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22/5/2025 Viéc tich hop nang luong tdi tao vao hé thong dién la mot xu
Ngay nhdn bdi sira: huéng tat yéu nham giam sy phu thudc vao nhién liéu hoa thach, giam
26/6/2025 phat thai khi nha kinh va tang cwong an ninh nang luong. Tuy nhién
Ngay duyét dang: quda trinh nay gap nhiéu thach thirc do tinh khéng on dinh ciia cdc
10/7/2025 nguon ‘nang lwong tdi tgo. Bén canh do chat lwong ludi dién ciing la
mot van dé can phdi gidi quyet trong khi tich hop mét luong lon cdac
nguon nang hm’ng 1di tao c6 thé dan dén mat can + bang, gdy qud tai
lwéi dién. Chinh vi vdy, viéc danh gid hé thong dién sau khi quy hoach
Tir khoa: mao rong ludi dién la nhiém vu quan trong trong viéc quy hoach tong

thé hé thong dién. Trong nghién ciru ndy, phwong phdp cdn bién va
nhanh dwoc ap dung dé danh gid do tin cdy va do dv triv cua hé thé'ng
dién sau khi quy hoach mé réng ludi truyén tdai. Két qua mé phong
trén luoi dién tinh Hau Giang cho thcfy, voi murc do duw trit BRR = 5%,
hé thong dat tong chi phi thap nhat (4.407,86 ty dong) trong khi van
dam bao yéu cau van hanh vé do tin cay.

Do dw tri, do tin cdy,
phin bé céng sudt téi wu,
phuong phap cdan bién va
nhanh, t6i wu chi phi

va sb luong duong day truyén tai méi duoc lip
dat trong tuong lai. Mt loat cac mé hinh TEP da
dugc dua ra trong vai thap ky, trong d6 lap trinh
toan hoc va phuong phap phong doan la hai
phuong phap quan trong. Cac ky thudt trudc day
thuong dam bao giai phap téi uu trong hau hét
cac tinh hudng; tuy nhién, ching yéu cu cac mo
hinh phai dugc tdi wu héa nghiém ngat [1]. Hién
nay, co rat nhidu thuat toan dugc dua ra dé giai
quyet bai toan quy hoach mé rong ludi dién
truyén tai chang han nhu: phuong phap kinh dién
Newton - Raphson [2], quy hoach tuyén tinh

1. PAT VAN PE

Su gia tang nhu clu su dung dién va sy
tich hop ngay cang ting cia cac ngudn ning
lugng tai tao co tac dong dang ké dén viéc
van hanh va quy hoach hé théng dién. Mot
mat, luu lugng dién trong ludi dién hién nay
c6 thé bi thay d6i dang ké do su gia tang tai,
diéu nay c6 kha nang dan dén mot sé van dé
nhu qua tai va khong 6n dinh. Nhitng van dé
nay cé thé dan dén vi pham cac tiéu chi do
tin cdy. Mat khac, cac ngudn niang luong tai
tao thuong duoc lip dat ¢ nhitng khu vuc xa

cac trung tdm tai va khong dé dang két ndi
v6i mang ludi truyén tai. Do d6, cong suit
cua ludi dién truyén tai can dugc nang cao,
g6p phan vao su linh hoat va manh mé cua
ludi dién trong twong lai dé chiju dugc nhiéu
yéu t6 va nhidu loan khong chic chan.

Quy hoach mé rong ludi dién truyén tai
(TEP) da dugc nghién cuu rdng rai trong h¢
théng dién. TEP nham xéc dinh thoi gian, vi tri

(Linear Programming) [2], quy hoach phi tuyén
(Nonlinear Programaming) [2], Tabu search [3],
SA - Simulated annealing [4], thuit toan di
truyén (GA - Genetic Algorithm) [5], [6], quy
hoach tién héa (DE - Differential Evolution) [7],
thuét toan t6i uu hoa dan kién [8].

Bai bao nay tap trung nghién ctu va éap
dung phuwong phap can bién va nhanh dé
danh gia do tin cdy va do du trir cua hé théng
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dién sau khi quy hoach m¢ rong ludi truyén
tai. Muc ti€u la toi uu hoa tong chi phi dau tu
duong day va tram bién ap, dong thoi dam
bdo cac tiéu chi k¥ thuat vé do tin cay va do
du trir. Nghién ctu dugc thyc hién trén ludi
dién thuc té cua tinh Hau Giang (nay thudc
TP. Can Tho).

2. MO HINH BAI TOAN

2.1. Ham muc tiéu

Ham muc tiéu vé tong chi phi dau tu dugc

dinh nghia nhu sau [9]:
. m(xy) A
MinC" = Z Z ConVim (D)
x,y)epl i=l

Trong d6, C” 1a tong chi phi lip dat méi
duong day truyen tai.

pla téng s6 nhanh (dudng ddy truyén tai).

m(x, y) 1a s6 lugng nhanh méi két ndi vao
nuat gitra x va y.

i
C(W) la tong chi phi lap dat nhanh moi
két noi vao nut gitra x va y (ty dong).

%,y) 1a bién thay doi theo dudng day
(1 néu tu 1 dén i-th dugc xay dung, 0 cho
truong hop khac).

Clun=2AC,, )
J=1

Trong do, AC(W) 1a chi phi ldp dat phan
tir thtr j no1 tr x va y.

. _ po i
1, khi P(x,y)_ P(x,y)—’_P(X,y)
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Trong do,” ®*-»1a tong cong suat cac nhanh
moi gitra x va y.
P’ ; 3 .
(x.»)]a cong suat mot phan tir méi gitra x va y.

0
(x»)]a cong suat co san noi gilra x va y.

2.2. Cac rang bugc

bJ tin cay trong hé théng dién dugc hiéu
1a kha ning cung cip dién lién tuc, khong gian
doan cho phu tai theo yéu ciu. Muc tiéu la
giam xéc suét thiéu ngudn, dam bao hé thong
van van hanh 6n dinh ngay ca khi c6 céc su )
nhu mét duong ddy, mat may bién ap. Panh
gia d6 tin cdy bang cach tiép can xac suit vé
chi tiéu thiéu ngudon LOLE c6 thé dugc xic
dinh nhu sau:

LOLE,, (B® ,®)< LOLE, (5)

Trong d6, LOLER 14 tiéu chudn vé chi tiéu
thiéu ngudn cua hé thong dién mong mudn dat
duoc (gid/nam).

LOLEsys 1a chi tiéu thiéu ngudn hé thong
dién sau khi quy hoach (gio/nam).

@ 1a mot ham muc ti€u cua duong cong
phu tai.

Chi tiéu thiéu ngudn hé thdng dién sau khi
quy hoach dugc xac dinh nhu sau:

LOLEws =) KR(G~L)

i=l

(6)

Trong do, C, 14 cong sudt ngay thi i (MW).

L. 14 dinh tai du doan ngay thir i (MW).

P (C, —Li)lé x4c suat thiéu ngudn.

K. 1a s6 ngay c6 x4c suat thiéu ngudn P .

Néu cong suét cat Q, vuot qua cong suit
du trit hé théng thi ta phai xac dinh thoi gian
!, ma cong suat kha dung con lai nho hon dinh
tai G, —L, <0, ¢6 thé biéu dién su xuét hién

cat cong suat 0 bang xac suat p,. Khi do,
chi tiéu thiéu nguon cua h¢ thong dién s& dugc
xac dinh bang cong thurc sau:

LOLE g = Zpktk (7)

i=1
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Trong d6, P, 1a xac suét riéng phan cat
cong suat ngudn Q;,

f, 1a thoi gian twong tng khi G, —L, <0,

n 1a s6 khoang tinh toan.

Néu tinh bang xac suit tich liy ) thi
dugc xac dinh theo cong thuc sau:

LOLE,, = z (t,

i=l1

~4 )b (8)

H¢ thong dién duogc xem la khong thleu
cong suét cung cap khi tong cong suét truyen
tai qua cac nhanh lén hon hodc bang tong
cong suat phy tai trong hé thong. Bleu nay
tuong tu voi dleu kién tai nat that co chai,
trong d6 cong suét kha dung trén mit cit phai
dap g dugc cong suit yéu cdu phia phu tai —
hay con dugce hleu 1a hé thong c6 kha ning
truyén cong suit bang hoac vuot qua dong
cuc dai tai cac mat cat quan trong. Vi thé diéu
kién khong thiéu cong suit cung cip duogc mod
ta cong thirc (9) nhu sau:

P(S,T)2L,;(seS,teT) 9)

Trong d6, P.(S, T) 1a cong suat mit cit tdi
thiéu; S va T la nit ngudn chua s va nut tai
chtra ¢ tuong ung khi tat ca cac nut bi chia ra
béi mat cat to1 thiu.

Diéu kién (9) co thé dugc mo ta boi (10)

voi kla sOo mat cat (k= 1, 2, ..., n), n la so
lugng mat cat.
Z . ey ,
1 1
(x,y)e(Sg, Ty) P(X,y)+ Z P(X,y)U(x,y)
o1 (10)

> L, (1+ BRR/100)

Trong d6, Lp 14 tong tai yéu cau.

k 1a s6 thir tw mat cat (k =1, 2, ..., n).

m(x, y) 1a tong s6 nhanh méi giita niit x va
nut y.

BRR (Bus Reserve Rate) 1a d0 du trir tai

> AP-L
L

nut phu tai ( ). Thé hién phan cong
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suit dp: ma hé théng ¢ thé cap thém so voi
nhu céu hién tai, nham tng pho véi cac tinh
huong bt ngd nhu ting dot blen phu tai, sy cd
ngudn phat hay duong déy truyén tai gap su ¢d.

AP (Arrival Power) la cong sudt cyc dai
khi dén tai thanh cai.

2.3. Ap dung phwong phap cn bién va
nhianh gidi bai toin quy hoach mé& rong
lwdi dién tinh Hau Giang

Bude 1: Kiém tra sy can thiét va kha thi
ctia quy hoach mo rong hé thong truyén tai tir
hé thong hién hitu va dudng day/tram bién ap
s& dau tu.

Budc 2: Dat hé‘théng mdi thi /. Né::u hé thong
thir j 1a nat cudi (bang 1) trong biéu do giai thuat
duoc sir dung dé dat dugc giai phap toi wu sir
dung phuong phép can va nhanh.

Budc 3: Tinh cong suat mit cit toi thiéu st
dung phuong phap dong cuc dai cho hé thong thir
J ¢ thé goi 1a giai phap thit ;.

Budc 4: Chon dudng diy/tram bién ap thi i
cta nhanh s& dau tu, dit (S)) bao gdm cong suit
mit cét t6i thiéu thir i va cong vao hé théng j. H¢
théng méi duoc goi hé théng ji.

Budéc 5: Kiém tra hé thong ji di xét? Néu da
xét 16i thi chuyén sang budc 11.

Buwéce 6: Tinh téng chi phi cho hé
théng ji (C}).

Buéc 7: Tinh cong suat mat cit i thiéu
Pei(S,T) stt dung ly thiét mat cat toi thiéu va dong
cuc dai cho hé théng Ji.

Buwée 8: Tinh CTJ',- = minimum {CTﬁ , CTopt F 2
Trong do, C",,,/1a chi phi t6i thiéu.

Buée 9: Néu CY;-,- > CTopt, thi khong can
xét trong luu d0 thuét toan sau hé thong ji, vi
chi phi cac hé thong theo sau thi 16n hon CY;-i
va chi phi cic hé théng sau chic chin la s&
16n hon giai phap t6i wu (C,,) di dat dugc
tinh dén thoi diém nay s& chuyén sang budc
11. Nguoc lai, tiép tuc sang buéde 10.

Budce 10: Dat juuy = jmax +1. Xét Fyy > L
thi tong chi phi cuc dai hé théng thir j bing
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voi tong chi phi hé thong thtr ji va hé thong
thir j bang 1 thi s& chuyén sang budc 11. Néu
F < L thi quay lai budce 4.

Budc 11: Xem tht ca cac dudng day/tram bién
ap co the mo rong? Neu chua thi dat i= i+/ va
chuyén sang budc 4. Néu da xét roi thi chuyén
sang budc 12.

Buwéc 12: Kiém tra cac bude 2-11 dugc lip
lai cho den khi C7 opt dat chi phi tdi thiéu la
giai phép tdi uu.

3. KET QUA MO PHONG

3.1. Giéi thiéu tong quan luéi dién tinh
Héu Giang

Tinh Hau Giang dugc cap dién chu yéu tir cac
nguon dién thugc hé théng dién quéc gia. Céc
nguén dién cung cap chinh cho tinh Hau Giang
chi yéu 1a Nha may dién tuabin khi chu trinh hon
hop Ca Mau 1 va Ca Mau 2 dugc dat tai xa

o 1

1200

ol 18

SOC TRANG

Khénh An, tinh Ca Mau. Nha may gom c6 2 cum,
cong suat mdi cum 1a 750 MW. Ngoai ra, Nha
may nhi¢t dién Can Tho, duoc dua vao van hanh
tir ndm 1975, ban dau gdm mét to may ngung hoi
cong suit 33 MW sir dung dau FO. Pén nim
1996, nha may duoc md rong véi vide lap dit
thém hai to may tua bin khi GT-1 va GT-2 (loai
Fo), mdi t c6 cong sudt 37,5 MW. Néam 1999, hai
t6 may GT- 3 va GT-4 (cung loai) tiép tuc duoc bd
sung, nang tong cong suét lap dat ciia nha may lén
150 MW. Céc t6 may tua bin khi ndy van hanh
bang dau DO.

Bén canh d6, Nha may nhi¢t dién Song
Hau 1, c6 cong suat 1.200 MW (gdém hai t6
may, mdi to 600 MW), da chinh thirc di vao
van hanh tr nam 2022, gop phan tang cuong
ngudn cung dién cho khu vyc mién Ty Nam
B9, trong d6 c6 tinh Hau Giang.

3.2. Két qua va thao lufin
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Hinh 1. H¢ thong sau quy hoach véi truong hop BRR=5%

Két qua dat duoc duoc md phong bang ngon
ngir 1ap trinh Visual Fortran 6.0 theo thuat toan
can bién va nhanh.

O truong hop BRR=5% hé thdng sau khi
quy hoach lip thém cac duong day Tz, Ts.e%,

56

3 1 | 2 1 1 1
T35, Tz, Tr197, Tro197, Tao12', Ta0217, Tro-20 s
Ts21'> Tiz-10', Tioas' vao hé théng co ban, hé
thong maéi c6 so do nhu Hinh 1 [10].
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Bang 1. Chi tiéu d¢ tin ciy va tong chi phi

, Chitibu  Chifitw (oo
Ch' h' A <A <A R .
Trubng BRR ko 0 thicu thicu — an khach 1ongchi oy
hop (%) n nguon - nguon hang PRIy hg
- (Fdéng  (MWh  (MWh MR8 ding)
/ngay) /mam)
1 0 2.089 218878 79.890,47 239671 448571
2 5 2.099 210,855 7696208 230886  4.40786 |
3 10 2.099 210,855 76.962,08  2308,86  4.407,86
4 15 2225 207,285  75.659,03 226977  4.494.77
5 20 2.381 205,524 75.01626 225049  4.631,49
6 25 2.381 205,524  75.01626 225049  4.631,49

Két qua mo phong cho thdy, tai mirc BRR
= 5%, hé théng dat tong chi phi thap nhat
(4.407,86 ty ddng) trong khi Van dam bao yéu
cau vé do tin cay. Khi BRR tlep tuc tang 1én
15%, 20% va 25%, chi phi dau tu ting rd rét,
trong khi murc cai thién vé d0 tin cdy va chi
phi mat dién khong tuong xung, lam giam
hiéu qua kinh té tong thé. Pang chu ¥, hai
phuong an BRR = 5% va BRR = 10% cho két
qua gan nhu tuong duong vé ca tong chi phi
va do tin cay, cho thay viéc tang BRR tur 5%
1én 10% khong doi hoi dau tu thém duong day
hodc tram bién ap. Tuy nhién, mic BRR cao
hon ciing ddng nghia voi kha ning du thira
cong suat trong cac giai doan phu tai thap,
tiém an lang phi néu khéng co co ché diéu

2,35

2,25

VNDx10*

Chi phi mat dién
khich hang

2,15

10

chinh linh hoat. Do d6, BRR = 5% duogc danh
gia 1a Iya chon hiéu qua vé chi phi, trong khi
BRR = 10% c6 thé dugc can nhic nhu mot
phuong 4n an toan hon vé mat van hanh dai
han.

Biéu d6 Hinh 2 cho thay chi phi mat dién
khéach hang gidm rd rét khi BRR tang tir 0%
1én 5%, phan 4nh hiéu qua dau tu ban dau vao
do du trit. Tuy nhién, tr BRR = 5% tr¢ di,
mirc giam chi phi tré nén khong dang ké, dic
biét tir 10% tro 1én. Piéu nay cho thiy hé
thong da dat mirc do tin cdy twong dbi on dinh
va dau tu thém du trir khong con mang lai
hiéu qua kinh té tuong ung. Vi vay, BRR =
5%—10% c6 thé dugc xem 1a ving t6i wu veé
mat chi phi - d0 tin cay.

BRR %

Hinh 2. Puong cong chi phi mit di¢n khach hang
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3.3. KIEM TRA PHAN BO CONG SUAT

St dung phin mém PowerWorld nham
kiém tra d6 on dinh va kha ning tai cuia dudng
day va may bién ap sau khi cai tao c6 bi qua
tai nhu trudc khi cai tao hay khong va thong
s6 dién ap sau khi cai tao. Hinh 3 cho biét
mirc d6 dap tmg cua duong day va tram bién
ap trudce khi cai tao.

Hinh tron thé hién gia tri dudi 90%:
Puong day va tram bién 4p dang hoat
dong on dinh. Hinh tron thé hién gia tri tu
90 dén dudi 100%: Puong diy va tram
bién ap c6 nguy co qua tai. Hinh tron thé
hién gia tri trén 100% : Puong day va
tram bién ap dang bi qua tai.

o
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® ® 1 v @
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i S
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Hinh 4. H¢ thong sau khi kiém tra quy hoach véi do dir trirt BRR=5%

Qua két qua nghién ctru cho thiy rang, da
ap dung thanh cong phuong phap xem xét
diéu kién t6i wu do dy trir trong quy hoach hé
théng truyén tai va twong tu nhu trén st dung
phan mém PowerWorld dé kiém tra hé thong
trude va sau khi quy hoach dau tu mo rong

moi theo Hinh 3 thé hién khi phu tai ting lén
theo két qua du bao phu tai cac tuyén két ndi
ST220-ST110, CTHI110-PH110, PHI10-
KS110, KS110-KCNAN110, ST110-PH110,
ST110-KCNAN110, GR110-VT110, vuot quéa
tai trén 100% dung luong va Hinh 4 két qua
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cling cho thiy hé thong sau khi quy hoach di  chinh vi vay két qua dé xuit mo rong dau tu
dugc cai thién khong c6 noi nao bi qua tai, mdi la phu hop dap tmg nhu cau phu tai.
Bang 2. P§ on dinh dién ap va goc 1éch pha truée khi quy hoach

T Ten Volt Volt Géc Tai Gen (;:;‘A
(pw (kV) (Deg) (MW) ™M r)
1 CTO220 1 220 5,43 119 400 23,85
2 CTH220 1 220 0 600 1019,74 85,49
3 ST220 1 220 -25,77 200 400 59,35
4 BL220 1 220 -30,34 200 400 80,84
5 RG220 1 220 -47,64 183 400 63,41
6 CTO110 0,9972 109,692 -1,7 48
7 CTH110 0,98553 108,408 -5,38
8 ST110 0,93359 102,695 -29,44
9 BL110 0,98947 108,842 -35,96 275
10 RGI110 0,98346 108,181 -51,35 215
11 CTH2110 0,9854 108,394 -5,04 64
12 ST110 0,93017 102,319 -29,51 126
13 NMT2110 0,96937 106,631 -7,44 80
14 NMTI110 0,96848 106,533 -7,56 85
15 GRI110 0,94387 103,826 -50,55 65
16 CTO2110 0,9915 109,065 -2,54 48
17  KCNTPT110  0,99547 109,502 -2,06 33
18 CTHI110 0,98747 108,621 -4,01 31
19 PHI110 0,93691 103,06 -16,09 31
20 KS110 0,92721 101,993 -21,27 24
21  KCNANI110 0,93266 102,593 -29,23 36
22 MTI110 0,92249 101,473 -34,67 25
23 LM110 0,92743 102,018 -41,56 25
24 VT110 0,92379 101,617 -45,02 49
Bang 3. D) 6n dinh dién ap va goc 1éch pha sau khi quy hoach
T Tén Volt Volt Goc Tai Gen Gen
(pw) (kV) (Deg) MW)  (MW)  (MVAr)
1 CTO220 1 220,001 5,86 119 400 13,47
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T Tén Volt Volt Goc Tai Gen Gen
(pu) (kV) (Deg) MW)  (MW)  (MVAr)

2 CTH220 1 220 0 600 990,77 38,31
3 ST220 1,00002 220,004 -12,12 200 400 39,8
4 BL220 1,00002 220,005 -13,9 200 400 54,9
5 RG220 1,0001 220,023 -26,35 183 400 53,37
6 CTO110 1,00173 110,191 -1,23 48
7 CTH110 0,99529 109,482 -4,96
8 ST110 0,98384 108,222 -13,78
9 BL110 0,99373 109,311 -19,01 275

10 RG110 0,9865 108,515 -30,05 215

11 CTH2110 0,99413 109,354 -4,6 64

12 ST110 0,98252 108,077 -13,82 126

13 NMT2110 0,97931 107,724 -6,98 80

14 NMTI110 0,97843 107,628 -7,09 85

15 GR110 0,97064 106,771 -29,74 65

16 CTO2110 0,99606 109,567 -2,06 48

17  KCNTPTI110 1,00022 110,024 -1,58 33

18 CTH110 0,99408 109,349 -3,55 31

19 PHI10 0,98683 108,551 -8,15 31

20 KS110 0,98341 108,175 -10,35 24

21 KCNANT110 0,98358 108,194 -13,69 36

22 MTI110 0,98486 108,335 -14,29 25

23 LM110 0,96536 106,19 -21,69 25

24 VTI110 0,95925 105,517 -24.8 49

Co thé thdy sau khi quy hoach tit ca
dudng day lam viéc trong dinh mutc. Bang 3
cho thiy d6 6n dinh dién ap va goc 1éch pha
cua tung nut trén hé théng. Cu thé dién ap
luén nim trong giéi han max, min, tac la
0,900 < V(pu) < 1,100. Goc I¢ch pha -30 <
6(do) < 30.

4. KET LUAN

Thong qua két qua md phong, két qua da
kiém tra dugc do tin cay va do duy trit cia hé

théng dién sau khi quy hoach va mé rong ludi
dién. DPidu nay, c6 thé khiang dinh phuong
phap can bién va nhanh dugc dé xuat dé giai
bai todn quy hoach md rong ludi dién tinh
Hau Giang da mang lai lgi ich thyc tién. Xac
dinh duoc tap toi uu cac duong day s& dau tu
v6i chi phi thip nhat. Qua nghién ciru nay s&
giip cho céac nha quan ly va van hanh hé
théng dién c6 thé ap dung cho hé théng dién
phtrc tap hon.
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RESEARCH ON THE RELIABILITY AND RESERVE CAPACITY OF THE
POWER SYSTEM AFTER PLANNING AND EXPANDING THE ELECTRICITY GRID

ABSTRACT

The integration of renewable energy into the power system is an inevitable trend to reduce

dependence on fossil fuels, decrease greenhouse gas emissions, and enhance energy security. However,
this process faces many challenges due to the instability of renewable energy sources. Additionally, the
quality of the power grid is a critical issue, as integrating a large amount of renewable energy can lead
to imbalances and overload the grid. Therefore, evaluating the power system after planning and
expanding the grid is an important task in the overall power system planning. In this study, the branch
and bound methods are proposed to assess the reliability and reserve capacity after grid expansion
planning. The results of this research aim to demonstrate its effectiveness and propose optimal solutions
for evaluating the power system after planning and expansion. This study will be validated on the actual
power grid of Hau Giang province.

Keywords: Branch and Bound method, cost optimal, optimal power flow, reliability
evaluation, reserve optimal
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