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Abstract- Distributed Generation (DG) systems are becoming more common as result of the increased demand for the 
electricity. Proper location of Distributed Generation (DG) sources in power system is important for obtaining their 
maximum potential benefits, and for grid reinforcement, reducing power losses and on-peak operating cost, improving 
voltage profile and load factor and improving system integrity, reliability and efficiency. Non-optimal locations and non-
optimal sizes of Distributed generations (DG) units may lead to increase losses, together with bad effect on voltage profile. 
Proper location of Distributed generations (DGs) in power systems is important for obtaining their maximum potential 
benefits. The main objective of this paper firstly, focus for the optimal placement of Distributed Generation (DG) sources on 
radial feeder for loss reduction with different types of concentrated load distributions such as Uniformly distributed loads, 
Centrally increasing distributed loads and Uniformly increasingly distributed loads by using Newton-Raphson method and 
secondly, Simulation methods Optimal Placement Distributed Generation (DG) source on radial System. This project focus 
towards, at determining optimal DG allocation and sizing as well as analyzing the impact of Distributed generation (DG) in 
an electric power system in terms of voltage profile improvement and line loss reduction. 
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I. INTRODUCTION  
 
In recent times, due to the increasing interest on 
renewable sources such as hydro, wind, solar, 
geothermal, biomass and ocean energy etc., the 
number of studies on integration of distributed 
resources to the grid have rapidly increased. 
Distributed generation (DG), which consists of 
distributed resources, can be defined as electric power 
generation within distribution networks or on the 
customer side of the network [1].Distributed 
generation (DG) devices can be strategically placed in 
a power system for grid reinforcement, reducing 
power losses and on-peak operating costs, improving 
voltage profiles and load factors, deferring or 
eliminating for system upgrades, and improving 
system integrity, reliability, and efficiency [2]. These 
DG sources are normally placed close to consumption 
centers and are added mostly at the distribution level. 
They are relatively small in size (relative to the power 
capacity of the system in which they are placed) and 
modular in structure. A common strategy to find the 
site of DG is to minimize the power loss of the system 
[3 ]. There are methods of loss reduction techniques 
used like feeder reconfiguration, capacitor placement, 
high voltage distribution system, conductor grading, 
and DG unit placement. 
 
As there continues to be strong interest in operating it 
in parallel with a utility distribution system. Some 
positive benefits of the installation of distributed 
generation (DG) are system energy loss reduction, 
voltage profile augmentation and reliability 
enhancement. Distributed generation (DG) is flexible  
 

 
to install Also renewable energy-based distributed 
generation (DG) can play a key role in building 
sustainable energy infrastructure. As, generally, 
distribution systems are designed purely to deliver 
power to consumers, introducing distributed 
generation (DG) will change a distribution network’s 
characteristics due to its bi-directional power flow. If 
its penetration level is too high, a voltage rise problem 
may occur due to its reverse power flow and improper 
sizing and inappropriate placements of distributed 
generation (DG) may lead to higher power losses in a 
system than is the case in one which has no distributed 
generation (DG). Therefore, the integration of a 
significantly large amount of distributed energy 
resources (DER) may cause operational conflicts for a 
power distribution network. As a result, in order to 
ensure the reliable, stable and efficient operation of a 
power distribution system, distributed generation 
(DG) planning is essential. distributed generation (dg) 
is a promising solution to many power system 
problems such as voltage regulation, power loss, etc. 
distributed generation is small-scale power generation 
that is usually connected to or embedded in the 
distribution system. numerous studies used different 
approaches to evaluate the benefits from dgs to a 
network in the form of loss reduction. this paper 
implements the identification of optimal dg locations 
by single dg placement. this method first evaluates the 
voltage profile using the newton-raphson method and 
then it calculates the total i²r loss of the system. after 
that by placing the dg at each bus, it evaluates the 
corresponding total i²r losses and hence obtained the 
optimal placement of dg for loss reduction and best 
suited voltage profile evaluation. 
 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-3, Issue-8, Aug.-2015 

Optimal Placement Of Distributed Generation For Loss Reduction In Distribution System By Using Newton-Raphson Method 
 

109 

II. DISTRIBUTION GENERATION (DG) 
 
Distribution Generation (DG) or Dispersed 
Generation (DG) may be define as generating 
resources, other than central generating station, that is 
placed close to load being served, usually at customer 
site. It may be connected to the supply side or 
demand side of meter. It can be renewable sources 
based micro-hydro, small Wind Turbines, 
Photovoltaic (PV), Reciprocating engines, Micro 
turbine, etc. in term of size, DG may range from few 
KWs to over 100MWs. 
Differentde finition regarding Distribution Generation 
(DG) are used in the literature and practice. The 
general definition for Distribution Generation (DG) 
suggested by author ‘Thomas Ackermann’, ‘Goran 
Andersson’, ‘Lennart Soder’ as “Distribution 
Generation (DG) is an electric power source 
connected directly to the distribution network or on 
the customer site of the meter” The ever-increasing 
need for electrical power generation, study progress 
in the power deregulation and utility restructuring, 
and tight constraints over the construction of new 
transmission line for long distance power 
transmission have created increased interested 
distributed power generation. The definition of 
distribution generation does not define the rating of 
the generation source, as the maximum rating 
depends on the local distribution network condition, 
e.g. voltage level. It is, however, useful to introduce 
categories of different ratings of Distribution 
Generation (DG). 
The following categories are suggested: 

  Distribution Generation (DG): 1 Watts -5 KW 
  Small distributed Generation: 5 KW-5 MW  
  Medium distributed Generation: 5 KW-50 MW 
  Large Distributed Generation: 50 MW- 300 MW 

As the power output distribution generation is used 
only within the distribution network, the term 
embedded distributed generation is also suggested for 
DG and if the distributed generation source is not 
centrally dispatched, it is called ‘not centrally 
distributed generation’. 
 
III. THEROTICAL ANALYSIS FOR OPTIMAL 
 
11 Bus of Radial Distribution System Network   
 

 
Fig 1 

Newton Raphson Method 
In application of the Newton Raphson Method, we 
have to first bring the equations to be solved to the 
form f(x1,x2,...xn)=0,where x1,x2…xn are the 
unknown variables to be determined. Let us assume 
that the power system has n1 PV buses and n2 PQ 
buses. In polar co ordinates the unknown variable to 
be determined are. 
 
Steps for Newton-Raphson method 
Step1: 훿푖 the angle of the complex bus voltage at bus 
i, at all the PV and PQ buses. This gives us n1+n2 
unknown variables to be determined. 
 Step2: |Vi|, the voltage magnitude of bus i, at all PQ 
buses. This gives us n2 unknown variables to be 
determined. Therefore the total number of unknown 
variables to be computed is n1+2n2 for which we 
n1+2n2 consistent equations to be solved. The 
equations to be solved are given by  

Δ푃푖=푃푖,푠푝−푃푖,푐푎푙=0  
Δ푄푖=푄푖,푠푝−푄푖,푐푎푙=0  
Where, Δ푃=Active power residue Δ푄= reactive 

power residue 
 푃푖,푠푝 =specified active power at bus i  
푄푖,푠푝=Specified reactive power at bus i 

 
Algorithm for N-R method 
Step1: Formulate Bus Admittance Matrix Y bus.  
Step2: Assume initial voltages as follows Vi=|Vi, 
sp|∠0 (at all PV Buses) where Vi, sp=Specified 
voltage value Vi=1∠0 (at all PQ buses) 
Step3: At (r+1) th iteration calculate Pi(r+1),at all the 
PV and PQ Buses and calculate Qi(r+1) at all the PQ 
buses using Vi(r) values. The formulae to be used are  
Pi,cal=Gii|푉푖|2+푉푖푉푘(퐺푖푘∗푐표푠푛푘=1푘≠푖훿푖푘+퐵푖푘∗푠푖푛
훿푖푘) 
Qi,cal=Bii|푉푖|2+푉푖푉푘퐺푖푘∗푠푖푛푛푘=1푘≠푖훿푖푘−퐵푖푘∗푐표푠훿
푖푘)  
Step4: Calculate the power mismatches i.e. Power 
residues 
     Δ푃푖 푟 =푃푖,푠푝−푃푖,푐푎푙 푟+1 (at PV and PQ buses)  
      Δ푄푖 푟 =푄푖,푠푝−푄푖,푐푎푙 푟+1 (at PQ buses)  
Step5: Calculate the Jacobian [J(r)] using Vi(r)  
Step6: Compute Δ훿(푟)Δ|푉 푟 ||푉| = 1[퐽 푟 ]*Δ푃(푟)Δ푄(푟)  
Step7: Update the variables as follows- 
 훿푖 푟+1 =훿푖 푟 +Δ훿푖(푟) (at all buses) 
|Vi(r+1)|=|Vi|(r)+Δ 푉푖 (푟)  
Step8: Go to step 3 and iterate till the power 
mismatches are within the acceptable limits.  
Formation of Jacobian:  
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There are some formulas given below for making the 
Jacobian in NR load flow method. These are...  

1) 휕푃푖휕훿푖= -Qi-Bii|푉푖|2  
2) 휕푃푖휕훿푘=푉푖푉푘 

(퐺푖푘∗sin훿푖푘−퐵푖푘∗푐표푠훿푖푘) 
3) 휕푃푖휕푉푘|푉푘|=푉푖푉푘 

(퐺푖푘∗푐표푠훿푖푘+퐵푖푘∗sin훿푖푘)  
4) 4)휕푃푖휕|푉푖||푉푖| = Pi+Gii|푉푖|2  
5) 휕푄푖휕훿푖= Pi-Gii|푉푖|2  
6) 휕푄푖휕훿푘=−푉푖푉푘 

(퐺푖푘∗푐표푠훿푖푘+퐵푖푘∗sin훿푖푘)  
7) 휕푄푖휕|푉푖||푉푖| = Qi-Bii|푉푖|2 
8) 휕푄푖휕|푉푖|푉푘=푉푖푉푘 

(퐺푖푘∗sin훿푖푘−퐵푖푘∗푐표푠훿푖푘) 
 
IV. THEORETICAL AND SIMULATION 
RESULTS AND DISCUSSIONS  
 
Table I shows the results of analysis, using the N-R 
method procedure, to find the optimal location for 
placing DG on a radial feeder with three different 
load distributions; uniformly distributed load, 
centrally distributed load and increasingly distributed 
load and the Results shown in Table I, it is assume 
that the DG supplies all the loads on the feeder in 
each case, and the distribution system supplies the 
system power losses significantly when it is located 
properly. Several simulation studies with different 
load distributions were carried out to verify the 
results obtained theoretically for radial systems. A 
radial feeder with a DG was simulated under 
uniformly distributed, centrally distributed and 
increasingly distributed loads. The simulated system 
for uniformly distributed loads is shown in Fig.1. The 
system architecture is the same when the loads are 
centrally distributed or increasingly distributed. The 
line Parameters, DG and load sizes are listed in Table 
II. For each type of load configuration, the rating of 

DG is chosen to be equal to the load on the feeder 
.The total system power loss is calculated by adding 
DG at each bus location one-by-one: (i).the proposed 
N-R method and (ii) simulation approach. The 
simulations studies were carried out using 
SIMULINK tool box in MATLAB. 
The figures 2.A, 3.A and 4.A show the theoretical 
results for the total system power loss of the radial 
feeder with three different load distributions 
(uniformly, centrally and increasingly distributed 
loads) and different sizes of DG are located at each 
bus locations. The results obtained using simulation 
studies are shown in figures 2.B, 3.B and 4.B. The 
figures shows the results of power losses after adding 
DG on a radial feeder having different types of 
concentrated loads like uniformly, centrally and 
increasingly distributed loads respectively. The 
magnitude of power losses decreases to minimum 
value and again increases with the location of DG 
source from sending end bus to receiving end bus on 
feeder. In uniformly distributed radial feeder, 3.5 
MW size of DG gives minimum amount of loss at bus 
no.8 and loss as optimal loss. It is concluding that the 
bus no.8 is called optimal location or place of DG and 
3 .50 MW DG is the Optimal size. From the these 
figures, it is noted that (i).The values of the system 
power losses obtained by N-R method are nearly 
equal.(ii).The system power losses are dependent 
upon the location of DG.(iii).The optimal location of 
DG is obtained by selecting a bus at which the system 
power loss is minimum.(iv). At optimal location of 
DG, the system power losses are reduced 
significantly. (v).The optimal location of DG 
obtained in each method is in agreement with the 
other approaches.  In Table III, the optimal bus for 
placing DG to minimize the total system power loss 
is given for each load distribution. The total system 
power losses are given. 

both with and without DG. It is noted that the 
simulation   results agree well with the theoretical 
results.
 

Table I Parameters of the System In Fig.1 
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Table II Results Of Case Study With Invariant Loads And DG 

 
 

Fig.2. Power Losses On A Radial Feeder Having Uniformly Distributed Loads And Different DG Sizes At Different Bus Locations 
  

Fig.3. Power Losses On A Radial Feeder Having Centrally Distributed Loads And Different DG Sizes At Different Bus Locations 
 
 

 
DG Location-No. A. Theoretical results 

 
DG Location-No. B. Simulation results 
                        

Fig.4. Power Losses On A Radial Feeder Having Increasingly Distributed Loads And Different DG Sizes At Different Bus Locations
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CONCLUSION 
 
This paper presents theoretical approaches to 
determine the optimal location for placing DG on a 
radial feeder to minimize power losses. This paper 
started from the observed renewed interest in small-
scale electricity generation. Existing small-scale 
generation technologies are described and the major 
benefits of using small-scale distributed generation 
are discussed. The different technologies are 
evaluated in terms of their contribution to the listed 
benefits. Small-scale generation is commonly called 
distributed Generation and we try to derive a 
consensus definition for this latter concept. It appears 
that there is no agreement on a precise definition as 
the concept encompasses many technologies and 
many applications in different environments. The 
proposed approaches are not iterative algorithms, like 
power flow programs. Therefore, there is no 
convergence problems involved, and results could be 
obtained very quickly. A series of simulation studies 
have been conducted to verify the validity of the 
proposed approaches, and results show that the 
proposed methods work well. In practice, there are 
other constraints which may affect the DG placement. 
Nevertheless, methodologies presented in this paper 
can be effective, instructive, and helpful to system 
designers in selecting proper sites to place DGs. 
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