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TOM TAT: Nhitng thay déi gan ddy trong co cau chinh cua cac cong ty dién luc da tao
co héi cho nhiéu sw déi méi khoa hoc kf thugt, bao gém su tham gia ciia cdc mdy phdt phén b6
— DG (Distributed Generation) vao hé thong da dat duoc nhung loi ich khdc nhau. Ca dién luc
va khdch hang deu c6 loi tir DG. Trong so nhitng loi ich cua DG, c6 rat nhiéu hirémg dé gzaz
quyét bai todn vé DG nhung tdt ca déu nhdam muc dich hudng dén viéc t6i wu su phdt trién va
vdn héanh cua hé thong dién. Trong bai bdo ndy, mét thudt todn sic dung phwong phap diém
trong — PDIP (Primal Dual Interior Point) sé duoc trinh bay dé gidi quyet bai todn xdc dinh
dung lwong va vi tri cia DG nham toi v t6n that hedi phan phéi. Cdc diéu kién rang bugc cdn
bang va khéng cdn bang dwgc giai quyét dwa trén cdc diéu kién Karush Kuhn Tucker (KKT).
Churong trinh tinh todn t6i wu lwéi phin phéi 10 mit vé 42 mit sé duwoc thuc hién trong MATLAB.

I. GIOI THIEU

Nhiéu coéng nghé tao ning lugng méi khéc nhau dang dugc phat trlen rong khap thé gidi.
Tiéu biéu cho nhu’ng cong nghe nay 1a nhidu nguén phét nho cé cong suat tir 10 KW dén khoang
10 — 20 MW va duogc dat gan noi tiéu thy dién nang. Nhitng may phat nay dugc goi 1a may phat
phan b — DG (Dlstnbuted Generation). Nhiing loi ich ma DG mang lai khi tham gia vao ludi
phan phéi bao gom loi ich k¥ thuét va loi ich kinh té.

Cac loi ich k¥ thuat:

Giam ton hao dudng day

Cai thién dién ap

Giam su 6 nhiém méi trudng

Ting hiéu sut dién ning

Téang curong dd tin cdy va sy an toan
Cai thién chat lwong dién ning

Pam bao tinh cung cép dién lién tuc
Céc loi ich kinh té:

Tri hodn sy dAu tu trong viéc ning cAp céc thiét b
e Giam chi phi van hanh

e Tang cudng hoat dong san xudt

[ ]

®

Giam chi phi nhién liéu
Téng do an toan cho nhimng tai quan trong trong ludi phan phéi
Dua trén nhimg loi ich do, ngu‘m ta da dit ra rdt nhidu bai todn van hanh DG. Céc bai toan
xoay quanh vigc churng minh s c6 mit ciia DG trong hé théng 1a c6 loi dwa trén cac chi s6 ma
ho dit ra. Tuy moi bai toan st dung céc thuét todn khac nhau, dft ra cic ham muc tleu khéc
nhau, nhung déu cé chung moét muc dich 12 x4c dinh vi tri dét thich hop va luong cong suat phat
can thiét ctia DG sao cho s van hanh trong hé thong 13 t6i wu.
Trong [4], R.Ramakumar va cong sy dd khao sat lgi ich g1am tbn hao trén dudng day cua
DG trong truong hop don gian gbm c6 mot phét tuyén phan bd véi tai tép trung va DG. Ké thira
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viéc phan tich d6, chi s& LR — Line Loss Reduction s& dugc phat | trién 1én trong truong hop tong
quat hon. Bai todn duoc dét ra la di tim vi tri t&i uu va cong suat phat ctia DG trong ludi phan
phdi sao cho do giam tén hao trén duong day dat gia tri 16n nhit co thé. Khi giai cac bai toan toi
uu phan bd cong sudt — OPF (Optimal Power Flow) dang phi tuyén trong hé thong lon, phuong
phap diém trong dugc lya chon vi tinh hiéu qua va tbc d6 hoi tu ctia nd, nhu da dé cap trong [7].

Bai bdo nay dé xudt giai bai toan t6i wu bang giai thuat PDIPA (Pure Primal Dual Interior
Point Algonthm) Chuong 2 va 3 la m6 hinh toan hoc ctia bai toan tbi wu. Chuong 4 13 giai thuat
diém trong va cac diéu kién rang budc clia bai todn theo Karush-Kuhn-Tucker (KKT). Chuong 5
la chuong trinh tinh toan dugc thuc hién trén MATLAB, tng dung giai cho 2ludi dién, 10 nit
gia 1ap va Tuyén Rach Chiét 42mit ciia Dién Lyc TpHCM.

2. PHAN TICH PO GIAM TON HAO TREN PUONG DAY

Pé duara ’ham muyc tiéu cua bai toan, déu tién ta ciing thuc hién twong tu nhu bai toan phan
tich sy giam tén hao trén dudng day khi c6 DG trong [4]. Ta c6 cong thirc xac dinh d6 giam tén
hao trén dudng déy trong truwong hop don gian:

RG
3V 4L

Tir cong thic trén, ta phét trién 1én thanh céng thirc tinh toan d§ giam ton hao trén dudng
day trong truong hop téng quat cia mot hé thdng phan bd chu trac hinh tia ¢6 nhidu phat tuyén.
Gia thiét DG duoc dit ngay tai.

Céng thirc tinh d8 giam tén hao trén dudng ddy dugc viét lai nhu sau:
N

LR = Loss  — Loss 5 = Z ;;;Z(ZPL,.PG,. +20,0q — Pa - Q(z;,)

i=2 P

T e P, 20, QG—PZ—QZ)

LR = Loss 5 — Loss , =

Ham muc tiéu cia bai toan:
N

R
f(x)=-LR = _Z 3V—2(2PUPG,- + 20,0 —Pczf _Qéi)

i=2 P
Trong d6, N: tong s6 nut trong hé théng, R: tong dién trd ciia cdc nhanh tinh tu ngudn dén vi
tri dat DG trén ting pha (Q/U), Vp: dién ap pha tai tri hiéu dung (V), Ppi: cong suét tac dung cua
tai tai nut thir i (W), Qui: cong suét phan khang cua tai tai nut thir i (Var), Pg;: cong suat tic dung
ctia DG tai nut thir i (W), Qg;: ¢ong suat phan khang ctiia DG tai nat thir i (Var).

3. CAC PIEU KIEN RANG BUQC CAN BANG VA KHONG CAN BANG

Céc diéu kién rang budc cin bang:

=== N * - %
Foi =P, =Re [V: ‘Zk=1Ybusik Vi ]

N . . . . N N . i
=Y |ViV.¥, |cos(6, +6,-8)=|V:| G,.,.+Z|V,-V,,K.,, |cos( 8, +8,-5,)

n#i

Qg -0y, =Im [ITJZ :;1 Yb:sik 'I;i:]

N . . _ . N ° . _
== |\V,V.Y,|sin(6, +8,-6)=—|V.|* B, —ZlV,-V,,Ym |sin( @, +8, - 5,)
n=l n=1

n#i
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Céac diéu kién rang budc khong cin bing:

Vmin S Vl S Vmax;vz' = ].-..N

PGmim’ = PGi = PGmaxf;vi =1..N

QGmini < QG‘; = QGmaxi;Vi 2 sl
4. THUAT TOAN

Bai toan ti wu dugc dit ra véi tit ca nhitng di€u kién rang budc cén bang va khéng cin biang
nhu sau:

Min f(x)
s.t. gx)=0 (a) (1)
X SX<xy (b)
Trong do:
& R 22
S(x)=-LR= “ZF(zPL:PGi + 2QL:‘QGr‘ - PGr‘ = QGi)
i=2 P

[« N o o _

\Vil? G+ 2 |ViVaY, |cos(8, +8,~8,)- P, +P,,Vj=1..N
n=l

e=y T,

~|Vil* By =2 \ViVa ¥, |sin(8, + 8, —8,) -0 + 0y, Vi = (N +1)..(2.N)

n=l

n#i

x: tap hop cac bién trang thdi bao gdm cong suét phat cia cac DG (Pg va Qg), dién 4p cac
nut (V va ); x,, X;: ¢in trén va cén duéi cia cdc bién, x.

Tir bai toan t6i wu (1), ta bién ddi didu kién rang budc khéng can bang (1.b) thanh (2.b) &
(2.c) bdng cach thém vio cac bién slack s,. Ta s& duoc bai toan tdi wu (2) c6 dang nhur sau:

Min f(x)
s.t, g(x) =0 (@) @)
Xts8 =X, (b)

x=x20,5>0 (c)
Ham chén cua bai todn (Barrier Function):

fo= f)=uy m(x=x), - uY (s, ®)

Trong d6, n: sb bién xac 1ap, i: thong s6 ham chin.
Ham Lagrangian trong duong:

L= /)=y 8=yl (r,~x=5) - pX In(x-x), -4 In(s,), @

Diéu kién Karush-Kuhn-Tucker (KKT):
VL, =Vf(x)-Vgx) y+y, - (X -X)"e _ (a)

Vo Ly=y,—uS e =0 (b) )
V,L,=-g(x) =0 (o)
V, L, =x+s, =, =0(d)
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Trong do, e =[L,...,1]", X =diag(x,,....X,),S, = diag(s, »-»5,) -
Pure Primal — Dual Interior Point Algorithm (PDIPA):
Bing phép bién dbi thich hop va thém vao mt phuong trinh:
z=u(X-X,)"e (6)
cac phuong trinh phi tuyén (5.2) — (5.b) va (6) duoc viét lai nhur sau:
(5.0)= VL, =Vf(x)-Vgx) y+y, - X - X)'e=0 (a)
(5b)y=V, L, =y, ~uSe = e (b) Q)
= (X -X) e= (X -X)Ze = e (c)

B%ugg cach lay dao ham béc nhit ctia (5.¢) — (5.d) va (7), chung ta s& thu dugc hé phuong
trinh doi xing sau déy:

—z'(x-X) 0 0 -1 0 Maz] [=pz e+ (X -X))e]
0 s'y, 1 0 0 As, uS'le—Y.e
0 1 0 1 0 |y, |= —x-5,+x, (8)
— 0o 1 H -vg'| M ¥l

i 0 0 0 -Vg 0 JLAv] | g(x) |

Trong d6, H 13 ma trn Hessian ciia ham Lagrangian,

2N
2 2
H=V f(x)-—zlij g, (v 9)
s
Céc bude thuc hién cia phuong phip PDIPA:
Budc0:  Khai dau
Chon mdt diém khdi dong thich hop sao cho nhiing diéu kién khong dm
dugc thoa mén.
Buéc 1:  Tinh toan théng s ham chan, i.
Budc 2:  Giai hé phuong trinh (3.9).
Budc 3: Xéc dinh budc lap, va cip nhét cac gia tri.
Budc 4: Kiém tra diéu kién hoi tu
Néu thoa diéu kién hoi tu, c6 nghia la nghiém 61 wu ctia bai toan da duoc
tim théy, con nguoc lai quay trd vé bude 1.

Tinh todn thong s ham chin: gap*=yys, + z' (x—x,) (10)
_ gp * (11
d 4n? )
Xéic dinh bude lip Newton: o =min{0.9995a*,1.0} (12)
Trong do:
e gl T HdE (5.), ,_(_y:s);,__zf_ (13)
Ax; (Asx)j (Ay,); Az,
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ma Ax; <0,(As, ), <0,(4y,), <0,Az; <0. Hang s, 0.9995, dugc sir dung dé ngin chin
céc bién khéng 4m gén bang 0.

Cdp nhdt cdc gid tri:

x ' = xfF + aAx
skl = 5% v+ aAs,
z* ' = 2% L g Az (14)
yk+1 . yk +a&y
yitl=yi+tady,
Diéu kién dimg:
i BB s
1+’d0bj| : (15)

dk 2 = |gap ~ gap *|S £,

5. KET QUA TiNH TOAN TOI UU LUGI PHAN PHOI 10 NUT & 42 NUT

5.1. 10-bus system:
Sep = 63000 KVA

Veorms = 8.7 KV, Viin = 0.95 p.u, Ve = 1.05 p.u
NODEL  MODEX  NODES NODEA  HODES HoDss MODED  MODEIO

D A A A A AR

Hinh 1. Luéi phan phéi 10 nit

Bang 1. Két qua tinh toan t6i wu lu6i phan phéi 10 nut

Tn nt Vri (V) 5; (rad) Pgi (W) Qai (W)
146909.700
NODEI1 8741.7600 | 0.06094900 1400553.0000 0
NODE7 8683.5570 | 0.05079300 349996.5000 | 99741.6000
NODE10 8680.3380 | 0.05023700 349971.3000 | 99666.0000

KET QUA: P giam ton hao trén dudng diy sau khi tinh toan tbi uu lu6i phén phdi 10 nat
1a: 1379.7 W; Vi tri dat DG t6i wru 13 tai NODE7 va NODE10 v6i cong sudt phat 1a 350 KW.
5.2. 42-bus system:

Sep = 63000 KVA
Vevrms = 8.7 KV, Viin =0.95 p.u, Vi =1.05 pu
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DS_uCA? 2
A
TRU_(DER Nﬂ_nrﬂﬁmﬂGT\ DENDUONG10 NR_METRO  CH_TRAM_IP1 XNK_QTRL  TOTHILAN
LTD_CDENO2 . : : ' ' ‘ NIET
11D K_GIANGt | (R CHIEG NR_TH_HTRANG CN_TRAM_TP2
LBS_KGIANG2 l. TRAMT_PHI ‘J? J]
TH_H_TRANG }——1 DENDUONGT
CN_TOIE NRGIDICO?
DOITHICONG oY MO CN_N3_CLATDL
+ GIDICO2
v
CN_N3_QLAT02
Vv
GARAGETTh
LTD_PDRCL
ANPHU3 KYSACO
CST25/1
i
DS_CNRCHIECL CAU_O_TRANH C_O_TRANH2/1 C_ONGTRANH2 CSTL25/2 REC_PH_CHIL
BINHﬂMHl l l 1BS_NTRC_Q12 l NR_ANPHUZ NR_I;ISM.O LBS_NT_ROCR1
s TRAM_AKHANH
)
Hinh 2. Ludi phan phéi 42 nut
Biang 2. Két qua tinh toan t6i uu ludi phan phéi 42 nit
Node Name - Vi (V) 3; (rad) Pgi (W) Qai (W)
TRAM_AKHANH 8935.7700 | 0.05292600 1601082.0000 472185.0000
CTY METRO 8697.2160 | 0.02558600 799974.0000 249996.6000
KET QUA:

- Do giam tén hao trén dudng dy sau khi tinh toan toi wu luéi phén phdi 42 nut la: 14112
W.

_ Vi tri dat DG i wu 14 tai CTY_METRO véi cong suét phat 1a 800 KW.
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6. KET LUAN

Su tham gia cia DG vao hé théng phén bd s& dat dugc mot s6 1oi ich vé& mat k§ thuat nhu:
giam t6n hao dudng déy, cai thién chi so dién dp, néng cao chat lwong dién nang, ting dé tin ciy
trong viéc truyen tai va phin ph01 V.V..

Viéc xac dinh dung lugng va vi tri ctia DG nham t6i vu tdn that ludi phan phéi 1a mét bai
todn t6i wru.

Chuong trinh tinh toan bai toan t6i wu dwoc thuc hién trong MATLAB va iing dung phan
mém PSS/ADEPT, khéo sat hai mé hinh: luéi phan phéi 10 nat va ludi phan phoi 42 mit.

Két qua tinh toan cho thy vi tri dit DG toi uu 13 tai nat c6 cong sudt tai tiéu thu 16n nhét
trong ludi phan phdi. P6 giam t6n hao trén ludi phan phéi sau khi c6 DG so v6i truée khi ¢6 DG
nhiéu hay it phu thudc vao long cong sudt phat ra ciia DG.

Céc dleu kién rang bude cua bai toan ngoai ham phan b6 cong suat gi6i han dién ap, gidi
han cong suit phat ciia DG, ta c6 thé phat trién thém tiy thudce vao yéu cdu cla bai toan dit ra.

OPTIMIZING LOCATION AND SIZING OF DISTRIBUTED GENERATION
ON DISTRIBUTION SYSTEMS

Truong Quang Dang Khoa, Phan Thi Thanh Binh, Hong Bao Tran
University of Technology, VNU-HCM

ABSTRACT: Recent changes in the electric utility infrastructure have created
opportunities for many technological innovations, including the employment of distributed
generation (DG) to achieve a variety of benefits. Both utility and customers benefit from DG.
Among many benefils of distributed generation, there are many directions to solve problem of
DG but all also want to accomplish to achieve the optimality of the power system development
and operation. The benefits are classified into two groups — technical and economics, so the
problem of DG also has two directions for solving. In this paper, an algorithm using the primal
dual interior point (PDIP) method for solving nonlinear optimal power flow (OPF) problems is
presented. The main purpose is to optimize location and sizing of DG on distributed systems for
solving the problem of line loss reduction. The equality constraints and inequality constraints
are solved in a nonlinear manner based on the Karush-Kuhn-Tucker (KKT) conditions. Two
simplified models of a 10-bus and 42-bus radial distribution system have been simulated in
MATLAB to illustrate the use of the line loss reduction index.

Index Terms — Distributed Generation, Primal Dual Interior Point, Optimal Power Flow,

Karush-Kuhn-Tucker.
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