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Abstract

One major subproblem in planning distribution grids is optimally choosing conductor sizes. This subproblem often employs nonlinearly
constrained optimization with integer variables as its modeling approach. Attaining optimality on a global scale is not always guaranteed by
the nonlinear optimization formulation. As a means of determining the area of the wire’s section in the distribution grid in the most efficient
manner possible, this study suggests a model that is based on linearly constrained optimization with integer variables. While adhering to load
flow equations, maximum loading restrictions on branches, voltage magnitude bounds, and investment budget constraints, the goal function
is minimizing the cost across the lifetime of the distribution system. Piecewise linearization methods and accurately linearized expressions
of multiplying a binary variable by a continuous variable are deployed in order to convert the initially nonlinear model into the suggested
optimization model. A programming environment called GAMS and an optimizer called CPLEX are used to evaluate the recommended
optimization formulation on a 33-node test distribution network. The evaluation is implemented using diverse scenarios about the price of
electricity. The calculation outcomes indicate that the size of conductors is significantly influenced by the electricity price. Furthermore, the
conductor size based on the suggested methodology is more cost-effective than the one obtained using the method currently utilized in
Vietnam.

Keywords: Power distribution grids, Lifetime cost; Conductor size; Linear programming with integer variables; Electricity
price.
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Tém tit

Trong quy trinh quy hoach hé thong dién phan phdi, bai toan
xéc dinh kich thuge day dan t6i wu dwoc coi 1a mot nhiém vu
cbt 15i. Bai toan nay thuong dugc bleu dién ¢ dang mé hinh
toan hoc phi tuyen Vi cac blen s6 nguyen Tuy nhlen kha
duoc dam bao. Nghién ctru nay gioi thiéu mét phuong phap
dwa trén m6 hinh t6i uu tuyen tinh véi bién s6 nguyén nham
t6i wu hoa kich c& day dan trong hé thdng dién phan phdi.
Trong d6, myc tiéu hudéng dén giam thiéu chi phi ludi dién
trong sudt vong doi, ddng thoi dam bao cac rang budc vé can
bang cong suit nut, gi¢i han dong dién nhanh, pham vi cho
phép ciia mo-dun dién ap nut va gidi han kinh phi dau tu. T
md hinh toan hoc phi tuyén ban dau, md hinh t6i wu tuyén tinh
\ bién nguyén dugc de xuat bang cach ap dung phuong phap
xap xi tuyen tinh timg doan ddi v&i cac ham phi tuyén va ky
thuat bién doi chinh xac tich gitra blen lién tuc va bién nhi
phan sang dang tuyén tinh. M6 hinh t&i uu d& xuét duoc danh
gia trén he théng dién tieu chuén IEEE 33 nut, st dung moi
truong hqp gia dién khac nhau. Két qua téi uu cho thdy, mirc
gia dién co tac dong lon dén viéc lua chon kich thude day dan.
Ngoai ra, viéc 4p dung phuong phép tbi wu dé xuit mang lai
hiéu qua vé kinh té 16n hon so v6i phuong phap hién hanh tai
Viét Nam.

1. Gi6i thi¢u

Dé dap ung sy tang truong dang ké cua nhu cau dién nang,
viée dau ‘tumot hé thong ludi dién phan phéi téi wu 12 yéu cau
tién quyét va giir vai tro quyét dinh trong viéc dam bao an ninh
nang lugng quoc gia. Vi myc tiéu don gian hoa so dd bao vé
va phuong thirc van hanh, cdu trac hinh tia thuong dwoc ap
dung cho mang dién 35 kV tr& xudng. Tuy nhién, do dién ap
hoat dong thép, dién nang bi tén thét trong mang ludi nay
thuong chiém ty 1¢ cao trong tong ton hao ciia toan hé thong.
Dé giam thiéu sy ton hao nay, viéc thiét ké va quy hoach hé
thong phén pho1 dién can duoc thuc hién mot cach chinh xéac
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va hiéu qua. Day 1a bai toan t6i rru hoa phc tap, voi muc tiéu
1a giam thiéu tong chi phi cua mang luéi dién trong sudt vong
doi, dong thoi dap g d6 tin cdy cung cap dién, chat luong
dién ndng va cdc rang budc ky thuat vé van hanh. Qua trinh
nay bao gom nhi€u bai toan nho, trong d6 ¢ viéc lya chon
kich thudc day dan phu hop.

Trong céac nghién ctru trude day, bai toan lya chon kich thudce
day dan da dugc thyc hién béng cac tiép can khac nhau. Bai
bao [1] dién ta quy trinh chon kich thudc diy din thong qua
phan tich sy phan bb dong ning lugng dé giam thiéu dién nang
bi hao ton va lam ting dién ap trong ludi. Phuong thirc dé lwa
chon day cap du6i 1000 V v6i muc tiéu huéng dén han ché
ti da tac dong cua nhiét do 1én vat liéu cach dién dugc trinh
bay trong bai bao [2]. Vi cac nghién curu [1] va [2] khong thuc
hién mo hinh hoa bai todn xac dinh kich thudc day dan dué6i
dang bai toan toi wu nén thuong chi tim dugce nghiém t6i wu
dia phuong. M6 hinh téi wu tuyén tinh véi bién nguyén
(MILP) dugc dé nghi trong [3] dé lya chon kich thudc day
dan khi xdy dung méi va nang cap cac dudng day tai dién. Mo
hinh nay dugc bién d6i tir mo hinh tdi wru phi tuyén véi bién
nguyén (MINLP) ap dung tiép can tuyén tinh hoéa voi nhiéu
phan doan. Trong [4], cac tac gia dé xuét tiép can dong dién
kinh té trén mot don vi dién tich day va phuong phép heuristic
dé tinh toan kich thudc day dan. Mic du phuong phéap nay dé
dang trién khai va 4p dung, nhung khong dam béao tim ra két
qué t6i uu toan cuc. Phuong phap metaheuristic NSIHSA-II
dugc gi6i thiéu trong bai bao [5] dé tim 101 giai tot nhat cho
bai toan xac dinh kich ¢& day din vdi nhidu myc tiéu trong
mang dién phéan phdi co tich hop ngudn ning lugng phan tan
(DG). Nghién ctru [6] mé ta giai thuat SSO, dé xac dinh kich
thude day ti wu cho ludi dién Ai Cép khi nang cao cong suét
tai dién va do tin cdy cung cép dién cta hé thong khi co sb
Iuong 16n cac nguén DG duge két ndi vao ludi, bén canh dé
mot chi s6 FRI duoc dua ra dé danh gid nang cép ludi dién,
nhim xac dinh cac doan duong diy can dugc cai thién, nhd
d6 pham vi tim kiém giai phap duoc thu hep dong thoi giam
b6t thoi gian xir Iy. Bai bao [7] trinh bay thuat toan HSDE dé
lya chon kich thudc day dan. Thuat toan nay dugc bét nguén
tir ¥ tuong cua ky thuat tim kiém hai hoa (HSA). Bai bao [8]
thiét 1ap mo6 hinh MINLP nham giai bai toan t6i uu véi su két
hop giita viéc lwa chon tu bu va day dan. M6 hinh t6i vu d&
Xuét nay co tinh dén sy bién ddi cua phu tai theo thoi gian,
ddng thoi, cac bién nguyén duoc sir dung dé biéu dién chung
loai va vi tri ddt tu bu ngang. Tuong tu, nghién curu [9] gidi
thiéu mo6 hinh MINLP va ap dung cong cu giai DICOPT trong
GAMS d¢ t6i uu hoa kich thuée day dan. Bai bao [10] ciing
sir dung phuong phap MINLP dé t6i wu hoa kich thuge day
dan co xét anh huong cua hinh dang do thi ngay dém ctia phu
tai. Cac nghién ctru [8]-[10] ¢6 nhugc diém la khong chéc
chin tim dwoc 10i giai tdi wu toan cyc va higu qua tinh toan
khong cao.

Bang 1 trinh bay su so sanh cac nghién ctru dya trén ham muc
tiéu, phuong phéap giai va ludi dién tinh toan. Bang 1 cho thiy
rang, xac dinh kich thuéc day dan thudong duoc tinh toan sir
dung cac phuong phép t6i wu nhu MINLP, heuristic va

metaheuristic. Nhitng phuong phép nay can nhiéu thoi gian
xtr 1y va kha nang dat duoc 10 giai tdi wu toan cuc 1a khong
chic chén. Bén canh do, yéu t6 gia dién khong duoc dua vao
phan tich trong cac cac nghién ctru trén. Do do, nghién ciru
nay c6 muc dich 1a giéi thiéu mé hinh t6i wu MILP cho bai
toan xac dinh tdi uu kich thudc day din trong ludi phan phdi
c6 xét dén sy anh huong cua gia dién. Nghién ctru ndy mang
lai nhitng dong gép quan trong sau:

e Gioi thiéu md hinh t6i wvu MINLP dé giai bai toan xac dinh
kich thugc day dan cho mang phan phéi, véi muc tiéu 1a
t6i thiéu tong chi phi vong doi (LTC) va tuan thu cac yéu
t6 rang budc nhu can bang cong suét, dong dién duong day
khong 16n hon gidi han, dién 4p nit nim trong ngudng cho
phép va tong chi phi dau tur khong 16n hon ngan sach;

e Bién d6i mo hinh t6i wu MINLP thanh mo hinh MILP
bang cach tuyén tinh hoa dai lugng phi tuyén thanh timg
doan va biéu thirc tuyén tinh cta tich bién lién tuc va bién
nhi phan;

I3
.....

e Phan tich anh hudng ciia gia dién dén 1o giai toi wu trén
ludi dién 33 nut IEEE;

e  DPanh gia mirc d¢ hiéu qua cua phuong phap nghién ctu
nay xay dung véi phuong phap hién hanh tai Viét Nam.

Bang 1. So sanh céc bai bao da c6 va nghién ctru nay

STT | Hammyctigy | LW0idién | Phuongphip | Gid
* tinh todn gidi dién
Giam thiéu ton
[1] hao, nang cao 11 nut Phan tich Bo6 qua
dién ap
Tdi thiéu hoa
2] tﬁ;dc(;r;i g}iléflt 6 nit Phan tich B0 qua
cap
.2 . ; 50 l'll:lt,
(37 | Cweticu (Cil?l. Phi | 200 nat va MILP B6 qua
vong ot 600 nat
Toi thiéu tong Heuristic va mat
[4] chi phi du tr IEEI:: 33 d6 dong dién B0 qua
A 1a ~ nut . A
va bao dudng kinh t&
Cuc tiéu tong 9 niit va Thuét toan
[5] chi Rhi 69 nit thong minh B0 qua
hé thong NSIHSA-II
(6] Cyc tiéu chiphi | 45nat& Thuét toan Bb qua
vong doi Ai Cap thong minh SSO q
Cuyec tiéu tong
7] chi phi tén hao | 16 nut va Thuét toan Bo qua
dién nang va 85 nut HSDE
khéu hao vén
Téi thiéu tong
[8] vbn dau tu day 117 nit MINLP B6 qua
din va tu
Cuc tiéu chi phi 8 nit va .
%] vong doi 27 nit MINLP Bo qua
[1o] | Cwetiéuchiphi | IEEE 33 MINLP B6 qua
vong doi nut
Neghién | o iéuchiphi | IEEE 33 -
iy vong doi. nit MILP Coxé&t

Céu tric con lai cia nghién ctru bao gdm bon phan. Phan 2
mo ta m6 hinh MINLP va MILP cua bai toan xac dinh kich
thuéc day dan. Phan 3 mo ta két qua thu duogc va phan tich
dwa trén lu6i dién IEEE 33 nit. Cubi cing, phan 4 néu ra
nhitng két luén va chi dé nghién ctru trong thoi gian téi.
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2. Phuwong phap nghién ctru

Nhiam xéc dinh kich thude diy dan téi wu trong mang dién
phan phdi, nghién ctru nay gidi thidu hai phwong phap: mo
hinh t6i wu phi tuyén voi bién nguyén (MINLP) va mé hinh
t6i wru tuyén tinh voi bién nguyén (MILP).

2.1. Mb hinh t6i wu phi tuyén véi bién nguyén

Bai toan xéc dinh t6i wu kich thuée day dan dugce biéu dién
bang m6 hinh MINLP nhu duéi day.
Ham muc tiéu:

minLTC= Y > K, L+
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Xy = m_x Z VisXows YV EPing (6)
ij  keBg
F, = Z VB VieD (7)
keEg
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keEg
P=PF,-F,; Vied, (10)
0 =0;-0n; Viedy (11)
XU} =P +02;  Vie® Vijed (12)
I; < kZT: m; Xlriax,k XViiks Vij e q)LINE (13)
U™ <U, <U™; Vied, (14)
Z Vik = I VIJ € (DLINE (15)
keEg
2 2 Kouxvyx Ly <K (16)
je@pg keEs
Ve €401} Vije®y . Yk e Eq (17)

Ham muc tiéu (1) 1a t5i thiéu tdng chi phi trong vong doi cua
ludi dién, trong d6 bao gdm chi phi ddu tu ban dau, chi phi
bao tri va chi phi do hao ton dién nang. Cong thirc (2)-(3) 1a

cac phuong trinh phan b dong cong suét, duoc thiét 1ap dua
theo phuong phap cong cong suét. Phuong trinh (4) biéu dién
mdi lién h¢ dién 4p giita nhitng nut trong nhéanh ij. Pién try
va dién khang ctia nhanh ij twong tng véi loai day dan &
dugc mo ta boi (5) va (6). Cac phuong trinh (7), (8) va (9)
dugc dung dé xac dinh gia tri dong cong suét va dong dién tai
nhanh #j, twong tmg véi cac day dan cé kich thudc khac
nhau. Cong suit hitu cong va vo cong tai niit ;i dwoc mo ta &
(10) va (11).

Biéu thuc (12) md ta quan hé giira dién ap nat, dong dién
nhénh va cong suét nhanh. Gi6i han tri s& dong dién lon nhét
tmg cac loai diy dan duoc dién ta béi (13). Phuong trinh (14)
thé hién cac gidi han bién d¢ dién ap. Biéu thirc (15) quy dinh
rang mdi nhanh duong day chi dugc st dung mét kiéu kich
thudc ddy dan. Rang budc (16) dam bao rang tong chi phi dau
tu ludi dién khong duoc vugt qua ngan sach. Bién nhi phan
dugc xac dinh bdi (17).

V& mit toan hoc, mé hinh (1)-(17) 14 phi tuyén vi: (1) ham
muc tiéu va cac phuong trinh can bang cong suat 1a ham phi
tuyén va (2) ¢ su ton tai cua tich gilta mot bién nhi phén va
mot bién lién tuc. Phin tiép theo cua nghién ctru mo ta cach
chuyén d6i mé hinh MINLP sang dang tuyén tinh bang
phuong phép tuyén hoa tinh timg doan va biéu thirc tuyén tinh
chinh x4c cua tich mot bién nhi phén va mét bién lién tuc.

2.2. Tuyén tinh hAm muc tiéu va cac rang bugc trao luu
cong suat

Thay céc rang bude (5)—(9) vao cac rang budc (2)-(4), dong thoi
dat 1%, = I;‘k va U = U} .Khi d6, ham muc tiéu (1) dugc
bién doi thanh phuong trinh (18) va cac rang budc (2)-(14) dugc
bién d6i thanh cac rang budc (19)-(27).

minLTC= Y > K,,v,,L,
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L i sqr
z Z (Vhf,kphi,k __hRO,kvij,k[I;?,kj
heQpr(i) keEg m,; (19)
= > Y v.P.,-PB Vied,
Jj€Qer (i) keZg
Lri sqr
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sqr sqr Lif
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L @1

2
L, sqr ..
+[m_jJ Z Vy',k[ijc,lk (R(ik + X(ik ) =0, Vijed

ij keEg



Journal of Measurement, Control and Automation

29

B=2 B Vie®, (22)
keEg
Qij = z vi/'.inj,k; Vij € Oy (23)
keEg
LT =Y v s Vie® (24)
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E=F,—Fy; Viedy (25)
0 =050 Vied, (26)
N2 ) 2
(Um™) sum<(Ur): Vied, 27)
U.Squ.s.c‘r = P..2 + Q.z. (28)
Isqr<zm x[maxkwi, Vij e D i (29)
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2.2.1. Tuyén tinh héa rang bujc cin bang cong sudit niit

Tinh phi tuyén cta phuong trinh (28) dwoc gay ra boi sy xuat
hién thanh phan béc hai ctia cong sut hiru cong, cong suit vo
cong va tich gifra dién ap nit va dong dién nhanh. Vi vay, cac
thanh phan phi tuyén nay s& duoc tuyén tinh hoa theo phuong
phap truyén tinh hoa timg doan [11]. V& trai cua (28) dugc
tuyén tinh hoa bang phuong phap phan doan bién U* =U;

thong qua bién nhi phan y,, , y, =1 khi

U > (U 2 4+ sAU, “q‘) nhu mé ta trong Hinh 1 va cic rang
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budc (30)—(35).
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Hinh 1. Phin doan tuyén tinh hoa binh phuong dién 4p niit
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2
0<IFAUS =B < (1) AU (1-7,,); 34)
Vije® s s=L...,8
0< P, <(I) 7 AU Vijedyy: s=L..S (35

Tiép theo, vé phai ciia (28) dugc tuyén tinh hoa thong qua cac

rang budc tir (36)—(59).
P +0; Z 5, (AR, +A0Q;,);
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Ql:— Ql/ Q[/'; VZJ € cI)LTNE (3 8)
R
P'+P =Y AP, ; Vijed (39)
r=1
R
0 +0; = ZAQW’ Vij € Dy (40)
r=1
P <O/ xH; Vijed (41)
P <(1-0))xH; Vije®, (42)
O, <OxH; Vijed (43)
0, <(1-67)xH; Vijed (44)
0; €{1,0}; Vijed (45)
0} e{1,0}; Vije® (46)
0<AP, <AS,; Vije® ir=1..,R (47)
0<AQ,, <AS,; Vije® ir=1..,R (48)
0<I),,+a lj_nQ,;aQU_'; ijecDLINE (49)
AS, = }e ;o Vije® (50)
é:jr:(Zr—l)ASij; Vije® o7 =1..,R (51)
ay (r )XAS <SAP,; Vije® .. r=1.,R-1 (52)
AF,, (r—l)xASij; Vije® pr” =2,..., R (53)
a,j.’()< J(r=1); Vr=2,.,R-1 (54)
al (r)xAS, <AQ,; Vije® ,r=1..,R-1 (55)
AQ,, <al(r—1)xAS,; Vije® ., r=2,..R (56)
al (r)<ep(r-1); Vr=2,.,R-1 (57)
a;(r)e{l,O}; Vije® .7 =1..,R-1 (58)
a;)(r)e{l,O}; Vije® et =1.,R-1 (59)

Biéu thirc (36) 1a phuong trinh tuyén tinh hoa twong duong khi
tuyén tinh hoa (P} +0; ). Céc rang budc (37)-(46) biéu dién
Q, . Gisi

han cta cac phan doan tuyén tinh va céc bién phu dugc néu &

mdi lién hé giita cac bién phu khong 4m va P, s
cac

rang budc (47)-(49). Hai phuong trinh (50) va (51) lan luot 1a
céch xéc dinh gid trj hing s6 AS, va &,
)-(59) nham duy tri su két ndi lién tuc ciia cac phan doan khi tinh
toan. Két hop hai phuong trinh (30) va (36), rang budc (28) dugc
viét lai thanh phuong trinh (60).

1 . 5, .
(Uxfun + E AU:‘?’ jlqur + z })l,(s
s=1

R
Z tjr(APy) ""AQ r); Vij € O

. Céc rang bugc (52

(60)
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2.2.2. Lwa chon sé phin doan tuyén tinh

Xét mot ham phi tuyén f (x) lién tuc va kha vi hai lan trén
doan [a,b] . Xap xi ham nay bang nhiing duong thang trén
tng doan nho cua [a,b]. Chia doan [a,b] thanh R doan nho,
mdi doan c6 d dai Ax = bT Trén mdi doan nhé [x,,x,, ]
, ham f (x) dugc xap xi bang duong thing ndi hai diém
(xi’f(xi)) va (xi+1’f(xi+l)>'

Suy ra sai s6 tai md diém x trong doan [x,x,] la:
E(x)=f(x)—L(x). Trong do, f(x)la gia tri thuc cua ham

s6 taix, L(x)la gid tri xép xi tuyén tinh tai x.

Khai trién Taylor dén bac 2 ham f(x)quanh x, ta co:

= s ) S ey
‘fe(xf;xm)
Ta co:
L(x)=f(xl.)+—f(x:1):){(xi)(x—xl.)=f(x,.)
i+1 i (62)
f(xl.-i-Ax)—f( i)(x x)
A ’

Khai trién Taylor dén bac 2 ham f (x[ +Ax) , 1di thay vao
(62) ta duogc:

L(x)=f(xf)+{f'(xi)+%(‘5)Ax}(x—xi) (63)
Khi do:

E(x)= (5)[(x x) —ar(x—x,)]

— E(x) H(;‘x)Q (64)

. Ax
Vi |E(x)|dat gia tri 16n nhét tai x = x, + =) va H 1a gia trj
16n nhét coa /" (x) trén doan [a,b].
Vay sai s & dwoc tinh bang biéu thirc:
H.(AX)Z 3 H(b—ajz
8

8 R

&= (65)
Viéc lya chon sb phan doan R trong phuong phap myén tinh
hoéa tung doan anh hudng truc tiép den sai so, voi moi quan

1 .
hé ty 1¢ nghich theo — . Khi R nhd, sai s6 16n do cac doan
R

tuyén tinh khong du chi tiét d&é mo ta sy bién thién cua ham,
trong khi viéc ting R gitp giam sai s6 nhung df)ng thoi lam
tang thoi gian tinh toan. Do do, viéc lua chon s6 phan doan
can cén nhéc giira d6 chinh x4c va hiéu sudt tinh toan.

Trong qua trinh tuyén tinh héa binh phwong cong suét truyén
tai P’ trén cac nhanh cia ludi dién, dé can bang giita do chinh

xac va hi¢u suat tinh todn, khoang xap xi [alj,b ]sé duoc

diéu chinh linh hoat cho ting nhanh thay vi sir dung mét mién
c6 dinh cho toan b hé thong, bén canh d6 do dai b, —a,
chinh 1a gia tri dong cong suat 1on nhét trén duong day i
(S ). Céch tiép can nay gitip tbi wu hoa viée chia doan, dam
béo rang tit ca cac nhanh déu ¢ cing sd phan doan tuyén
tinh, ttr d6 cai thién hi€u qua tinh toan ma van duy tri sai s6
trong giéi han cho phép. Viéc tdi wu hoa mién xap xi riéng
biét cho tirng nhanh dya trén dac tinh van hanh cia ludi dién,
gitip giam thiéu s6 lwong phan doan can thiét trong khi van
dam bao d6 chinh xac can thiét trong mé hinh héa va phan
tich hé thdng dién. Vi vay sb phan doan cho P, va 9, duoc

lyachonla R=20.Tuongty, S=4 l1a $6 phéan doan Gng voi
bién U (0,9025 < U™ <1,1025).

2.2.3. Tuyén tinh héa rang bujc tich ciia mgt bién nhi phin
va mgt bien lién tuc

Tinh phi tuyén van con t6n tai trong mo hinh néu trén vi ham muc
tiéu (18) cling v6i cac rang budce (19)-(22) c6 chira tich cua bién
lién tuc va bién nhj phan. Vi vdy, phuong phép tuyén tinh hoa
khéng ¢6 sai s clia tich hai bién nay [12] s& duoc ap dung dé
chuyén d6i mé hinh vé dang tuyén tinh. Dit:

B =viahiis Qy,k Vv Qyi va Iz;q; =V, kIzjw/'r (66)
khi do,
0 khiv,, =0
B, = . (67)
F, khiv,, =
o _[° khiv,, =0 )
00,, khiv,, =1
R 0 khi Vi
[ = 69
MLy khiv, ()

Cac bién P & QU , va 1 4 duoc x4c dinh trong cac rang

budce (70)—(78).

P,=P,-a,; Vije®,, Vkek (70)
—Hxv,, SP  SHxv, 5 Vije® ., Vk e Eg

(71)

~H (1-v,, ) <a,, <H(1-v,, ):Vij e ® . Vhk B (72)
0, =0, —bs  Vijed . Yk ek (73)
~Hxv,, <0, <Hxv,,; Yije®,,VkeE (74)
~H (1-v,, )<b;, <H(1-v,,):Vij e @, . Vk eEg  (75)
L7 =17 —c, 5 Vij €D, Vk € Eq (76)
—-Hxv, ik _IU“’,’ SHxvl.j’k; Vij e D, Vk € B 77
—H(1-v,, )<c,, SH(1-v,,);Vij € @, Vhk B (78)
Céac rang budc (70)-(72) lam viéc nhu sau: khi v, , =1 thi

,=0va P =P,  Néuv, =0thi B, =0. Giai thich
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tuong tu cho cac rang budce (73)-(75) va (76)-(78). Do do, sd
H 16n can phai duoc lya chon cin than va trong nghién
cuu nay, H dugc lya chon béng 100.

Dua trén k¥ thuat tuyén tinh héa & muc 2, mo hinh MILP duoc
xay dung véi ham muc ti€u (18) va cac rang bude (19)-(27),

(31)-(35), (37)-(60), (70)-(78) va (15)-(17).

3. Két qua tinh toan va théo luin

Trong phan nay, mo hinh MILP néu trén duoc van dung dé
giai quyét bai toan xac dinh kich thudc day dan téi wu cho luéi
dién IEEE 33 niit. Nghiém t5i wu toan cuc duoc giai bang phan
mém thwong mai CPLEX, sir dung ngdn ngit GAMS [13] dé
1ap trinh va tinh toan trén may tinh Core i5-52000U @2.20
GHz va 12.0 GB.

3.1. Dir liéu luéi dién

Hinh 2 mo ta so d6 luéi dién 33 nat IEEE [14]. Cac thong tin
vé chi phi va thong s6 ky thuét ciia 29 kiéu kich thudc day dan
duogc tham khao tir nghién ctru [14]. Ludi dién co6 dién ap dinh
muc la 12,66 kV va téng cong suét cuc dai cua phu tai bé“mg
7430 + j4600 kVA (bang 200% cong sudt phu tai tham
khao trong [14]).

23 24 25

26 27 28 29 30 31 32 33
| 1 1 | 1

L

8 9 10 11 12 13 14 15 16 17 18
1 | 1 1 1 1
[

19 20 21 22

Hinh 2. So d mang dién IEEE 33 nit
Céc kich ban tinh toan cia gia dién dugc mo ta tai Bang 2.

Biéng 2. Cac kich ban tinh toan

Kich ban 1 2 3 4 5 6 7 8 9 10

Gia tri cua cac tham sb khac dugc trinh bay trong Bang 3.

Bang 3. Gié trj cta céc tham sb

Théng s6 Gia tri
Tubi tho duong diy (nim) 25
He s6 ton that 0,4
Hé s6 chiét khiu (%) 7
He¢ s6 bao dudng (%) 2
Gi6i han dudi cta dién ap (pu) 0,95
Gi6i han trén cta dién ap (pu) 1,05
Pién 4p van hanh ciia tram ngudn (pu) 1,00

3.2. Két qua tinh toan
3.2.1. Anh hwéng ciia gid dién

Su thay d6i diép 4p, ham muc tiéu, gia tri cac loai chi phi va
t6n hao cong sudt cua ludi dién ing véi timg kich ban duoc
minh hoa trong Bang 4.

Béng 4 cho thay niit 1 1a niit ¢6 dién ap cao nhat trong ludi, va
duoc gitr ¢b dinh 1a 1 pu. Nat 33 ¢6 gia tri dién ap thap nhat. Khi
gia dién tang, dién 4p nut 33 ting tir 0,96962 pu dén 0,97502 pu.
Bén canh d6, von dau tu ban dau, chi phi bao tri va chi phi do hao
ton dién niang déu tang, dan dén sy gia ting cta chi phi ludi dién
trong sudt vong doi, dong thoi ton hao cong suét ctia ludi dién co
xu huéng giam. Piéu nay cho thdy mdi quan hé giita von dau tur
va ton that cong suét: khi von dau tu ting, ton that cong suét s&
giam.

Su thay ddi ton that cong sudt ludi dién va vén dau tu cia lugi
dién theo gia dién dugc mo ta nhu trén Hinh 3. Ttr Hinh 3 cho
thay, khi tang gia dién tir 10 &én 100 $/MWh, v6n dau tu day
dan ting tir 23309,5 $ 1én 53026 $, ddng thoi ton hao cong
sudt lugi giam tir 79,14 kW xudng 44,63 kW. Khi gia dién
tang tir 10 $/MWh 1én 20 $/MWh, vén dau tu c6 d¢ tang 16n
nhit (1917,95 $) va ton that cong sudt c6 do giam 16n nhit
(17,9 kW). Khi gia dién tang tr 90 $/MWh 1én 100 $/MWh,
vbn dau tu co d6 ting nho nhit (96,5 $) va ton hao cong suat
¢6 d6 giam nho nhét (0,13 kW).

Can 10 20 30 40 50 60 70 80 90 100
($/MWh)
Bang 4. So sanh két qua tinh to4n giira cac kich ban
Gia dién o " Pién ap Wenpem | ST R CEkilon Qe TR g g
($/MWh) Dién ap cuc tiéu e da dhu (8) tri that nang doi that cong ¥ ()
o (%) lugng ($) (&) suat (kW)

10 0,96962 1,00 23310 5433 32314 61057 79,14 144,266
20 0,97282 1,00 31539 7351 50014 88904 61,24 198,875
30 0,97374 1,00 37021 8628 66520 112169 54,30 136,829
40 0,97403 1,00 40119 9351 84201 133670 51,55 135,234
50 0,97448 1,00 44792 10440 98843 154075 48,41 701,719
60 0,97475 1,00 48336 11266 113810 173412 46,45 294,610
70 0,97484 1,00 49315 11494 131478 192287 46,00 306,922
80 0,97488 1,00 50791 11838 148311 210940 45,40 128,860
90 0,97494 1,00 52612 12262 164493 229367 44,76 413,891
100 0,97502 1,00 53026 12359 182233 247618 44,63 286,594
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60000 e 90 p Ax7e 2 ! a - . 2
e Vin dautr - —— Ton that cong sudt ciia udi dién 50 doafl duqllg day 42 mm z(duqng d%}y 32 33)> 110 mm
50000 o (duong day 31-32); 300 mm* (duong day 8-9).
0E
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E z 23 24 5
§ 30000 :2 g
E 20000 10°E 26 27 28 29 30 31 32 33
10000 jz "[E I
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10 20 30 40 50 60 70 80 90 100 I ! I
Gia dién (S/MWH) I | | | | | |
. 2 £ A AL a A ax , e aiA (s . ié Tiét dig 21861
Hinh 3. Ton that cong suat va von dau tu cta ludi dién trong céac kich ban g “ ;czn Rl ang
19 20
13 65 2
A 14 80 5
Su thay doi dién ap cua cac ntt 16, 25 va 33 ung vdi cac kich 18 110 I
5 <A . N <\ A 5 A 20 140 2
ban duogc bicu thi nhu trong Hinh 4. Tur két qua thay duoc, 3 160 3
dién ap cac nat 16, 25 va 33 ting 1én khi gia dién tang theo ;Z ;gg i
su thay doi cta céc kich ban. Trong d6, dién ap nut 16 tang - 29 325 14

tir 0,96698 pu dén 0,9764 pu, niit 25 tang tir 0,98683 pu dén
0,99118 pu, nut 33 tang tir 0,96962 pu dén 0,97502 pu. Pién
ap tai nat 33 cao hon dién &p nut 16 khi ting gid dién tir 10
$/MWh dén 40 $/MWh, va nho hon nut 16 khi ting gi4 dién
tir 50 $/MWh dén 100 $/MWh.

Hinh 5 mé ta sy phan bd dién ap tai 33 nut khi kich thuge day
dan duoc x4c dinh theo mo hinh MILP, img véi gia dién lan
luot 14 10, 50 va 100 $/MWh. Theo két qua tir Hinh 5, dién ap
tai cac nut déu tang khi gia dién tang tir 10 $/MWh 1én 50
$/MWh va tiép tuc ting tir 50 $/MWh Ién 100 $/MWh. Nat
18 ¢6 mirc tang dién ap 16n nhat, dat 0,00938 pu khi gia dién
tang tir 10 $/MWh 1én 50 $/MWh va 0,00183 pu khi gia dién
tang tir 50 $/MWh 1én 100 $/MWh. Tuy nhién, do ting dién
4p tai cac niit co xu huéng giam dan khi gia dién tiép tuc tang.
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Hinh 5. Dién ap 33 nut tai cac kich ban gia dién 10, 50 va 100 $/MWh

Kich thudc day dan t6i vu cua ludi dién IEEE 33 nut khi gia
dién 1a 100 $/MWh duoc lya chon va thé hién trong Hinh 6.
Theo Hinh 6 mé hinh dé xuét str dung 9 kiéu day dan, trong
d6 kiéu day dan c6 tiét dién 325 mm? dugc sir dung nhiéu nhat
(14 duong day), ¢ 3 kiéu tiét dién day duoc sir dung & mot

Hinh 6. So db chon day din tmg véi gi4 dién 1a 100 $MWh

3.2.2. So sdnh ky thudt dé xudt véi phwong phdp hi¢n hanh
tai Vi¢t Nam

Tai Viét Nam, hién nay, kich thudc day din cia mang dién
phan ph01 dugc xac dinh theo phuong phap truyén thong, tap
trung giam thiéu von dau tu ban dau va giir dién ap tai cac nit
dao dong trong ngudng gidi han cho phép. Tuy nhién, phuong
phap nay chua xét dén cac yéu t6 kinh té quan trong nhu chi
phi van hanh va ton that dién ning. Trong khi d6, cac yeu to
nay dugc xem xét dong thoi trong phuong phap duoc dé xuat
néu trén. Tai muc nay wu diém cua phuong phap dé xuét s&
thé hién rd hon khi so sanh két qua tinh toan véi phuong phap
truyén thong. Két qua so sanh chi phi vong doi ctia hai phuong
phap tng véi cac kich ban dugc trinh bay trong Bang 5.

Bang 5. So sanh két qua t6i wu gitra phuong phap dé xuit va truyén théng

Gia dién Chi phi vong doi (3)

($/MWh) | Phuong phép truyén thong_ | Phwong phap dé xuat
10 111312 61057
20 209741 88904
30 308169 112169
40 406598 133670
50 505026 154074
60 603454 173412
70 701883 192286
80 800311 210939
90 898740 229367
100 997168 247618

Két qua tir Bang 5 cho thy phuong phap dé xuét ¢6 chi phi
vong doi thdp hon so véi tiép can truyén thdng & tat ca cac
kich ban. Khi gia dién tang, su chénh 1éch chi phi vong doi
giita hai phuong phap ngay cang 16n. Cu thé, chi phi vong doi
cua ludi dién khi ap dung mo hinh dé xuit nho hon 45,15 %
so v6i phuong phap truyén thong khi gia dién 1a 10 $/MWh
va 75,17 % khi gia dién dat 100 $/MWh. Ngoai ra, khi gia
dién thay doi, két qua chon day theo phuong phap truyén
thong van khong thay doi.

Hinh 7 thé hién mtc phan b dién 4p nut cua hai phwong phap
tai mirc gia dién 10 $/MWh. Co thé nhan théy khi van dung
mo hinh nghién ctru dé xuét, dién ap tai cac nit dugc nang lén
dang ké so voi phuong phap hién hanh. Dién ap tai nat 25 co
d6 tang 16n nhat tir 0,95436 pu 1én 0,98682 pu.
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Hinh 7. Phan bd dién ap ctia hai phuong phéap khi gia dién 1a 10 SMW/h
4. Keétluan

Nghién ctru nay trinh bay m6 hinh t6i wu hoa myén tinh véi
blen nguyén (MILP) duoc bién ddi tir mé hinh tdi uu hoa phi
tuyén voi bién nguyén (MINLP), nham xac dinh tdi wu kich
thudc day dan cho mang dién trung 4p c6 xét tac dong clia gia
dién. M6 hinh téi uu ¢6 muc tiéu 1a tdi thiéu chi phi vong doi
cua ludi dién trong khi théa man cdc rang bude can bang cong
suét, giéi han phat néng trén cac nhanh duong day, pham vi
cho phép cua bién d¢ dién ap va tuan thu gidi han tong vbn
dau tu. Cac bo giai thwong mai c6 thé tim 101 giai toi vu toan
cuc cia md hinh MILP dugc dé xuit. Ung dung mo hinh
MILP dé xuét & trén dé tinh toan lua chon day dan cho ludi
dién 33 nut IEEE qua mot s6 kich ban c6 gia dién khac nhau.
Céc két qua tbi wu cho thiy khi gia dién ting, mo hinh s& dé
xudt str dung cac tiét dién day co kich thude 16n hon dé giam
thiéu chi phi do hao ton dién niang nham t4i wu tong chi phi
ciia mang ludi trong sudt vong doi. Cung voi do, dir liéu
nghién ctru dat duoc khang dinh rang phuong phap dé xuit c6
nhiéu vu diém hon so v6i phuong phap hién hanh tai Viét
Nam, nhu hiéu qua kinh té cao hon, han ché dang ké su that
thoat dién ning va lam ting dang ké dién 4p tai cac nut trong
ludi dién. Trong twong lai, huéng phat trién ciia nghién ctru 1a
t6i wu hoa kich thude day dan cho ludi dién phan phéi co xét
dén su gia ting hang nam cta phu tai.
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