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Abstract—In this project, an evolutionary programming (EP) based technique has been existing for the optimal placement of 
distributed generation (DG) units energized by renewable energy resources (wind and solar) in a radial distribution system. 
To handle the uncertainties connected with load and renewable resources, probabilistic techniques have been used. Two 
procedure strategies, namely “turning off wind turbine generator” and “clipping wind turbine generator output”, have also 
been adopted to restrict the wind power dispatch to a specified fraction of system load for system stability consideration. For 
the proposed EP based approach, an index based scheme has also been developed to generate the population ensuring the 
probability of each individual and thus considerably falling the computational time.  
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I. INTRODUCTION 
 
The combination of distributed generation (DG) with 
distribution system offers several technical and 
economical benefits to utilities as well as to 
customers. However, mere inclusion of DGs may not 
guarantee the improvement in system performance. 
Depending on the size, location and penetration level, 
DG may have negative impacts on the performance of 
distribution network.  
Placement of such DGs requires some special 
techniques to handle their intermittent outputs. Using 
hourly-simulated outputs from WTs, they consequent 
an analytical expression to find out the optimal 
position of WTGs in the distribution systems with 
uniformly distributed time varying masses. To handle 
the uncertainties associated with renewable resources 
based DG units. This project proposed a mixed 
integer non-linear programming based advance to 
determine the optimum capacity and location of 
renewable resources based DG units in the 
distribution system so as to minimize the annual 
energy loss.  
 
II. EXISTING METHOD 
 
A. Sensitivity Analysis 
The optimal position of DGs in the distribution 
systems is a combinatorial optimization problem. 
Search for the best combination amongst the various 
possible combinations for DG allocation is 
computationally arduous even for a small distribution 
system. The search space, however, can be flattened 
by reducing the number of candidate locations for DG 
placement using a suitable sensitivity analysis 
technique. Hence, to identify suitable 

candidate/sensitive locations for DG integration, the 
projected method starts with calculation of sensitivity 
of active power loss with respect to active- and 
reactive-power injections in the distribution system. 
The sensitivity of, active power loss in the system due 
to injected power is defined as 

 
After calculating the sensitivity of active energy loss 
with respect to active- and reactive-power, the buses 
are arranged in the descending order of sensitivity 
values obtained and a desirable number of most 
sensitive buses are selected as the possible candidates 
for DG placement. 
 
B. Modeling of Location of DG Units 
The allocation matrix Ap representing the placement 
of Np PVA types at candidate locations is given as 
 

 
C. Modeling of Renewable Resources and Load 
Data 
The load and renewable resources, mainly solar 
radiation, are strongly correlated. To reverse the 
effect of correlation and to be able to treat those 
independently, the study period is divided into several 
segments, each referred to as time frame. For each 
time frame, solar irradiance is considered as a random 
variable and is assumed to follow a Beta distribution 

 
Fluctuations in the wind speed and thereby active 
power generation from WTGs causes differences 
between the generation and demand. This difference 
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may lead to the frequency and voltage variation and 
consequently, may affect the safety and stability of 
the system. Therefore, to avoid such serious 
problems, the dispatched wind energy is limited to a 
specific percentage of system demand. The ratio of 
dispatched wind power to total system load is known 
as wind power dispatch to load ratio (WPDLR). The 
WT scan broadly be clasified into two categories, 
namely, pitch regulated WTs and stall regulated WTs. 
In case of pitch regulated WTs, their blades are 
physically rotated about their longitudinal axis to 
control the rotor torque and power from the wind 
side, while in case of stall regulated WTs, their blade 
angle is fixed but the aerodynamic performance is 
designed in such a way that they stall at high wind 
speeds. In the presented work, the following two 
control/operation strategies are adopted to simulate 
the realistic situation to keep WPDLR within a 
specified value: 
a) Turning off WTG and 
b) Clipping WTG output. 
 
In “Turning off WTG” control strategy, WTGs are 
turned off one at a time until WPDLR is within the 
approved limit. This practice is adopted in the fixed 
pitch WTGs (stall regulated). In “Clipping WTG 
output” control strategy, the output from all the 
WTGs is proportionally reduced until WPDLR is 
maintained within the approved limit. This control 
scheme is possible in the variable pitch WTGs.  
 
III. PROPOSED METHOD 
 
The study period of one year is divided into 12 
months and each month is further subdivided into 24 
segments, each referring to a particular hourly 
interval. Thus, there are total 288 segments over a 
year and the number of hours associated with each 
segment is numerically equal to the number of days 
in the month under consideration.  

 
Fig.1. Flowchart for the proposed EP based technique. 

To validate the exploit of sensitivity analysis, the 
proposed EP based method is also applied to 69-bus 
allocation test system with under “Clipping WTG 

output” control strategy and considering all the 69 
buses as possible candidate locations to place 2 PVAs 
and 2 WTGs. As the computational time and the 
number of generations taken to converge vary for 
dissimilar methods and also change for dissimilar 
runs of the similar method, all the programs for 
evolutionary algorithms are executed for 10 times and 
the average of the best fitness in each generation is 
calculated. The average convergence characteristics 
of dissimilar evolutionary computation methods are 
plotted. It can be seen that the proposed EP based 
method converges rapidly towards the optimal 
solution. A comparison of dissimilar methods for 
solving the developed formulation in terms of 
best/optimal solution, population size, average 
number of generations and average computational 
time taken for convergence. 
 
The expected energy losses and expected energy 
contributions from sub-station and DG units for the 
two configurations with different control strategies 
and with different values of WPDLR. For the sake of 
comparison, the obtained results for active energy 
loss corresponding to different placement schemes 
are compared with the base case value, and the 
percentage reductions in active energy losses are 
calculated. The energy 
losses reduce with increase in the value of WPDLR. 
Corresponding to WPDLR=0.4, around 40% 
reduction in active energy loss can be achieved. 
However, this reduction in active energy loss varies 
depending upon the number of DG units placed and 
control strategies employed. 

 
Fig. 2.  IEEE 69 bus system 

 
The active energy from WTGs increases with 
increase in the value of WPDLR.  

However, the WTG output under “Clipping WTG 
output” control mode is more in comparison to that 
under “Turning off WTG” control mode. Whenever 
the available wind power exceeds its permissible 
dispatch limit, the two strategies control the wind 
power dispatch in entirely different manners.  
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Corresponding to WPDLR=0.4 and “Turning off 
WTG” control strategy, 1 WTG injects 722.8 MWh 
energy, while 2 WTGs inject 787.4 MWh energy. 
With single WTG employing “Turning off WTG” 
control mode, it is turned off to maintain the value of 
WPDLR within the specified limit and consequently, 
it is unable. On the other hand, corresponding to 
WPDLR=0.4 and “Clipping WTG output” control 
strategy, the total energy generated by WTGs is 
constant and is equal to 830 MWh, as all WTGs are 
operated and the outputs from WTGs are uniformly 
curtailed by adjusting their pitch angle settings in 
both single WTG and multiple WTGs cases to keep 
WPDLR within the imposed limit. Hence, the energy 
generated from WTGs under “Clipping WTG output” 
control strategy is constant regardless of the number 
of WTGs and always higher than that from WTGs 
under “Turning off WTG” control strategy.  
That is why, for a chosen value of WPDLR, 
“Clipping WTG output” control mode enhances the 
system performance in a better manner as compared 
to “Turning off WTG” control mode. 

Table-I 
BASE CASE RESULTS FOR 69-BUS 

DISTRIBUTION SYSTEM 
 

Energy Losses 

  Active(MWH) Reactive (MVARH) 

78.422     489.84 
 
Results: 

 
Fig 3 Power injected into the bus 

 
Fig 4 Voltage profile for the proposed method 

CONCLUSIONS 
 
In this project, an EP based approach has been 
developed and presented for finding the optimal 
locations of PVAs and WTGs in a radial distribution 
system. The active energy loss have been minimized 
considering the constraints on bus voltages, line 
loadings, number of DGs to be placed and dispatched 
wind power. The developed approach has following 
features: 
• The allocation vectors for DGs have been 
represented in two dimensions so as to calculate 
power injections and DG outputs in a simple manner. 
• “Turning off WTG” and “Clipping WTG output” 
control/operation strategies have been simulated to 
keep the dispatched wind power within a specified 
percentage of system load. 
• Using probabilistic techniques, the uncertainties 
associated with load and renewable resources have 
been modeled and the expected values of various 
variables of interest have been calculated. 
    The future scope for this project is to be applied to 
place other renewable energy technologies such as 
run-of-river hydro in the distribution system by 
selecting suitable probability distribution functions 
for respective renewable resources. 
 
Clipping WTG out put: 

 
Turning OFF WTG:   
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Clipping WTG output 2pv,wtg buses:   

 
Turning on WTG output 2pv,wtg buses: 
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