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Abstract—The inclusion of bulk Electric Energy Storages 

(EES) in distribution system offers a number of benefits to 
utilities to improve reliability and efficiency of the network.  
However high investment costs of EES installation should be 
justified for the utilities. Benefits such as system upgrade 
postponement and cost of energy purchased reduction in the 
network as well as reliability and efficiency improvement have 
made utilities persuaded to afford storage investment and 
maintenance costs. In this regard, optimal sizing and siting of 
storages has become the focus of the recent researches to 
provide a tradeoff between investment costs and expected 
benefits from storages. In this context, this paper proposes a 
strategy to optimize the size of EESs in the network while 
minimizing the cost of purchased energy and 
investment/maintenance cost of the storage. A case study is 
presented to evaluate this approach and examine the results. 
 

Index Terms—Electric energy storage, genetic algorithm, 
optimization, renewable energy resources.  
 

I. INTRODUCTION 

ISTRIBUTION system are faced several changes due to 
addition of distributed generation. Conventional 
network with a centralized generation connected to the 

transmission network has upgraded into a network with small 
distributed generators with the ability of connecting directly 
to the load points. Distributed generators such as Renewable 
Energy Resources (RER) addition to the network are 
expected to improve reliability and efficiency of the 
distribution system. On the other hand, such resources have 
stochastic output relating to weather changes. EESs as a 
promising technology can guarantee storing surplus energy of 
such renewable resources in off-peak periods to supply loads 
in peak hours. However, high investment and maintenance 
cost of EESs made customers reluctant to use such devices. 
Research literature proposes utility owned EESs to achieve 
the desired reliability and efficiency in the network with the 
following economic feasibility justifications [1]: 
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1. Direct benefit from storing energy with a low 
price during off-peak periods, and selling the 
energy stored back with a higher price at peak 
load periods. 

2. System upgrades due to annual load growth can 
be postponed and reduced by peak load shaving in 
the network. 

3. Energy losses in distribution network can be 
reduced by proper placement of the storages in 
the network [1]. 

Once the addition of EESs is justified, solutions for 
optimum size and location of the storages are required to 
minimize the costs of energy storages while increasing the 
benefits from these devices. Researches have been conducted 
in the area of optimum sizing and locating of EESs [1-4] and 
optimum charge/discharge scheduling of storage [5-8]. Each 
study has considered solution to find a tradeoff between some 
of the benefits from EES and required investment or other 
network constraints.  

In [2] optimal placement of energy storage was 
investigated to minimize the hourly social cost and effective 
utilization of the transmission capacity for wind power 
integration while satisfying the transmission line constraints 
using genetic algorithm. In [3] a hybrid multi-objective 
particle swarm optimization was proposed to minimize the 
power system cost and improve the system voltage profiles 
by searching location and size of storage units under 
consideration of uncertainties in wind power production. In 
another approach in [4] a methodology was presented to 
determine the optimal size of EES integrated with thermal 
power system using Tabu Search (TS)-based technique for 
solving optimization problem. These analyses include 
economic cost benefit analysis of the installed EES for its 
entire life cycle and distribution network saving to ensure 
system reliability and stability. Finally in [1] a planning 
framework was proposed to find the most cost-effective 
siting and sizing of EES units in order to defer system 
upgrades by means of load management using genetic 
algorithm (GA) and linear-programming solver. On the other 
hand authors in [5-8] proposed various storage optimum 
scheduling strategies to minimize energy costs of the network 
in one hand and reduce the impact of load uncertainty and 
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price spikes on load aggregators in dealing electricity with 
the utility. From the abovementioned citation, it can be 
concluded that many works have been conducted in the area 
of sizing, locating, and scheduling of EESs; however, few 
studies have considered a tradeoff between EES investment 
cost and cost of purchased energy during the life cycle of the 
EES.  

In this context, this paper proposes a strategy to optimize 
sizing and siting of EESs in the network in order to minimize 
the total investment and maintenance cost of EES in one side 
and cost of purchased energy from the utility in the other side 
using genetic algorithm. 

This paper is organized as follows: Section II describes 
the problem formulation and methodology of this approach. 
Section III presents a case study for this approach. And 
finally conclusion is presented in section IV of this paper.  

II. PROBLEM FORMULATION AND METHODOLOGY 

The purpose of utilizing EES in the distribution network 
is to shave peak load and postpone the system upgrades due 
to load growth to later time. On the other hand EES can 
reduce cost of purchased energy from utility by storing low 
price electricity in off-peak periods and dispatching during 
peak load periods or peak price time to the network. The 
purpose of this study is to investigate the optimum size and 
location of storage in the network in order to minimize the 
investment and maintenance cost of storage while 
maximizing the total financial benefit from storage as an 
alternative supply in the network. In this strategy EES charge 
and discharge as a function of EES rated capacity inversely 
affect total cost of purchased energy. It means that more EES 
rated capacity leads to spend less cost for purchasing 
electricity from utility. On the other hand, more EES capacity 
needs more investment and maintenance cost for storage.  

In this work genetic algorithm is used to find optimum 
solution for EES size and location that minimizes both 
operation and investment/maintenance costs. The reason for 
using GA is that the output of this optimization method is 
improved by increasing the number of iteration. Moreover by 
adding some settings to this method it is possible to avoid 
local minimum point in using this strategy. Hence GA is 
suitable for large number of variables and complex 
constraints.   

 
 Fig. 1.  Five-bus network 

 
Suppose that the distribution network of Fig.1 is a five 

bus distribution system. The aim is to find out that addition 
of EES to which bus and with what size will be the optimum 
solution to minimize both cost of purchased energy from 
utility and investment/maintenance cost of the storages. The 
electricity supplier is responsible for the installation and 

maintenance of EESs. It is assumed that some of the 
residential customers in the network own Photovoltaic (PV) 
units in their places. In this paper historical data of load and 
PV is used to find a series of data representing a typical year 
data. Backward reduction technique proposed in [9] is used to 
find arbitrary non-overlapping clusters which represent 
multiple states model for PV and load. As load and sun 
radiation data have some correlation to each other since both 
are related to the time of the day, season, and weather 
conditions, in this paper load data and PV output clusters can 
be an accurate representative for calculations. The backward 
scenario reduction in brief can be summarized as follows[10]. 
More details can be found in [9-11] 

1. Obtain historical hourly load and PV data that 
form the main scenario. The data of each hour is 
considered as a vector. The probability of each 
scenario should be obtained for annual 
calculation at the end. 

2. Compute Kantrovich distance matrix[11] of 
scenarios. 

3.  Find the scenarios with the smallest distance to 
scenario n. 

4. Delete the scenario with smaller probability. 
5. The probability of remaining scenario is sum of 

scenarios probability. 
6. Repeat the above steps until the required scenario 

number is achieved. 
Then the load and PV states are divided into two 

categories of: 

1) Load demand greater than PV generation or high 
price of electricity that are assumed as the 
discharging state for EES. 

2) Load demand less than PV generation or low 
price of electricity that is counted as charging 
state for EES. 

Considering the abovementioned states with the 
probability of each state, the objective of a sub problem 
optimization is to minimize total cost of purchased energy 
from utility. This can be achieved by managing charge and 
discharge of EES during all states considering electricity 
price at each state. The objective function can be defined as 
follow: 

Pr PreC U U
i i i i i i

i ch i di
ρ ρ= × × + × × 

∈ ∈ (1) 

where; 

Ce: Total cost of purchased energy 

di: Discharging states 

ch: Charging states 

Pri: Electricity price at period i ($/kWh) 

p: Probability of state i 

i: State index 

U: Total purchased electricity from utility (kWh) 

For charging periods: 
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iiii chPVLU +−=  (2) 

 
For discharging periods: 

ηdiPVLU iiii ×−−=  (3) 

 
Subject to the following constraints: 

maxSOC
i

SOCminSOC ≤≤  (4) 

maxch
i

ch0 ≤≤  (5) 

maxdis
i

dis0 ≤≤  (6) 

From (1), (2), and (3) it is obvious that in order to 
minimize total cost of purchased energy in the network, 
discharge during peak price periods and charge during off-
peak price should be increased and vice versa. The result of 
this sub problem optimization depends on the price of 
electricity and charging or discharging amount at each period 
i.  On the other hand, investment cost and maintenance costs 
of EES can be expressed as following: 

( )tC Rc MC IC= × +  (7) 

where; 

Ct: Cost of investment/maintenance of EES ($) 

Rc: Rated capacity of EES (kWh) 

MC: Maintenance cost of EES ($/kWh) 

IC: Investment cost of EES ($/kWh) 

In order to find a tradeoff between EES investment cost 
and cost of purchased energy, genetic algorithm is used in 
this paper. The objective function for this problem can be 
defined as follow: 

e tF C C

Rc (MC IC) ( ρ U Pr ρ U Pr ) Lf 8760
i i i i i i

i ch i di

= + =
× + + × × + × × × × 

∈ ∈
(8) 

 
subject to the constraints in (4) to (6). Lf represents lifetime 
of EES. 

As (8) shows, the cost of purchased energy has been 
calculated for total life cycle of EES in this paper. Load 
growth and interest rate have not been considered in these 
calculations. However; in future works it will be considered. 
By minimizing this function a tradeoff between investment 
cost for EES and total cost of purchased energy that can 
compensate investment costs partly is achieved.  

The main part of this methodology is the chromosome 
encoding for genetic algorithm. In the proposed method in 
this paper, each chromosome consists of unit intervals that 
represent the size of EESs at each segment. The number of 
variables in each chromosome represents the EES capacity in 
a segment. The solution chromosome will present the size of 
storage in each segment and zero for each gene shows that no 
EES is required for the relevant segment. The location 

candidature of the storage is considered at the start of each 
feeder after the entry circuit breaker. This location 
consideration is to avoid any line current capacity deviation 
in the network.    

The process of proposed optimization is shown in Fig.2. 
As the figure shows, first load, PV generation and price data 
are clustered to some charging and discharging scenario 
cases. Then GA operators perform the mutation and 
crossover and objective function is evaluated for the 
generated populations. The best populations are kept and 
finally after the defined number of iterations, the optimum 
solution is obtained.  

 
 

Fig. 2.  Flowchart of proposed strategy 

III. CASE STUDY 

The proposed method is applied to the network of Fig.3.  
This network is divided into 5 parts and one EES is 
considered for each part at the entry of the segment. Each 
part starts with a circuit breaker. The load and PV data used 
in this application are actual annual data collected on hourly 
basis from Australian Climate Data Bank (ACDB) and data 
base of south east Queensland distribution network, 
Australia. It is assumed that each residential customer has a 
PV of 3 kW rating in their place. These data of load demand 
and PVs for a typical year is clustered into 10 non-
overlapping clusters with the assigned probability of 
happening in a year.  

 
Fig. 3.  Distribution system for case study 
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The centroids of the clusters for this work are shown in 
Table I. As the table shows, in four cases load demand is 
more than PV generation or price of electricity is high so 
those cases are considered as discharging periods. The other 
six cases are counted as charging periods where the load 
demand is less than PV generation or the price of electricity 
is low. Such charging and discharging period’s categorization 
makes the storage supplier able to make decision in each real 
scenario to minimize costs of energy purchasing. The 
optimization is performed based on this charge and discharge 
categories. In this way the cost of energy to be purchased 
form utility will be minimized.  

Table II provides the information of lead acid battery 
which is used in this work. Total investment and maintenance 
cost for EES lead acid type in this paper is considered 724 
dollar per kWh as a rough amount for investment, 
maintenance, and power electronic devices that is converted 
from USD to AUD from table II [12].  

Table III presents the average load and maximum PV 
generation of each segment. The life cycle of storages is 
considered equal to 5 years. Table IV shows the proposed 
genetic algorithm parameters that are used in this strategy. 
The stopping criterion of GA in this work is number of 
iterations which is 50. The number of populations is 100 in 
this paper. After running the GA, the optimal storage sizes 
are obtained for this case study as shown in Table V. The 
hours of storage is considered equal to 5 hours in this case 
study. Total cost of investment and purchased energy is 
$772,540 by using this strategy for 5 typical years.     

  
TABLE I: CLUSTERS CENTROIDS (PER UNIT) 

 
 

TABLE II: LEAD ACID STORAGE VALUES[12] 

 
 
 
 

TABLE III: AVERAGE LOAD AND MAX PV GENERATION 

 
 

TABLE IV: GA PARAMETERS 

 
 

TABLE V: MAX ENERGY STORAGE LEVEL (KWH)  

 
 

IV. CONCLUSION 

In this paper, a new strategy for sizing and siting of EES in 
distribution system is proposed to minimize the total cost of 
storage investment in addition to total cost of purchased 
energy from utility. Genetic algorithm is used for this 
purpose and an objective function is defined as investment/ 
maintenance cost and cost of energy purchase as a function of 
EES rated capacity. Result of case study shows that the 
proposed strategy has a significant impact on reducing total 
costs including operation, maintenance, and investment.  The 
proposed strategy can be used by load aggregators/retailers to 
provide optimal storage facilities for their network to achieve 
financial benefit in trading electricity between customers and 
utility.   
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