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ABSTRACT 
Recent restructuring developments in the power system, 
increasing energy consumption and also electric energy 
storage capability to providing electricity during peak 
time & the network upstream outages, result in appearing 
the use of electricity energy storage in distribution 
systems. The electrical energy storage source (ESS) like 
battery and Electric vehicles is a good option in countries 
that load curve changes during a day. ESS unit due to its 
structure can be used for Peak shaving and also improve 
load point reliability indices. In this paper, the optimum 
placement and size of ESS in electricity distribution 
networks are determined through using an optimization 
method. All proposed procedures are programmed in 
DIgSILENT Power Factory software using DPL .The 
Simulation results demonstrate the considerable 
reliability improvement and loss reduction with a fast 
convergence. 

INTRODUCTION 
hese days, political and economic crises and issues 
like limited fossil resources, environmental concerns, 

crowd, economic growth and consumption increase 
occupied the think of scientists in finding appropriate 
solutions to solve the problems of energy supply in the 
world [1]. Renewable energy resources such as water, 
wind and sun can have an important role in reducing 
dependence on fossil fuels. Also more electricity energy 
production is made essential because of increasing energy 
consumption. On the other hand, necessary tools for 
energy production are faced with many problems and 
international treaties aimed at reducing pollution levels, 
are increased day by day and also increase in global 
temperature caused moving to limit carbon dioxide 
emissions. In reference [3] it is referred to the difference 
between the distribution companies that have used fossil 
fuels and energy storage devices to supply the electrical 
energy. Energy storage systems are growing with aim of 
providing energy at peak times or during emergency 
outages. Among the advanced technologies related to 
energy storage source, battery, super capacitors, 
superconducting flywheel and pumped storage can be 
pointed. In some of these technologies, it is necessary to 
convert the electrical energy from DC to AC and inverse 
through a converter (inverter), which is included 35% -
50% of the cost of storage [3]. In [4] beside the battery 
storage system model parameters such as capacity, charge 
and discharge rates, optimized functions to save money in 

supply and demand management have been mentioned. 
In this paper, after introducing of energy storage source 
and basics of computational reliability, it will be discuss 
about the genetic algorithm and method of its application 
to optimal placement of energy storage source in order to 
most effect on distribution network reliability. The 
proposed methodology is successfully applied to a test 
network and a real distribution network. All process of 
this algorithm has been programmed in DIgSILENT 
power factory using DPL. Simulation results prove that 
proposed idea is effective and practical for real networks 
with numerous objects. 

RELIABILITY ASSESSMENT OF DISTRIBUTION 
NETWORKS 
In the past decades, reliability assessment of distribution 
systems compared with generation and transmission 
systems has been attracted much less attention. The main 
reason for this issue is the cost of production systems, 
widespread consequences of deficiency in the generation. 
Unlike generation, distribution system is cheaper and 
outages will have more local effects. Consumers’ outage 
data analysis of many networks shows that distribution 
system has greatest share in power supply failure. One 
of the main reliability variables is average load of each 
point (La) that is defined as follows: 

퐿 = 퐿 × 푓 (1) 

where Lp is load demand peak and f is the load factor. On 
this basis, energy not supplied index or ENS is defined as 
follows: 

퐸푁푆 = ∑퐿 푈  (2) 

where Ui is consumers’ interruption duration of load 
point (i). The other indices in distributed systems are 
System Average Interruption Frequency Index (SAIFI) 
and System Average Interruption Duration Index 
(SAIDI). These indices are defined as follows: 

푆퐴퐼퐹퐼 =
∑
∑ 	( . 		)			 (3) 

푆퐴퐼퐷퐼 =
∑ 		
∑ 	( 	)  (4) 

where i is failure rate and Ni is the number of customers 
connected to  load point (i) and n is the total number of 
load points. 

T
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INTRODUCTION OF ENERGY STORAGE 
SOURCE (ESS) 
With respect to disadvantage of electricity energy to 
impossibility store it on a large scale, the idea for energy 
storage was created. This matter became more necessary 
after development of solar and winds power plants as the 
wind and solar energy that stores and injects it in demand 
time. Generally, battery, super capacitors, pumped 
storage and superconducting flywheel can be referred as 
related technologies of these units. Batteries divide into 
two general categories: primary (non-rechargeable) and 
secondary (rechargeable). The batteries are one of the 
most available and low cost technologies that their energy 
is stored in electrochemical form. The batteries are 
available in various sizes from 100 kW and more and the 
efficiency is between 60 to 90% [5]. Compressed air is 
one of the other technologies of storage in large scale that 
connects to gas power plants 10-15 minutes earlier and 
improves the added load voltage and frequency [6]. 
Hydrogen storage systems are considered as growing and 
modern technologies [7]. In [8] it is discussed about the 
electric vehicles and charging scenarios. Vehicle charging 
is done in two ways: coordinated and uncoordinated. 
Coordinated charging is done at certain times but in case 
of no plans for charging, discharging the vehicle is done 
in uncoordinated form that is adverse effect on network. 
More complete description of the batteries and their 
advantages and disadvantages, such as types of battery 
storage, efficiency, storage temperature, comparison of 
their discharge percentage than each other and the cost 
per kilowatt of energy stored has been mentioned in [9]. 
In the superconducting coil technology, electric energy is 
stored in the magnetic field caused by the coil DC current 
with very low resistance without significant energy loss. 

The ESS effect on the network 
According to the structure of ESS, its positive effects on 
the network are peak response management, increasing 
reliability, improve the voltage profile, improving power 
quality, reducing losses and releasing the capacity of 
transmission and distribution lines. 

OBJECTIVE FUNCTION OF PROBLEM 
Since, and amount and duration of not supplied energy 
loss reduction and also loss reduction is very important 
for distribution companies, in this paper ENS, 
SIAFI,SAIDI and loss reduction are considered in the 
objective function as follow: 

푂퐹 = 푊 × 퐸푁푆 +푊 × 푆퐴퐼퐷퐼 (5) 
										+푊 × 푆퐴퐼퐹퐼 + 푊 × 퐿표푠푠푅푒푑푢푐푡푖표푛 
 
where WENS ,WSAIDI , WSAIFI and WLR are greater than 
zero and they are determined based on the degree of 
importance of each considered parameter. Note that 
installing ESS has no effect on number of outages (SAIFI) 
as it will be seen in results. 

Constraints of objective function 
Like any other optimization algorithms, set of constraints 
for (5) is considered as below: 
		푉 ≤ 푉 ≤ 푉  (6)  
		퐼 < 퐼 ,  (7)  
		푆 < 푠 ,  (8)  
		∑ 푆 < 푆 ,  (9) 

where Vi is the terminal (i) voltage, 푉  and 푉  are the 
allowed voltage for each terminal (1± 5%), 퐼  is the current of line 
(i), Sg,max is the maximum capacity of the ESS (g), Spen,max 
is the maximum allowed capacity of  ESS in the network. 

ENERGY STORAGE SOURCE PLACEMENT 
Using energy storage source should be in such a way that 
when the network load is less than a certain limit, storage 
system could be charged and when the network load is 
more than a certain limit, storage system could be 
discharged. So that, it meets peak load supply and helps 
to flatten the load curve system. According to this fact 
that the charging and discharging time of storage are 
initially specified, energy storage system can easily be 
calculated from the following equation: 
퐸 = 푃 × 퐷                                                      (10) 
where P  is storage system power and D  is the 
nominal discharge time at its maximum power. 
For optimum location of these sources, optimization 
algorithms are used due to the nonlinear nature of the 
problem, multi-functions and extensive search space for 
simulation the real network. In this paper, genetic 
algorithm has been implemented to determine the 
optimum location of the storage units. 
Review on Genetic Algorithm 
Genetic algorithm, ant colony, and cuckoo optimization 
algorithms can be referred as tools to optimize multi-
objective functions. In this paper, genetic algorithm is 
used because of its performance and simplicity. 
Generally, genetic algorithms have modelled the 
evolution of reproductive organisms, including a 
population of chromosomes, so that each chromosome 
represents a point in the search space and a possible 
solution to the problem. Each chromosome is composed 
of fixed number of genes (variables) and usually, binary 
encoding is used to use them. Since, genes represents 
parts of the answer such as location, type and size of the 
n-th ESS in network, they must be changed similar to the 
evolution of organisms, affected by the operation of this 
algorithm consists of cross over and mutation, whereupon 
form a new population with the same previous number of 
chromosomes. The best chromosomes or in the other 
hand best answers for  optimization problem are directly 
transmitted to the next generation and some of them are 
selected by selection operators such as roulette wheel 
during an elitist process for cross over and mutation and 
complete  new population. 
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Equivalent solution by chromosome 
In the placement of energy storage source problems by 
genetic algorithm, one of the most important things is 
chromosome encoding method. In this paper, 
chromosomes with equivalent location and size of ESS 
are used to allocate each proposed solution of the 
problem. So that, its first part is binary equivalent of ESS 
location and its second part is a multiple of 0.3MW that 
determine capacity. In the cases that more ESS is sitting, 
the first part is related to binary equivalent of ESS 
locations and the second part is related to their capacity. 
A schematic of the allocation of a chromosome to ESS 
location and capacity is shown in Figure 1.  
 

 
Figure 1:  Allocating way of chromosome for ESS placement 

SIMULATION OF  PROPOSED ALGORITHM 
As previously noted, the proposed electrical energy 
storage placement method has been studied for two 
distribution network, IEEE test network and real network 
of Feizabad feeder no.7 related to the area between 
Feizabad to Dehshir of Yazd province. The results of the 
simulations, which will be given in the following, include 
the effectiveness and efficiency of the proposed method 
for ESS placement with the approach of improving 
network reliability and loss reduction especially in the 
real network. 

IEEE 33-bus network  
The first study case is an IEEE 33-bus network that is 
presented to verify the proposed algorithm and prove its 
performance to modify the network reliability. The 
information of this test network is given in Table 1. As 
can be seen, the studied network is a 3.8 MW feeder with 

the length of 82 km and totally 33 main buses that its 
related single line diagram is given in Figure 2. Also, 6 
maneuver points are considered in this network as 3 of 
them are equipped with a protection system. The 
information related to reliability computations of this 
sample network is given in Table 2.  
 

Table 1: Characteristics of Test Network 

Characteristic Value 
Total Active Load (MW) 3.81 

Total Reactive Load (MVar) 2.42 
Active Line Losses (kw) 97 

Reactive Line Losses (kVar) 55 
Number of Lines 32 

Number of Terminals 33 
Number of Transformer 32 

Conductor Type Dog 
Network Length (km) 82 

 
Table 2: Assumed reliability parameters for test network 

Failure rate 
(λ: 1/km) 

Repair Time 
(TTR: minute) ENS SAIFI SAIDI 

0.4 90 51.9 10.08 15.12 
 

Table 3: Assumed battery specifications for simulation 

Battery 
Type 

Max. 
Size Description 

Lead 
acid 

10MW / 
40MWh 

Efficiency= 72-78% 
Cost=50-150  

Number of charges & 
discharges= 1000-2000 

 
 

Figure 2: Single line diagram of IEEE 33-bus distribution Network (Shaded circles represent maneuver points) 
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Table 4: Simulation results for IEEE 33-bus test network 

Parameter Before 
ESS 

After 
1ESS 

After 
2 ESS 

After 
3 ESS 

Optimum 
Places  ---- Terminal 

17 
Terminal 
16 & 30 

Terminal 
17,22 &33 

SAIFI 10.08 10.08 10.08 10.08 
SAIDI 15.12 12.6 12.21 12.17 
ENS 51.9 46.1 44.03 43.65 
ENS 

Reduction  ---- %11 %15 %16 
SAIDI 

Reduction  ---- %16 %19 %19 
 
According to the other studies, in order to maintain 
system stability ESS penetration rate is usually 
considered as much as 30% of the total network. This 
rule helps to prevent unwanted contingency and easier 
network outages detections. Thus, in carried out 
simulations installed capacity is assumed 1.2 MW for this 
total test network. In this section, several scenarios are 
considered respectively including optimum placement of 
one ESS unit, two ESS units, and three ESS units. Results 
of simulation are given in Table 4. As we see, with the 
addition of an energy storage resource, 16% reduction in 
SAIDI index and 11% reduction in ENS index are 
occurred. More attention to these results suggest that with 
increasing ESS, reliability index changes is not linear as 
expected; so that, in the third scenario, compared to the 
first scenario, after increasing two other storage unit to 
the network, we could reduce ENS about 5 additional 
percent (equivalent to 16%) and 3% of SAIDI (equivalent 
to 19%). Figures 3 and 4 respectively show the nonlinear 
effect of increasing the number of ESS on reducing the 
network SAIDI index which indicates the above contents. 
 

 
Figure 3: Procedure of ESS penetration effect on SAIDI index 

 

 
Figure 4: Procedure of ESS penetration effect on ENS index 

Real network 
In this section of paper, like the conducted study on the 
IEEE test network, in this section in order to verify the 
effectiveness of the proposed method we seek to perform 
optimum placement of ESS on the real distribution 
network as it shown in Figure 5. Electrical information 
about this real network related to feeder 7 of Feizabad 
MV substation (supplied area between Feizabad and 
Dehshir of Yazd Province) and the other information 
related to Reliability calculations is given in Table 5 and 
6 respectively. 
Similar to the previous section, three scenarios, including 
the optimal placement of one ESS, two ESS and three 
ESS are considered and the maximum percentage of the 
units are assumed 30% in each state as the same as 
previous. The objective function coefficients are WENS=1, 
WSAIFI = 1.5, WLR=1 and the parameters of the genetic 
algorithm are set in the number of repetitions of 600, the 
number of chromosomes 60, cross over rate of 0.7 and 
mutation rate 0.09. The results of the simulation are given 
in Table 7.  
As can be seen in the following table, with placing one 
storage source in the distribution network, ENS index had 
28% reduction compared to the normal state. However, 
after adding three additional storage (totally 4 units), the 
ENS decreased approximately 11% more (equivalent to 
39%). Also, SAIDI index had significant changes; so that 
by connecting the first storage source to the network, this 
index had 31% reduction and in the later stages it had 
40% and 44% reduction, respectively which is less 
effective than the first state. 
 

Table 5: Characteristics of Real network of F.7 Feizabad 

Characteristic Value 
Total Active Load (MW) 4.68 

Total Reactive Load (MVar) 3.12 
Active Line Losses (kw) 196 

Reactive Line Losses (kvar) 202 

Number of Lines 144 
Number of Terminals 221 

Number of Transformer 77 

Conductor Type Hyena, Dog, 
Mink, Fox 

Network Length (km) 109 
 
 

Table 6: Assumed reliability parameters for test network 
And number of main protection and manoeuvre equipment 
Failure rate 
(λ: 1/km) 

Repair Time 
(TTR: minute) 

Number of 
Disconnectors 

Number of 
Cut-outs 

0.45 78 5 8 
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Figure 5: Single line diagram of Real distribution Network of F7 Feizabad (Shaded circles represent protection & manoeuvre points) 

 
Table 7: Simulation results of ESS placement for real network 

Parameter Before 
ESS 

After 
installation  

1 ESS 

After 
installation 

2 ESS 

After 
installation 

4 ESS 

Optimal bus ----- 223 124 , 198 122,144, 
193, 198 

SAIFI 
(1/Cyear) 13.72 13.72 13.72 13.72 

SAIDI 
(h/Cyear) 17.83 12.15 10.06 10.01 

ENS 
(MWh/year) 76.78 54.91 50.4 47.06 

Energy loss 
(kW) 196 123 103 99 

 
To evaluate implemented optimization algorithm for ESS 
placement, an example for convergence procedure of 
Objective function related to 33-bus IEEE test network is 
illustrated in Fig. 6.  

 
Figure 6: Convergence procedure of objective function 

for 33-bus IEEE test Network  

CONCLUSION 
Since the purpose of this paper is the optimal placement 
the energy storage sources in distribution networks with 
the approach of improving the reliability and losses of  
network, an objective function was defined including 
SAIDI, SAIFI, ENS and energy loss. Then, genetic 
optimization algorithm is implemented by means of DPL 
and DIgSILENT software to solve the nonlinear multi-
objective problem. Then, two real and IEEE 33-bus test 
network related to the feeder 7 Feizabad Yazd Province 

were simulated to investigate this claim. Three scenarios 
include the installation of one unit, two units and four 
units of energy storage source were calculated for each of 
the above networks. The results indicated a significant 
effect of these sources in improving the network 
reliability and loss reduction  . It should be noted that the 
effectiveness of the reliability improvement are reduced 
by increasing the number of sources. In other words, for 
installation of two units and more, the effects on reducing 
the mentioned indices   decrease. 
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