Tap chi Khoa hoc va Cong nghé 125 (2018) 007-011

Phat trién cong cu tinh toan bu céng suit phan khang t6i wu da muc tiéu
trong lwdi dién phan phoi
Developemetn Calculation Tool for Multi-Objectivein Economic Compensation in Electrical
Distribution Network

Lé Dirc Ting', Nguyén Hitu Hiéu?" , Vin Ngoc Thing?, Pham Qui Nin 2
YTruong Dai hoc Bdch khoa Ha Noi
2Truong Pai hoc Bach khoa — Pai hoc Da chng
Pén Toa soan: 27-12-2017; chdp nhdn dang: 28-03-2018

Abstract

The power loss reduction has been one of the primary missions of electricity distribution companies.
Currently, on distribution network, there are two technical methods which are employed to reduce power
losses: load compensation and optimal network opening. In this paper, the authors proposed multi-objective
optimal algorithm allows evaluating the effectiveness of the solutions to the different conditions. This
algorithm is established in the Matlab environment. This tool is used to modeling and calculation the
distribution network IEEE-16 buses with two objectives: minimum calculating cost when installing, operating
capacitor and maximum amount of money gained from reduction of power losses when installing capacitor.
The results have demonstrated the validity and feasibility of the proposed method.

Keywords: Power losses, load compensation, multi-objectives optimization, and Pareto front.
Tom tat

Gidm ton that cong suét trén luci dién phan phdi la van dé duoc quan tdm hang dau trong cong tac vén
hanh hé théng dién. Hai giai phap ky thuét chinh dwoc str dung la bu cong suét phan khang va xay dung
phuong én van hanh téi uu Iudi. Trong ndi dung clia bai bao nay, tac gia dé xuét str dung thuét toan téi wu
da muc tiéu cho bai toan bu céng suét phan khang, cho phép danh gia hiéu qua cua cac gidi phap ng voi
muyc tiéu, didu kién cu thé. Thuét toan dé xuét duoc xdy dung thanh mét cbng cu tinh toan trén nén phén
mém Matlab. Céng cu tinh toan duoc st dung dé mé phéng Iwéi dién mau IEEE-16 nat véi hai muc tiéu
chinh: Cuc tiéu chi phi str dung thiét bj bu va cuc dai loi nhuén thu duoc tir viéc gidm tén thét cong suét.

Céc két qué tinh toan da minh chirng cho tinh ding dan va kha thi cia phuwong phéap dugc dé xuét.

T khoa: Ton that cong suét, bu cong suat phan khang, t6i wu da muc tiéu, dwdng cong Pareto

1. Tong quan

Phén phéi dién 1a khau cudi cung cua hé théng
dién dé dwa dién nang truc tiép dén ngudi tiéu dung.
Ludi dién phan phdi bao gdm luéi dién trung ap (6,
10, 22 kV) va ludi dién ha ap (220/380 kV). Theo dé
an Giam ton that dién ning giai doan 2016 — 2020,
ton that dién ning tir mic hon 8% nam 2015, EVN
cho biét muc tiéu giam ton thit dién ning dén nim
2020 1a 6,5%. Theo tinh toan cia EVN, tir nay dén
nam 2020 mdi nam can dau tu 7,9 ty USD, trong d6
25% v6n dau tu cho giam ton that dién nang trén ludi
dién.

Céc chuong trinh dién ndng thon cua Chinh phu
s& tiép tuc ddy mang phat trién ludi dién phan phdi,
dam bao 100% s6 x3 huyén duoc cap dién. Cung véi
téng so dd quy hoach phat trién dién luc phé duyét ké
hoach cai tao va phat trién luéi dién trung ap. Khoi
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lwong lu6i dién phan phdi du kién xay dung dén nim
2020 s& bao gdm hon 120.000km dudng day trung ap,
gin 85.000 MVA tram phan phdi va gan 93.000 km
duong day ha ap. Vi quy md ngay cang mo rong,
luéi dién phan phdi s& doi mat voi van d& 16n vé ton
thit dién ning.

Vige nghién ctru, 4p dung cac giai phap moi aé
giam ty 1¢ ton that dién ning xudng mirc hop 1y da,
dang va s& 1a myc tiéu 16n cua nganh Pién. Ty 1¢ ton
that dién nang phu thudc vao dac tinh cua mach dién,
lugng dién truyén tai, kha ning cung cdp cta hé
thong va cong tic quan Iy van hanh hé thong dién.

Céc nghién ctru chi ra co rat nhiéu cac phuong
phap dé giam ton thit dién ning trén lu6i dién phén
phdi. Mot giai phap thuong dung va di minh ching
duoc hi¢u qua 1a su dung céac thiét bi ty dién dat song
song voi duong day dé bu cong suat phan khang [1],
[2], [3]. Nh& vay dong cong suit phan khang trén
duong day giam di va dan dén giam ton that cong
suat. Viéc xac dinh vi tri va dung luong bui cong suét
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phan khang trén lugi dién phan phéi da duoc thuc
hién boi rat nhidu nghién ciru trong va ngoai nudc.
Hién nay, EVN dang sit dung phian mém tinh toan
PSS/ADEPT ung dung cho van hanh t6i vu luéi dién
phan phdi. Phan mém PSS/ADEPT méi chi xét dén
mot muc tiéu 1a 1gi nhuan kinh té va két qua tinh toan
chi duu ra mot phuong an téi wu cho bai toan bi cong
suat phan khang [4]. Trong khi do, trong tinh toan
thiét ké cling nhu van hanh, cic bai toan ti uu da
muc tiéu can duoc s dung, don cir nhu viéc tim ra
cac mbi quan h¢ gitta cac muc tiéu cuc tiéu ton that
dién ning va cuc tiéu chi phi s& gitp ich nhiéu cho
nganh dién trong thyc té tinh toan cac phuwong an dé
giam ton that dién nang.

Trong ndi dung bai béo, tic gia dé xuét st dung
dudng cong t6i wu Pareto ciing nhu sir dung ham t6i
ru da muc tiéu trén co s& 1y thuyét thuat toan tbi uu
hoa NSGA II dé t6i vu lu6i dién phan phdi véi nhidu
muyc tiéu khac nhau. Coéng cuy tinh toan dugc xay
dyng trén nén phan mém Matlab, c6 kha ning tinh
toan cho hai ham muc tiéu quan trong la cuc tiéu vé
chi phi dau tu, van hanh thiét bi bu va cuc dai vé hiéu
qua kinh té thu dwoc khi ldp dat thiét bi bu [5], [6],
[71

Trong phan hai cta bai béo, tac gia s& gidi thidu
bai toan bu cong suit phan khang da muc tiéu, dé
xuit phuong phép giai. So dd va phuong phap tinh s&
tich hop trong mdt cong cu tinh toan, trinh bay cu thé
trong phan ba. Két qua tinh toan voi ludi dién IEEE-
16 nut duoc trinh bay trong phan bdn s& minh chimg
duogc hiéu qua va tinh kha quan cua phuong phap
duoc dé xuét.

2. Cac ham muc tiéu cho bai toian bu céng suit
phan khang

Trong ndi dung ciia bai toan bu cong sudt phan
khang, tac gia quan tdm dén hai ham muc tiéu Z; va
Z nhu sau:

Zy: chi phi dau tu, van hanh khi lap dt tu bu
Z1 = Q¢ (K + Ne.Kyp)

. L s tién loi thu duge do giam ton thit cong
suat khi lap dat tu bu
T
Z, = Nef (cp. 6P +cp.6Q )dt
0

Trong do:

Kim: chi phi 1p dt tu méi (Kim = 211130
d/kVar)

Qc: dung lugng bu can lip méi (KVAr)

Kyh: chi phi van hanh, bado dudng tu bu ( Kwn =
3% * Kim = 6334 d/kVar/nam)

Ne : dai lugng thoi gian twong duong

N1
Ne = —
e
Voi:
N: thoi gian hoan vén (Thong thuong: N = 8
nam)

i: ty s6 lam phat (Thong thuong: i = 0,05)
r: ti s6 trugt gia (Thong thuong r = 0,12)

8P: lugng t6n that cong suét tac dung giam
duoc khi bu (kW)

8Q: lugng ton that cong suat phan khang giam
duoc khi bu (kVAr)

cp: gi tién cho 1 don vi ton thit cong suat tac
dung (Thong thuong chon cp = 1958 d/kWh)

Co: gi4 tién cho 1 don vi tdn that cong sudt phan
khang (hién tai EVN khong tinh gia tri nay, nén cq =
0 d@/kVArh)

Nhu vay ham muc tiéu Z, ¢6 thé viét dudi dang:
T
T
Z, = Nej cp.6Pdt = Ne.cp.J 6Pdt
0 0
bi kém véi hai ham muc tiéu nay, tac gia cling

huéng deén viée tinh toan cac di€u kién rang budc
khac nham muc dich dam bao cho hé thong van hanh
theo tiéu chuan k¥ thuat.

e Dién 4p tai cac nut phai nam trong giéi han
cho phép:

Uimin < Ui < Uimax hay 09<Ui<l,1

e Dong dién trén cac nhanh ctua duong day dam
bao dicu kién phat nong: | <I¢p

Giai quyét dugc bai toan tdi wu da myc tiéu giup
cho nguoi thiét k€, van hanh ludi dién dat dugc cac
muc tiéu nhat dinh:

- Pép tmg dugc nhimg yéu ciu, chi tiéu khac
nhau, thuan lgi trong tinh toan thuc té véi ludi dién
hién nay.

- T6i wu hoa da muyc tiéu gilp ngudi thlet ké,
van hanh, nha dau tu chon dugc diém lam viéc tdi wu
phu hop voi cac muc tiéu khac nhau cling nhu phu
hop cho viéc trién khai, 1én ké hoach cho cac phuong
an giam t6n that dién ning.

- Tu bai toan téi uu da muc ti€u, viéc tim ra cac
mdi quan hé gitra cac muc tiéu nhu cuc tiéu ton that
dién nang, toi da hoa loi nhuén kinh té, cuc tiéu chi
phi dau tur s& gitip ich nhiéu cho nganh di¢n trong tinh
toan phuong 4n giam ton that dién nang ciing nhu
cong tac tai cau trac ludi dién phan phoi.
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- Tiur két qua coa bai toan téi vu da muc tiéu,
nguoi thiét k& va van hanh s& c6 duoc mot cai nhin
tong quan vé nhirg phuong 4n t6i uu véi cac ham
muc tiéu quan tam khac nhau.

3. Phuwong phap dwong cong Pareto va gidi thuat
NSGA Il

3.1 Puong cong Pareto cho bai todn toi wu da muc
tiéu

Mot hé théng dién khi thiét ké cling nhu van
hanh phai tdi uu (cuc dai hay cuc tiéu) nhiéu muc tidu
khac nhau va théa man céc rang budc. Ham muc tiéu
nay c6 thé cuc dai vé do tin cdy, cuc tiéu vé chi phi
tinh toan hay cuc tiéu vé ton thit dién ning. Thong
thuong, khi mot ham muyc tiéu dat dén diém ti wu thi
cac ham muc tiéu khac khong thé tdt nhit dugc.

Do d6, két qua ti wu da myc tiéu khong bao gio
duy nhat ma thuong 1a mot nhom két qua thé hién sy
tuong quan tot nhat gittra cic ham muc tiéu. Dudng
cong Pareto la phuong thirc dé biéu dién nhém két
qua nay [5].

3.1.1  Pinh nghia vé wu thé cia cac gidi phip

Giai phap X dugc coi 1a chiém wu thé hon giai
phédp Y khi ca hai diéu ki¢n sau cung théa man:

- Giai phap X it nhét tot bang giai phap Y cho tat
ca ham muc tiéu.

- Giai phap X c¢6 it nhdt mot ham muyc tiéu tt hon
giai phap Y.

V& mat toan hoc, néu bai toan t6i wu voi tat ca
ham muc tiéu 1a cyc ti€u, néu cac két qua X, Y déu
thda mén cac rang budc, X chiém uvu the so vdi Y khi:

Viel[l Al f(X) < fi(Y)
Jj e[, A f,(X) < f;(Y)

Hinh 1 dua ra mot Vqudl.l vé dinh nghia uu ‘Ehé
v6Gi hai ham muc tiéu cuec ti€u la f1 Vé} fZ.‘ Véi 3 diém
trén khong gian f1 va f2, ta nhan thay rang cac giai
phéap X1, Xz chi€ém uu thé so vai giai phap Xa.

1 &
X3

X1

fi

Hinh 1. Vi du vé dinh nghia vu thé

3.1.2  Duong cong Pareto

Giai phap X 1a diém t6i wu Pareto néu khong co
bét ky giai phap nao chiém wu thé hon giai phap X.
Tap hop cac giai phap X goi 1a dudng cong tdi uu
Pareto (goi tt 1a dudng cong Pareto).

Hinh 2 biéu dién duong cong Pareto ciia hai ham
muc tiéu cyc ticu f1 va 2. Trong hinh v& cac dau ‘e’
biéu dien nhiing diém c6 gia tri trong khong gian fl
va f2.

f2 &
.« °*
.

- L

.

™
. .

. - -

L] - »

L]
B ng cong Pareto

™
-

f1

Hinh 2. Vi du vé& dudng cong Pareto
3.2 Gidi thudt NSGA IT

Thuat toan di truyén sip xép khong thong tri
(NSGA 1II) 1a phién ban cai tién cua thudt toan
NSGA, thuat toan d3 han ché duoc nhitng nhugc
diém cua thuat toan NSGA trudc day nhu: do phirc
tap cao trong tinh toan ciia cac phan loai khong thong
tri, tinh thiéu wu ti va can xac dinh cac tham s chia
sé. Thuat toan (NSGA-II) dugc biét nhu 1a mot ky
thuat hiéu qua dé tim kiém tap hop t6i wu Pareto
trong bai toan tdi wu héa da muc tiéu chung. NSGA-II
12 mot thuat toan c6 thé hoi tu nhanh chong vé mat
trude Pareto. NSGA-II d3 dugc dé xuét boi Deb va
dugce mo ta nhu sau:

Ban dau, mot sb cha me ngau nhién Po duoc tao
ra. Dan s duoc sip xép dua trén tinh théng tri. Moi
giai phap déu dugc gan mot wu ta (hodc cdp bac)
bang voi mic khong thong tri cua no (1 1a mirc t6t
nhét, 2 1a mirc t6t nhét tiép theo, va nhu vay). Vi vay,
giam thiéu wu ta 1a gia dinh. Luc déu, viéc lya chon
giai nhi phan, tai to hop, dot bién va van hanh binh
thuong duoc st dung dé tao ra mot quin thé con Qo
kich thudc N.Trudc ddy nondominated tim thdy, cac
thu tuc 1a ddi tic khac nhau sau khi thé h¢ dau tién.
Trong pham vi ndi dung cua bai bao, céac tic gia da
ung dung ham tdi vu da muc ti€u dya trén co so ly
thuyét tir thuat toan NSGA 1I dugc tich hop trong
Global Optimization Toolbox ctia phan mém Matlab

[6].
3.3 Xdy dung cong cu tinh todn bi t6i wu cho lugi
dién phan phoi

Pa muyc tiéu trong pham vi bai béo nay thuc chét
1a hai muc tiéu cu theé:
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Muc tiéu thi nhat 1a: Z; 2> Min
Muyc tiéu thir hai la: Z, > Max
Muc tiéu thtr hai ciing ¢6 thé dwa vé dang cuc tiéu:
Max(Z,) < Min(-Zy)

Bién cta hai ham 1a vi tri va dung luong bu
cong suat phan khang twong ng.

bicu kién rang budc cua bai toan toi uu:
- Pién ap tai cac nat phai ndm trong giéi han
cho phép:

Uimin < Ui < Uimax hay 0,9 <U;i<1,1

- Dong dién trén cac nhanh cia duong day
dam bao diéu kién phat nong: | <Icp

Cong cu tinh toan dugc xay dung dua trén cac
phan mém tinh toan thong dung. So dd lu6i dién phan
phdi duoc xay dung trong phan mém PSS/ADEPT,
két qua phan b cong suat dugc dua ra file dinh dang
MS Excel. Két qua tir file Excel 1a du vao cua cong
cu tinh toan chinh trén phan mém Matlab, gdm hai
phin chinh: Phan tinh toan phan bd cong sut
Matpower va phan t6i wu da muc tiéu. Tap hop cac
phuong an dugc biéu dién trén duong cong Pareto.
M&i diém trén dudng cong (twong tng la mot phuong
an) trén duong cong Pareto ta biét dugc gia tri ciia 2
ham muc tiéu kinh t& Zi, Z, cing nhu cac gia tri vé
ton that cong suat, dung lugng cong suét phan khang
can bu tai tirng nut phu tai.

4. Ap dung tinh toan cho lwéi dién IEEE-16 nit

Mang dién 3 ngudn tiéu chuén dwoc ding dé
kiém tra giai thuat, gdm c6 3 nat ngudn va 13 nit phy
tai, dién ap 11kV, tong cong suat phu tai 1a 28,7 MW.
Pé thuc hién tinh t6i wu hoa viéc lip tu bu cho ludi
dién mau IEEE 16 nut (hinh 3) [7].

© © (=)

1 2 2 3
S
sl o8 s12
g N/ " s14%
P! @9 ® °
s2 s9 14
<5 10 sll
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3 5 11 12 s13
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Hinh 3. Lu6i dién IEEE méu 16 nut

V6i vi du chudn dugc d& xuit, tac gia s& thuc
hién tinh toan bu tdi wu cho ludi dién mau IEEE 16
nut trén ca 2 chuong trinh 1a bai toan CAPO cuia phan
mém PSS/ADEPT va cong cu tinh toan da xay dung,

dé tir d6 co6 dugc nhitng so sanh, danh gia, minh
chung cho phuong phap méi.

Quan sat do thi ta thdy, cong cu tinh toan dua
trén phuong phap d& xuit cho ta mot tap hop cac két
qua phuong an bu kinh té t6i wu cho ludi dién, trong
khi cong cu CAPO trong PSS/ADEPT chi dua ra mot
phuong an t6i wu duy nhit (6 vudng do & phia trén).

Thuc hién so sanh phuong 4n ti wu cua cong cu
do nhém tac gia xay dung (6 vudng xanh) va phuong
4n t6i wu tir phan mém PSS/ADEPT (6 vudng d6) cho
ta két qua cu thé nhu & bang 1.

L4E+10

b

£ PSS/ADERT { B
s e o
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Chi phi ddu tw Iip dit, vin hanh tu bi Z; (déng)

Hinh 4. Pudng cong Pareto biéu didn két qua téi vu
hai muc ti€u cyc ti€u vé chi phi dau tu Z; va cyc dai
v¢ 1gi nhuan thu duoc Z, khi lap dat tu bu

Phuong 4n t6i wu & phan mém tinh toan
PSS/ADEPT va phuong 4n t6i uu cia chwong trinh
dé xudt co sy sai léch, nhung khong dang ké (sai khac
0.21%). Nguyén nhén ciia sy sai khic nay c6 thé dén
tir cac sai sO trong tinh toan cua ca hai chuong trinh.

Bang 1. So sanh ké( qua tinh toan cua cong cu dugc
xay dung va phan mém PSS/ADEPT

Phuong én t6i wu cla
Phuwong an chwong trinh dé xuét P§S/AiDEPT
P (6 vuong do)
(6 vudng xanh)
Luong bu (MVAr) 13,4 13,5
Tén thit cong suét trude
b (kW) 541 541
Tén thét cong sudt sau bi
4123 412
(W)
S? tlfn lgi thu duoc Z; 13,335 13,353
(ty dong)
Chi phi 13p 43t 24 3,327 3,367
(ty dong)
S(3 tli}l’l tiét kiém (Z, — Z4) 10,008 9,986
(ty dong)

Tir d6 thi ciing thiy rang, cong cu tinh toan do
tac gia d& xudt cho mot tap hop cac két qua biéu dién
trén dudng cong Pareto. Pudng cong Pareto biéu dién
trén hinh 4 thé hién mdi twong quan chat ché giira chi
phi dau tu khi lap dat, van hanh thiét bi bu la nhé nhét
(truc hoanh) va ti da hoa sb tién lgi thu duoc tir viée
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lap dat thiét bi bu trén ludi dién (tryc tung). Chi phi
dau tu cho thiét bi bu cang tang thi lgi nhuan thu
dugc tir viéc giam ton thit cong suit s& cang tang. Tai
mdi diém ciia duong cong Pareto, ngoai hai gia tri
kinh té Z1, Z, chuong trinh ciing cho biét gi4 tri cong
suat _phan khang cén bu tai ting nit cting nhu cac gia
trj ton that cong suét ng vdi ting phuong an bu (mbi
diém trén duong cong Pareto (mg v6i mdi phuong an
bu).

Bang 2. Vi du két qua ba phuong an bu 1, 2, 3 trén dd
thi

Két qua Phuong an 1 |Phwong an 2 [Phwong an 3
nat 1 0 |natl |0 natl |0
nit 2 0 nat2 |0 nat2 |0
nat 3 0 |nat3 |0 nat3 |0
nut 4 0,8 [nut4 [11 |nat4 |17
nat 5 05 [nat5 [0,8 |nat5 |11
nut 6 0 nit6 |02 |nat6 |0,7
nut 7 0 [nat7 [05 |nat7 |06

) nut 8 0,2 [nat8 |18 |nat8 (2,2

Vi tri bu nat 9 16 [nat9 |3 nat9 (3,2

(MVAT) nat10 |12 [nat10[14  |nat 10 [15
nat 11 |0,2 |nGt11(0,3 |nutll [0,5
nat 12 [2,7 |nit12(2,3 |nat12 (2,2
nat 13 |0,3 |nat13 |05 |nat13 (0,6
nat14 |0 |nat14 (0,2 |nut14 (0,5
nat 15 |0,7 |nat15(0,3 |nat15 |1
nat 16 |0,3 |nGt16 (0,7 |nut16 (0,8
>=8.,5 >=13,7 |Y=16,6

Tén that cong sudt sau

b (kW) 435,9 4117 408,1
Chi phi lap dat Z, (ty] 5 135 3,438 4,154
dong)

S6 tién loi thu dugc

Zy(ty dong) 10,937 13,431 13,791
S6 tién tiét kiém

Z5- Z4(ty dong) 8,802 9,993 9,637

Mat khac, co the thay rang, khi tang chi phi dau
tw lap dit tu bu thi sd tién lgi thu duoc do giam ton
thit cong suat s& tang 1én va dén mot giéi han (Z; =
3.8 ty ddng) thi viéc dau tu khong lam cho sé tién
dugc loi tir giam ton thit cong suat tang 1én nita va
ddng thoi ciing 1am sb tién tiét kiém (Z,-Z1) giam di
do tang chi phi dau tu.

- Qua db thi hinh 4, ta nhan thiy, ving tuong
quan sb (I) va (I) 1a vang khi dau tu 13p dat, vén
hanh ty bu thi s6 tién dugc loi tir viéc ddu tu s& ting
cao, ddng nghia véi luong t6n that cong sudt trén ludi
dién dwoc giam dang ké . Pay 1 ving nén dau tu lap
dat thiét bi bu. Ngoai ra, trong ving tuong quan so
(IT), ta van c6 thé tiép tuc chon duoc nhitng phuong
an dau tu khac phuong an do PSS/ADEPT dé xuét.

- Ving twong quan sb (I1I) (Z1 > 3,8 ty dong),
chi phi dau tu tang lén nhung khong lam cho loi
nhuan tr viéc thuc hién lap tu bu tang 1é€n nira. Day la

11

ving khong nén tiép tuc dau tu.
5. Két luan

Bai bao nay da gioi thiéu phuong phéap xay dung
duong cong tdi wu vé bu cong suat phan khang cho
ludi dién phan phéi dép tmg muc tiéu cuc tiéu chi phi
dau tu, van hanh va cuc dai lgi nhudn thu duoc tir
viéc giam ton that dién niang. Cong cu tinh toan duoc
tich hop phuong phap dé xuét, khi ap dung tinh toan
v6i ludi mau IEEE-16 nit d@ minh ching dugc tinh
dung dan. Két qua md phong, tinh toan co thé gitp
cac ky su thiét ke cic nha dau tu ¢6 duge mot cai
nhin téng quan vé cic phuwong 4n tdi wu khi lén ké
hoach cling nhu s€ lya chon dugc phuong an phu hop
v6i dic diém, tinh hinh thyuc t& cia minh. Ngoai ra,
véi chuong trinh md, cac ham muyc ti€u khac cling c6
thé nghién ctru, tich hop dé phu hop véi nhitng dic
diém thyc té cua ting ludi dién phan phdi.
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