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Abstract- This paper presents a methodology for the integration of dispatchable renewable distributed generation (DG) units 
for minimizing network losses and voltage profiles improvement. In this methodology, voltage stability index are first 
proposed to identify the optimal size and power factor of DG unit simultaneously for each location for minimizing power 
losses. These expressions are then adapted to place renewable DG units for minimizing network losses while with and without 
considering of power factor. A combination of two dispatchable DG units is also proposed in this paper. The proposed 
methodology has been applied to a 48-bus Belin distribution system with different cases. The results demonstrate that 
dispatchable DG units (without considering power factor) can lead to a substantial reduction in network losses when 
compared to dispatchable DG units (considering power factor). The results also show that a maximum network loss reduction 
is achieved for all cases proposed with DG operation at optimal power factor. 
 
Keywords- Distributed Generation, Voltage Stability Index (L), Voltage Stability Margin (VSM), Network Loss, 
Continuation Power Flow (CPF).  
 
I. INTRODUCTION 
 
With the concern on depleting fossil fuel resources 
and environmental concerns, renewable distributed 
generation (DG) units such as biomass, wind and solar 
are emerging as an alternative energy solution. DG 
owners usually receive incentives from utilities by 
setting a high selling energy price [1]. From the utility 
perspective, DG units located close to distribution 
system loads can lead to power flow reduction, loss 
minimization, voltage profile enhancement, voltage 
stability improvement, network upgrade deferral, etc. 
[2], DG units can participate into the competitive 
market to provide ancillary services such as spinning 
reserve, voltage regulation, reactive power control and 
frequency control [3].  
 
However, the high penetration of intermittent 
renewable resources (i.e., wind and solar) together 
with demand variations has introduced many 
challenges to distribution systems such as power 
fluctuations, voltage rise and high losses [1]. 
 
The optimal DG placement and sizing issues for 
minimizing power and energy losses in distribution 
networks have attracted great attention in recent years. 
Most of the researchers have focused on developing 
methodologies for minimizing power losses with the 
assumption that DG units are dispatchable and 
allocated at the peak demand [4]. Furthermore, since 
DGs are usually located near load centers, not only 
transmission losses are kept low but also existing 
transmission capacity is not occupied. In a deregulated 
environment, each DG can participate in electricity 

markets and sell its generated power to the system 
operator [5]. Consequently, these advantages make 
DGs a competitive alternative to conventional power 
plants in supplying increasing demands of electricity. 
In spite of advantages, power systems have been 
confronted with some concerns since the advent of 
DGs. Indeed, the existing passive distribution systems 
are converted into active networks by installing DGs 
[6]. This can result in increased short-circuit currents 
in the existing power system components such as 
switchgears, which are not designed for the elevated 
short-circuit currents. Also, the protection 
coordination of existing components in distribution 
networks may be required to be reconfigured as a 
result of introducing DGs. 
 
On the other hand, most of the studies presented above 
have assumed that DG units operate at pre-specified 
power factor (usually unity power factor). In these 
researches, only the location and size have been 
considered, while the optimal power factor for each 
DG unit that would be a crucial part for minimizing 
energy losses has been neglected. Depending on the 
characteristics of loads served, each DG unit that can 
deliver both active and reactive power at optimal 
power factor may have positive impacts on energy loss 
reduction [5]. 
 
Voltage stability margin, VSM is a well-known index 
that evaluates system performance from the current 
loading level up to the maximum possible elevated 
load level called voltage collapse point. Some papers 
like [8] used VSM in placing DG units. Voltage 
stability of power systems highly depends on their 
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operational limits such as generator reactive limits 
and branch ratings [7]. In other words, improving 
voltage security should be performed by taking into 
account the practical voltage related limits. A limited 
number of papers such as [9] considered some of 
operational limits of power systems in improving 
voltage quality in DG placement. 
 
This paper first proposes voltage stability index to 
determine the optimal size and power factor of DG 
unit simultaneously for each location for minimizing 
power losses. These expressions are obtained by 
improving the work in [10], where the analytical 
expressions were developed to calculate different types 
of DG unit when the DG power factor is pre-specified. 
The proposed expressions are then adapted to allocate 
dispatchable DG units to minimize network losses 
without considering power factor. The rest of the 
paper is structured as follows: Section II describes 
voltage stability and DG units. Section III introduces 
computational procedure. The various case studies 
performed in the section  
 
IV. The simulation and numerical results of the 
48-bus Belin distribution system are discussed in the 
section V. Section VI concludes the paper.  
 
II. VOLTAGE STABILITY AND DG UNITS 
 
Bifurcation analysis is a quasi-static approach to 
evaluate voltage stability of power systems. VSM in 
the load domain, which measures the distance from 
the current operating point to the voltage collapse 
point in terms of load increment, is an efficient and 
well-known index for voltage stability assessment. 
Continuation Power Flow (CPF) is applied here as a 
tool for bifurcation analysis in the load domain. In 
CPF, loads and generations are increased from their 
base case values by applying the loading parameter of 
 as: 
 

CPF
D

BC
DD PPP                                     (1) 

CPF
D

BC
DD QQQ                                     (2) 

  CPF
GG

BC
GG PkPP                            (3) 

where, 
 

BC
DP , BC

DQ ,and BC
GP are powers of loads and 

generators at the base case and CPF
DP , CPF

DQ ,and 
CPF

GP are power increment directions of loads and 
generators in the CPF [7].  
 
The loading parameter of k multiplies the generator 
and load power directions. KG balances network losses 
when load and generation are increased. 

A. Voltage Stability Index 
Voltage stability, instability and collapse are well 
defined in [8] and these issues have been the focus of a 
great deal of research recently. Dynamic analysis has 
been used to conduct voltage stability since voltage 
instability is a dynamic phenomenon. Nevertheless, 
static voltage stability analysis is widely used in 
voltage stability research, as static analysis is not 
overly complex, and requires lower calculation time. 
Static analysis provides an accurate analysis method 
for handling mostly short disturbances while dynamic 
analysis is used to analyze heavy load disturbances [9]. 
 
The steady state voltage stability index at bus j is 
defined by: 

     XQRPVRQXP
V

L jjiii
j

j  22
4

1
             (4) 

This formula has an advantage that the effect of node 
voltages is taken into account. The voltage stability 
index L, is defined by: 

}L,.........L,L,max{LL 1N321                           (5) 
 
B. Optimal sizing of DG unit with a predefined 
power factor at various locations 
This section briefly describes an analytical expression 
developed in [6] to calculate different types of DG unit 
for minimizing power losses when the DG power 
factor is pre-specified.  
 
Here, the active and reactive power injections at bus i 
where DG unit is installed, are respectively given as: 
 

DiDGii PPP                                             (6) 

 
DiDGiiDiDGii QPaQQQ                      (7) 

 
where, 

DGiiDGi PaQ  , DGiP  and DGiQ are respectively the 
active and reactive power injections form DG unit at 
bus i,     DGii pfsigna 1costan   with 
{sign=+1: DG unit injecting reactive power, sign=-1: 
DG unit consuming reactive power}; DiP  and 

DiQ are respectively the active and reactive power of 

load at bus i; DGipf is the operating power factor of 
DG unit at bus i. 
 
C. Proposed method for calculation the optimal size 
and power factor at various location 
 
The optimal DG size at bus j, PDGj, is calculated from 
equation (9) after differentiating and equating to zero 
as: 
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iiV  is complex voltage at bus i; ijijij Zjxr  is 

the ijth element of [Zbus] impedance matrix; Pi and Pj 
are active power injections at buses i and j, 
respectively; Qi and Qj are reactive power injections at 
buses i and j, respectively. 
 
After finding the global optimal sizes and after 
installing DGs at the selected buses, all bus voltages 
are brought into the given voltage security limits and 
expect that system performance parameters such as 
VSM, and network losses are improved compared 
with before locating DG units. These parameters are 
measured as: 

0

0

100
Loss

DG
LossLoss

P
PPPLR 

    (11) 

LoadDG

DG

PP
PPL


100    (12) 

where, 
PLR is LossP reduction after location DGs, 0

LossP and 
DG

LossP  are network losses before and after locating 
DGs, respectively. PL is the penetration level of DGs. 

DGP and LoadP are total DG power and total load, 
respectively. 
 
III. COMPUTATIONAL PROCEDURE 
 
The objective is to minimize real and reactive power 
losses in the system by injected power, PDG. The main 
constraints are to restrain the voltages along the radial 
system within 0.051 p.u.  
 
The proposed method to determine the optimal size 
and placement of DG is determined by the bus with the 
highest voltage stability index L, whereas the optimal 
size is obtained. The details of each step are described 
as follows: 

Step 1: Run base case load flow at the peak load level 
for 48-bus distribution system and find the total power 
loss. 
 
Step 2: Find the optimal location, size and power 
factor of DG unit for each bus. 
(a) Find the optimal size ( peak

DGP ) and the optimal 
power factor using equation (9) and equation (10), 
respectively. 
(b) Place DG unit obtained earlier at each bus, one at 
a time. Calculate the power loss for each case. 
(c) Locate the optimal bus at which the power loss is 
minimum with the corresponding optimal size or 
maximum output ( max

DGP ) at that bus. 
(d)  
Step 3: Find the optimal DG output at the optimal 
location for 48-bus distribution system. 
Step 4: Run load flow with each DG output obtained in 
step 3 for each bus, find the total power loss and repeat 
step 2-4. Stop if any of the following occurs and the 
previous iteration solution is obtained. 
 
(a) the bus voltage at any bus is within 0.051 p.u.; 
(b) the branch current is over the upper limit; 
(c) the total DG size is larger than the system 
demand plus loss; 
(d) the maximum number of DG units are 
unavailable. 
 
IV. CASE STUDY 
 
The proposed methodology has been applied to 33 kV, 
48-bus Belin distribution system, as depicted in Fig. 1. 
The complete system data at the peak load demand are 
given in Appendix.  
 
This system is supplied from Yeywa Generation 
Station of 487 MW and 400 MVAR, 230 kV with a 
total peak load of 129.25 MW and 67.98 MVAR. The 
total system power loss at the peak demand without 
DG connection is 4.033 MW and 49.81 MVAR. 

 
Figure 1:  The 48-bus Belin Distribution Test System 
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The following different cases are simulated and 
studied: 
Case 1: This is the base case study. The 48 feeder is 
solved   without DG. 
Case 2: The DG located and sized such that the total 
losses in the system is minimum. 
Case 3: Connecting a DG at the weakest branch and 
calculating the DG size which corresponds to 
minimum stability index. 
 
V. SIMULATION AND NUMERICAL 
RESULTS 
 
The computational procedure presented in this paper 
for DG allocation and sizing of distributed power 
sources are analyzed 48-bus Belin distribution system. 
A simplified approach for load flow method of radial 
distribution system with detailed modeling of 
distributed real power source and sensitivity analysis 
of the radial distribution system is carried out by using 
MATLAB. 
 
The calculated voltage stability index L for each 
respective bus is shown in Fig. 2.The voltage stability 
indices at all the 48 load bus and the maximum value 
of voltage stability index is 6.7043 and the minimum 
value is 0. 
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Figure 2: Voltage Stability Index (L) of 48-bus Belin Distribution 

System without DG 
 

A. DG placement without considering power factor 
limit 
Based on the proposed approach optimum sizes of 
DG’s are determined using equation (9) and equation 
(10) at various nodes for Belin distribution system 
48-bus.  
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Figure 3: Optimum real power sizes of DG at 48-bus  Belin 

distribution system 

Fig. 3 shows the optimum real power sizes of DG at 
48-bus Belin distrubution system. 
In 48-bus Belin distribution system optimum sizes of 
DG ranging from 0.9117 to 139.7394 MW and 0.3613 
to 161.1118 MVAR. After connecting DG’s one by 
one it is important to note that the total power loss is 
lowest at the corresponding buses. Based on this result 
of DG sizing the optimal location of DG is determined 
where the total real and reactive power loss is 
minimum at the respective buses.  
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Figure 4: Optimum reactive power sizes of DG at 48-bus Belin 

distribution system 
 

Fig. 4 shows the optimum reactive power sizes of DG 
at 48-bus Belin distribution system. 
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Figure 5: Approximate loss of 48-bus Belin Distribution System 

with DG 
 
In Fig. 5, the total power loss is lowest at the 
corresponding buses after connecting DG’s one by one. 
Based on this result of DG sizing the optimal location 
of DG is determined where the total real power and 
reactive power loss is minimum at the respective 
buses. 

 
Table 1 

Optimal DG placement results for different cases 
without considering power factor limit 

Parameter         Case-1              Case-2               
Case-3 
              with no DG      with 1 DG          
with 2 DG 
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DG bus      -     23                 
24, 38 

DGP (MW)     -     55.3053               
9.8971, 8.5424  

DGQ (MVAR)   -                     33.9906                
6.5449, 5.9737 
Power factor    -                  0.839                    
0.834, 0.819 

minV (p.u)     0.856                0.997                    
0.953 
VSM       0.7328       1.639                    
0.1253 
PLR(%)      0            42.599               
35.333           
PL(%)      0          29.967              
12.485     
Table 1 shows a summary and comparison of the 
simulation results obtained for different cases with 
and without DG units in the 48-bus system. For cases 
2–3 with DG units, the results include the type of DG 
units and the location, size and power factor for each 
type. The VSM and its loss reduction for each case are 
also presented in this table. A significant power loss 
reduction is observed in cases 2–3 (with DG units) 
when compared to case 1 (without DG units). In cases 
with DG units, the highest loss reduction is found in 
case 2 while the lowest loss reduction is obtained in 
case 3. But some of the voltage profiles in case 2 are 
upper 1.05 p.u. Notice that the optimal DG power 
factors at buses 24 and 38 are different at 0.834 and 
0.819 (leading), respectively. 
 
B. Voltage profiles 
Fig. 6 shows the voltage profiles for different cases 
without considering power factor limit at 48-bus Belin 
distribution system. In the absence of DG units, the 
voltages at some buses are under 0.94 p.u.  
 
It can be observed from the figure that after DG units 
are integrated at 48-bus, the voltage profiles improve 
significantly. It is interesting to note that the voltage 
profiles in case 3 (with two dispatchable DG units) are 
better than those in case 2 (with one dispatchable DG 
unit). 
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Figure 6:  Voltage profile for different cases without considering 
power factor limit 

C. Impact of power factor of DG unit on network 
losses 
In this paper, the power factor is limited in the range 
of 0.95 leading and 0.95 lagging to assess the impact 
of the power factor of DG units on network losses. 
Table 2 summarizes and compares the results of DG 
placement for different cases with and without DG 
units in the 48-bus system considering the power 
factor limit from 0.95 leading to 0.95 lagging. For 
each case with DG units, the results include the type, 
location, size, power factor and corresponding energy 
loss. In this case, the best power factor of all DG units 
is found to be at 0.95 leading. The optimal power 
factor of DG units are 0.834 and 0.819 (leading), at 
buses 24 and 38, respectively, when the power factor 
limit was not considered as shown in Table 1. It is 
revealed that imposing the power factor limit has a 
negative impact on the network loss reduction at a 
maximum difference of nearly 3% when compared to 
the case without considering the power factor limit.  

 
Table 2 

Optimal DG placement results for different cases 
considering power factor limit 

Parameter         Case-1              Case-2               
Case-3 with no DG       with 1 DG         with 2 DG 
    
DG bus      -     23             
 24, 38 

DGP (MW)     -     55.3053               
9.8971, 8.5424  

DGQ (MVAR)   -      18.1779                 
3.2532, 2.8079 
Power factor    -          0.95                       
0.95, 0.95 

minV (p.u)     0.856        0.964            
  0.938 
VSM       0.7328   1.483           
  0.1104 
PLR(%)      0     39.5487               
33.3003           
PL(%)       0     29.967               
12.485     

 
Fig.7 presents voltage profiles for different cases 
considering power factor limit. This may depends on 
the characteristics of the system and DG output. 
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Figure 7:  Voltage profile for different cases considering power 

factor limit 
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CONCLUSION 
 
This paper has presented a methodology to determine 
the optimal location, size and power factor of 
dispatchable renewable DG units for minimizing 
network losses. In this methodology, voltage stability 
index are first proposed to determine the optimal size 
and power factor of DG unit simultaneously for each 
location to minimize power losses. These expressions 
are then adapted to locate and size different renewable 
DG units and calculate the optimal power factor for 
each unit to minimize network losses while voltage 
profiles improvement.  
 
Moreover, combination of two dispatchable renewable 
DG units is proposed in this paper. The proposed 
methodology has been applied to renewable DG with 
and without power factor limit for a 48-bus Belin 
distribution system. The results show that 
dispatchable DG units (without considering power 
factor) can minimize network losses significantly 

when compared to dispatchable DG units (considering 
power factor). The results also indicate that a 
maximum network loss reduction has been obtained 
for all cases proposed with DG operation at optimal 
power factor. It is also revealed that imposing power 
factor limit can result in an increase in network losses 
from the optimal value. 
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APPENDIX 

Table 3 
Data for 48-Bus Belin Distribution System 

Sending 
Bus 

Receiving 
Bus 

R 
(p.u) 

X 
(p.u) 

Load at Receiving 
Bus 

P (MW) Q (MVAR) 
1 2 0.00268 0.0223 0 0 
2 3 0.00000 0.1418 0 0 
3 4 0.01470 0.0356 0 0 
3 15 0.02900 0.0818 0 0 
3 19 0.02900 0.0818 0 0 
3 23 0.02900 0.0818 0 0 
3 31 0.03790 0.0920 0 0 
3 35 0.03790 0.0920 0 0 
3 41 0.08820 0.2486 0 0 
4 5 0.36130 0.6974 0.45 0.24 
4 6 0.30110 0.5812 0.61 0.32 
4 7 0.37310 0.7199 0.44 0.23 
4 8 0.07530 0.1453 1.5 0.79 
4 9 0.15060 0.2906 1.2 0.63 
4 10 0.16730 0.3228 6.5 3.41 
4 11 0.18790 0.3626 5 2.62 
4 12 0.17700 0.3416 5 2.62 
4 13 0.00840 0.0161 0.9 0.47 
4 14 0.08360 0.1614 2.1 1.102 

15 16 0.09980 0.1294 1.5 0.79 
15 17 0.30660 0.3975 3.7 1.95 
15 18 0.23530 0.3051 2 1.05 
19 20 0.03320 0.0719 10.1 5.32 
19 21 0.13140 0.2844 0.4 0.211 
19 22 0.06570 0.1153 5.6 2.95 
23 24 0.30820 0.7736 8 4.212 
23 25 0.25780 0.4522 10 5.26 
23 26 0.02900 0.0559 408 2.53 
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23 27 0.13250 0.2868 10.5 5.53 
23 28 0.09840 0.2130 5 2.63 
23 29 0.05910 0.1278 5 2.63 
23 30 0.08860 0.1917 0.1 0.053 
31 32 0.00840 0.0161 0.01 0.005 
31 33 0.04180 0.0807 4.9 2.57 
31 34 0.01250 0.0242 6.5 3.41 
35 36 0.18720 0.2426 3.8 1.99 
35 37 0.43680 0.5662 1.47 0.77 
35 38 0.49930 0.6472 5.7 2.99 
35 39 0.49930 0.6472 1.19 0.63 
35 40 0.24970 0.3236 1.42 0.75 
41 42 0.13380 0.2583 0.3 0.16 
41 43 0.11710 0.2260 2.6 0.37 
41 44 0.05850 0.1130 2.7 1.42 
41 45 0.07190 0.1388 1.0 0.53 
41 46 0.17560 0.3390 6.8 3.59 
41 47 0.10040 0.1937 0.25 0.132 
41 48 0.07780 0.1501 0.21 0.11 
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