BAI BAO KHOA HOQC

PHUONG PHAP PHAN PHOI CONG SUAT THUY DIEN BAC THANG
TREN HE THONG DIEN TiCH HQP NGUON NANG LUQNG TAI TAO-
AP DUNG CHO BAC THANG THUY PIEN SONG PA

Ho S§ Mio'

Tém tit: Nguon nang lwong tdi tao ngdy cang chiém ty trong Ién trén hé thong dién quéc gia. Tuy nhién
tinh bién dong nhanh va phy thudc hoan toan vao thoi tiét nén kha nang tich hop vao hé thong dién dang la
mét thach thire cho nganh dién. Can c6 nguén nang lwong tich trit ¢é kha nang phan iimg linh hoat dé lam
viée két hop véi nguon nang lwong tdi tao. Nguon thiyy dién tir cdc hé thong bdc thang ¢é hé chira dung tich
I6n 6 khd nang tich nwée dé ' phat dién linh hoat trén ludi dién co nguon nang lwong tdi tao dang tré thanh
xu hwdng hién nay o cac quoc gia. Nghién ciru nay dé xudt phwong phap tinh toan van hanh hé thong thity
dién bdc thang phan phéi cong sudt trén biéu do phu tdi ciia hé thong dién tich hop nguon nang Iu"ang tdi
tao sir dung thudt toan di truyén. Hé thong bdc thang thiy dién trén song Da la doi twong nghién civu dp

dung phdn phoi cong sudt trén hé thong dién mién bdc Viét Nam ¢6 tich hop nguon dién mdt troi.
Twr khéa: Nang luong tai tao, thiy dién bac thang, hé thong dién.

1. GIOI THIEU

Trong bdi canh hién nay, h¢ théng dién Viét Nam
dang phai d6i mit voi nhiéu thach thie do su gia
tang nhanh chong cta cic ngudn ning lugng tai tao,
dac biét la dién mat troi. Sy phat trién nay mang lai
loi ich vé méi trudng va da dang héa ngudn cung,
tuy nhién lai tao ra ap lyc 1on ddi voi cong tac van
hanh hé théng dién do dic tinh bién dong va kho du
bao cua ngudn dién nay. Tai Viét Nam, sy phan bo
khong dong déu giira ngudn va phu tai cang lam van
dé tré' nén phire tap hon. Cac nha may dién mat troi
chu yeu tap trung tai khu vuc rmen Trung, trong khi
nhu cdu tiéu thu dién 16n lai nim & mién Bic, dic
biét trong mua ning néng. Bén canh d6, ning lyc
truyén tai lién ving con han ché khién viéc truyén
tai cong suat tir mién Trung ra mién Bic gip kho
khin. H¢ qua 14 nhiéu thoi diém xdy ra tinh trang du
thtra cong suit dién mit troi tai mién Trung dan dén
phai cit giam phat, trong Khi mién Bic van thiéu
dién. Nguyén nhan cot 161 1a su thleu dong b trong
van hanh giita cac ngudn dién truyén thong va ngudn
nang lugng tai tao, dac biét trong cac thoi diém dién
mit troi phat manh vao giita trua. Xét vé dic diém
phu tai, biéu d6 phu tai ngay ciia hé thong dién
thuong c6 hai dinh rd rét. Pinh tha nhit xuat hién
vao budi sang, khi cac hoat ddng san xuét va sinh
hoat bat dau gia ting, thuong trong khoang tir 9h00
dén 11h00. Dinh thtr hai, c6 gia tri cao hon, xuat
hién vao budi tdi, tir 18h00 dén 20h00, do nhu ciu
st dung dién sinh hoat ting manh. Khoang thoi gian
gita hai dinh nay tao thanh mot ving phuy tai thap,
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thuong duoc goi 1a “thung liing phy tai”. Diém dang
cht y la thoi gian nay lai trung voi giai doan dién
mit troi phat cong suat 16n nhét trong ngay, do buc
xa mit troi dat cuc dai. Khi d6, dé dam bao can bang
cong suat trong hé thong, cac ngudn dién truyén
thong nhu thity dién va nhiét dién budc phai giam
phat. Piu nay 1am cho d6 sau cua “thung liing phu
tai” cang gia tang, tao ra dang biéu do phuy tai rong
dac trung duoc goi la “duong cong con vit” (NREL,
2015). Hién tuong ndy phan anh sy mat cin dbi
nghiém trong giita ngudn va phu tai theo thoi gian.
Trong qua trinh van hanh hé¢ théng dién, cic nha
may nhiét dién thudong duoc st dung dé cung cip
phu tai nén do c6 dic tinh van hanh 6n dinh nhung
kha ning thay doi cong suat cham. Vi vay, khi phu
tai bién dong nhanh, dic biét vao cac thoi diém
chuyén tiép nhu budi chiéu téi khi dién mat troi
giam nhanh, nhiét dién khong thé dap ing kip thoi.
Diéu nay dit ra yeu cau can €06 cac nguon dién linh
hoat hon d¢é tham gia diéu tiét phy tai. Trong s cac
ngudn dién hién c6, thuy dién, dic biét 1a cic hé
thdng thuy dién bac thang c¢6 ho chira diéu tiét, duoc
danh gia 1a c6 kha ning dap ung tot yéu cau nay.
Nho kha ning tich trit nudc va diéu chinh luu lugng
phat dién nhanh, thity dién c6 thé giam phét trong
thoi gian dién mat troi du thira va tdng phat vao cac
gio cao diém khi nhu cau phy tai ting. Qué trinh nay
giip lam giam bién d¢ dao dong cua phu tai rong,
dong thoi giam ap luc diéu chinh cong suat cho cac
nha may nhiét dién. Hoat dong nay thuong dugc goi
1 cit dinh phu tai hoac phan phdi lai cong suat theo
thoi gian. Van dé phdi hop van hanh giira thay dién
va cic ngudn ning luong tai tao di dugc nhidu
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nghién ctru qudc té quan tAm. Chang han (Wang va
cong su, 2022) da dé xuat phuong phap cit dinh cho
nhiéu luéi dién nhim ning cao hiéu qua tich hop
nang luong tai tao. (Zhou va cong sy, 2020) xay
du’ng mé hinh tbi wu da muc tiéu nhim ddng thoi
giam phuy tai dinh va tdi da hoa san luong dién.
(Feng va cong su, 2024) xem xét tinh khong chic
chin cta dién mat troi thong qua viée xdy dung cac
kich ban phat dién khac nhau dé danh gia kha ning
phdi hop van hanh giita thiy dién va dién mat troi.
Bén canh do, (Lei va cong su, 2023) dé xuit mo
hinh t01 vu hai ting nham giai quyét dong thoi bai
toan cat dinh phu tai va van hanh kinh té trong diéu
kién c6 xét dén sy bién dong ciia ngudn ning lugng
tai tao. Ngoai ra, (Jin va cong sy, 2022) da chi ra
rang viéc tang ty 1¢ thim nhép cta dién mat troi co
thé 1am ndi bat vai tro cia hé thong thuy dién bac
thang trong viéc hd trg van hanh hé thong dién, dac
biét thong qua kha ning diéu tiét cong suét linh hoat.
(Lin va cong sy, 2024) tiép can van dé theo hudng
tich hop gitra van hanh ngin han va dai han, trong
d6 cac quyét dinh vé muc nude hd chira duge xem
xét dong thoi véi yéu cau cat dinh phy tai hang ngay
nhim t6i vu héa hiéu qua véan hanh tong thé.

Tir nhitng phén tich trén ¢6 thé thiy rang viéc xdy
dung mot phuong phap phan phdi cong suat hop 1y cho
h¢ thong thity dién bac thang 1a hét stic can thiét trong
bdi canh hé thong dién c6 ty 1 nang luong tai tao ngay
cang cao. Do do, nghién ctru nay dé xuit mot _phuong
phéap phan phdi cong suat linh hoat cho hé thong thuy
dién béc thang nham ting cuong kha nang hap thy
ngudn ning luong tai tao, dong thoi ning cao do on
dinh van hanh cta hé thong dién va giam yéu cau didu
chinh cong sudt tir cac nha may nhiét dién.

2. BAI TOAN TOI UU HOA

2.1. Ham muc tiéu

Muc tiéu cua bai toan la xac dinh phuong an
phan phéi cong suét t6i wu cho h¢ thong thity dién
bac thang nhim giam mirc do dao dong cua phu tai
rong trén hé théng dién, qua d6 gop phin ning cao
d0 on dinh van hanh. bpé hién thyc hdéa muc ti€u nay,
mét ham muc tiéu dugc xdy duyng theo hudng toi
thiéu hoa do léch ciia phu tai rong theo thoi gian,
duoc biéu dién nhu sau:
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Trong d6 F 1a @6 léch binh phuong trung binh tai
rong; R, 13 tai rong trong thoi diém t; R 1a tai rong
trung binh trong thoi doan T; PPYS 1a phu tai hé
thong dién tai thoi diém t; PRF cong suit tir ngudn
dién nang luorng tai tao; PHYD cong suit tir nguon
bac thang hd chira thiy dlen, N 1a s6 nha may thiy
dién trong béc thang.

2.2. Piéu kién rang budc

2.2.1. Piéu kign rang bujc hé thong hé chira

- Phuong trinh lién tuc:

Slt+1_Slt+Ilt+[ ]QltAt (2)

Trong do Si,, Ly, Qi tuong (mg la dung tich hd
chira, dong chay vao hd, luu luong xa ra khoi hd
chira i tai giai doan t; S, la dung tich hd chira tai
giai doan tiép theo; M 1a ma trdn hé s& NxN, cac
phan tir thudc ma tran M duoc biéu dién béi cac sb
nguyén -1, 0, 1 twong ung lugng xa ra khoi ho,
khéng c6 dong chay vao hodc ra, va luong xa hd trén
chiy vao ho.

- Piéu kién rang budc vé dung tich:

SPt < 5 < S 3)

Trong d6 S™", S{™™ tuong ung 1a dung tich tdi
thiéu va dung tich toan phan cua ho chira i.

- Piéu kién rang budc vé lweu lwong xa:

len < Qlt < Qmax (4)

Trong do Qlmln Q"™ tuong mg Ia luu lugng xa
qua tudc bin tdi thiéu va ti da cua ho chua i.

- Piéu kién rang bujc vé cong suat:

PMM < PAYP < peX (5)

Trong d6 P;™", P,™™ twong (ing la cong suat phat
tbi thiéu va toi da ctia nha may thiry dién ho chua i.

Coéng suat cia nha may thiy dién cia hd thuy
dién i, trong thoi doan t dugc xac dinh theo cong
thire sau:

P/YP =981 xn; X Qip X Hyy (5.1)

Trong d6 n; . 1a hiéu sudt phat dién ctia nha may
thiy dién ho i; Q;; la luu lugng phat dién dugc xac
dinh trong cong thirc (2); H;, la cot nude phat dién
dugc xac dinh théng qua myc nude hd, muc nude ha
luu va ton thét cot nude.

2.2.2. Diéu kién rang bupc trén hé thong di¢n

- Phuwrong trinh cdn bang cong sudt trén hé thong dién:

N

(6)
Y

i=

Cong thirc (6) thé hién rang budc cung lam viéc
trén hé thong dién tai cuing mot thoi diém trong do
hé thong béc thang thuy dién c6 vai tr6 phén phéi
cong suat de giam th1eu bién dong cho phu tai rong
R, (cong sudt tir nguon nhiét dién va cac ngudn phat
dién khac trr nguon NLTT); PRE dugc xé4c dinh tur
cong sudt phat dién 1én Iudi cia cac ngudon NLTT
phat 1én HTD tai thoi diém t.

P3YS =R, + PR
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3. PHUONG PHAP

Dé giai quyét bai toan ti wu hoa trong nghién ciru
nay, viéc lya chon mdt thudt toan phu hop la yéu tb
then chdt, dic biét khi bai toan c¢6 ham muc tiéu phi
tuyén va chiu nhiéu rang budc phirc tap. Cac phuong
phap t6i wru truyén thong thuong gap kho khin khi xir
1y khong gian nghiém 16n, nhiéu cuc tri cuc bd va cac
bién quyét dinh lién tyc. Trong khi d9, thuét toan di
truyén (GA) thé hién nhleu wu diém nbi bat. GA c6 kha
nang tim kiém toan cyc tot nhd co ché tién héa quan
thé, gitip giam nguy co roi viao nghiém cyc bo. Do do,
nghién ctru nay lya chon thuét toan di truyén nhur mot
cong cu toi uu hoa hiéu qua. GA 1a mét phwong phap
tim kiém ngau nhién c6 dinh huéng, dugc phét trién
dua trén nguyén 1y tién hoa ty nhién nhu chon loc, lai
ghép va dot bién. Trong khuon kho bai toan nay, mdi
phuong an véan hanh cia hé théng thuy dién dugc ma
hoa dudi dang mot nhidm sic thé (NST), bao gom cac
gen dai dién cho cac bién quyét dinh, cu thé 1a luu
lugng phét dién ciia timg hd chira tai cac thoi doan tinh
toan. Nhu vay, moi NST tuong g véi mot 10 gidi
kha thi cua bai toan. Tap hgp cac NST tao thanh mot
quan thé, dai dién cho nhiéu phuong an van hanh khac
nhau trong ciing mét thé hé. Dé danh gid chat luong
cua tung phuong an, mét ham thich nghi (fitness
function) dugc xay dung dua trén ham muc ti€u cua
bai toan. Ham nay phan anh mirc d6 phu hgp cta ting
NST thong qua kha nang giam dao dong phu tai rong
hodc dat duwgc muyc tidu tdi uu dé ra. i véi cac NST
vi pham rang budc, mét co ché ham phat dugc ap dung
nham lam gidm gia tri fitness, qua d6 han ché su ton tai
cta cac nghiém khong kha thi trong quan thé. Cach
tiép can niy gip duy tri tinh kha thi ciia 10i giai ma
van dam bao qué trinh tim kiém khong bi gian doan.
Thuat todn GA é4p dung cho bai toan nay dugc trinh

bay nhu Hinh 1.
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Hinh 1. So' do khoi thugt toan di truyén
cho bai toan toi wu hoa
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Trong bai toan van hanh hé théng hd chira thuat
toan GA yéu cau khoi tao qu?m thé ban dau dugc
thuc hién bdi ham ngau nhién khoi tao gia tri thuc
gifra cac giéi han dudi va trén tuong ung voi luu
lwong phat dién tir nho nhit dén 16n nhat cta timg
nhd may thity dién, do d6 dam bao cac bién quyét
dinh dugc gan la cac bién lién tuc va bao phu toan
bd khong gian tim kiém. S6 lugng gen trong NST
phu thudc vao sb lugng cac hd chira (n) va cac budc
thoi gian dugc tinh toan trong mo hinh. Trong mo
hinh nay dugc tinh toan véi T thoi doan tuong Ung
¢6 T x n bién quyét dinh dugc biéu dién trong mot
NST duogc biéu dién dudi dang vécto. Do d6, mdi
NST dai dién cho mét giai phap tiém ning cho bai
toan bao gdm T X n gen. Tap hop cac NST tao thanh
modt quan thé cic giai phap tinh toan trong mot thé
hé. Trong thuat toan di truyén, gia tri ciia ham muc
tiéu duoc st dung truc tiép nhu thuée do do thich
nghi (fitness) ctia mbi nhidm sic thé. Tai mdi thé hé,
gia tri fitness dugc tinh toan dya trén ham muc ti€u
(1) va cac diéu kién rang budc tir cong thirc (2)-(6)
tr d6 thuat toan tim ra dugc gia tri myc ti€u tot nht
trong tirng thé hé va cap nhat qua tit ca cac thé hé
duoc thiét lap (HO S§ Mio, 2025).

4. TRUONG HQP NGHIEN CUU

H¢ théng bac thang thiy dién song Pa duoc lya
chon trong nghién ciru nay boi tam quan trong cua béc
thang thuy dién nay trong HTD quéc gia noi chung va
mién Bic néi riéng. Thong sO chinh ciia hé thong bac
thang song Da dugc thé hién trong Bang 1. Két ndi cia
cac nha may trén bac thang séng Pa véi HTD duoc thé
hién nhu Hinh 2. Cac nha may thuy dién Lai Chau,
Son La va Hoa Binh duogc két ndi voi hé théng dién
théng qua cac tram phan phdi cap dién ap 500 kV va
220 kV, trong khi d6 cac nha may Ban Chat va Hugi
Quang chi dau ni ¢ cap dién ap 220 kV. Ludi truyén
tai 220 kV chi yéu dam nhéan vai tro phan phéi dién
nang trong khu vyuce mién Be"lc phuc vu nhu cau phy tai
mién. Nguoc lai, lu6i truyén tai 500 kV dong vai tro la
truc xwong song, dam nhén chire nang truyén tai cong
sudt quy md 16n tir mién Bic vao cac khu vyc mién
Trung va mién Nam.

© TRAMPHAN PHOI

QTRAM THUY DIEN % ;§ @

[*m] e waT TROY

Hinh 2. So do hé tho”'ng thtl){ dién song Pa
va luoi dién truyén tai
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He¢ thong bac thang thuy dién song Pa két ndi véi
HTD thong qua ludi dién mién Béc. Trong nghién ciru
nay, ludi dién mién Béic nim 2021 dugc chon dé
nghién clru vi trong nam nay nguf)n cong suat dién mat
troi chlem ty 1€ trén 25% cong suat lap dat trén HTD.
Théng s6 lap dat cac ngudn cong suat phat dién trén
lu6i dién mién Bic duoc thé hién trong Bang 2.

Bang 1. Thong s6 co ban ciia h¢ théng
béc thang thiy dién song Da

R o MNC |MNDBT | Qromin | Qromax | Npin Noe
Ho chira = 5

[m] [m] [m’/s] | [m’/s] | [MW] | [MW]
Ban Chat 431.0 465.0 54.7 2733 44.0 220.0
Hudi Quang | 3680| 370.0] 76.6] 383.1] 104.0] 520.0
Lai Chau 265.0 295.0 277.0f 1.664.2| 160.0|] 1.200.0
Son La 175.0 215.0) 568.0| 3.405.0] 160.0] 2.400.0
Hoa Binh 80.0 117.0] 300.0| 2.400.0 96.0| 1.920.0

Biang 2. Théng s6 HTD mién Bic nim 2021

Nguén dién MW,
HT Song Pa 6.260.0
Nhiét dién 12.670.0
Thiy dién 5.379.0
Pién mit troi (mién Trung) 2.200.0
Nhép khau (Trung Qudc) 515.0

5. KET QUA NGHIEN CUU
5.1. Phan tich d¢ hoi tu cia thuit toan di truyen

Gi i fitness turong déi

\k

0 50 100 150 200
S8 thé he.

Hinh 3. Biéu do su thay droxi gia tri fitness
qua tung thé hé

Thuat toan GA can phai thiét 1ap cac tham s6 trong
d6 kich thudc quan thé POP=1000 duoc chon dé co thé
duy tri mirc ¢ da dang di truyén mong mudn cho cac
quan thé ban dau va cac quan thé tiép theo. Xac sut lai
chéo dugc chon 1a P=0,8 phil hop véi nhicu bai toan
di truyén da duoc ap dung. Xac suat dot bién twong
{mg voi khoang 1 gen dot bién trén mdi NST da dugc
xem xét. Gia tri xac suat dot bién 1a P,= 0,02. S6 luong
thé h¢ duoc chon 1a G=200. Thoi doan tinh toan T=10
ngay (240 gio) tir 1-10/6/2021. Thuat toan GA tinh
todn gia tri ham muyc tiéu thong qua gia tri fitness ¢
timg thé hé. Gid tri fitness ludén duoc cai thién qua cac
thé hé. Pé danh gia dugc tinh hdi ty ciia thuat toan,
nghién clru xay dung dudng cong gia tri fitness va cac
thé hé nhu Hinh 3. Két qua cho thiy cac duong cong
fitness tiém can tryuc hoanh (gia tri 0) cho th.'?iy thuat
toan thue hién tt ham muc tiéu cuc tiéu hoa di dé ra.
C6 thé quan sét tir biéu dd cho thdy thuat toan lién tuc
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cai thién giai phap qua timg thé hé mic du toc do cai
thién chdm trong phan sau ctia qué trinh chay va dan
dat dén gla tri cuc tiéu.

5.2. Két qua phan phoi cong suit thiy dién

Su gia ting ty trong ngudn dién mit troi trong hé
thong dién 1am cho phu tai rong, tirc phan phu tai do
cac nguon dién truyén théng dam nhan, tré nén bién
dong manh hon theo thoi gian. Trong khi d6, cac nha
may nhiét dién than c6 dic tinh van hanh véi téc do
thay doi cong suat cham, kho thich g voi cac bién
dong nhanh cta phy tai. Do vay, nguén dién than
thuong duge duy tri van hanh & mirc cong sudt nén
(base load) nhim dam bao tinh 6n dinh cho hé théng
dién. Voi cong suat ldp dat ngudn nhiét dién hién tai
tinh dén hét ndm 2021 1a hon 12000 MW & mién Bic
thi gia str ving van hanh ciia ngudn nhiét dién than 1a
duodng d6 ndm ngang khoang 10000 MW va 2000 MW
du phong. Dé thay rd ham muc tiéu cit dinh phan phdi
lai cong suat ngudn thity dién tir bac thang thity dién
song Pa (BTSD) thi trong m6 hinh tinh toan thyc hién
cho hai truong hop: Truong hop 1 (THI)-Hinh 4 thi
BTSD khong tham gia phan phdi phu tai, va trudong
hop 2 (TH2)-Hinh 5 thi BTSD tham gia phan phdi phu
tai. Két qua cho thdy trong THI, do sy phat dién mang
tinh ty nhién cua hé théng thuy dién, phu tai rong co
bién d6 dao dong 16n khoang 30-40%, xuat hién nhiéu
thoi diém x4m nhdp siu vao ving van hanh ciia nhiét
dién. Trong khi d6, & TH2, khi 4p dung phuong phap
e xuat bién do dao dong phu tai rong giam dang ké
xubng con 5-10%. Bén canh do, yéu cau diéu chinh
cong sut cta cac nha may nhiét dién dugc danh gia
théng qua tong bién thién cong suat phuy tai rong theo
thoi gian cho thdy ring & TH1 cac nha may nhiét dién
phai thyc hién nhiéu chu ky ting/giam cong suét véi
bién d6 16n dé bu dap sy dao dong cia phy tai rong.
Ngugc lai, trong TH2, téng mirc diéu chinh cong suat
cta nhiét dién giam nhiéu do duong bién dong da duoc
giam thiéu dang ké cho phép cac nha may nhiét dién
chii yéu van hanh 6n dinh ¢ ché d6 nén. Véi cach diéu
chinh nay, két hop vé6i viéc phan phdi hop 1y ngudn
nude tir hé thong hd chira rd rang lam cho cac nha may
dién than van hanh an toan va 6n dinh cho ludi dién.
Do véy trong cong tac van hanh HTD hién nay dé dam
bao cin bang cong suat va On dinh trén lu6i dién cac
nha may thity dién can tham gia van hanh dé phan phdi
giam sy bién dong ctia phuy tai rong.

Hinh 4. Biéu d6 phan phéi céng sudt
cdac nguon phat dién trong THI
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Hinh 5. Biéu dé phén phéi cong sudt
cac nguon phat dién trong TH2

Khi h¢ théng thuy dién bac thang song Da tham
gia dleu phdi cong suét trén biéu do phu tai, cac nha
may can van hanh linh hoat theo dién bién phy tai va
su thay dbi cong suét cia nguon dién mat troi theo
tung gio trong ngay. Vé nguyén tac trong cac
khoang thoi gian dién mit troi phat manh, hé thong
thuy dién c?m giam cong suét phat dé vu tién hap thy
tbi da nguon nang lugng tai tao. Nguoc lai, vao cac
gio cao diém hodc khi cong suat dién mit troi suy
giam, cac nha may thuy dién s€ tang cuong phat dién
nhiam dap tng nhu cau phu tai. Trong khuon khd mo
hinh nghién ctru, cong suat phat trung binh theo gio
clia timg nha may trong hé théng bac thang da dugc
xac dinh cho ca hai truong hop: c6 xét dén sy tham
gia cua dién mat troi va khong co6 dién mat troi. Cac
Kkét qua nay cho phép danh gia rd vai tro diéu tiét cia
hé¢ thong thuy dién trong viéc lam phing phu tai
rong trén hé thong dién mién Béc. Dya trén cac Hinh
6-10, c6 thé nhan thay rd su khac biét trong quy luat
véan hanh gilta cac nha may thay dién thude hé théng
béc thang séng Pa khi c6 sy tham gia cia ngudn
dién mit troi. Dbi véi cac nha may c6 cong suit 16n
va dung tich hd chira déng ké nhu Lai Chéu, Son La
va Hoa Binh, bleu d6 cong suat theo gio thé hién xu
hudng diéu tiét rat rd rét: cong suat phat giam vao
cac gio giita trua (khoang 10h00—14h00), khi nguén
DPMT dat gia tri cao, va ting manh vao cac gio cao
diém budi téi (18h00-22h00), khi cong suat DMT
giam vé gan 0 va nhu cau phy tai ting. Diéu nay cho
théy cac hd 16n da thuc hién tdt chic nang dich
chuyén cong suét theo thoi gian, tich nudc trong giai
doan du thtra ndng luong va phat dién vao cac thoi
diém thiéu hut, qua d6 déng vai tro nhu mét dang

nguon tich nang ty nhién” cta hé thong. Nguoc lai,
d6i véi cac nha may co cong suat nho hon nhu Ban
Chat va Hudi Quang, dd thi cong sudt khong thé
hién rd sy thay dbi theo chu ky ngay dém, ma chu
yéu dao dong theo xu hudng twong ddi 6n dinh.
Nguyén nhan 1a do dung tich hd han ché, kha ning
diéu tiét thip, nén cic nha may nay chii yéu phat
dién theo luu lugng nudc dén, it c6 kha nang tham
gia diéu chinh phy tai theo thoi gian. Picu d6 cho
thdy su phdi hop giita cic nha may trong bac thang
d3 tao ra co ché bu trir hiéu qua giita thuy dién va
nguén DMT, trong d6 cong suit thiry dién c6 xu
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huéng bién thién nguoc pha v6i cong suat PMT. Co
ché nay gop phan lam phang duong phu tai rong,
giam do doc bién thién cong suét trong cac thoi diém
chuyén tiép (dic biét 1a budi chiéu tbi), dong thoi
giam dang ké yéu cau diéu chinh cong suit clia cac
nha may nhiét dién. Qua do, khong chi nang cao do
6n dinh van hanh cua hé théng dién ma con cai thién
hiéu qua kinh té thong qua viéc wu tién phat dién vao

Hinh 6. Biéu d6 cong sudt phat dién trung binh
theo gio cua thuy dién Ban Chat

Hinh 7. Biéu d6 céng sudt phat dién trung binh
theo gio cua thuy dién Hugi Quang

e A ) e 1

e e
Hinh 8. Biéu do cong suat phat dién trung binh
theo gio cua thuy dién Lai Chdu

it

Hinh 9. Biéu do cong suatphat dién trung binh
theo gio cua thuy dién Son La
e

Hinh 10. Biéu do céng sudt phat dién trung binh
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6. KET LUAN

Nghlen ciru da dé xuat mot phwong phap phan
phoi cong suat cho hé thong bac thang thiy dién
nham gidam 4o 1éch phu tai rong trén hé thong dién
co tich hgp ngudn nang luong tai tao, dac biét la
dién mat troi. Bai toan duoc xdy dung dudi dang toi
uu hoéa phi tuyén véi muc tiéu cyc tiéu hoa do 1éch
binh phuong trung binh cua phu tai rong, dong thoi
théa man cic rang budc vé can bang nude, dung tich
ho chira, cong suat phat va gidi han truyén tai. Thuat
toan di truyén (GA) duoc ap dung dé giai bai toan va
cho thay kha nang hoi tu tot, ddm bdo tim dugc
nghiém toi uu hodc can t6i wru,

K&t qua tinh toan cho hé thong bac thang thity dién
song Pa trong giai doan tr 1— 10/6/202 1 cho thay khi
cac nha may thiy dién tham gia phan phoi phu tai theo

ham muyc tiéu dé xuat, duong phy tai rong duqc san
bang dang ke, giam do dao dong giira dinh va day phu
tai. Diu nay g1up han ché sy diéu chinh cong suat 16n
tir cac nha may nhiét dién, 20p phin nang cao tinh 6n
dinh va an toan van hanh hé thong dién mién Bic trong
diéu kién ty 16 tham nhap dién mat troi €ao.

Két qua nghlen ctru cling cho thay vai tro quan
trong cua cac ho chua lon trong hé thong bac thang,
nhu Son La, Hoa Binh va Lai Chau, trong viée thuc
hién diéu tidt cong suét theo thoi gian, qua do dong
vai tro tuong tuy mot hé thong tich trir nang, lugng
quy mo lon. Su ph01 hop hop 1y giita cac hod chua
trong bac thang khong chi giup nang cao hi¢u qua
khai thac ngudn nudc ma con tao ra kha ning linh
hoat cao trong van hanh h¢ thong dién co ty trong
nang lugng tai tao ngay cang tang.
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Abstract:
POWER ALLOCATION METHOD FOR CASCADE HYDROPOWER
IN POWER SYSTEMS INTEGRATED WITH RENEWABLE ENERGY- APPLICATION
TO THE DA RIVER CASCADE HYDROPOWER SYSTEM

Renewable energy sources are increasingly accounting for a larger share of the national power system,
however, their rapid variability and complete dependence on weather conditions pose significant challenges
for grid integration. Flexible energy storage resources are therefore required to effectively coordinate with
renewable generation. Cascade hydropower systems with large storage reservoirs, which can regulate water
and generate electricity flexibly, have become an important solution for supporting power systems with high
renewable penetration. This study proposes a genetic algorithm—based method for optimizing the operation
of cascade hydropower systems through power allocation along the load curve of a renewable-integrated
power system. The cascade hydropower system on the Da river is selected as a case study to evaluate the
proposed approach for the Northern Vietnam power system integrated with solar power generation.
Keywords: Renewable energy, cascade hydropower, power system.
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