Tap chi Khoa hoc Cong nghé va Thuc pham 22 (3) (2022) 222-231

TOI UU HOA VI TRI VA CONG SUAT CUA CAC MAY PHAT
PHAN TAN VA TU BU TREN LUGI PHAN PHOI

Tran Vin Hai, Tran Trong Hiéu*

Trwong Pai hoc CONg nghiép Thuwe pham TP.HCM
*Email: hieutt@hufi.edu.vn

Ngay giri bai: 03/6/2022; Ngay chp nhan ding: 13/7/2022

TOM TAT

Bai b4o nay sir dung thuat toan bay dan (PSO) dé toi wu héa vi tri va cong suat ciia cac may
phét phan tan va tu bu trén ludi phan phdi nham giam ton that cong suat tac dung va nang cao
on dinh dién &p tai c4c nat. DE dam béo Iudi dién van hanh an toan, hi¢u qua va kinh té, ngoai
cac diéu kién rang bugc vé phuong trinh can bang cong suit cua ngu0n tai, may phat phan tan
(DG), tu bu va ton that cong suat trén dudng day, thi cac rang budc vé bat phuong trinh nhu gioi
han phat cong suit cia DG, tu b, giGi han dién &p nit duoc xem xét dua vao bai toan nay. Két
qua thir nghiém trén ludi dién phan phéi IEEE 33 ndt véi ham muc tiéu cuc tiéu tén thit cong
Suit tac dung da lam sang t6 tinh hidu quéa cua phuong phap d& xuat.

Tir khéa: Lu6i phan phbi, méay phét phan tan (DG), tu bl, giam ton that, tdi uu hoa bay dan (PSO).

1. GIOI THIEU

Ngay nay, viéc san xuét dién tir nang luong hoa thach di va dang gay ra nhiéu tac dong
tiéu cyc nhu 6 nhiém khong khi, nuée va ting nhiét do méi truong. Vi vy, giam sir dung ning
lwong hoa thach 1a can thiét.

Trén thyc té, ¢ Viét Nam ciing nhu nhidu nuéc trén thé gisi, cac mdy phat di¢n phan tan
nhu di¢n mat troi va gio dang dugc su dung phd bién nhu 12 mot ngudn ning luong téi tao
chinh bai vi cac loi ich vé kinh té, k§ thuat va méi truong caa ching [1].

Tuy nhién, su xam nhap cao caa dién mat troi va gio trong hé thong phan phéi dién dan
dén mot s thach thirc dbi voi ludi dién phan phdi nhu sy 6n dinh va an toan cua lué6i dién,
van hanh hé thong, ton that cong suat, séng hai va kinh té thi truong [2].

Nhiéu nghién ctru da chi ra rang vi tri va cong suit cia ngudn phat dién phan tan anh
hudng truc tiép dén loi ich dat duoc tir viéc tich hop chiing vao hé thdng phan phdi [3, 4]. Khi
vi tri va cong sut phat cua ngu0n phat phéan tan khong duoc lya chon phu hop, chiing s& gay
ra nhiéu vin d& nhu tang t6n that, sut ap, qua ap, song hai cao, chi phi van hanh cao va nhiéu
van dé khong mong mudn khac [5, 6]. Do do, dé ti da hoa duoc loi ich kinh té va dong thoi
thoa man van dé ky thuat thi vi tri va cong Suat cua cac ngu0n phét tich hop hé thong phai
dugc nghién ciru dé lya chon va |ap dat phu hop. Ngoai ra, de nang cao chi tiéu kinh té va ky
thuat cho ludi phan phdi c6 ngudn ning lwong téi tao thi vin d& tu bu ciing duoc nghién cau
dé lap dat & vi tri thich hop va chon dung lugng phi hop véi mang luéi phan phéi dién. Chinh
Vi vay “T6i wu héa vi tri va cong suat may phat phan tan va ty bu trén ludi phan phdi” tré nén
can thiét.
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2. THANH LAP BAI TOAN
2.1. Co s& ly thuyét
2.1.1. Tén that cong sudt tac dung

Tén that cong suit tac dung duoc tinh toan bang phuong trinh (1) [7]:
N
2
PL=Y|I,|'R, (1)
k=1

Trong d6: PL la ton that cong suat tac dung, Ik va Rk dong dién va dién tro ciia nhanh k
twong tng.

2.1.2. Ham muc tiéu

Ham muc tiéu cua bai béo nay 1a giam ton that cong suét tac dung [7]:
f = min(PL) )

2.1.3. Piéu kién rang bugc
Céc diéu kién rang budc phuong trinh bao gdm cdng suit tac dung va cong suit phan

khéng cua ngudn, tai, may phat phan tan (DG), tu bl va ton that cong suat trén dudng day:
Nbus

Pes™ + Z Poc Z Ry —PL=0 3)
| ncap Nius |
tota tota
+ Z QDG @) + Z QCap(b) z Qload (i) AQloss - (4)

Trong d6: P® va Qu® 1a tdng cong suat tac dung va phan khéng dugc bom vao tai nit
1 tir hé thong dién; Pog, VA Qpg, 12 cONg suat tac dung va phan khang dugc cung cap tir
méy phét phan tan (DG) thir a; Qc,,, 1& cong suat phan khang duoc cung cap tir ty dién thir
b; ndg va ncap tuong (g 1a tong sé DG va tu dién lap dit trén ludi phan phdi; Ny la tong sb
nit trong ludi phan phdi; AQI Ia téng tén thit cong suit phan khang trong ludi dién.

Cac diéu kién rang budc vé bat phuong trinh [7]:

Pog < Pog <P5g; (5)
Qo < Qoo < Q% (6)
MV <M= v ™
Q" <Qu <QF™; (8)
S; <S™ (10)
Trong do: Py, P 1a cac gioi han dudi va trén cong suat tac dung cia DG thir j;

min

QE“;‘G”J. ,Qpg 12 cac gisi han dudi va trén cong suat phan khang cta DG thir j; V,™,V,™ la cac
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min

gigi han dudi va trén cua dién ap nat tha i; Q" , Q1™ 1 céc gidi han dudi va trén cua tu bu ¢

nat i; S 1a cdng suat biéu kién 16n nhat caa nhénh ij.

ij
Trong nghién cuu nady, cdc may phéat phan tan (DG) nhu dién mat troi va gio duoc st
dung, giéi han céng suat phat cia DG:0 < P,.. < 2MW; cdng suat phan khang tu bu:

DGj

0<Q, <2MVar; di¢n ap tai cac nat: 0.95( pu) <|V;| <1.05( puy) [8].

2.2. Thuat todn PSO

2.2.1. Giai thiéu

Thuét toan PSO (Particle Swarm Optimization) — toi wu by dan (tam dich) la mot
trong nhirng thuat toan xay dung dua trén khai niém tri tué bay dan dé tim kiém 10i giai cho
c4c bai toan tbi uu hoa trén mot khong gian tim kiém nao d6. PSO 1a mot dang cua céc thuat
toan tién hoa quan thé da dugc biét dén trudc day nhu giai thuat di truyén (GA), thuat toan dan
kién (ACO). Tuy vay PSO khac véi GA & chd nd thién vé st dung su tuong tac gitra Cac ca
thé trong mot quan thé dé kham pha khong gian tim kiém. PSO la két qua ciia sy md hinh hoa
viéc dan chim bay di tim kiém thtrc dn cho nén thuong dugc xép vao loai thuat toan c6 st dung
tri tué bay dan. PSO duoc gigi thiéu vao nam 1995 tai mot hoi nghi IEEE bai James Kennedy
va Rusell C. Eberhart [9].

Thuat toan c6 nhiéu g dung quan trong trong tat ca cac linh vuc ma ¢ d6 doi hoi
phai giai quyét cac bai toan téi wu hoa. Dé hiéu rd thuat toan PSO ta hay xem mot vi du don
gian vé qué trinh tim kiém thirc dn cia mot dan chim. Khéng gian tim kiém thirc an lac ndy la
toan bo khong gian ba chiéu ma chiing ta dang sinh song. Tai thoi diém bat dau tim kiém ca
dan bay theo mot hudng nao d6, co thé la rat ngau nhién. Tuy nhién sau mot thoi gian tim
kiém mot sb ca thé trong dan bit dau tim ra dugc noi co chira thire an. Tuy theo sb lwong thirc
an vira tim kiém, ma ca thé guri tin hiéu dén cac cé thé dang tim kiém & vung 1an can, tin hiéu
nay nhanh chéng lan truyén trén toan quan thé. Dwa vao thdng tin nhan duoc mdi ca thé s&
diéu chinh huéng bay va van toc theo hudng vé noi c6 nhiéu thirc in nhét. Co ché nay gilp ca
dan chim tim ra noi c6 nhiéu thirc dn nhat trén khdng gian tim kiém vé cing rong Ién. Nhu
vay dan chim da dung tri tug, kién thirc va kinh nghiém cta ca dan dé nhanh chong tim ra noi
chua thire an.

2.2.2. Luu do gidi thugt

Luu d giai thuat thuat toan PSO & hinh 1 duoc giai thich qua 8 budc tuong ng nhu sau:

Budc 1: Chon thdng s6 bai todn nhu: hé s6 phat, gidi han trén va dusi cua bién phy thudc,
gidi han trén va du:di, cua bién dieu khién,’xéc dinh $O bién diéu khién. Chon thf)ng O thuat
toan bao gom: dan so, so6 vong lap I6n nhat, théng so6 cua thuat toan PSO, hé so6 gia toc cua
PSO.

Buoc 2: Khei tao vi tri nghiém phai thoéa gisi han rang budc trén va dudi cua céc bién,
xac dinh van toc.

Bud6e 3: Ham déanh gia nghiém (Fitness): tinh bién phu thudc cho con thw i, tinh gia tri
ham phat cho con thu i, tinh khoang gia tri bién phu thudc vuot ra khoi gidi han, tinh gié tri
ham muc tiéu cho con thi i, tinh ham Fitness cho con tht i.

Budc 4: So sanh g lai nghiém tot: cap nhat nghiém tot nhat cho con thi i toi thoi diém
hién tai, cap nhat gia tri tét nhat caa con thir i tgi thoi diém hién tai.
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Budc 5: Tim gié trj Fitness va vi tri nghiém tt nhat, cap nhat nghiém tét nhat, luu lai dac
tinh hoi tu.

~ Budc 6: Cap nhat nghiém mai: cap nhat van toc cho con thir i, kiem tra va sira lai van toc

de thoa gidi han, cap nhat vi tri méi cho con thir i, kiém tra va sira lai vi tri (bién diéu khién)
dé thoa gidi han.

Budc 7: Néu diéu kién ngung lap thoa man (thong thuong la s6 lwong vong lap toi da),

thoéat khoi vong lap.
Chon
Thong s6

Budc 8: Két thuc vong lap.
| Khoi tao |

]
Ham danh gia
nghiém
]
So sanh git lai
nghiém tot
¥
Tim gia tri
Fitnessg va |
nghi¢m tot nhat
1
Cép nhat
nghaigrg r?}é;i [ter=Iter+1

Iter<Maxiter

Sai

bung

Hinh 1. Luu db giai thuat thuat toan PSO
2.3. Ham danh gia

Ham dénh gia ciia céc giai phap c6 vai tro rat quan trong dé tim ra céc giai phap tiém
nang cho bai toan tim vi tri va cng suat toi uu cua tu bu trén ludi phan phoi. N6 dugc thanh
1ap boi sir dung ham muc tiéu va hé so phat [10]:

Fitness, = Objective, + Penalty, (1)

Trong d6: Fitnessk la ham dénh gia cta giai phap k; objectivei 1a ham muc tiéu cua giai
phap k; Penaltyx 1a h¢ s6 phat (HSP) doi voi cac bien phu thugc (BPT) cua giai phap k khi
BPT vi pham cac rang bugc. Néu BPT nho hon BPT dudgi (BPT_min) thi HSP=BPT_min-
BPT; néu BPT 16n hon BPT trén (BPT max) thi HSP = BPT-BPT_max; néu BPT_min < BPT
< BPT_max thi HSP = 0.

3. KET QUA THI NGHIEM VA BAN LUAN
3.1. Thong sé hé théng dién phan phéi 33 nat

So db hé thong dién phan phdi IEEE 33 it cho ¢ Hinh 2. Hé théng ¢6 32 nhanh, 33 nit, va
dién ap dinh muc cuia hé thong 1a 12.66 kV. Thong s6 duong day va tai cho ¢ Bang 1 [11, 12].
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Hinh 2. So d6 hé thong dién phan phéi IEEE 33 nit.

Bang 1. Thong s dudng day va tai cia hé thong dién phan phéi IEEE 33 nit

. . . , Pién Tai dinh murc
Nhéanh s6 | Tunat | Téinat | DPién trd (Q) ,
khang (Q) | p(kw) | Q(kVAr)
1 1 2 0,0922 0,0477 100 60
2 2 3 0,4930 0,2511 90 40
3 3 4 0,3660 0,1864 120 80
4 4 5 0,3811 0,1941 60 30
5 5 6 0,8190 0,7070 60 20
6 6 7 0,1872 0,6188 200 100
7 7 8 1,7114 1,2351 200 100
8 8 9 1,0300 0,7400 60 20
9 9 10 1,0400 0,7400 60 20
10 10 11 0,1966 0,0650 45 30
11 11 12 0,3744 0,1238 60 35
12 12 13 1,4680 1,1550 60 35
13 13 14 0,5416 0,7129 120 80
14 14 15 0,5910 0,5260 60 10
15 15 16 0,7463 0,5450 60 20
16 16 17 1,2890 1,7210 60 20
17 17 18 0,7320 0,5740 90 40
18 2 19 0,1640 0,1565 90 40
19 19 20 1,5042 1,3554 90 40
20 20 21 0,4095 0,4784 90 40
21 21 22 0,7089 0,9373 90 40
22 3 23 0,4512 0,3083 90 50
23 23 24 0,8980 0,7091 420 200
24 24 25 0,8960 0,7011 420 200
25 6 26 0,2030 0,1034 60 25
26 26 27 0,2842 0,1447 60 25
27 27 28 1,0590 0,9337 60 20
28 28 29 0,8042 0,7006 120 70
29 29 30 0,5075 0,2585 200 600
30 30 31 0,9744 0,9630 150 70
31 31 32 0,3105 0,3619 210 100
32 32 33 0,3410 0,5302 60 40
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3.2. Két qua md phéng va ban luan

Str dung phan mém Matlab 2016 dé lap trinh, tinh toan va mé phong két qua, tong cong
suat tac dung tai 12 3,7152 MW, tong cong suat phan khang tai 1a 2,3 MVar, tong t6n that cong
Suit tac dung trudc khi lap dat DG va tu bl 1a 210,998 (kW). Két qua ton that cong suét tac
dung trén cac nhanh truéc va sau khi lip dat DG va tu bu dugc thé hién ¢ Bang 2 va Bang 4
tuong ung. Két qua nay dugc kiém chimg bang phan mém PowerWorld 19 va so sanh tong
tong ton that cong Suit tac dung truéc khi lap dat DG va tu bu véi két qua bai bao [12] cho két
qua twong tu. K&t qua dién ap tai cac nut trudc va sau khi lip dit DG va tu bu duoc thong ké

¢ Bang 5.
Bang 2. Ton that cong suét tac dung trén cac nhanh trude khi dat DG va tu bl
Tonat | Téinat T;’l‘:atthg\t/l‘;f,‘)’g TirnGt | Téinit Tg’:étth(ﬁl‘\td%?})lg

1 2 0,012301 17 18 0,000054
2 3 0,052077 2 19 0,000161
3 4 0,020053 19 20 0,000832
4 5 0,018850 20 21 0,000101
5 6 0,038565 21 22 0,000044
6 7 0,001946 3 23 0,003182
7 8 0,011873 23 24 0,005144
8 9 0,004266 24 25 0,001288
9 10 0,003634 6 26 0,002602
10 11 0,000565 26 27 0,003330
11 12 0,000899 27 28 0,011305
12 13 0,002721 28 29 0,007836
13 14 0,000744 29 30 0,003897
14 15 0,000364 30 31 0,001594
15 16 0,000287 31 32 0,000213
16 17 0,000257 32 33 0,000013

Téng ton that cong suat (MW) 0,210998

Chay thuat toan PSO vé&i ham muc tiéu 13 cuc tiéu ton that cong suét tac dung, vi tri va
cdng suat toi wu ctia cac DG va tu bu dugc xac dinh trong Bang 3:

Bang 3. Vi tri va cong suat toi wu ciia cAc DG va tu bu trén ludi phan phoi

Vi tri Cong suit ty bt (MVar) Cong suit DG (MW)
13 0,419 0,787
24 1,053
30 1,042 1,046
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Bang 4. Ton that cong suét tc dung trén cac nhanh sau khi lip dat DG va tu ba

Turndt | Téi nat T;’Satth(el‘\t/;;r)lg Tunat | Téinit T:Satthg\t/[@‘;g
1 2 0,000826 17 18 0,000045
2 3 0,001669 2 19 0,000160
3 4 0,000429 19 20 0,000828
4 5 0,000209 20 21 0,000100
5 6 0,000275 21 22 0,000043
6 7 0,000111 3 23 0,000620
7 8 0,000091 23 24 0,001161
8 9 0,000150 24 25 0,001228
9 10 0,000292 6 26 0,000029
10 11 0,000001 26 27 0,000083
11 12 0,000250 27 28 0,000522
12 13 0,001442 28 29 0,000592
13 14 0,000616 29 30 0,000737
14 15 0,000301 30 31 0,001350
15 16 0,000238 31 32 0,000181
16 17 0,000212 32 33 0,000011

Tbng ton thit cong suat (MW) 0,014892

Bang 5. Dién ap tai cac nit trudc va sau khi lap dat DG va ty bu

Nt | Pién ap truec khi lip | bién ép sau khi Iip NGt | Pién p truge khi lip | bién ap sau khi Iip
dat DG vaty bu (pu) |dat DG va tu bu (pu) dat DG va tu bu (pu) |dat DG va tu bu (pu)
1 1,000 1,000 18 0,904 0,994
2 0,997 0,999 19 0,996 0,999
3 0,983 0,997 20 0,993 0,995
4 0,975 0,996 21 0,992 0,994
5 0,968 0,995 22 0,992 0,994
6 0,949 0,994 23 0,979 0,997
7 0,946 0,993 24 0,973 0,996
8 0,932 0,992 25 0,969 0,993
9 0,926 0,993 26 0,948 0,994
10 0,920 0,995 27 0,945 0,995
11 0,919 0,996 28 0,934 0,997
12 0,918 0,996 29 0,925 0,999
13 0,912 1,001 30 0,922 1,001
14 0,909 0,999 31 0,918 0,997
15 0,908 0,998 32 0,917 0,996
16 0,906 0,996 33 0,916 0,996
17 0,904 0,994
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—8—Dién ap trwdc khi dat DG va tu bu (pu)
Dién dp sau khi d&t DG va tu bl (pu)
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Hinh 4. D6 thi ton that cong sut tac dung trudc va sau khi lip dat DG va tu bu.

Tir Bang 5 va db thi dién ap Hinh 3 cho thay dién &p tai cac nit trudc khi lp dit DG va
tu bu ¢6 su dao dong 16n vé dién ap: nut c6 dién ap thap nhat 1a nat 17 va 18 déu bang 0,904
(pu), trong khi d6 nut 1 c6 dién ap cao nhét 1a 1 (pu). Sau khi lap dat DG va tu bu, dién &p tai
cac nit trong ludi dién phan phdi dwoc cai thién tét hon, nut c6 dién ap thap nhat trong ludi
dién l1a nat 8 dat 0,992 (pu), cac nut c6 di¢n ap cao nhat dat 1,001 (pu) 1a nat 13 va 30. Hinh
4 thé hién 16 wu diém veé giam ton thit cong suat tac dung trén tit ca cac nhanh trudc va sau
khi lip dat DG va tu bu.

Nhu vay, sau khi lip dat DG va tu ba, ton that cdng suat tic dung trén hé thong dién giam
tir 210,998 (kW) xudng con 14,892 (kW), twong tng giam 92,94% so véi tdng ton thit cong
suit tac dung ban dau; dién &p tai cac nit duwoc cai thién dang ké, nat c6 dién &p thip nhét tai
nit 17 va 18 ban dau 1a 0,904 (pu) duoc nang 1&n 0,994 (pu), cai thién 9,05% so vé4i ban dau.

4. KET LUAN

Thuat toan PSO di duogc dé xuat dé ti wu hoa vi tri va cong suit lip dat cua cac DG va
tu bu trén ludi phan phdi. Két qua thir nghiém trén ludi phan phdi IEEE 33 nat da ching minh
tinh hiéu qua cua giai thuat trong viéc cuc tiéu hda ton that cong suat tac dung, nang cao tinh
kinh té cua luéi phan phéi; cai thién dang ké dién 4p tai cc nat gop phan nang cao chat luong
dién nang. Thudt toan nay co thé &p dung cho cac bai toan t6i uu khac nhu tbi wu vi tri va cong
suat lap dat cac méy phét phan tan trén ludi truyén tai, phdi hop phét cong suat cia cac to may
phat trong cac nha may di¢n nhiét dién, thuy dién, v.v...

229 CO PIEN TU - KHCB - CNTT



Trén V&n Hai, Trén Trong Hiéu

10.

11.

12.

TAI LIEU THAM KHAO

Kashyap M, Mittal A, and Kansal S. - Optimal placement of distributed generation
using genetic algorithm approach, Proceeding of the Second International Conference
on Microelectronics, Computing & Communication Systems (2017) 587-597.

Dinh, T.V., Vo, V.P., Duong, M. Q., & and Tran, Q. T. - Models for short-term wind
power forecasting based on improved artificial neural network using particle swarm
optimization and genetic algorithms, Energies 13 (11) (2020) 2873.

Ramavat, S. R., Jaiswal, S. P., Goel, N., & Shrivastava, V. - Optimal location and
sizing of DG in distribution system and its cost-benefit analysis, Applications of
Artificial Intelligence Techniques in Engineering (2018) 103-112.

Ang, S., & Leeton, U. - Optimal placement and size of distributed generation in radial
distribution system using whale optimization algorithm, Suranaree J. Sci. Technol. 26
(1) (2019) 1-12.

Ismael, S. M., Aleem, S. H. A., & Abdelaziz, A. Y. - Optimal sizing and placement of
distributed generation in Egyptian radial distribution systems using crow search
algorithm, International Conference on Innovative Trends in Computer Engineering
(ITCE) (2018) 332-337.

Ogunsina, A. A., Petinrin, M. O., Petinrin, O. O., Offornedo, E. N., Petinrin, J. O., &
Asaolu, G. O. - Optimal distributed generation location and sizing for loss
minimization and voltage profile optimization using ant colony algorithm, Applied
Sciences 3 (2) (2021) 1-10.

Duong M.Q., Pham D.T., Nguyen T.T., Doan A.T. and Tran V.H. - Determination of
optimal location and sizing of solar photovoltaic distribution generation units in radial
distribution systems, Energies 12 (1) (2019) 174.

Prakash R, Lokeshgupta B, and Sivasubramani S. - Multi-objective bat algorithm for
optimal placement and sizing of DG, National Power Systems Conference (NPSC),
2018.

Kennedy J, Eberhart R. - Particle Swarm Optimization, Proc.IEEE Int.Conf.on Neural
Networks (1995) 1942-1948.

Tran V.H., Pham T.V., Pham H.L., Le T.N., and Nguyen T.T. - Finding optimal
reactive power dispatch solutions by using a novel improved stochastic fractal search
optimization algorithm, Telkomnika 17 (5) (2019) 101~10x.

Vita V. - Development of a decision-making algorithm for the optimum size and
placement of distributed generation units in distribution networks, Energies 10 (9)
(2017) 1433.

Venkatesh B., Ranjan R. - Optimal radial distribution system reconfiguration using
fuzzy adaptation of evolutionary programming, Electrical Power and Energy Systems
25 (10) (2003) 775-780.

CODIEN TU - KHCB - CNTT 230
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ABSTRACT

OPTIMAL PLACEMENT AND SIZING OF DISTRIBUTED GENERATIONS
AND SHUNT CAPACITOR BANKS ON DISTRIBUTION SYSTEMS

Tran Van Hai, Tran Trong Hieu*
Ho Chi Minh City University of Food Industry
*Email: hieutt@hufi.edu.vn

This paper uses Particle Swarm Optimization to optimize the placement and sizing of
distributed generations and capacitors on distribution networks to reduce the loss of active
power and improve the voltage stability at the nodes. To ensure the safe, efficient and
economic operation of distribution systems, in addition to the constraints on power balance
equations of the source, load, distributed generator (DG), capacitors and power losses on line
are studied, then the constraints of inequalities such as limit of power generation of DG,
capacitor, and limit of bus voltage are considered in this problem. The experimental results on
IEEE 33-bus distribution grid with the objective function of minimizing active power loss
have proved the effectiveness of this proposed method.

Keywords: Distribution systems, distributed generation (DG), capacitor, loss reduction,
Particle swarm optimization (PSO).
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