyén AL Nhung viéc huan luyén c6 thé thuc hién song song va cic chu ky tién
hoa sau khong phai hoc lai nén it b1 &nh hudng, va dac biét cac bai todn 1on gén nhu
it bi anh hudng boi thoi gian huan luyén nay.

5. Bai toan kinh té chi m&i xét dén doanh thu va chi phi phi ma chua danh gia
toan dién céc loi ich x3 hoi khac, hodc cac chinh sach cu thé tung TTD.

5.3.2. Huwong mo rong nghién ciru

- Nghién ctru mé rong trén cac HTD quy m6 16n, bao gom hé thong truyén tai
dia phuong hodc mang luéi dién qudc gia nhu ¢ Viét Nam.

- Nghién ctru mé rong nghién ctru cho cac cht dau tu dién mit troi va cac loai

ngudn dién co tinh chat bat dinh khac.
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- Phat trién nghién ctru st dung cac phuong phap phan bd xac suét da dang,
ap dung sb liéu thuc té, xem xét diéu kién dic thu caa TTD, kém theo léng ghép cac
yéu t6 chinh sach va lgi ich kinh té - xa hoi lién quan.

- Céc thuat toan Al va MH tuong ty khac cling co thé duoc nghién ctru thuc
nghi¢ém hi¢u qua lai tuong tu, tir 6 nghién clru mé rong hon pham vi iing dung cac

thuat toan c6 thé hiéu qua hon.

111



[1]
[2]
[3]

[4]

[3]

[6]
[7]

[8]
[9]

[10]

[11]

[12]

[13]

[14]

TAI LIEU THAM KHAO

T. J. Hammons, "Integrating renewable energy sources into European grids,"
Electrical Power & Energy Systems, vol. 30, no. 8, pp. 462-475, 2008.

"Renewables 2021 - Global status report," International Energy Agency (IEA),
Paris, France, 2021.

D. Cao, W. Hu, X. Xu, T. Dragi€evi¢, Q. Huang, Z. Liu, Z. Chen and F.
Blabjerg, "Bidding strategy for trading wind energy and purchasing reserve of

wind power producer — A DRL based approach," Electrical Power & Energy
Systems, vol. 117, p. 105648, 2020.

N. Wang, J. Li, W. Hu, B. Zhang, Q. Huang and Z. Chen, "Optimal reactive
power dispatch of a full-scale converter based wind farm considering loss
minimization," Renewable Energy, vol. 139, pp. 292-301, 2019.

J. Li, N. Wang, D. Zhou, W. Hu, Q. Huang, Z. Chen and F. Blaabjerg,
"Optimal reactive power dispatch of permanent magnet synchronous
generator-based wind farm considering levelised production cost
minimisation," Renewable Energy, vol. 145, pp. 1-12, 2020.

"BP Energy Outlook 2021," BP p.l.c., London, UK, 2021.

"Renewables 2024: Analysis and forecast to 2030," International Energy
Agency (IEA), France, 2024.

L. T6, "Nghi quyét 70-NQ/TW (20/8/2025): Bao dam an ninh néng luong quéc
gia dén ndm 2030, tam nhin dén nam 2045," Ban chap hanh Trung wong, 2025.
"Vietnam's National Electricity Development Plan for the Period 2021-2030,
Vision to 2050," Vietnam Energy Institute, Hanoi, Vietnam, 2023.

Decision 500/QD-TTg: Approving the Vietnam's National FElectricity
Development Plan for the Period 2021-2030, Vision to 2050, Hanoi, Vietnam:
Prime Minister, 2023.

Plan 262/QD-TTg: Implementing Vietnam's National Electricity Development
Plan for the period 2021-2030, vision to 2050, Hanoi, Vietnam: Prime
Minister, 2024.

S. N. Dinh, L. T. Nguyen and A. V. Truong, "Nang cao hiéu qua thiét ké dau
tu mo rong di¢n gi6 trong dieu kién canh tranh thi truong dién cd xét dén tinh
bat dinh," TNU Journal of Science and Technology, vol. 229, no. 14, pp. 280-
288, 2024.

"Quy hoach phat trién dién lyc Viét Nam thoi ky 2021-2030, tam nhin dén
2050," Vién Nang Luong, Ha Noi1, 2023.

A. A. Eladl, S. Fawzy, E. E. Abd-Raboh, A. Elmitwally, G. Agundis-Tinajero,
J. M. Guerrero and M. A. Hassan, "A comprehensive review on wind power

112



[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

spillage: Reasons, minimization techniques, real applications, challenges, and
future trends," Electric Power Systems Research, vol. 226, p. 109915, 2024.

J. Zhang, M. Cui, B.-M. Hodge, A. Florita and J. Freedman, "Ramp forecasting
performance from improved short-term wind power forecasting over multiple
spatial and temporal scales," Energy, vol. 122, pp. 528-541, 2017.

E. A. Tuncar, $. Saglam and B. Oral, "A review of short-term wind power
generation forecasting methods in recent technological trends," Energy
Reports, vol. 12, pp. 197-209, 2024.

K. Kumar, P. Prabhakar, A. Verma, S. Saroha and K. Singh, "Advancements
in wind power forecasting: A comprehensive review of artificial intelligence-

based approaches," Multimedia Tools and Applications, vol. 84, p. 8331-8360,
2025.

W. Dong, H. Sun, J. Tan, Z. L1, J. Zhang and Y. Y. Zhao, "Short-term regional
wind power forecasting for small datasets with input data correction, hybrid

neural network, and error analysis," Energy Reports, vol. 7, pp. 7675-7692,
2021.

S. Bjarghov, M. Loschenbrand, A. U. N. L. Saif, R. A. Pedrero, C. Pfeiffer and
S. K. Khadem, "Developments and Challenges in Local Electricity Markets:
A Comprehensive Review," IEEE Access, vol. 9, pp. 58910 - 58943, 2021.

T.-H. Le, P. Han, H.-C. Le and M.-T. Bui, "Electricity market development in
Vietnam: Historical trends and future outlooks," Utilities Policy, vol. 81, p.
101510, 2023.

"Energy Prices and Costs in Europe: Report from the commission to the
european parliament, the council, the european economic and social
committee and the committee of the regions," European Commssion, Brussels,
2020.

O. Valarezo, T. Gomez, J. P. Chaves-Avila, L. Lind, M. Correa, D. U. Ziegler
and R. Escobar, "Analysis of New Flexibility Market Models in Europe,"
Energies, vol. 14, no. 12, p. 3521, 2021.

P. Shinde and M. Amelin, "A Literature Review of Intraday Electricity
Markets and Prices," IEEE Milan PowerTech, p. 18938508, 2019.

M. Haugen, H. Farahmand, S. Jachnert and S.-E. Fleten, "Representation of
uncertainty in market models for operational planning and forecasting in
renewable power systems: a review," Energy Systems , 2023.

B. Li and M. Ghiasi, "A New Strategy for Economic Virtual Power Plant
Utilization in Electricity Market Considering Energy Storage Effects and
Ancillary Services," Journal of Electrical Engineering & Technology, vol. 16,

p. 28632874, 2021.

F. Peng, W. Zhang, W. Zhou, J. Tao, H. Sun, S. Hu, Q. Lyu, Y. Wang and X.
Fan, "Review on bidding strategies for renewable energy power producers

113



[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

participating in electricity spot markets," Sustainable Energy Technologies
and Assessments, vol. 58, p. 103329, 2023.

W. Hamanah, M. Abido and L. M. Alhems, "Optimum Sizing of Hybrid PV,
Wind, Battery and Diesel System Using Lightning Search Algorithm,"
Arabian Journal For Science And Engineering, 2019.

J. Dobschinski, E. D. Pascalis, A. Wessel, L. v. Bremen, B. Lange, K. Rohrig,
Y.-M. S. Drenan, . Fraunhofer, O. ForWind and a. E. Germany, "The potential
of advanced shortest-term forecasts and dynamic prediction intervals for
reducing the wind power induced reserve requirements," Scientific
Proceedings of the European Wind Power Conference, p. 177-182, 2010.

H. Holttinen, "Handling of wind power forecast errors in the Nordic power
market," International Conference on Probabilistic Methods Applied to Power
Systems, p. 9475028, 2006.

T. Dai and W. Qiao, "Trading Wind Power in a Competitive Electricity Market
Using Stochastic Programing and Game Theory," [EEE Transactions on
Sustainable Energy, vol. 4, no. 3, pp. 805-815, 2013.

J. Liang, S. Grijalva and R. G. Harley, "Increased Wind Revenue and System
Security by Trading Wind Power in Energy and Regulation Reserve Markets,"
IEEE Transactions on Sustainable Energy, vol. 2, no. 3, pp. 340-347, 2011.

E. Du, N. Zhang, C. Kang, B. Kroposki, H. Huang, M. Miao and Q. Xia,
"Managing Wind Power Uncertainty Through Strategic Reserve Purchasing,"
IEEE Transactions on Power Systems, vol. 32, no. 4, pp. 2547-2559, 2017.

J. Matevosyan and L. Soder, "Minimization of imbalance cost trading wind
power on the short term power market," IEEE Russia Power Tech, p. 9925004,
2005.

W. Hu and Z. Chen, "Stochastic optimal wind power bidding strategy in short-
term electricity market," International Review of Electrical Engineering, vol.
7, no. 1, pp. 3380-3390, 1012.

P. Pinson, C. Chevallier and G. N. Kariniotakis, "Trading Wind Generation
From Short-Term Probabilistic Forecasts of Wind Power," IEEE Transactions
on Power Systems, vol. 22, no. 3, pp. 1148-1156, 2007.

Y. Yang, H. Lou, J. Wu, S. Zhang and S. Gao, "A survey on wind power
forecasting with machine learning approaches," Neural Computing and
Applications, vol. 36, p. 12753-12773, 2024.

Y. Z. Alharthi, H. Chiroma and L. A. Gabralla, "Enhanced framework
embedded with data transformation and multi-objective feature selection
algorithm for forecasting wind power," scientific reports, vol. 15, p. 16119,
2025.

Y. Zhang, X. Kong, J. Wang, H. Wang and X. Cheng, "Wind power

forecasting system with data enhancement and algorithm improvement,"
Renewable and Sustainable Energy Reviews, vol. 196, p. 114349, 2024.

114



[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

W.Jiang, B. Liu, Y. Liang, H. Gao, P. Lin, D. Zhang and G. Hu, "Applicability
analysis of transformer to wind speed forecasting by a novel deep learning
framework with multiple atmospheric variables," Applied Energy, vol. 353, p.
122155, 2024.

P. P. Biswas, P. N. Suganthan and G. A. J. Amaratunga, "Optimal power flow
solutions incorporating stochastic wind and solar power," Energy Conversion
and Management, vol. 148, pp. 1194-1207, 2017.

M. H. D. M. Ribeiro, R. G. d. Silva, S. R. Moreno, C. Canton, J. H. K. Larcher,
S. F. Stefenon, V. C. Mariani and L. d. S. Coelho, "Variational mode
decomposition and bagging extreme learning machine with multi-objective

optimization for wind power forecasting," Applied Intelligence, vol. 54, p.
3119-3134, 2024.

G. Bathurst, J. Weatherill and G. Strbac, "Trading wind generation in short
term energy markets," IEEE Transactions on Power Systems, vol. 17, no. 3,
pp. 782-789, 2002.

G. Syjan, C. D. Ravinesh, C.-P. David and S.-S. Sancho, "Two-step deep
learning framework with error compensation technique for short-term, half-

hourly electricity price forecasting," Applied Energy, vol. 353, p. 122059,
2024.

A. Sagu, N. S. Gill, P. Gulia, P. K. Singh and W.-C. Hong, "Design of
Metaheuristic Optimization Algorithms for Deep Learning Model for Secure
[oT Environment," Sustainability, vol. 15, no. 3, p. 2204, 2023.

A. Kara, E. Pekel, E. Ozcetin and G. B. Yildiz, "Genetic algorithm optimized
a deep learning method with attention mechanism for soil moisture
prediction," Neural Computing and Applications, vol. 36, p. 1761-1772,2024.

N. Bacanin, L. Jovanovic, M. Zivkovic, V. Kandasamy, M. Antonijevic, M.
Deveci and I. Strumberger, "Multivariate energy forecasting via metaheuristic
tuned long-short term memory and gated recurrent unit neural networks,"
Information Sciences, vol. 642, p. 119122, 2023.

X. Cui, J. Zhu, L. Jia, J. Wang and Y. Wu, "A novel heat load prediction model
of district heating system based on hybrid whale optimization algorithm
(WOA) and CNN-LSTM with attention mechanism," Energy, vol. 312, p.
133536, 2024.

Z. Wu, N. Cui, W. Zhang, C. Liu, X. Jin, D. Gong, L. Xing, L. Zhao, S. Wen
and Y. Yang, "Estimating soil moisture content in citrus orchards using multi-
temporal sentinel-1A data-based LSTM and PSO-LSTM models," Journal of
Hydrology, vol. 637, p. 131336, 2024.

V. Gundu and S. P. Simon, "PSO-LSTM for short term forecast of

heterogeneous time series electricity price signals," Journal of Ambient
Intelligence and Humanized Computing , vol. 12, p. 2375-2385, 2021.

115



[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

Y. Son, X. Zhang, Y. Yoon, J. Cho and S. Choi, "LSTM-GAN based cloud
movement prediction in satellite images for PV forecast," Journal of Ambient
Intelligence and Humanized Computing, vol. 14, p. 12373—-12386, 2023.

R. Villasana, L. L. Garver and S. J. Salon, "Transmission network planning
using linear programming," I[EEE Trans. Power App and Syst., vol. 104, no. 2,
pp. 349-356, 1985.

Y. P. Dusonchet and A. H. El-Abiad, "Transmission planning using discrete
dynamic optimization," IEEE Trans. Power Appar. Syst., Vols. PAS-92, pp.
1358-1371, 1973.

I. Sanchez, R. Romero, J. Mantovani and M. Rider, "Transmission-expansion
planning using the DC model and nonlinearprogramming technique,"
Proceedings of IEE -Gener. Transm. Distrib., vol. 152, no. 6, pp. 763-769,
2005.

A. Akter, E. 1. Zafir, N. H. Dana, R. Joysoyal, S. K. Sarker, L. Li, S. M.
Muyeen, S. K. Das and I. Kamwa, "A review on microgrid optimization with

meta-heuristic techniques: Scopes, trends and recommendation," Energy
Strategy Reviews, vol. 51, p. 101298, 2024.

H. V.-R. Gerard, T. B.-R. Maria, V. M. Alonso, A. Ivan, M. C.-D. Jorge, C.
O.-B. Jos¢ and G. A.-C. Juan, "A systematic review of metaheuristic

algorithms in electric power systems optimization," Applied Soft Computing,
vol. 150, p. 111047, 2024.

M. C. d. Rocha and J. Saraiva, "Transmission expansion planning — A
multiyear PSO based approach considering load uncertainties," Proceedings
of PowerTech Conference, 2013 IEEE Grenoble, pp. 1-6, 2013.

E. L. D. Silva, H. A. Gil and J. M. Areiza, "Transmission network expansion
planning under an improved genetic algorithm," IEEE Trans. Power Syst., vol.
15, no. 3, pp. 1168-1175, 2000.

R. A. Gallego, R. Romero and A. J. Monticelli, "Tabu search algorithm for
network synthesis," IEEE Trans. Power Syst., vol. 15, no. 2, pp. 490-495,
2000.

S. Binato, G. C. Oliveira and J. L. Aragjo, "A greedy randomized adaptive
search procedure for transmission expansion planning," /EEE Trans. Power
Syst., vol. 16, pp. 247-253, 2001.

N. Leeprechanon, P. Limsakul and S. Pothiya, "Optimal transmission
expansion planning using ant colony optimization," Journal of Sustainable
Energy & Environment, vol. 1, no. 2, pp. 71-76, 2010.

A. Entezari, A. Aslani, R. Zahedi and Y. Noorollahi, "Artificial intelligence
and machine learning in energy systems: A bibliographic perspective," Energy
Strategy Reviews, vol. 45, p. 101017, 2023.

E. Hosseini, A. M. Al-Ghaili, D. H. Kadir, S. S. Gunasekaran, A. N. Ahmed,
N. Jamil, M. Deveci and R. A. Razali, "Meta-heuristics and deep learning for

116



[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

energy applications: Review and open research challenges (2018-2023),"
Energy Strategy Reviews, vol. 53, p. 101409, 2024.

X. Zhang, H. Zhang, L. Zhang, L. Du, Q. Wang and D. Zhou, "Optimization
of a wind-PV-hydrogen production coupling system considering economy,
environment, and reliability," International Journal of Hydrogen Energy, vol.
105, pp. 441-457, 2025.

M. Qais, H. Hasanien and S. Alghuwainem, "Enhanced salp swarm algorithm:

Application to variable speed wind generators," Engineering Applications of
Artificial Intelligence, vol. 80, pp. 82-96, 2019.

U. K. Nkalo, O. O. Inya, P. I. Obi, A. U. Bola and D. I. Ewean, "A modified
multi-objective particle swarm optimization (M-MOPSO) for optimal sizing
of a solar—wind—battery hybrid renewable energy system," Solar Compass,
vol. 12, p. 100082, 2024.

E. Hosseini, L. Reinhardt and D. B. Rawat, "Optimizing Gradient Methods for
IoT Applications," IEEE Internet of Things Journal, vol. 9, no. 15, pp. 13694
- 13704, 2022.

Y. Wang, R. Zou, F. Liu, L. Zhang and Q. Liu, "A review of wind speed and
wind power forecasting with deep neural networks," Applied Energy, vol. 304,
p. 117766, 2021.

A. Saeed, C. Li, Z. Gan, Y. Xie and F. Liu, "A simple approach for short-term
wind speed interval prediction based on independently recurrent neural

networks and error probability distribution," Energy, vol. 238, no. Part C, p.
122012, 2022.

W. Mohammed, "Five different distributions and metaheuristics to model
wind speed distribution," Journal of Termal Engineering, vol. 7, no. 14, p.
1898-1920, 2021.

S. Jahan, N. Masseran and W. Z. W.Z., "Wind speed analysis using Weibull
and lower upper truncated Weibull distribution in Bangladesh," Energy
Reports, vol. 11, pp. 5456-5465, 2024.

P. Wais, "A review of Weibull functions in wind sector," Renewable and
Sustainable Energy Reviews, vol. 70, pp. 1099-1107, 2017.

R. Roy and H. T. Jadhav, "Optimal power flow solution of power system
incorporating stochastic wind power using Gbest guided artificial bee colony
algorithm," Electrical Power & Energy Systems, vol. 64, pp. 562-578, 2015.

Z. Ullah and M. Baseer, "Operational Planning and Design of Market-Based
Virtual Power Plant with High Penetration of Renewable Energy Sources,"
International Journal of Renewable Energy Development, vol. 11, no. 3, pp.
620-629, 2022.

F. Liu, X. Wang, Y. Xiao and Z. Bie, "Robust Pricing of Energy and Ancillary
Services in Combined Electricity and Natural Gas Markets," I[EEE
Transactions on Power Systems, vol. 37, no. 1, pp. 603 - 616, 2022.

117



[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

L. Hadjipaschalis, A. Poullikkas and V. Efthimiou, "Overview of current and
future energy storage technologies for electric power applications," Renewable
and Sustainable Energy Reviews, vol. 13, no. 6-7, pp. 1513-1522, 2009.

B. Dunn, H. Kamath and J.-M. Tarascon, "Electrical Energy Storage for the
Grid: A Battery of Choices," Science, vol. 334, pp. 928-935, 2011.

O. Alsac and B. Stott, "Optimal Load Flow with Steady-State Security," IEEE
Transactions on Power Apparatus and Systems, Vols. PAS-93, no. 3, pp. 745-
751, 1974.

R. Ferrero, S. Shahidehpour and V. Ramesh, "Transaction analysis in
deregulated power systems using game theory," IEEE Transactions on Power
Systems, vol. 12, no. 3, pp. 1340-1347, 1997.

V. A. Truong, N. S. Dinh and T. L. Duong, "Profit Maximization of Wind
Power Plants in the Electricity Market Based on Linking Models Between
Energy Sources," Arabian Journal for Science and Engineering, vol. 49, no.
8, p. 6275-6291, 2024.

P. Georgios and B. Pandelis, "Review and Comparison of Genetic Algorithm
and Particle Swarm Optimization in the Optimal Power Flow Problem,"
Energies, vol. 16, no. 3, p. 1152, 2023.

G. Bertrand and A. Papavasiliou, "An Analysis of Threshold Policies for
Trading in Continuous Intraday Electricity Markets," 15th International
Conference on the European Energy Market (EEM), p. 18130454, 2018.

A. Abedi, M. R. Hesamzadeh and F. Romerio, "Adaptive robust vulnerability
analysis of power systems under uncertainty: A multilevel OPF-based

optimization approach," International Journal of Electrical Power & Energy
Systems, vol. 134, p. 107432, 2022.

M. Cao, Q. Xu, X. Qin and J. Cai, "Battery energy storage sizing based on a
model predictive control strategy with operational constraints to smooth the
wind power," International Journal of Electrical Power & Energy Systems,
vol. 115, pp. 1-10, 2020.

M. A. Elaziz, A. Dahou, L. Abualigah, L. Yu, M. Alshinwan, A. M.
Khasawneh and S. Lu, "Advanced metaheuristic optimization techniques in
applications of deep neural networks: a review," Neural Computing and
Applications, vol. 33, p. 14079-14099, 2021.

S. Mirjalili, "Genetic Algorithm," Evolutionary Algorithms and Neural
Networks. Studies in Computational Intelligence, vol. 780, p. 43-55, 2019.
B. L. Miller and D. E. Goldberg, "Genetic algorithms, tournament selection,
and the effects of noise," Complex Systems, vol. 9, no. 3, p. 193-212., 1995.
R. Kumar, "Blending roulette wheel selection & rank selection in genetic

algorithms," International Journal of Machine Learning and Computing, vol.
2,no. 4, p. 365, 2012.

118



[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

M. Srinivas and L. M. Patnaik, "Genetic algorithms: A survey," Computer,
vol. 27, no. 6, p. 17-26., 1994.

E. Semenkin and M. Semenkina, "Self-configuring genetic algorithm with
modified uniform crossover operator," International Conference in Swarm
Intelligence, p. 414-421, 2012.

K. Deep and M. Thakur, "A new mutation operator for real coded genetic
algorithms," Applied Mathematics and Computation, vol. 193, no. 1, p. 211
230.,2007.

M. Srinivas and L. M. Patnaik, "Adaptive probabilities of crossover and
mutation in genetic algorithms," IEEE Transactions on Systems, Man, and
Cybernetics, vol. 24, no. 4, p. 656—667., 1994.

J. Kennedy and R. Eberhart, "Particle Swarm Optimization," in Proceedings
of ICNN'95 - International Conference on Neural Networks, Perth, WA,
Australia, 1995.

D. Freitas, L. G. Lopes and F. Morgado-Dias, "Particle Swarm Optimisation:
A Historical Review Up to the Current Developments," Entropy, vol. 22, no.
3, p. 362, 2020.

M. R. Bonyadi and Z. Michalewicz, "Particle Swarm Optimization for Single
Objective Continuous Space Problems: A Review," Evolutionary
Computation, vol. 25, no. 1, pp. 1 - 54, 2017.

J. Kennedy, "Small worlds and mega-minds: effects of neighborhood topology
on particle swarm performance," in Proceedings of the 1999 Congress on
Evolutionary Computation-CEC99 (Cat. No. 99TH8406), Washington, DC,
USA, 1999.

M. Clerc, "The swarm and the queen: Towards a deterministic and adaptive
particle swarm optimization.," in Proceedings of the 1999 Congress on
Evolutionary Computation-CEC99 (Cat. No. 99TH8406), Washington, DC,
USA, 1999.

R. Kundu, S. Das, R. Mukherjee and S. Debchoudhury, "An improved particle
swarm optimizer with difference mean based perturbation," Neurocomputing,
vol. 129, pp. 315-333, 2014.

S. Hochreiter and J. Schmidhuber, "Long Short-Term Memory," Neural
Computation, vol. 9, no. 8, pp. 1735 - 1780, 1997.

F. Shahid, A. Zameer and M. Muneeb, "A novel genetic LSTM model for wind
power forecast," Energy, vol. 223, p. 120069, 2021.

[100] A. M. Gomez, K. Morozovska, T. Laneryd and P. Hilber, "Optimal sizing of

the wind farm and wind farm transformer using MILP and dynamic
transformer rating," International Journal of Electrical Power and Energy

Systems, vol. 107645, no. 136, p. 107645, 2022.

[101] M. Hannan, S. Wali, P. Ker, M. A. Rahman, M. Mansor, V. K.

Ramachandaramurthy, K. Muttaqi, T. Mahlia and Z. Dong, "Battery energy-

119



storage system: A review of technologies, optimization objectives, constraints,
approaches, and outstanding issues," Journal of Energy Storage, vol. 42, p.
103023, 2021.

[102] K. Mongird, V. V. Viswanathan, P. J. Balducci, M. J. E. Alam, V. Fotedar, V
S. Koritarov and B. Hadjerioua, "Energy Storage Technology and Cost
Characterization Report," U.S. Department of Energy Office of Scientific and
Technical Information, 2019.

[103] R. Zimmerman and C. Murillo-Sanchez, "Matpower," 20 1 2019. [Online].
Available: https://matpower.org/dld/1244/?tmstv=1756871790. [Accessed 10
1 2022].

[104] C. Dhanamjayulu, P. Sanjeevikumar and S. Muyeen, "A structural overview
on transformer and transformer-less multi level inverters for renewable energy
applications," Energy Reports, vol. 8, pp. 10299-10333, 2022.

[105] M. Fantauzzi, D. Lauria, F. Mottola and D. Proto, "Estimating Wind Farm
Transformers Rating through Lifetime Characterization Based on Stochastic
Modeling of Wind Power," Energies, vol. 14, no. 1498, pp. 1-16, 2021.

[106] S. H. H. Kazmi, T. Laneryd, K. Giannikas, S. F. Ahrenfeldt, T. H. O. Troels
Stybe Serensen a and J. Holbgll, "Cost optimized dynamic design of offshore
windfarm transformers with reliability and contingency considerations,"

International Journal of Electrical Power & Energy Systems, vol. 128, p.
106684, 2021.

[107] "International Standards: Power transformers — Part 7: Loading guide for
mineral-oil-immersed power transformers," The International
Electrotechnical Commission (IEC), Vols. IEC 60076-7, 2018.

[108] L. T. Seguro J.V., "Modern estimation of the parameters of the Weibull wind
speed distribution for wind energy analysis," Journal of Wind Engineering and
Industrial Aerodynamics. J.V. Seguro, T.W. Lambert / J. Wind Eng. Ind.
Aerodyn. 85 (2000) 75-84, vol. 85, pp. 75-84, 2000.

[109] D. Z. Ray and E. M.-S. Carlos, "MATPOWER Test Cases," 24 January 2018.

[Online]. Available:
https://matpower.org/docs/ref/matpower5.0/case ieee30.html. [Accessed 25
July 2023].

120
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Badng 0.1. Két qua thudt todn lai LSTM-GA

Lan thuc thi | Cong suat ESS (MW) Do 1éch %AP Doanh  thu
bus 5 bus11 | Sum |bus5 bus 11 (triéu $/nam)
1 11 8 19 -15.9 -16.4 75.924
2 20 12 32 -17.2 -16.5 75.798
3 6 15 21 -18.2 -15.9 75.762
4 6 9 15 -15.8 -16 75.933
5 5 9 14 -15.7 -16.8 75.906
6 6 14 20 -17.3 -17.1 75.755
7 18 7 25 -18.4 -15.8 75.753
8 5 10 15 -15.8 -16.1 75.942
9 3 15 18 -15.7 -16.1 75.933
10 6 12 18 -15.9 -16 75.942
11 10 4 14 -18.3 -16.2 75.756
12 10 4 14 -18.3 -16.2 75.777
13 14 14 28 -16.4 -16.4 75.879
14 5 12 17 -16.1 -16.4 75.906
15 11 11 22 -16 -17.5 75.856
Trung binh 9 10 19 -16.7 -16.4
Bdng 0.2. Két qua thudt todn lai LSTM-PSO
Lan Doanh thu (triéu | Do 1éch %AP Cong suat ESS (MW)
Thuc thi | $/ndm) Bus 5 Bus 11 Bus5 |Busll | Sum
1 75.935 -16.3 -15.8 8 0 8
2 75.872 -16.4 -16.4 9 10 19
3 75.944 -15.6 -16.4 15 6 21
4 75.926 -15.6 -16.2 11 15 26
5 75.908 -16.0 -16.4 3 5 8
6 75.926 -16.5 -15.7 11 5 16
7 75.844 -16.1 -15.9 5 8 13
8 75.872 -16.4 -16.4 20 3 23
9 75.935 -16.3 -15.8 9 11 20
10 75.908 -16.4 -16.0 5 6 11
11 75.899 -16.0 -16.5 6 11 17
12 75.935 -16.1 -16.0 12 4 16
13 75.917 -16.4 -15.9 7 7 14
14 75.926 -15.8 -16.0 3 4 7
15 75.872 -15.6 -15.6 17 3 20
Trung binh -16.1 -16.1 9 7 16
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