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Abstract  –  This paper  a ims at  developing a new method of load f low involving dis tr ibuted generator  

for  the  improvement o f  vo ltage prof i le .  The involvement o f d istr ibuted gener a tor  result s  in improved 

vol tage regula t ion due to  increase  in  the  magni tude  of the vo ltage.  Whereas the load f lo w solutio n 

gives the so lut ion in lesser  t ime due to  lower i terat ion and thus lower computat ional  t ime dur ing fault .  

The node a t  which dis tr ibut ed generator  i s  connected is  independent o f node and branch number.  In the  

method proposed here,  simple  equations  have  been used  to  ca lculate  the magnitude of  the  vol tage and  

in  case o f high load condit ion;  the vo ltage prof i le  can eas i ly be improved by imp lement ing d is t r ibuted  

genera t ion connected wi th se l f conver t ing s tat ion arrangement.  This method deals wi th the to ta l  

vol tage profi le  to  speci fied area o f load and involves nodes o f the the connected dis tr ibution 

substa t ion,  la terals and  sub laterals.  Dur i ng faul ty condit ion,  the dis t r ibuted generator  co mpares the  

vol tage rat io  (obta ined by dividing the vo ltage af ter  the faul t  wi th the vol tage jus t  a fter  the faul t)  and  

compensated the vol tage  di fference,  as required,  to  maintain the sys tem heal thy.  

Keywords  –  Load f low,  vol tage sag,  vo ltage prof i le ,  feeders,  Distr ibuted Generat ion.  

1.  Introduction  

Improvement o f power quali ty has always  been a matter  o f concern for  elec tr ica l  engineers.  The  

users,  be ing most  untrust ful  par t  o f the power sys tem, need to  be mi t iga ted and s tudied careful ly for  

obtaining faul t  free power sys tem. Elec tr ica l  dis tr ibution sys tem being most  important  par t  o f power  

sys tem economics ,  as the main source of revenue,  need to  be compensa ted carefully to  keep high R/X 

rat io .  A rad ial  d is tr i buted i s  general ly radial  in na ture and has  high R/X ra t io ,  whereas the  

transmission sys tem is  genera l ly r ing sys tem /mesh in  nature and  has high X/ R rat io
 [ 1 ]

.  

In this quest ,  many researchers have made remarkable work to  improve quali ty fac tor  by improving  

power fac tor ,  reducing vol tage sag,  reducing harmonic co mponents,  e tc .  i t  i s  challenging to  work wi th  

dis tr ibuted sys tem, as  i t  is  most  uncertain and conta ins highest  d is turbance.  A number of new 

sophis t icated  methods  proved  eff icient  fo r  the so lut ion of prob lems  assoc ia ted wi th transmiss ion 

sys tem; but  the theory ge ts l imi ted  in case o f  dis tr ibution sys tem. The eff icient  methods l ike  Gauss -

Seidel  and Newton Rapson methods has also not  proven effic ient  enough in  case o f solving  problems 

assoc iated with  distr ibut ion sys tem.  

The dis tr ibuted generator  bas ica l ly inc ludes reciprocat ing engines,  solar  cel ls ,  fue l  cel l s ,  

combustion gas turb ine,  micro  turb ines and  wind turbines ;  i .e .  a l ternate  energy sources as compared to  

convent ional  foss i l  fue l  based energy s ources.  I t  causes  lo w emission,  low pol lut ion,  high eff iciency 

and uninterrup ted supply to  loads where interrupt ion in power is  not  a  cho ice e .g .  hospi ta l ,  mines,  

relevant  industr ies,  e tc . ;  however  implementa t ion o f  dis tr ibuted  generator  in electr ica l  d ist r ibut ion 

sys tem increases i t s  complexi ty.  Dis tr ibuted generators can work not  only in upstream for  improvement  

of vo ltage during the d ip but  also in downst ream to regulate  the vol tage or  remain standsti l l  when no  

any ac tion i s  required i . e .  as reserved a l t erna te solution for  power fa i lure.  
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2.  Review of  l i terature  

Many researchers  have  made signi ficant  e ffor t  in  the field  o f DG insta l la t ion and al loca tion.  In 
[ 2 ]

 

operat ion and contro l  model o f DG has been explained to  improve vol tage eff ic iency.  In 
[ 3 ]

,  the e ffect  

of DG on e lectr ica l  power loss,  impact  on vo ltage prof i le  and consecut ive cases were d iscussed .  In this  

case the author  a imed a t  opt imizing DG loca tion,  minimising losses and improve po wer qual i ty.  In 
[ 4 ]

,  

the e ffect  o f DG on power sys tem has been d iscussed wi th re ference  to  losses,  vol tage regulat ion,  

vol tage fluc tua tions,  short  circui t  condi t ion,  i slanding operat ion and  harmonics.  In 
[ 5 ]

,  s imulat ion 

technique has been used to  obtain  vol tage  regula t ion to  opt imize power suppor t  by DG in the  

dis tr ibution sys tem. In 
[ 6 ]

,  tap changing transformer method has been proposed for  vo ltage regulat ion 

in  under  vo ltage and  over  vol tage condi t ions.  

3.  Notat ions used  

Abb.  Ful l  form 

DG Distr ibuted Genera tor  

|V |∠α  System vol tage & angle  

|I |∠𝛽 System current  & angle  

S  Apparent  Power  

Subscr ip t  pq  Over  the bus p  to  q  

a  Phase a  

LF  Load Fac tor  

P  Real  Power  

Q React ive Po wer  

Y Admittance  

Superscr ipt  *  Conjugate  

NF  Nodes o f  feeder  

N L  Nodes o f  Lateral  

N S L  Nodes o f  Sub -Lateral  

B F  Branch of  feeder  

B L  Branch of  Latera l  

B S L  Branch of  Sub -Lateral  

x,y  Node x,y  

Pml  Pointer  memory loca tion  

FT S  F,L&SL total  sum 

F,L&SL Feeder ,  Lateral  & Sub -Lateral  

LLF Line Loss Factor  

VCF vol tage compensat ion factor  

 

4.  Losses in distribution system  

I f  the  phasor  expression for  vol tage and  current  are kno wn,  then the  calcula t ion of real  and reac tive  

power can be done easi ly.  I f  the vo ltage across and current  into  a  cer tain  load or  par t  o f  c i rcuit  i s  

|V |∠α and | I |∠𝛽,  respectively,  apperent  po wer is  given by
[ 7 ]  
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S=VI*= |V |e
j α

. | I |e
- j β

 = |V | | I |e
j ( α - β )

=|V| |I |∠(α -β) . . . . ( i )  

The complex po wer injected fro m bus p   to  q   is  given by S p q  or  from bus q  to  p  i s  given as  S q p  

i .e .  

Sp q= V p q𝐼𝑝𝑞
∗

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ( i i )  

Or ,  Sq p= V q p𝐼𝑞𝑝
∗

 

Where,  I* represents the  conjugate o f  the  current .  

Vol tage at  phase „a ‟  o f p
t h

 bus i s  given as :  

       |𝑉𝑃
𝑎 |=  𝑓𝑝

𝑎  (V,LF)  and angle  

       𝛼𝑃
𝑎  =  𝑓𝛼

𝑎  (V,LF)          . . . . . . . . . . . . . . . . . ( i i i )  

The current  form p to  q  bus for  phase R is  given as :  

       |𝐼𝑃𝑞
𝑎 |=  𝑓|𝑝 |

𝑎  (V,  LF)  =   𝑌𝑃𝑞
𝑎

𝑎  (𝑉𝑃
𝑎 −  𝑉𝑞

𝑎)    . . . . . ( iv)  

Where 𝑉𝑃
𝑎  is  the bus vo ltage at  bus p  over  phase a  and 𝑌𝑃𝑞

𝑎  i s  e lement o f branch admittance matr ix.  

Real  and react ive po wer  f low measurement  from bus p  to  bus k over  phase a  i s  given as :  

𝑆𝑝𝑞
𝑝

 =  𝑓𝑃
𝑎 (V,  LF)  + j𝑓𝑄

𝑎 (V,  LF)= 𝑉𝑞
𝑎 (𝐼𝑝𝑞

𝑎 )*  . . . . . . . . . . . (v)  

Power suppl ied a t  bus q  for  phase a  can be measured  as:  

𝑆𝑝𝑞 ,𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑑
𝑝

 =  𝑓𝑃,𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑑
𝑎 (V,  LF)  + j𝑓𝑄,𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑑

𝑎 (V,  LF)  

    = 𝑉𝑞
𝑎 (  𝑌𝑃𝑞

𝑎 (𝑉𝑞
𝑎 −  𝑉𝑝

𝑎) 𝑎𝑝 )*  . . . . . . . . . . . . . . (vi )  

 

 

 

 

 

 

 

 

 

Figure4.1 :  A 15  node test  sys tem wi th regular  and symmetr ic  numbering of nodes and branches.  

Consider ing a 15 node test  sys tem wi th regular  and symmetr ic  numbering of nodes and branches  as 

i l lus tra ted in Fig.4 .1  and a 15 node test  sys tem wi th ir regular  and asymmetr ic  number ing of nodes and  

branches as i l lustra ted in Fig.4 .2 :  

 

 

 

 

 

 

 

 

Figure 4 .2 :  A 15 node tes t  sys tem wi th ir regular  and asymmetr ic  numbering of nodes and branches  
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The f ig .4 .1  represents a  radial  dis tr ibution sys tem, the branches and nodes have been sub -d ivided into  

feeder ,  la teral  and sub -latera l .  For  represent ing the feeders,  la te rals and sub -late rals  in form of two 

dimensional  arrays in which  the f ir st  number  represents the feeder  (1) ,  la tera l  (2)  and sub -la teral  (3) ;  

and  the second number represents the order  o f node or  branch,  as app licable.  

In case o f Nodes:  

NF(1 ,1)=1,  N F(1 ,2)=2,  N F(1 ,3)=3,  N F (1 ,4)=4,  N F (1 ,5)=5,  N F(1 ,6)=6,  N F(1 ,7)=7,  for  feeders.  

NF(2 ,1)=4,  N F(2 ,2)=8,  N F(2 ,3)=9,  N F (2 ,4)=10,  N F(2 ,5)=11,  N F (2 ,6)=12 for  la tera ls.  

NF(3 ,1)=10,  N F(3 ,2)=13,N F(3 ,3)=14,  N F(3 ,4)=15 for  sub -la tera ls .   

In case o f Branches:  

B F(1 ,1)=1,  B F(1 ,2)=2 ,  B F(1 ,3)=3,  B F(1 ,4)=4,  B F(1 ,5)=5,  B F(1 ,6)=6 for  feeders.  

B F(2 ,1)=7,  B F(2 ,2)=8 ,  B F(2 ,3)=9,  B F(2 ,4)=10,  B F (2 ,5)=11 for  la tera l .  

B F(3 ,1)=12,  B F(3 ,2)=13 ,  B F(3 ,3)=14 for  sub-la te ral .  

In ei ther  case ,  the sequences  are independent  o f nodes or  branches .  

In this quest :  

Let γ=  B F(x ,y) ;  ξ 1 = N F(x ,y)  and ξ 2= NF(x ,y+1)  

So,  V ( ξ 2 ) = V ( ξ 1 ) -I γ Z γ  

Where,  

V ( ξ 2 ) = |  V ( ξ 2 ) |∠𝛼2  

V ( ξ 1 ) = |  V ( ξ 1 ) |∠α1  

I γ  = |  I γ |∠-β  

Z γ= |  Z γ  |∠Φ= R γ+jX γ  

Voltage at  node 2 i s  given as  

|V ( ξ 2 ) |=  |V ( ξ 1 ) | -  [{(𝑃𝛾
2+𝑄𝛾

2)
1 / 2

}. |Z γ | ] / |V ( ξ 1 ) |  . . . . . . (vi i)  

Where,  (𝑃𝛾
2+𝑄𝛾

2)
1 / 2

=| S γ  |= |  V ( ξ 1 ) |  |  I γ |  

P γ  &Q γ  are  the real  & react ive po wer at  output  port  o f node  ξ 1 .  

And,  I γ =[(𝑃𝛾𝑃
2 +𝑄𝛾𝑝

2 )
1 / 2

] /  |  V ( ξ 2 ) | ;  wi th re ference to  pr imary s ide i .e .  enter ing por t  of node (x,y)  node.  

And,  I γ =[(𝑃𝛾𝑆
2 +𝑄𝛾𝑆

2 )
1 / 2

] /  |  V ( ξ 1 ) |  ) | ;  wi th re ference to  secondary s ide i .e .  output  port  o f node  (x,y)  node .  

The current  |I γ |=[ |  V ( ξ 1 )  | - |  V ( ξ 2 ) | ] / |  Z γ  |  . . . . . . . (vi i i )  

Real  & react ive po wer loss can be given as  

P L=|𝐼𝛾
2 |R γ  

Q L=|𝐼𝛾
2|X γ           . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ( ix)  

The power can be given for  branches as  

For  feeder  branches :  

P S[B F(1 ,6)]=T L[NF(1 ,7) ]+P L[N F(1 ,6)]  

P S[B F(1 ,5)]=T L[NF(1 ,6) ]+P L[N F(1 ,5)]+P S[B F(1 ,6) ]  

P S[B F(1 ,4)]=T L[NF(1 ,5) ]+P L[N F(1 ,4)]+P S[B F(1 ,5) ]  

P S[B F(1 ,3)]=T L[NF(1 ,4) ]+P L[N F(1 ,3)]+P S[B F(1 ,4) ]  

P S[B F(1 ,2)]=T L[NF(1 ,3) ]+P L[N F(1 ,2)]+P S[B F(1 ,3) ]  

P S[B F(1 ,1)]=T L[NF(1 ,2) ]+P L[N F(1 ,1)]+P S[B F(1 ,2) ]  

For  lateral  branches:  
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P S[B F(2 ,5)]=T L[NF(2 ,6) ]+P L[N F(2 ,5)]  

P S[B F(2 ,4)]=T L[NF(2 ,5) ]+P L[N F(2 ,4)]+P S[B F(2 ,5) ]  

P S[B F(2 ,3)]=T L[NF(2 ,4) ]+P L[N F(2 ,3)]+P S[B F(2 ,4) ]  

P S[B F(2 ,2)]=T L[NF(2 ,3) ]+P L[N F(2 ,2)]+P S[B F(2 ,3) ]  

P S[B F(2 ,1)]=T L[NF(2 ,2) ]+P L[N F(2 ,1)]+P S[B F(2 ,2) ]  

For  sub -late ral  branches:  

P S[B F(3 ,3)]=T L[NF(3 ,4) ]+P L[N F(3 ,3)]  

P S[B F(3 ,2)]=T L[NF(3 ,3) ]+P L[N F(3 ,2)]+P S[B F(3 ,3) ]  

P S[B F(3 ,1)]=T L[NF(3 ,2) ]+P L[N F(3 ,1)]+P S[B F(3 ,2) ]  

Thus fro m the above  cases o f  feeder ,  la tera l  and sub -late ral  branches ,  we  conclude:  

For  dead end branches  

P S[B F(x,y)]=T L[NF(x,y+1)]+P L[N F(x,y)]  . . . . . . . (x)  

And for  o ther  mid branches  

P S[B F(x,y)]=T L[NF(x,y+1)]+P L[N F(x,y)]+P S[N F(x,y+1)]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (xi )  

The equation (x)  & (xi)  are va lid  fo r  a l l  branches o f feeder ,  la teral  and sub -latera l  ne twork.  

Simi lar ly,  react ive po wer losses  are given as:  

For  dead end branches  

Q S[B F (x,y)]=T Q L[NF(x ,y+1)]+Q L[N F(x,y)]  . . . . (x i i )  

And for  o ther  mid branches  

Q S[B F (x,y)]  =  T Q L[N F(x,y+1)]  +Q L[NF(x,y)]  + Q S[NF(x,y+1)]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (xi i i )  

For  sub -la teral  and lateral  ne twork connected  to  N F(2 ,3 ) ,  the total  power flo wing through branch 

B F(2 ,1)  i s  given as  

P S[B F(2 ,1)]  = P L[B F(2 ,1)  + T L[NF(2 ,3)]  +  P S[B F(2 ,3)]  + P S[B F(3 ,1)]  . . . . . . . . . . . . . . . . . . . . . . . (xi i i )  

And Q S[B F(2 ,1) ]  = P Q L[B F(2 ,1)  + T Q L[N F(2 ,3)]  + Q S[B F(2 ,3)]  + Q S[B F(3 ,1)]  . . . . . . . . . . . . . . . . . . . . . . (xiv)  

Thus we f ind tha t  the common nodes o f sub -la teral  & late ral ,  feeder  & lateral  should be po inted f irs t .  

I f  N F(x,y)  i s  the node from which other  la teral  and sub -la teral  have emerged ,  then the feeder  branch B F  

is  s tored as  B F(x,y-1) .  

In the methodology suggested in  this paper  checks  the node from which la tera l  and sub -la teral  have  

emerge and s tore the branch number ir respect ive  of the actual  numbering of  the node as  depicted in  

f ig  4 .2 ;  i .e .  i f  the feeder  node is  N F(x ,y) ,  la teral  node i s  N F(x+1 ,  y)  and sub -lateral  node as N F(x+2) ,  

then N F(x,y)  o f feeder  & N F(x+1 ,1)  and N F(x+1,y)  & N F  (x+2,1)  are same; and the branch B F(x,y-1)  i s  

stored in the pointer  memory locat ion pml(F T S-1)( say) .  Here (F T S-1 )  re fers to  the pointer  memory 

address storage size.  In  this way,  the common nodes o f Feeders & late rals,  la terals & sub -la te rals can 

be ident i fied easi ly.  The latera l  node in case o f  Feeder  & la tera l  common node or  lateral  & sub -latera l  

common node;  the la te ral  and sub-la teral  node respect ive ly can be shown to  be s tored in  pointer  

pml‟(FT S-1 )  for  simplici ty.  

Thus the fo l lo wing resul ts  are ob ta ined:  

P S(B F(x,y)  =  T L[NF(x ,y+1)]  + P L[B F (x,y)]  +  P S[B F(x,y+1)+P S[B F(FT S ,1)  . . . . . . . . . . . . . . . . . . . . . . . (xv)  

And Q S  (B F(x ,y)  = T Q L[NF(x,y+1)]  + Q L[B F(x,y) ]  + Q S[B F(x,y+1)+Q S[B F (pml‟ ,1) . . . . . . . . . . . . . . . . . . (xvi)  
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Thus from the above resul t s ,  i t  i s  ob ta ined that  the suggested method does no t  depend  on the node or  

branch number ing of F,L& SL.  This makes this  method more rel iab le and fas t  as the ca lculat ion of P S  

and  Q S  i s  independent o f the node & branch complex nome nclature.  

Now after  calcula t ing power at  respec tive nodes,  the convergence  i s  checked for  the vol tages  at  the  

respect ive nodes.  In case o f non -converging sys tem, the DG is p laced at  the common nodes and  

convergence i s  ob ta ined .  Now we determine vol tage com pensat ion factor  (VCF)  by fol lowing formula.  

VCF=
Improved  voltaage  profile  with  DG

Voltage  profile  with out   DG
  

Where,  vo ltage prof i le  depends  on the magni tude of vo ltage a t  which the DG is p laced  and  the  load  

connected to  tha t  branch or  node.  While  consider ing the factor  VCF, one more factor  should be  

considered very keenly,  i .e .  load loss fac tor  due to  DG ins ta l la t ion.  The insta l lat ion of D G not only 

reduces l ine losses but  can a lso result  in increased l ine loss as dep icted in f ig .4 .3  below. This i s  

observed in  the d is tr ibuted sys tems where  s uff iciently high capaci ty DG is  instal led in the ne twork.  

The at  most  s ize  of DG should  be such tha t  the genera ted power should eas i ly be  consumed wi thin the 

coned common points  of F,  L & SL .  Any a t tempt to  ins tal l  high capaci ty DG wi th the  purpose of  

expor t ing power beyond  the substat ion (reverse f low of  power though d istr ibut ion substa t ion) ,  wil l  lead  

to  very high losses.  So,  the s ize o f distr ibut ion sys tem in term of load (MW) wi ll  p lay im portant  role  is  

se lec t ing the s ize o f  DG. So we always  try to  keep lo w l ine loss fac tor  (LLF) given as  

LLF= 
Reduction  of  line  lossess  by  using  DG

Reduction  of  line  losses  without  using  DG
 

The fac tor  LLF should a lways  be less than 1 otherwise the loss wi th D G wi ll  become more as compared  

to  losses wi thout DG. In  case LLF ≥1,  ei ther  the size o f DG is reduced or  the loca tion of DG is changed  

to  give the va lue of LLF lo wer than 1.  The factors a ffec t ing the losses by using DG includes l ine  

length,  l ine res istance,  load distr ibut ion etc .  In  case o f the losses wi thout DG, the loa d i s  assumed to  

be distr ibuted uni formly throughout the nodes o f  the F eeders.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4 .3 :   Effec t  o f size and loca tion of DG on sys tem loss  

5.  Proposed  Algorithm 

Step 1:  Obtain the number o f F,  L & SL.   

Step 2:  le t  number  o f N F (x,y)= P,  number  o f N F(x+1 ,y)=Q, number  o f N F (x+2 ,y)=R 

Step 3:  FT S=P+Q+R.  
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Step 4:  I f  the numbering of the nodes a re sequential ,  read the f ir st  node for  F,  L,  SL i .e .  N F(x,1) ,  

NF(x+1 ,1)  & N F(x+2,1) .  Proceed to  s tep 7 .  

Step 5:  I f  the number ing of the nodes i s  not  sequential ,  cal l  the pointer  and s tore the value of  

numbered node under  d i fferent  F,  L & SL as N F(x,y) ,  N F(x+1,y)  & N F(x+2,y)  ir respect ive o f  actua l  

node  number ing.  

Step 6:  Cal l  the va lue of  f ir st  node for  F,  L,  SL i .e .  N F(x,1) ,  N F (x+1,1)  & N F(x+2,1) .  Proceed to  s tep  7 .  

Step 7:  Obtain common nodes fo r  latera l  & feeder  and sub -la tera l  & latera l ,  as emerging po int  for  

latera l  and sub -latera l  nodes.  

Step 8:  for  co mmon nodes o f  late ral  & sub -lateral  i .e .  N F(x+1,y)  & N F(x+2,1)  for  x=F T S  to  F T S-R+1 and  

y=1 ,2, . . . . . . ,F T S .  Cal l  the  pointer  & s tore branch of la tera l  B F(x,y-1)  for  corresponding node N F (x,y)  in  

pml‟(z)  fo r  z=1 ,2, . . . . . ,R.  

Step 9:  obta in common nodes o f la tera l  & feeder  i .e .  N F (x,y)  & N F(x,1 )  for  x=FT S-R to  F T S-R-Q+1 fro m 

NF(1 ,y)  for  y=1,2 , . . . . ,F T S .  Store  pml‟(x)  for  x=R+1, . . . . ,R+Q and BF(x,y -1)  corresponding to  N F(x,y)  in  

pml‟(x)  for  x=R+1, . . . ,R+Q  

Step 10:  Calcula te  P S[B F(x ,y)]  and  Q S[B F(x,y)]  fo r  x=F T S  to  F T S-R+1 and y=N(x) -1, . . . . ,2 ,1  using  

equat ion  

Step 11:  Calcula te  P S[B F (x,y)]  and Q S[B F(x,y)]  for  x=F T S-R to  FT S-R-Q+1 using equation.  

Step 12:  Calcula te  tota l  P S  and Q S  for  the F,  L & SL.  Tota l  po wer loss thus obtained i s  S L=P S+QS.  

Step 13:  Calculate  the F ,  L & SL vol tage and check i f  the terminal  vol tage converges wi th the obtained  

vol tage wi thin permissible  l im i t  i . e .  V l o s s =V S-V 0= ±5% of  V S ,  where  V 0=S L /Feeder  node current .  I f  the  

vol tage i s  wi thin permissib le  l imi t  go to  s tep 16 or  go to  step 14.  

Step 14:  Star t  DG p laced near  common node of   feeder  & la teral  i .e .  N F(x,y)  & N F(x+1,1)  or  la tera l  & 

sub-late ral  i .e .  N F(x+1,y)  & N F(x+2,1) .  Check for  convergence.  I f  the voltage converges wi th requisi te  

vol tage ,  ca lculate  vol tage compensa tion factor  (VCF) and l ine loss fac tor  (LLF) .  I f  LLF<1,  go  to  s tep  

16 or  go  to  s tep 15.  

Step 15:  change DG location and  place i t  to  another  loca tion near  co mmon node of    feeder  & la tera l  

i .e .  N F(x ,y)  & N F(x+1,1)  or  la tera l  & sub -la tera l  i .e .  N F(x+1,y)  & N F (x+2 ,1)  and go to  step  14.  

Step 16:  ver i fy resul ts  for  B F(x,y)  for  y=N(x) -1, . . . ,2 ,1  and  x=F T S-R to  FT S-R-Q+1 wi th p ml‟(z)  for  

z=1,2, . . ,R.  

Step 17:  Calcula te  P S[B F (1 ,y)]  &Q S[B F(1 ,y) ]  for  y=N(x) -1, . . . . ,2 ,1  us ing equation  

Step 18:  check the result s  fo r  feeder  branch B F(1 ,y)  for  y=N(x) -1, . . . ,2 ,1  wi th pml‟(z)  for  

z=R+1, . . . ,R+Q.  

Step 19:  I f  the  resul t  converges,  go to  s tep 20  or  go to  step 16.  

Step 20:  Stop.  

6.  Result  and Conclusion  

In d is tr ibution s ys tem, i t  i s  common to  consider  a  radia l  sys tem.  In the table 6 .1 ,  the load at  d i ffe rent  

nodes has  been considered.  These  loads  have been considered ir respe ct ive  o f the actual  node numbering 

rather  the posit ion of the F,  L & SL.  In table 6 .2 ,  the loss has been considered uni formly throughout 

the distr ibut ion sys tem and the relat ive minimum vol tage in the sys tem in p .u.  sys tem. The d is turbance  

has been conside red to  be maximum i .e .  5%.  In table 6 .3 ,  the loss  has been considered rando m 
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throughout the d is tr ibution sys tem and the rela t ive  vol tage in the  sys tem in p .u .  sys tem. The  

dis turbance has been considered to  be wi thin ±5%.  

Table 6 .1 .  Load on three  phase sys tem  

Node 

No. 
Phase A Phase B Phase C Total Load 

  
P 

(kW) 

Q 

(kVAr) 

P 

(kW) 

Q 

(kVAr) 

P 

(kW) 

Q 

(kVAr) 

P 

(kW) 

Q 

(kVAr) 

NF(1,2) 56.26 12.32 56.26 12.32 56.26 12.32 168.78 36.96 

NF(1,4) 245.56 20.58 245.56 20.58 245.56 20.58 736.68 61.74 

NF(1,6) 62.15 12.35 62.14 12.36 62.19 12.22 186.48 36.93 

NF(1,7) 33.59 11.21 36.25 25.24 58.56 21.24 128.4 57.69 

NF(2,2) 85.55 35.25 85.55 35.25 85.55 35.25 256.65 105.75 

NF(2,4) 140.54 56.65 140.54 56.65 140.54 56.65 421.62 169.95 

NF(2,6) 34.25 12.25 34.25 12.25 34.25 12.25 102.75 36.75 

NF(3,4) 19.47 -71.32 19.47 -71.32 19.47 -71.32 58.41 -213.96 

 

Table 6 .2 .  Result s  for  uni form po wer loss  wi thout  DG 

Bus No. 

Uniform Power Loss +5% 

Total Load Minimum 

Voltage (in 

p.u.) 

Loss (%) Loss (kW, kVAr) 

P Q P Q P Q 

NF(1,2) 5 5 8.439 1.848 168.78 36.96 0.95 

NF(1,4) 5 5 36.834 3.087 736.68 61.74 0.95 

NF(1,6) 5 5 9.324 1.8465 186.48 36.93 0.95 

NF(1,7) 5 5 6.42 2.8845 128.4 57.69 0.95 

NF(2,2) 5 5 12.8325 5.2875 256.65 105.75 0.95 

NF(2,4) 5 5 21.081 8.4975 421.62 169.95 0.95 

NF(2,6) 5 5 5.1375 1.8375 102.75 36.75 0.95 

NF(3,4) 5 5 2.9205 -10.698 58.41 -213.96 0.95 

 

Table 6 .3 .  Result s  for  Random power loss  wi thout  DG 

Bus No. 

Random power loss within ±5% 

Total Load Minimum 

Voltage 

(in p.u.) 

Loss (%) Total Power Loss 

P Q P Q P Q 

NF (1,2) 1.42 1.42 2.396676 0.524832 168.78 36.96 0.9858 

NF (1,4) 3.95 3.95 29.09886 2.43873 736.68 61.74 0.9605 

NF (1,6) 2.85 2.85 5.31468 1.052505 186.48 36.93 0.9715 

NF (1,7) 4.9 4.9 6.2916 2.82681 128.4 57.69 0.951 

NF (2,2) 3.56 3.56 9.13674 3.7647 256.65 105.75 0.9644 

NF (2,4) -0.54 -0.54 -2.27675 -0.91773 421.62 169.95 1.0054 

NF (2,6) 1.13 1.13 1.161075 0.415275 102.75 36.75 0.9887 

N6 (3,4) 5 5 2.9205 -10.698 58.41 -213.9 0.95 

 

Now using DG a t  the common node of la tera l  and feeder  i . e .  NF(1,4), the net rective need of the system reduces 

due to injected power of the DG. Thus the net voltage regulation improves and the minimum voltage at different nodes of the 
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distribution system is as obtained in in figure 6.4 and 6.5.  The selection of node can vary for the variation of load at different 

nodes with the proposed algorithm which will depend on the F, L & SL rather the actual node. 

Table 6 .4 .  Result s  for  uni form po wer loss wi th DG .  

Bus No. 

Uniform Power Loss +5% 

Total Load Minimum 

Voltage (in 

p.u.) 

Loss (%) Loss (kW, kVAr) 

P Q P Q P Q 

NF(1,2) 5 5 8.439 1.848 168.78 36.96 0.95 

NF(1,4) 5 5 36.834 3.087 736.68 61.74 0.99 

NF(1,6) 5 5 9.324 1.8465 186.48 36.93 0.99 

NF(1,7) 5 5 6.42 2.8845 128.4 57.69 0.99 

NF(2,2) 5 5 12.8325 5.2875 256.65 105.75 0.99 

NF(2,4) 5 5 21.081 8.4975 421.62 169.95 0.99 

NF(2,6) 5 5 5.1375 1.8375 102.75 36.75 0.99 

NF(3,4) 5 5 2.9205 -10.698 58.41 -213.96 0.99 

 

Table 6 .5 .  Result s  for  Random power loss wi th  DG .  

Bus No. 

Random power loss within ±5% 

Total Load Minimum 

Voltage 

(in p.u.) 

Loss (%) Total Power Loss 

P Q P Q P Q 

NF (1,2) 1.42 1.42 2.396676 0.524832 168.78 36.96 0.9858 

NF (1,4) 3.95 3.95 29.09886 2.43873 736.68 61.74 0.98 

NF (1,6) 2.85 2.85 5.31468 1.052505 186.48 36.93 0.99 

NF (1,7) 4.9 4.9 6.2916 2.82681 128.4 57.69 0.99 

NF (2,2) 3.56 3.56 9.13674 3.7647 256.65 105.75 0.98 

NF (2,4) -0.54 -0.54 -2.27675 -0.91773 421.62 169.95 1 

NF (2,6) 1.13 1.13 1.161075 0.415275 102.75 36.75 0.99 

N6 (3,4) 5 5 2.9205 -10.698 58.41 -213.9 0.99 

 

In the above cases,  by the properp lacement  o f DG can give bet ter  vol tage regula t ion and the placement  

of DG can eas i ly be ob tained by sing the dynamic algor i thm proposed  above.  Since the  algor i thm is  

independent o f actual  node numbering and depends on the posi t ion of  the node,  the t ime taken by th e  

CPU is much lesser  as  compared to  ear l ier  proposed algor i thms as  sho wn belo w.  

Table 6 .6 .  Comparison between the proposed  method and the  previously proposed method .  

M e t h o d  C P U  T i m e  

P r o p o s e d  M e t h o d  1 . 0 0  

D a s  &  N a g i  [ 8 ]  1 . 8 5 - 2 . 5 5  ≈ 2 . 1 5  

D a s  &  G o s h  [ 9 ]  1 . 4 5 - 1 . 9 5  ≈ 1 . 5 5  

D a s  &  R a n j a n  [ 1 0 ]  1 . 5 5 - 1 . 9 5  ≈ 1 . 6 5  

Z h u  &  T o m s o v i c  [ 1 1 ]  2 . 1 - 4 . 5  ≈ 3 . 7 8  
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