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Abstract 

The distribution system has become very complex entity due to increase in power system utilities, so it is very difficult task 

to improve the voltage profile and to maintain the quality of power of such complex system. Distribution generation (DG) 

can play major role to enhance the power quality of the system and also improves the reliability of the system. DGs act as an 

active distribution system and form the link between high voltage transmission line and low voltage utility. This helps in 

reducing the active power loss of the system. This paper presents optimizing techniques for DG model in terms of operating 

point, size and location to minimize the active power loss of overall system. For the proposed objective functions the variation 

in power loss can be observed with respect to DG current injection. The load characteristics have been taken into consideration 

to develop the proposed techniques and the system has been treated as constant current model. The proposed system has been 

simulated and verified by MATLAB software for RDS (radial distribution system). 
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1. Introduction 

The small generating units in cooperation with 

energy storage system along with energy 

management are termed as Distributed Generation 

(DG). It generally installed near the utility as to 

improve the reliability and operation of the power 

system network. These systems can be operated as 

grid connected or stand alone mode. The size of DG 

may vary from a kilowatt to a few megawatts. 

The power loss reduction is major problem in low 

voltage distribution system and it can be achieved by 

multiple ways such as capacitor placement [12], 

conductor grading, using high voltage distribution 

system and DG placement. All the methods 

mentioned have an involvement of passive element 

in order to reduce power loss except DG placement. 

Along with the DG placement capacitors also 

improves the voltage profile and reduces the power 

loss but DGs can reduce the power loss to the extent 

double that of capacitor. [2], [9]. 

Although the dg units are connected to the secondary 

distribution system and cannot be dispatched by 

central operator but the play a significant role in 

system reliability, continuity of power, system 

stability, short circuit operation and power flow for 

the suppliers and consumers [3], [4]. 

 

2. Problem Formation 

The proper placement of DG in the distribution 

system plays an important role in loss reduction 

and power quality improvement. On the basis of 

size of DG, the proposed technique provides the 

optimal placement of DG units in distribution 

system under consideration. There are various 

factors which affects the power quality and 

stability of the system 

1. Voltage instability 

2. Reactive and active powers 

3. System power losses 

Power losses 

Power system losses are variable quantity which 

is affected by multiple factors depending on the 

system configuration. Few factors which affect 

the power losses are transmission line 

parameters, transformer parameters, distribution 

system configuration, protecting devices etc. 

There can be further real or/and reactive power 

losses in the system [11]. Reactive power is due 

to the storage or nonlinear component in the 

system and makes the flow of real power 

possible. The real and rective power losses in the 
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1 z 𝑗 

system are given by the following equation 

 
𝑁𝑏𝑟 

𝑃𝑙𝑜𝑠𝑠 = ∑ 
𝑖=1 

𝐼𝑖2| ri 

𝑁𝑏𝑟 

𝑄𝑙𝑜𝑠𝑠 = ∑ 𝐼𝑖  xi 
𝑖=1 

(1) 

Where 

nbr represents the total number of branches in the system, 

Ii represents ith branch current magnitude, 
xi and ri represents ith branch reactance and resistance, respectively. 

 

The different loads connected to the system also affect the power losses. The further analysis is made for the 

system consisting of loads consuming constant current with and without interconnection of DG. representing 

loads with CCL (constant current models). 

DS with CCL (Constant Current Load) model 

The current drawn by the constant current load (which is considered in the study) does not depend on the voltage 

of the source or feeder. The equation (2) represents the relation between the voltage and the power consumed by 

the load under consideration. 
 

𝑃 
 

 

𝑃𝑜 
= 

𝑉 

𝑉𝑜 
(2) 

Figure 1 represents the system under consideration with N buses and (N-1) CCL (constant current loads). 

 

 

Fig 1. System with N-bus and N-1 loads 

In figure 1 S represents the substation and the voltage at ith bus can be represented in terms of substation 

voltage and voltage drop till but I. 
Series expansion gives the following relation, 

 
𝑖−1 

𝑉𝑖 = 𝑣 − 𝐼 ∑ (𝐼 ) 
𝑗=1 

(3) 

 

Vi = 𝑣 − 𝐼 [(i-1) N – 
𝑖−1 

𝑖]𝐼 (4) 

1 z 2 l 

Initial power system losses are represented as: 

𝑃𝑖𝑛𝑖(𝐿𝑜𝑠𝑠) = 𝐼 [(
n−1

) N(2N − 1)|𝐼𝑖2|] (5) 
r 

 

𝑄𝑖𝑛𝑖(𝐿𝑜𝑠𝑠) = 𝐼x 

6 

 

[(
n−1

) N(2N − 1)|𝐼𝑖2|] 
6 

| 
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Figure 2 represents the interconnection og DG at bus k and the current injected to the network is given by I 

DG DG. 

 

 

Fig 2. Radial distribution system with DG at 

bus-k 
Fig 3. System current with and without DG 

interconnection

It is quite clear from the figure 3 that current drawn from the substation is reduced to the considerable value 

after integration of DG at bus k in the system. But there is no effect on the flow of current after bus k till the 

utility end. 

The ith branch current in the presence of DG is given by, 

 

I' = II - IDG ; i ≤ k (6) 

The ith bus voltage in the presence of DG is represented as, 

VDG = V i = lz(I - 1)IDG ; i≤k (7) 
 

and  VDG  = Vi = lz(k - 1)IDG ; i ≤ k 

There is considerable amount of improvement in the voltage profile due to the DG interconnection than can be 

seen from equation (7). Equation (8) represents the voltage at different buses before and after the 

interconnection of DG. 

 

∆VDG = lz(i — 1)IDG i ≤ k (8) 

∆VDG = lz(k — 1)IDG i > k 

Thus, the effect on real and reactive power of the system is as follows, 

 
𝑃𝑙𝑜𝑠𝑠 = 𝐼r[∑

𝑘−1
|𝐼𝑖 − 𝐼𝑑𝑔|2| + ∑

n−1
|𝐼𝑖2| ] 

𝑖=1 𝑖=𝑘 

 
𝑄𝑙𝑜𝑠𝑠 = 𝐼x[∑k−1

|𝐼𝑖 − 𝐼𝑑𝑔|2| + ∑
𝑁−1

|𝐼𝑖2| ] (9) 
𝑖=1 𝑖=𝑘 

The active and reactive power losses with DG interconnection can be represented in terms of power losses 

without DG interconnection as shown in equation 10, by rearranging Equation (9) 

 

PDG(Loss) = Pini(Loss) + fLossIr|IDG| 
 

QDG(Loss) = Qini(Loss) + fLossIx|IDG| (10) 
 

Where fLoss = (k-1)IDG- 2|IL| Cos(θL-θDG)[(K-1)N- 
𝐾−1 

2 
𝑘] 

And θL represents load current angle. So the reduction in active and reactive power losses can be 

represented by 
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𝐾−1 

𝐾−1 

∆PLoss = fLossIr|IDG| 
 

∆QLoss = fLossIx|IDG| (11) 

 
It is quite clear from Equation (11) that the reduction in the losses is only possible when floss i.e. loss factor is 

negative. Floss is a function of location and size of DG. Equation (12) represents the derivative of power loss 

with respect to DG injected current, 

 

𝛿𝑃𝑙𝑜𝑠𝑠 
 

𝛿|𝐼𝐷𝐺| 
= 2Ir(k-1)IDG- 2Ir|IL| Cos(θL-θDG)[(K-1)N- 

𝐾−1 

2 
𝑘] (12) 

 

Similiarly; 

= 2Ix(k-1)IDG- 2Ix|IL| Cos(θL-θDG)[(K-1)N- 
𝛿|𝐼𝐷𝐺| 

 

 
𝐾−1 

2 

 
𝑘] (13) 

The differentiation of active and reactive power w.r.t phase of injected DG current is given by, 

 
𝛿𝑃𝑙𝑜𝑠𝑠 = - 2I |I ||I | [(K-1)N- 𝑘]Sin(θ -θ ) 

 

𝛿|𝐼𝐷𝐺| r L  DG 2 
L  DG 

 

𝛿𝑄𝑙𝑜𝑠𝑠 = - 2I |I ||I | [(K-1)N- 𝑘]Sin(θ -θ ) (14) 
 

𝛿|𝐼𝐷𝐺| x L  DG 
2 L  DG 

    Active and reactive power losses of the system are affected by variation in injected DG current in terms of phase      

and magnitude. The proposed sensitivity analysis helps in assessing the variation in power losses due to operating 

point and injected DG current. 

The minimum power losses are obtained when the derivative of power loss w.r.t. injected DG current becomes 

zero. So the equation of maximum injected DG current when the power loss is minimum is, 
 

|IL| Cos(θL−θDG)[(K−1)N− 𝑘(𝑘−1) 
 𝑘] 

|IDG|max=  2 
 

𝑘−1 
(15)

3. System Under Study 

 

Fig 4. Single line diagram of system 

Above figure represent the single line diagram of system under study and the parameters are shown below 

System details: 

 

Type: Radial DS 

Length: 48 KM 

Impedance, z1: 0.6672+j0.3745ohm/KM 

System voltage:  22 KV 

𝛿𝑄𝑙𝑜𝑠𝑠 
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4. Results And Discussions 

In the system under consideration the DG 

delivers only real power while connecting at bus 

47. In order to deliver only real power, the phase 

of the substation voltage is made equal to the 

injected current by DG. To inject real power 

only, the phase of DG current and local voltage 

at connection point are made equal. For a 

constant current model, the sensitivity of losses 

and actual power losses in terms of output DG 

current is represented in figure 5. 

The variation in power losses with respect to 

increase in DG output current is such that it 

decreases initially and starts to increase. So the 

required condition to achieve the minimum 

value of DG current is to make the derivative of 

power losses with respect to injected DG current 

equals to zero. 

Figure 6 represents the reactive power losses for 

the system under consideration which is quite 

similar to real power loss curve at the maximum 

DG injected dg current of 1.35 p.u. for the 

constant current load. 

 

 

Fig 5. Sensitivity and active power losses 

w.r.t. DG current 

Fig 6. Reactive power losses and 

sensitivity w.r.t. DG current 

For the constant current and impedance model 

of load, Figure 7 and 8 represents the 

sensitivities in real and reactive powers with 

respect to phase angle of DG injected current. 

It is quite clear from the figure 7 and 8 that the 

slope of real and reactive loss sensitivity curve 

is negative i.e. initially they decreases with 

respect to injected DG current and after 

reaching certain point there is a increment in 

the losses and that point is considered to be 

optimal point of the injected DG phase 

current. At the optimal point the value of real 

and reactive loss is minimum. 

With the same analysis, the optimal value of 

injected DG current or the size of DG can be 

determined for the different location of DG in 

power system network. DG is mostly 

connected to the distribution side of the 

system as the losses are more in the 

distribution system. 

 
 

Fig 7. Real power loss sensitivity analysis w.r.t 

DG phase current. 
Fig 8. Reactive power loss sensitivity 

analysis w.r.t. phase of DG current 
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Fig 9. Real power loss (minimum) with 

respect to optimal size of DG 

Fig 10. Reactive power losses (minimum) 

with respect to optimal sizes of DG 

 

The system under consideration is evaluated 

for the DG connected at different locations 

(one at a time) from bus number 35 to bus 69. 

Optimal size of DG is considered with the 

help of sensitivity analysis and real and 

reactive power losses are calculated for each 

case which is shown in figure 9 and 10 

respectively. It is quite clear from the figure 9 

and figure 10 that the optimal location of the 

DG, where it gives minimum real and reactive 

power losses is at bus number 47. 

Voltage profile of the system is also been 

evaluated for two cases i.e. with and without 

interconnection of DG and the results are 

represented in figure 11. It is clear from the 

voltage profile curve shown in figure 11 that the 

proposed technique not only reduces the power 

losses but also improves the voltage profile of 

the system. The minimum system voltage is 

approximately 0.92p.u. under the case when the 

system is not connected to DG. The minimum 

system voltage is around 0.98p.u. when the 

optimal size of DG is connected to the system. 

 

Fig 11. Voltage profile curve with and without DG 

 

 

5. Conclusion 

 

The result presented during this study gives the 

understanding and effectiveness of the optimal DG 

placement in terms of loss reduction and voltage 

profile improvement in the low voltage system. The 

proper utilization and planning of DG has also been 

presented during the study. There is no fix model of 

optimal DG as it varies from system to system and is 

affected by load characteristics, DG objectives and 

system characteristics. It is quite clear from the 

results presented the optimal size and placement of 

DG unit not only reduces the system losses but also 

improves the voltage profile to the significant level 

when switched to without DG interconnection to DG 

interconnected system. 
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