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TOM TAT

Nhiém vu chinh cua quy hoach mé rong hé théng truyén tai 1a xac dinh vi tri t6i uu, cong sut va thir ty
wu tién s& du tu ca timg duong day, dam bao yéu cau du bao phu tai dai han véi tong chi phi dau tu
thdp nhat. Nghién ctru nay sé ap dung phuong phap can bién va nhanh dé giai bai toan quy hoach luéi
dién; Phuong phéap khong chi gitp kiém tra dwoc d¢ 6n dinh ciing nhu tinh t6i wu d¢ duy trir nat ciia hé
thdng sau khi quy hoach, ma con xéac dinh tap hop tdi wu cac tuyén diy cin duge mé rong, dé xuét thu tu
vu tién dau tu timg tuyén nhim ting tinh kinh té. Phuong phap d& xuét dugc chirng minh trén hé théng
truyén tai cao ap thuc té voi tong s6 nut 24; Ty 18 d6 du trit cia hé thong dién dén 20% tng véi mdi mirc
tang 5% thi chi phi dau tu cling ting dan va hé thong truyén tai d dap (mg nhu cau phu tai.

Tir khoa: danh gia do tin cdy, hé théng dién, hé th(fng truyén tai, thudt toan cdn bién va nhanh, ty 1¢ do
du triv

ABSTRACT

The transmission system expansion planning problem aims to determine the optimal location, power, and
the investment priority order of each line, ensuring long-term load prediction requirements with the
objective of minimization of total investment cost. The proposed method is known as an effective tool in
assessing reliability as well as in estimating optimal reserve of the planned transmission system.
Moreover, the method helps to determine the optimal set of lines that need to be extended as well as to
propose the investment priority order of each line in order to gain economic benefits. The effectiveness
of the method is tested on a practical 24-bus system; The optimal reserve of the power system is to 20%
for each 5% increase, the investment cost also increases and the transmission system meets the load
demand.

Keywords: reliability evaluation, power system, transmission system, branch and bound method, optimal
reserve

1. Giéi thi¢u tai voi do tin cdy, chat lugng cao véi gia
Nhiém vu cip bach ciia hé théng diénl1a  thanh thap nhat [1]. Diéu nay s& rat kho co
dap tmg yéu cau phu tai ting voi toc dd  thé dat duoc mot giai phap quy hoach tdi wu
nhanh, yéu cau k¥ thuat cao va lgi ich kinh ~ toan h¢ théng dién bao g6m nha may dién,
té. He théng dién can dugc morong vacing  may bién ap, duong day truyén tai, phan
¢ nham ting kha ning dap tmg yéu cduphu  phdi va cac thanh phan khac mét cach dong
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thoi. Boi vi, hé thong dién 1a mot hé thong
16n nén thoi gian tinh toan sé& rat 1én. Chinh
vi thé cac van dé quy hoach hé thng dién
da duoc chia ra 1am nhiéu linh vyc nhu quy
hoach hé thong ngudn dién, hé théng truyén
tai va hé thdng phan phdi [2].

Trong nhiéu thap ky qua, quy hoach va
phat trién hé thong ngudn dién di duoc quan
tAm va phat trién manh mé ca vé phuong
phap, giai thuat ciing nhu dau tu. Trong khi
d6 quy hoach va md rong hé thong truyén
tai chua dugc quan tdm dung mirc. Quy
hoach va mé rong hé théng truyén tai la mot
nhiém vu rat quan trong trong nganh dién,
thuong dugc thuc hién sau khi quy hoach
ngudn dién [3]. Cac thiét ké toi wu cta quy
hoach m¢ rong hé théng truyén tai la mot
phan quan trong ciia nhiém vu quy hoach
tong thé ctia hé théng dién trong thi truong
dién canh tranh [1-5]. Nghién ctru ap dung
phuong phap can bién va nhdnh dé quy
hoach hé théng truyén tai co xét dén diéu
kién rang budc t6i uu hda do du trir cho hé
thong dién thyc 24 nut. Piéu nay s& giai
quyét van dé phat trién hé thong truyén tai
dién hién nay va trong tuong lai.

2. Nghién ciru quy hoach hé thong
truyén tai c6 xét tdi wu héa do du triv

2.1. Ham muc tiéu

Thong thuong quy hoach hé théng
truyén tai 1a lam tbi thiéu tong chi phi dau
tur cing voi viée dau tu moi duong day hodc
méy bién ap duge mo ta nhu:

m(xy) :
[ ZC((X?V)U((X?y)} (1)

i=1

minimize C" = )
(x.y)ep
Trong do:
Cr la tong chi phi xay dung phan tu
moi;
p la tong sb nhanh (duong day, may
bién 4p);
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m(x,y) 1 s6 phan tir dua véo giita X Va y;
(i)
C(X,y)
méi tir 1 dén i gitra x va y [VNDx10];

i
_ (0
- ZAC(x,y)
=1

Véi AC(‘Xj)y)Ia chi phi Iap dat phan to

la tdng chi phi lip dat phan tu

(1)
(x,y)

C )

thar j ndi tr x va y;

(1)

U(x,y)

duong day (1 néu tir 1 dén tha i duoc lap
dat, O cho céc truong hop khéc):

12 bién nhi phan thay doi theo

- _ 50 (i)
@ |\ khi Payy = Fopy + By
Uy = 0 Kkhi P p© . p( 3)
» KL Preyy # Fayy T Eey)
i
WM _ ()
Pocy) = Z;Ap(x,y) (4)
J:

V6i R, 1a tong cong sudt cdc nhanh

maoi gitra X va y;

AP 1a Vi cong suét 1 phan trr moi
gitrax vay;
) yx ~a Av o2 oS Ty A
Pa.y) 1acong suat ¢ san noi gitra x va y.

2.2. Cdc diéu kién rang buéc

Hé théng dién khong thiéu cong suét
cung cip c6 nghia 13 tong cong sudt clia cac
nhanh thi 16n hon hodc bang tong cong suét
cac tai [5]. Ciing twong tu nhu cong suat nit
that ¢d chai (hodc la dong cuc dai cua hé
théng). Vi thé didu kién khong thiéu cong suét
cung cap duge md ta cong thirc (5) nhu sau:

P(ST)>L, (seSteT)  (5)

Trong d6: P¢(S,T) 1a cong suat mat cat
t6i thiéu; S va T 1a niit ngudn chira s va nit
tai chura t trong tmg khi tat ca cac nut bi chia
ra boi mit cit toi thiu.
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Diéu kién (5) c6 thé duge mo ta boi (6)

v6i k 12 sb mat cat (k = 1,2,....,n), n 1a sd
luong mat cat.

) ") 0 @ (6)
> {Pwﬁ Zp(x,y)u(xyy)}z L, (1+BRR /100)

(xY)eiTy) i=l

Trong do:

Lp 1a tong tai yéu cau;

P ,) 1a tong cdng suat cac nhanh méi

gittax vay:

4 200 17 33
5 183 18 31
6 48 19 31
9 275 20 24
10 215 21 36
11 64 22 25
12 126 23 25
13 80 24 49

POy y) 1a cong suit duong day hozc
may bién ap giira x va y;

k 12 s6 thir tw mat cat (k =1, 2, ..., n);

m(x,y) 1a tong sé nhanh méi gitra nut x
vanuty;

BRR (Bus Reserve Rate) 1a do du trir tai
nut phu tai (X2AP-L);

L

AP (Arrival Power) 1a cong suat cuc dai
khi dén tai thanh céi.

2.3. Gigi thigu h¢ théng dign truyén tai

Nghién ctru nay &p dung cho ludi dién
c¢6 muc dién ap tir 110kV dén 220KV, trén
co s& ké hoach xay dyng, van hanh hé thong
dién cung voi phét trién hé thong ngudn va
da st dung két qua du bao nhu cau phu tai
dai han.

Bang 1. Dy bao nhu cau phy tai

NGt Ciong Niit phu Cong su.at
.. | suat cue ai | c¥e dai
phutai |4.; vw) (MW)
1 119 14 85
2 600 15 65
3 200 16 48
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2.4. Cac théng sé ddu vao lwdi dién

Thong s6 dau vao cia hé thong dé tinh
toan quy hoach cho ludi dién nhu trinh bay
tai Bang 2. Trong do6 : GN (Generators),
TRF (Transformers), TRL (Transmission
Lines) va LD (Loads) la dai dién cho cac
may phat dién, may bién 4p, duong day
truyén tai va phu tai tuong tng ; SB (Start
Buses) va EB (End Buses) 1a cac nit ngudn
va thiét bi dau cudi twong tng ; T%; va CY%;
1a chi phi dau tu va cong suat tuong Gmg cta
céc tmg vién s& dau tu ; T va CYj, k=1-
4 1a s6 duong day s& dau tu song song véi
duong day hién hiru, véi i va j 13 s6 nat dau
va nut cudi.

2.5. Két qud quy hoach

Cong cu giai bai toan quy hoach nay la

phan mém CMEXPP.FOR. Két qua cho
thay, khi ting do du trit niit thanh cai tir 0
dén 20% thi hé thdng dién cang tin cdy,
diéu nay sé& tang dau tu nhiéu duong day,
do d6 chi phi dau tu ciing ting theo Bang
3. Chinh vi, néu yéu cau do du trir nat
thanh céi ting thi chi phi dau tu thyc hién
quy hoach mo rong ludi dién s€ tang theo
nhu trinh bay tai Hinh 1.




SCIENTIFIC JOURNAL OF SAIGON UNIVERSITY No. 75 (03/2021)

Bang 2. Thong sé dau vao cua quy hoach ludi dién
T2 (MW) and C(*): (VNPx10°)

L [SB|EB| ID | T% | T4 | T3 | T3 | T4 | C%; | Clij | C%, | C3j | CHj

1 0 1 |[GEN| 800 | O 0 0 0 0 0 0 0 0

2 0 2 |GEN|[1200| O 0 0 0 0 0 0 0 0

3 10| 3 |GEN| 800 | O 0 0 0 0 0 0 0 0

6 1 6 | TRF| 250 | 250 | 250 | 250 | O 0 10 | 10 | 10 0

7 2 7 | TRF | 500 | 250 | 250 | 250 | O 0 10 | 10 | 10 0

8 3 8 | TRF | 125 | 250 | 250 | 250 | O 0 10 | 10 | 10 0

11 | 3 4 | TRL| 285 | 285 | 285|285 | O 0 | 641 | 641 641 | O

12 | 6 |16 | TRL| 80 | 80 | 80 | 80 | O 0 83 | 83 | 83 0

13| 6 |17 |TRL| 93 | 93 | 93 | 93 | O 0 20 | 20 | 20 0

32 | 1 |25 |LOD| 119 | O 0 0 0 0 0 0 0 0

33 (2 |25 |LOD| 600 | O 0 0 0 0 0 0 0 0

34| 3 |25 |LOD| 200 | O 0 0 0 0 0 0 0 0

51 | 22 | 25 |LOD | 25 0 0 0 0 0 0 0 0 0

52 | 23 | 25 |LOD | 25 0 0 0 0 0 0 0 0 0

53 | 24 | 25 | LOD | 49 0 0 0 0 0 0 0 0 0
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Bang 3. Két qua quy hoach va mé rong ludi dién theo d6 du trix

‘ Chi phi
TH BRR [% DAU TU THEM
%] vty [VNDx10°]
Tas!, Tag?, Taal, T7-10h, T720%, To12%, To20-21%, T1g-20%,
! 0 Ta-21%, T12-10%, T10-15 2089
Tagt, Ts-82, T8, Taat, T710h, T7:10%, Taa2?, T20-21
2 1 1 ) 1 ) ) 1 ) 2
> T1o-20%, Te-21?, T2-16, T10-15 099
Tas!, Tag?, Ta8®, Ta-al, T7-10h, Tra1e?, To12t, Too-2nd,
3 10 Tio-20%, Te-21?, T12-16t, T10-15 2099
Ta-g', Ta8%, Tas®, Taal, Tragh, T7-16%, Te12t, Ts10%,
4 15 Ti2:10Y, T12-10%, T1015° 2225
Ta-g, Ta-6?, Ta-6°, Ta-a?, T7-10%, T7-10%, T7:10%, Too12
2 ) ) H ] b b ] ] 2 1
S 0 Ts-12%, T12-19%, T12-19%, T10-15 38
Ta-g, Ta-8%, Ta-8°, Ta-a?, T7-10, T7-16%, T7:10%, Tso10?
2 ) ) b i) b b i) b 2 1
6 > Ts-12%, T12-19%, T12-19%, T10-15 38
% o S~
s 2300- /
}f_:l 2250- /
g 2200- /
2150- /
2100 /
it N Hinh 1. Pudng cong tong chi phi dau tur
" theo yéu cau do du trit BRR[%]

So d6 don tuyén hé thong truyén tai s& dugc mo rong nham dép ing yéu cau phy tai
tang nhu trinh bay tai Hinh 2.
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220KV
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110kV

215
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48

@ 110kV/
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93

80

93
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Hinh 2. So d6 don tuyén hé théng truyén tai (BRR=5%)
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2.6. Kiém tra phin bo céng sudt bing
phan mém PowerWord

Kiém tra do 6n dinh va kha nang tai cua
dudng day va may bién ap sau khi quy hoach
str dung phin mén PowerWord. Hinh 3 thé
hién hé thong truyén tai trude quy hoach, chi
ra duong ddy va tram bién 4p mang qué tai

-238 MW
241 Mvar

1200fMw
119 MW 473 MVar g0 pmw
=0

(2] 0 Mvar

trén 90% thi hé thong truyén tai ¢ 7 truong
hop bi qua tai. Sau khi quy hoach lai theo két
qué trinh bay tai Bang 3 thi hé thdng truyén
tai da 6n dinh khong c6 truong hop nao bi qua
tai vuot 90%. Piéu nay duoc thé hién & Hinh
4, hé thong truyén tai da duoc dau tu mé rong
theo yéu cAu cua do du trit BRR = 5%.
200fMw

195 Mvar200 MW
( ) 0 Mvar

60ofriw
noo Mmw
aa Muad 23 VA a2 mw

(" O Mvar

Hinh 3. Hé théng trudc khi kiém tra quy hoach

1200Mw
3_35 Mvar

g 2
16 :
48 MW <]
: piokithe B

2008MW
# —

25 Mw
0 Mvar

21 _
25 Mw 49 Mw
0 Mvar "0 Mvar

Hinh 4. Hé thong sau khi kiém tra quy hoach véi d6 du trirt BRR=5%
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3. Két luan

Viéc &p dung phuong phép cong bién
va nhanh da giai bai toan quy hoach ti wu
xéac dinh duoc tap toi uu cac duong day s&
dau tu sao cho chi phi thap nhét, vi tri theo
do du trir. Nghién ctru khong chi 4p dung

thanh cong phuong phap toi wu do du trir
trong quy hoach hé thng truyén tai ma con
st dung cong cu phan mém PowerWorld dé
kiém tra hé thong sau khi quy hoach. Giai
thuat da chung minh tinh kha thi trén quy
hoach dai han luéi dién cao ap.
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