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Abstract: Distributed generators (DGs) are connected near load centers and integrated to grid for 
optimum power system operations. The challenging task for integration of DGs is the proper size and 
location, due to random character of generation and energy consumption. The objective of the 
research is to provide the proper size and location of DGs to optimize the voltage profile and 
reduction in active and reactive power losses. Optimization of distributed generators is performed 
through fuzzy logic controllers at Ramchandrapura 33/11 kV, 69 bus radial distribution substation, 
Kota, India. Fuzzy logic controller provides possible solution on selection of distributed generators 
on the basis of voltage profile of the bus and the impedance of the branch connected DGs at 
consumer’s end. Forward or backward sweep methodology is used to optimize the load flow analysis 
for calculation of real and reactive power losses and voltage profile with and without implementation 
of distributed generators. Proposed approach provides a possible solution for efficient integration of 
DGs. 

Keywords: Distributed generation; forward or backward sweep; fuzzy logic controller; voltage 
indexing; active and reactive power management 

 

Abbreviations: DGs: Distributed Generators; FLC: Fuzzy Logic Controllers; RBF: Reserve Breadth 
First; BF: Breadth First; PLR: Power Loss Reduction; VI: Voltage Indexing; k: Starting Node; j: End 
Node; Pk: Active Power at Kth Node; Pj: Active Power at Jth Node; Pl,j: Active Loads Connected at Jth 
Node; Rkj: Connected Resistance Between Kth & Jth Bus; Qk: Reactive Power at Kth Node; Qj: 
Reactive Power at Jth Node; Ql,j: Reactive Loads Connected at Jth Node; Xkj: Connected Reactance 
Between Kth & Jth Bus; 𝑉௝: Voltage Magnitude at Jth Bus; Vk: Voltage Magnitude at Kth Bus; POF: 
Objective Function of Active Power; VL: Voltage Index; Wp: Weighting Factor of Total Power Loss; 



338 

AIMS Energy  Volume 7, Issue 3, 337–348. 

Wv: Weighting Factor of Voltage Index; Ploss: Active Power Loss; 𝑀𝑉𝐴௕: Base MVA; Ploss,DG: Power 
Loss Through DGs 

1. Introduction 

The electric grid is mainly consists of large power units and centrally controlled. According to 
the reports (June, 2018) of Central Electricity Authority India, 67% of electricity is being generated 
from fossil fuels based power plants. These plants generate reliable electricity but the potential of 
sources are limited [1,2]. Electricity demand is increasing continuously and grid needs to supply the 
extra amount of electricity from renewable energy sources. Distributed generators (DGs) are small 
modular power generating technologies and storage systems which provide possible solution by 
generating electricity near consumer ends [3–5]. Grids are plagued with unreliable services and are 
struggling to upgrade power systems to keep up with high demand growth rates [6]. There becomes a 
significant amount of electricity losses in transmission and distribution networks due to inefficient 
appliances of consumers, lack of smart technologies, inefficient dispensation and routing of electrical 
energy, unreliable monitoring and communication and lack of mechanism to store electrical energy.  

DGs installation is suggested in several research articles. Some of the leading energy generating 
countries increasing the installation capacity of DGs to make competitive with our existing system. 
They play virtual impact in power system advancement. Around 20% of recently installed generating 
units are from renewable energy sources all over the world [7–9]. DGs affect the load flow and 
voltage profile of the network. Place and capacity of DGs are essential to manage the losses and to 
maintain the voltage profile in allowable limits [10,11]. Following outcome are observed from the 
literature review: 
 Energy generation through conventional methods are having huge amount of environmental 

effect. 
 DGs installation capacity, proper size, suitable location and their optimization are challenging 

tasks. 
 Modeling of suspicions in consumption and intermittent nature of the DGs make the integration 

complex. 
In this paper a 69 bus radial distribution system located at Ramchandrapura feeder, Kota 

Rajasthan is analyzed. It is 33/11 kV, supplied 69 nodes radial distribution network as shown in 
Figure 1. Load flow is analyzed by forward or backward sweep method. Load flow analysis is 
important for optimization of real power losses, reactive power losses, voltage magnitude and phase 
angle. It is a useful tool for power system planning. Backward or forward sweep method calculated 
the mentioned variable by scheduling the order of the busses [12,13]. DGs are integrated with the 
help of fuzzy logic controllers (FLC). FLC is an important tool which works on priority concept to 
find-out the most suitable location of DGs, maintains the voltage profile and reduce losses [14,15].  
The major contributions of this paper can be summarized as follows: 
 Increase the penetration level of DGs near load centers. 
 Load flow analysis is performed by backward or forward sweep method providing the voltage 

magnitude, reactive and active power losses. 
 Proper size and location of energy generated through DGs are provided by FLC and manage the 

voltage profile of the busses and reduce the reactive and active power losses. 
 To optimize the DGs, fuzzy logic controller is used. 
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Figure 1. 69 Bus Ramchandrapura, Kota, India, Radial distribution network. 

Rest of the paper is organized as follow: The problem of existing Ramchandrapura grid is 
mathematically evaluated by backward or forward sweep method. It provides the real and reactive 
energy losses and voltage index in section 2. An algorithm of FLC is provided in section 3, section 4 
provides the simulation results of the study and research paper is concluded in section 5. 
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2. Problem description 

2.1. Load flow 

Radial structure of distribution network with large number of busses and high R/X ratio with 
significant voltage drop, load flow analysis with conventional gauss siedel, newton raphson, fast 
decoupled method may have problems to converge for distribution networks and required large 
number of iterations. The probable solution is provided by backward or forward sweep analysis, as 
the mentioned method use the order of the busses connected for calculation of real or reactive power, 
voltage profile and phase angle [16].   

Reverse Breadth First (RBF) shorts the branch impedances in descending order which is used 
for backward sweep operation. If impedance of branches is shorted in ascending order, the result is 
known as Breadth First (BF) and used for forward sweep operations. 

2.1.1. Backward sweep 

Power flow is obtained in backward sweep by considering the parameters of previous iteration. 
The active power flow Pk of branch kj from node k to node j is calculated in backward sweep from 
end bus in (1) and reactive power flow Qk of branch kj from node k to node j is calculated by (2): 

Pk = Pj + Pl,j + Rkj 
௉ೕ
′మିொೕ

′మ

⎹௏ೕ⎹మ               (1) 

Qk = Qj + Ql,j +Xkj 
௉ೕ
′మିொೕ

′మ

⎹௏ೕ⎹మ              (2) 

where, 𝑃௝
′ = Pj + Pl,j ; Pl,j is defined as the load connected at bus j; Pj is the effective real power at bus 

‘j’. 

2.1.2. Forward sweep 

Forward sweep is used to calculate the voltage at each bus starting from source bus. In forward 
sweep real power of the branch is taken by the value calculated in backward sweep and remains 

constant. Voltage of bus ‘k’ is Vk⌊δ୩ and voltage of bus ‘j’ is Vjඋδ୨, than the branch impedance 

Zij = Rij + Xij. Voltage at kth bus by (3): 

Vk = [ 𝑉௝
ଶ െ 2൫𝑃௝𝑅௝௞ ൅  𝑄௝𝑋௝௞൯ ൅ ሺ𝑅௝௞

ଶ ൅  𝑋௝௞
ଶ ሻ

ቀ௉ೕ
మି ொೕ

మቁ

௏ೕ
మ ሿ1/2           (3) 

2.2. Objective function  

Objective function of the research paper is to minimize the active and reactive power losses in (4) 
and (5) respectively: 

POF = min[(Wp  × Ploss,pu) + (Wv  × VL)]                 (4) 
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QOF = min[(Wq × Qloss,pu) + (Wv  × VL)]            (5) 

where, POF is the objective function for active power, QOF is the objective function for reactive 
power, Ploss,pu is the total active power losses in per unit,  Qloss,pu is the total reactive power losses 
in per unit, VL is the voltage index, Wp  & Wv are the weighting factor for total power losses and 
voltage index, represents the importance of objectives. It is usually assumed between zero to one 
for Wp or Wq and addition with weighting factor of voltage index is unity as in (6): 

0 ≤ Wp  or Wq≤ 1, & Wp + Wv =1          (6) 

If distributed generators alleviate a particular objective to overcome a defined problem, 
weighting factor of the component is increased. 

2.3. Power losses 

Centralized generated power is transmitted through transmission lines and distribution networks 
to consumers to fulfill their demand. Huge amount of power loss occurs as I2R losses in particular 
line. Total active power losses of system is defined in (7): 

Ploss = ∑ 𝐼௞
ଶ𝑅௞

௡
௞ୀଵ               (7) 

where, Ik is the magnitude of current in ampere and Rk is the resistance in ohm of kth bus, n is the 
number of buses in radial system. Total active power losses depend upon the current flow through 
the branch and resistance of the branch. Power loss due to integration of DGs is calculated in per unit 
system in base MVA between zero to one by (8): 

Ploss,pu = 
௉೗೚ೞೞ

ெ௏஺್
                (8) 

Power loss Reduction (PLR) by installing DGs at distribution feeder is calculated by (9) and in 
percentage by (10): 

PLR = Ploss – Ploss,DG           (9) 

PLR(%) = 
௉೗೚ೞೞି௉೗೚ೞೞ,ವಸ

௉೗೚ೞೞ
X 100        (10) 

where, Ploss,DG is the real power loss after installing distributed generators. 

2.4. Voltage index (VI)  

The voltage index defines as the distance from reference point to the point where system will 
marginally stable. If the voltage is instable, it causes the voltage collapse. Mathematical calculation 
of voltage index helps the utilities to reduce the chances of voltage collapse or introduce an 
automatic scheme to turn on or off the DGs to prevent collapse. Voltage indexing is calculated by 
steady state power flow analysis at every bus of the distributed network (11) [17].   

VIk = 
ଵ

௡
∑ ௏ೖି௏ೖ,ವಸ

௏ೖ

௡
௞ୀଵ               (11) 
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where, Vk is the voltage of kth bus before installing of DGs and Vk,DG is the voltage at kth bus after 
installation of DGs. 

3. Fuzzy logic control based DG integration 

Fuzzy logic controller (FLC) is a method to figure out the behavior of the system. Fuzzy logic 
controllers have mainly three operations. First is fuzzification, which converts the input data in 
suitable linguistic values. Second is decision making, which makes the decision on the basis of 
defined rules. Third is defuzzification, which converts the outcomes into the system understandable 
data. Mamdani based fuzzy logic controller is used to control the complex and non-linear systems 
which is having the advantage that if changes happen in between the process, it is not required to 
change in the whole system from the initial condition [18]. 

In this paper, first input variable is the power capacity of distributed generators in per unit and 
second variable is impedance of line connecting DGs to consumers, while least real power losses and 
constant voltage indexing are the output variables.  

Where, x1,x2,x3,….,xn ∈ U input fuzzy set and y1,y2,…..,yn ∈ V output fuzzy sets. Rules for FLC 
are based on two input variables and output shows the priority to assign DGs as outcome (12). 

PV = max(VIk) + min(Rkdg + Xkdg)       (12) 

Output set equation defines that the priority of DGs installation is based on two factors 
maximum voltage indexing of k bus and minimum impedance of line connected DGs to that bus. 
Algorithm of the proposed fuzzy logic controller is shown in Figure 2, where relation between two 
input sets of voltage magnitude and impedance of branch connecting the DGs with radial feeder is 
shown. FLC rules for decision making are shown in Table 1, having two inputs, subdivided in three 
sections low, medium and high for voltage magnitude and branch impedance. DG integration priority 
is high during high capacity and low impedance of line connecting DG to specified bus will be 
preferred for integration. 

Table 1. Rules based for proposed fuzzy logic controller. 

DG Power Generation Capacity Impedance of Line DG Integration Priority 
Low Low Low 
Low Medium Low 
Low High Low 
Medium Low Medium 
Medium Medium Low 
Medium High Low 
High Low High 
High Medium Medium 
High High Low 
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Figure 2. Flowchart of DG integration with fuzzy logic controller. 

4. Results 

Ramchandrapura, Kota, India, 8 MVA, 33/11 kV radial distribution network is taken into 
consideration for integration of 5 MW all day power generation capacity of distributed generators. 
Forward backward sweep method is used for load flow analysis before and after the integration of 
DGs. Fuzzy logic controller is used for integration of DG through which the  proper size and location 
is optimized. DG capacity represents the requirement of improving the voltage profile at particular 
node and impedance of line as mentioned in Table 1 which are the input variables for FLC and DG 
priority is the output variable. DG capacity is high between 3 MW to 5 MW, medium from 1 MW 
to 3 MW and low when less than 1 MW. Branch impedance is also categorized in three subsets of 
low, medium and high based on the I2R losses to integrate the DG at particular node. Low I2R losses 
are preferred for DG integration. Figure 3 denoted the voltage magnitude with or without integration 
of DGs in per unit. Without integration of DGs voltage magnitude is varied between 1.0 pu to 0.89 
pu. DGs are integrated through FLC which improved the voltage magnitude between 1.0 pu to 
0.9406 pu. Average pu voltage magnitude is increased from 0.960 pu to 0.9755 pu. 
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(a) 

 
(b) 

Figure 3. Voltage magnitude of 69 Bus Ramchandrapura, Kota, radial distribution 
network (a) without DGs integration (b) with DGs integration. 

Backward sweep method is used for the calculation of real and reactive power losses in load 
flow analysis and with and without integration of DGs. DGs are being integrated through FLC and 
reduce the total real and reactive power losses. Real power losses reduced from 501.35 kW to 480.47 kW 
by integration of DGs. Maximum real power drop is reduced from 28.55 kW to 23.7 kW and average 
real power losses reduced from 7.26 kW to 6.96 kW by integration of DGs shown in Figure 4. Total 
reactive power losses reduced from 531.12 kVAr to 507 kVAr, maximum reactive power losses 
reduced from 29.31 kVAr to 22.8 kVAr and average reactive power losses are reduced from 7.70 kVAr 
to 7.35 kVAr as shown in Figure 5. 
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(a) 

 
(b) 

Figure 4. Real Power Losses of Ramchandrapura, Kota, distribution network (a) without 
integration of DGs (b) with integration of DGs. 
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(a) 

 
(b) 

Figure 5. Reactive power losses of Ramchandrapura, Kota, distribution network (a) 
without integration of DGs (b) with integration of DGs. 

Table 2. Comparative study of real and reactive power losses with or without integration 
of DGs is shown in Table 2. 

 Real Power 
Without 
Integration of 
DGs 

Real Power With 
Integration of 
DGs 

Reactive Power 
Without Integration 
of DGs 

Reactive Power 
With Integration 
of DGs 

Average 
Power 

7.26 kW 6.96 kW 7.70 kVAr 7.35 kVAr 

Maximum 
Power 

28.54 kW 23.7 kW 29.31 kVAr 22.8 kVAr 

Total Power 501.34 kW 480.46 kW 531.12 kVAr 507.52 kVAr 
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4. Conclusion 

Energy consumption at consumer end is increasing day by day and to maintain the balance 
between generation and consumption, new generating units are required to be installed. Fossil fuels 
emit harmful gasses in the environment need the solution from renewable energy sources. 
Distributed generators connected near load centers provide solution of energy enhancement and 
energy losses through conventional methods. This research paper optimizes a real system existing in 
Ramchandrapura, Kota, India. Voltage drop and real and reactive power losses at each node is 
calculated by forward-backward sweep method of load flow analysis. By the integration of 
distributed generators, real and reactive power losses are reduced and voltage profile is maintained. 
Fuzzy logic controller is used to optimize the problem and to integrate the DGs with the grid. FLC is 
implemented on priority basis as decided by voltage drop and impedance of connecting branches. 
Simulation results of Ramchandrapura, Kota 69 bus radial distribution network shows better results 
with integration of DGs at proper location. Voltage profile is improved by implementing DGs and 
reduces the real and reactive power losses. Before implementing FLC, minimum voltage is 0.89 pu is 
improved by FLC to 0.94 pu. Active power using FLC is reduced from 501.35 kW to 480.47 kW and 
reactive power losses reduced from 531.12 kVAr to 507 kVAr.  Results show that FLC improved the 
performance of the system by improving voltage profile and real or reactive power losses. In future 
this system will be able to implement on other existing systems to improve the performance. 
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