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ABSTRACT

The determination of both the connection topology and capacity sizing of the battery energy storage system (BESS) in a microgrid is crucial when considering 
energy bills and reliability indicators, as the usage type of the BESS affects investment and energy costs. In this study, the performances of individual and shared 
BESSs are compared across different price tariffs in a multi-microgrid structure designed using historical real data and existing prosumer solar homes. To illus-
trate the effects of the integrated BESS and grid outages on the cost of energy and net present cost (NPC), a BESS is first integrated into the selected solar home 
as a sample. The calculations are then made assuming an outage in the grid connected to the selected home with the integrated BESS. In the proposed system 
topology, which utilizes five selected solar homes with a shared BESS, the NPCs were found to be 51%, 28%, and 37% lower compared to individual systems for 
real-time pricing (RTP), flat price tariff (FPT), and time-of-use pricing (ToU), respectively. Furthermore, in modeling these grid interruptions, which are a real-life 
condition, system reliability indices such as system average interruption duration index and system average interruption frequency index were considered in 
the system sizing and cost optimization. When these indices were taken into account, similar reductions were observed compared to the individual system: 9% 
in RTP, 26% in FPT, and 61% in ToU, respectively.

Index Terms—Battery energy storage, cost of energy, microgrid topology, net present cost

I. INTRODUCTION
The usage of renewable energies, which is beginning to replace the 
use of conventional sources, is becoming more common. However, 
the uncertainty of renewable energy sources (RESs) causes a 
decrease in the reliability of energy supply. For this reason, energy 
systems should be designed considering these uncertainties to 
ensure uninterrupted energy. Hybrid energy systems (HES), which 
have been extensively studied recently, have emerged as a good 
method to ensure energy continuity [1]. Hybrid RES-based microgrid 
systems provide a suitable arrangement to solve the reliability and 
cost relationship issue [2]. The design of HES is important to ensure 
the use of renewable energies and continuous energy supply. The 
continuity of energy has become increasingly significant for distribu-
tion companies as well. Consequently, the most well-known reliabil-
ity indices, system average interruption duration index (SAIDI) and 
customer average interruption duration index (CAIDI), have com-
monly been defined by energy providers as interruption measure-
ment methods in recent years [3]. Optimal hybrid renewable energy 

systems (HRES), which are reliable and cost-effective, are designed 
through the accurate sizing of each component [4]. The design of a 
HES is more complex than a single-source energy system due to the 
stochastic load demand and renewable energy variables and param-
eters in optimal design [5]. An optimal sizing method could help to 
reduce complexity and achieve minimum capital costs through the 
use of all system equipment. Currently, several commercial software, 
such as hybrid optimization model for multiple energy resources 
(HOMER Pro), renewable energy and energy efficiency technology 
screen (RETScreen), PVSyst software, Hybrid2, iHOGA software, and 
transient system simulation tool (TRNSYS), are among the most com-
mon in the literature for designing, sizing, and optimizing renewable 
energies, focusing on technical and economic evaluation [6]. HOMER 
Pro among these design software stands out because it fulfills the 
requirements for three basic system design tasks: simulation, optimi-
zation, and design, as well as various analyses [7-11]. As mentioned 
in [12], the use of a battery energy storage system (BESS) can ensure 
resilience and optimize microgrids.
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BESS integration offers numerous benefits for stakeholders in the 
distribution system. These benefits can be categorized into two 
groups. The first group, which focuses on the electricity grid opera-
tor, improves the stability, sustainability, and reliability of RESs in 
power systems. The second group, which addresses the end user’s 
perspective, reduces electricity costs and the number of interrup-
tions by storing energy during periods of excess renewable gen-
eration and cheaper electricity for later usage when renewable 
generation is scarce and electricity prices are higher. Another key 
application that emerges in system design is the use of equipment 
sharing to reduce energy costs and investment expenses. It can be 
predicted that the benefits of integrating BESS into microgrids will 
also be advantageous in energy-sharing systems [13]. In this respect, 
the idea of energy sharing among microgrids has gained promi-
nence, and with advancements in technology, the sharing of BESSs 
has been extensively investigated in recent studies [14, 15-18].

The emergence of the concept of energy exchange or energy shar-
ing in microgrids has brought the focus to the optimal sizing of BESS 
for integration into HRES. As the prices of BESSs decrease, their 
usage has become more widespread. Beyond their conventional 
use during grid power outages, BESSs are now utilized for island-
ing, grid balancing, peak shaving, and behind-the-meter energy 
market participation. These use cases can be briefly summarized 
as follows:

Islanding: BESS is utilized in rural areas alongside RESs [19].

Grid balancing: Maintains grid balance, reducing distribution grid 
investment needs [20].

Peak shaving: Reduces grid usage during peak hours by charging 
BESS when energy is cheap and using it later [21].

Behind-the-meter market: BESS stores excess photovoltaic (PV) 
energy for use when renewable generation is unavailable, like in the 
evening [22].

Fig. 1 shows energy flow in a solar prosumer with BESS.

The power electronics topologies for the BESS integrated with the 
PV system differ from those of traditional grid-connected BESSs due 
to the variety of PV system connection types. This study focuses on 
the use of low-power batteries, as those suitable for solar homes are 
considered.

Fig. 2 depicts the two most commonly used connection schemes for 
batteries in residential rooftop PV systems.

The battery pack is connected to the AC system via a DC/DC and 
DC/AC converter. Thanks to its high flexibility, the topology shown 
in Fig. 2a can be easily integrated with an existing PV system. The 
BESS is connected between a DC/DC converter, which includes the 
PV system’s maximum power point tracker (MPPT), and the DC/
AC inverter, as depicted in Fig. 2b. This connection type does not 
require a separate DC/AC converter for the battery system, mak-
ing it more advantageous in terms of DC/AC efficiency. However, it 
has limitations when it comes to integrating with an existing sys-
tem [25].

This study aims to provide uninterrupted energy, lower the cost of 
energy supply and investments, and offer cost-effective options. The 
focus is on determining the optimal sizing of the BESS to be used in 
the solar-based hybrid microgrid (SBH-MG).

This study utilizes real-world data on load profiles and solar gen-
eration to design and analyze an optimal SBH-MG. It is the first to 
employ both HOMER software and real reliability indices, offering 
a unique contribution by modeling existing solar home systems 
with a shared BESS using actual data. By incorporating power out-
age parameters from real-world conditions, this paper introduces 
a novel approach to researchers, modeling multiple solar homes 
shared through HOMER. The study explores the benefits of shared 
BESSs in reducing grid energy consumption, a topic that has received 
limited attention. It analyzes the technical and economic aspects of 
a microgrid’s BESS, focusing on energy supply quality metrics such as 
SAIDI and system average interruption frequency index (SAIFI), con-
tributing to a gap in the existing literature. Furthermore, the study 
presents an innovative multi-microgrid design with a shared BESS, 
examining energy costs and investment parameters. It explores 
potential system topologies in the electricity market under various 
pricing scenarios, providing researchers with a new perspective on 
this innovative approach.

II. METHODOLOGY
HOMER is utilized in this study as it fulfills the required tasks for 
three basic system design processes: simulation, optimization, and 
analysis.

A. HOMER Pro Software
HOMER software is a commercial computer program used to deter-
mine the specifications, planning, and sizing of system components, 
as well as their suitable capital costs, through technical and financial 
evaluation [26]. The flow chart in Fig. 3 illustrates how HOMER soft-
ware determines the optimal dimensions and conducts an economic 
and technical analysis of renewable energy system equipment, utiliz-
ing the input data required for simulation.

Main Points

• This study integrates HOMER software with real world reli-
ability indices to model and optimize shared battery energy 
storage for solar home microgrids, using actual load and 
solar generation profiles.

• This study examines the benefits of shared battery energy 
storage systems in reducing energy use and improving grid 
reliability, as measured by SAIDI and SAIFI. The study also 
looks at energy costs, investment factors, and system perfor-
mance under different electricity pricing.

• The research examines new configurations for multi-
microgrids using a shared battery energy storage system 
topology. It contributes to the existing literature and sug-
gests new ideas for microgrid applications.
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B. Pecan Street Data
Dataport is an online research database of residential energy data 
owned and operated by Pecan Street Inc., a nonprofit energy 
research institute headquartered at The University of Texas at Austin 
[28]. A view of the homes on Pecan Street is given in Fig. 4.

The electricity and consumption data of the solar home located on 
Pecan Street are used for the design and analysis to be carried out 
in this study. This study examines the annual power generation and 
consumption data from five solar homes located close to each other 
in Austin, Texas, in 2018.

The selected homes are in close proximity to each other, resulting in 
short electrical lines and low losses, allowing for the assumption of 
negligible line losses in this study [29-31].

The prosumer solar homes in Austin, Texas, are named A, B, C, D, 
and E. These homes are selected from the same geographical area, 

ensuring similar meteorological conditions. The characteristics of 
these homes make the feasibility of individual and shared BESSs pos-
sible. To achieve this, it is assumed that the houses are located in the 
same neighborhood.

The paper uses 15-minute interval data from 2018 for PV genera-
tion and demand load for five solar homes in the Austin region. Each 
simulation covered a 1-year period with 15-minute intervals. Load 
and PV generation profiles are shown in Fig. 5.

Fig. 1. Power flow schematic (adapted from [23]).

Fig. 2. Scheme of the connection topologies of the BESS a) 
AC-coupling of battery system, b) DC-coupling of battery system 
(adapted from [24]).

Fig. 3. The flowchart of HOMER optimization (adapted from [27]).

Fig. 4. The homes at Pecan Street are equipped with rooftop PV [28].
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The HOMER system is designed to study the architecture with one 
BESS installed in each home, as shown in Fig. 6.

III. MATHEMATICAL FORMULATION
A. Equipment Characteristics
The characteristics of each piece of equipment, modeled in HOMER, 
determine the sizing and effective operation of the equipment in 
the SBH-MG. The characteristics of the SBH-MG equipment are 
described below.

1) Photovoltaic System
In this study, since real PV generation data is available, PV power 
is modeled as a generated power source in the optimization, using 
measured generation data from existing PV panels rather than calcu-
lating from irradiation.

2) Battery Energy Storage System
BESS stores surplus energy, providing power during outages and 
charging when PV generation exceeds demand, enhancing grid effi-
ciency. The energy stored in the Er is obtained by (1) [33].

 E t Ch tr bat ch� � � � �. ��  (1)

If the load requires more energy than the PV generation system can 
provide, the amount of energy released from the BESS at hour t is 
obtained using (2).

 Dis t
E t

bat
r

dis
� � � � �

�
�  (2)

where � �ηch  and ηdis �  are battery charge and discharge efficiency, 
respectively. The electrical energy accumulated in energy storage 
units is calculated by (3) [34].

 E t E t Ch t Dis tacc acc bat bat� � � �� � � � � � � �1  (3)

where Eacc(t) is accumulated electrical energy in the storage unit 
(Wh), Chbat(t) and Disbat(t) are battery charge and discharge energy, 
respectively. The number of batteries in the BESS is calculated by (4). 
The result is rounded up to the upper integer [35]

 N
E
I V DODbat

batt max d

bat bat
� � �.

. .

�
, (4)

where Ebatt(max) is the maximum electric energy accumulated in the 
storage system (Wh), Ʌd is the number of days, Ibat is the battery nom-
inal capacity (Ah), Vbat is the battery bank voltage (V), and DOD is the 
depth of discharge (%) [33].

3) Power Converter
Converters are essential for converting PV-generated DC to AC (inver-
sion) and vice versa (rectification) to supply AC loads. The power of 
converters is modeled as:

 P Pinv out inv DC, .� �  (5)

 P Prec out rec AC, .� �  (6)

where Pinv,out and Prec,out are the power output of the inverter and 
rectifier (kW), respectively. ηinv and ηrec are the inverter and rectifier 
efficiency (%), respectively. PAC is the AC power input, and PDC is the 
DC power input [36].

The specification of components used in the study are given in 
Table I, and their costs are given in Table II.

B. System Economics
The two principal economic elements, which are the total net 
present cost (NPC) and the levelized cost of energy (CoE), are related 
to the total annualized cost of the system [40]. HOMER aims to opti-
mize the NPC and CoE.

1) Levelized Cost of Energy (CoE)
HOMER defines the CoE as the average cost per kWh of electrical 
energy for the SBH-MG. The CoE, which is the cost per kWh of the 
SBH-MG during a specified period of time, is obtained by (7) [41].

Fig. 5. Load and PV generation profiles for solar homes (01.01.2018–31.12.2018).

Fig. 6. HOMER Pro architecture for a sample house (adapted from 
[32])
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 CoE C
E E

A

P S
�

�
� �$ kWh/  (7)

where CA is the total annual cost in ($/yr), EP is the amount of load 
that the system serves yearly (kWh/yr), and ES is the amount of 
energy sold to the grid annually (kWh/yr). HOMER simulates all pos-
sible system configurations by changing the size of each system’s 
equipment by means of a specified step within the defined search 
space. Among the system equipment sizings obtained from the simu-
lation results, the optimal size of BESS is chosen based on its lowest 
CoE ($/kWh).

2) Net Present Cost (NPC)
The total NPC of a power system is the difference between the 
present cost value spent during the life of the system equipment for 
the used energy and the present revenue of the energy which is gen-
erated by SBH-MG [42].

This spending value includes the energy costs purchased from the 
grid, the capital costs required for system installation, replacement 

costs, and operation and maintenance (O&M) costs. On the other 
hand, the revenue includes salvage value and income from the sale 
of energy to the grid. The HOMER software separately calculates 
the NPC’s total reduced cash flows for each year of the project 
life [43].

The total NPC is the main economic output of HOMER, which is 
based on the total annual cost and levelized energy cost ranking 
according to all system configurations. After entering load profiles 
and all component data, all possibilities of optimization results are 
obtained from HOMER, considering the NPC. The total annualized 
cost is calculated by (8).

 C C C C C R RA c r o m g s g� � � � � �& ( )  (8)

where CA is the total annualized cost ($/year), Cc is the capital cost, 
Cr is the replacement cost, Co&m is the O&M cost, Cg is the cost of 
buying power from the grid, RS is the salvage cost, and Rg is grid sales 
revenue. It is noted that the salvage cost is the remaining value of a 
component of the power system at the end of the project lifetime 
[44]. RS is calculated by (9).

 R C R
Ns r
remaining

lifespan
= . ,  (9)

where Cr is the replacement cost of the component, Rremaining is the 
remaining life of the component, and Nlifespan is the total life span of 
the component. The NPC is calculated by using (10) [36].

 NPC C
CRF i N

A�
� �,

� � ,  (10)

where i is the annual interest rate (%), N is the lifetime of the project 
(years), and CRF is the capital recovery factor. Capital recovery factor 
is calculated by (11) [41].

 CRF i N
i i

i

N

N,� � � �� �
�� � �

1

1 1
 (11)

C. Objective
The optimization approach specifies the objective functions and 
constraints to determine the optimal BESS capacity. By adopting 
this approach, the ideal values that minimize NPC and CoE for the 
created microgrid topologies will be determined for the simulation 
period [45]. The objective function that has to be minimized can be 
expressed as follows:

 ObjectiveFunction OF min NetPresentCost� � � � �  (12)

For analyzing the SBH-MG, NPC in solar homes and CoE are deter-
mined. The objective function is to determine NPC and CoE by means 
of the proposed system in HOMER.

D. Constraints
This study aims to determine the optimal microgrid topology 
design to provide users with optimal solutions within the given 
constraints.

TABLE I. 
SPECIFICATIONS OF BESS AND CONVERTER

Battery Specifications [37]

Brand/model lgchem resu

Nominal voltage 51.8 V

Nominal capacity 63 Ah

Roundtrip efficiency >95%

Maximum charge current 71.4 A

Maximum discharge current 71.4 A

Nominal energy 3.3 kWh

Usable energy capacity 2.9 kWh

Lifetime 10 years 

Minimum state of charge 12%

Converter Specifications [38]

Inverter input efficiency 90%

Rectifier input efficiency 85%

Lifetime 15 years

TABLE II. 
LIFETIME COST OF SYSTEM COMPONENTS

Component Capital Cost Replacement Cost O&M Cost

battery storage $1 [37] $2500 [37] $7.3/yr [39]

system converter $550/kW [38] $450/kW [38] $5/kW/yr [39]

O&M, operation and maintenance.
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1) Power Balance Constraint
The microgrid must satisfy the power balance in (13).

 P P P P P Pload pv bat
dis

bat
char

grid
import

grid
export� � � � � ,  (13)

where Pload is the total demand load, Ppv is the power of the PV sys-
tem, P Pbat

char
bat
char/  are the charging/discharging power of the BESS, 

and P Pgrid
import

grid
export/ are the import/export power of the microgrid from 

or to the grid.

2) Battery Energy Storage System Constraint
The BESS capacity must be within the minimum and maximum 
capacity limits. The BESS constraints are mentioned as follows:

 E E t Ebatt min batt batt max, ,�� � � � �� �  (14)

 0N N integerbat bat, = , (15)

where Nbat is the number of BESS.

3) Power Reliability Indices Constraints
Considering the power reliability in energy supply, the failure to 
meet the energy demand is expressed as the unmet load constraint 
in (16) [46].

 unmet load yearly load supplied
yearlydemand load

� �1  (16)

The constraints and the economic parameters used in the proposed 
system are given in Table III.

IV. THE TOPOLOGY OF THE SOLAR HOMES
This study compared the total energy costs of shared and individual-
use BESSs for grid-connected solar houses in the same region. Based 
on the results, the use of the BESS, whether individually or shared, 
will be evaluated in terms of economic and other factors. The sche-
matic representation of solar homes’ generation with individual and 
centrally shared BESSs is shown in Fig. 7.

V. ELECTRIC SYSTEM RELIABILITY INDICES
The quality of supply continuity, measured by outages and inter-
ruption duration, has become a critical indicator in some countries. 
Consequently, many countries use international standards like 
SAIDI and SAIFI, developed by the IEEE, to assess system perfor-
mance [47].

System average interruption duration index is the system index of 
the mean period of interruption in the energy supply indicated in 
minutes per the demand of the customer in (17).

 SAIDI Customer InterruptionDuration
TotalNumber of Cust

�
� � � �

� � � oomersServed�
 (17)

System average interruption frequency index is a system index of the 
average frequency of interruptions in power supply in (18).

 SAIFI TotalNumber of CustomersInterruptions
TotalNumber

�
� � � � �

� �� � �of CustomersServed
 (18)

Customer average interruption duration index is a reliability index 
commonly used by electric power utilities. Customer average inter-
ruption duration index shows the mean of interrupted time that any 
given customer experiences. In other words, CAIDI gives the time 
required for the system to become energized again after the inter-
ruption in (19).

 CAIDI Customer InterruptionDuration
TotalNumber of Custo

�
� � �

� � � mmersInterrupted�
 (19)

The reliability indices published by Austin Energy, the electricity 
power utility serving the region where the data are obtained, from 
2018 to 2021 are presented in Table IV. The 2021 worst-case condi-
tions data are used to demonstrate the impact of power outages on 

TABLE III. 
PROJECT CONSTRAINTS AND ECONOMIC PARAMETERS

Variable Input For This Study

Nominal discount rate 8%

Project lifetime 25 years

Interest rate 2%

Annual capacity shortage 0%

Minimum renewable fraction 0%

Fig. 7. Schematic representation of solar homes. (a) Individual BESS. 
(b) Central shared BESS.

TABLE IV. 
RELIABILITY INDICES FOR PECAN STREET REGION OBTAINED 

FROM AUSTIN ENERGY [48]

Year
SAIFI (Times 

per year)
SAIDI (Minutes 

per year)
CAIDI (Minutes per 

interruption)

2021 1.89 1921.89 1016.87

2020 0.68 54.27 79.81

2019 1.00 86.42 86.42

2018 0.76 68.68 90.37

CAIDI, customer average interruption duration index; SAIDI, system average inter-
ruption duration index; SAIFI, system average interruption frequency index.
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the grid. In this study, SAIDI, SAIFI, and CAIDI were adapted to be 
simulated in HOMER for the grid outage schedule.

VI. THE ECONOMICAL EFFECTS OF BESS INTEGRATION AND 
OUTAGE
To demonstrate the effects of integrated BESS and grid outages on 
CoE and NPC, firstly, BESS is integrated into a selected solar home. 
Then, calculations are made assuming grid outages occur between 
19:00 and 21:00 hours every day in March of a given year. In such 
cases, the BESS meets the load demand when the PV system does 
not generate sufficient power and the grid is unavailable.

Fig. 8 illustrates the hourly grid outages experienced by the distribu-
tion company, where black spots represent outages over the year 
and regular grid operation is shown in green.

For March 1–2, 2018, it was analyzed that PV, grid, and BESS collec-
tively met the solar home’s load. The power variations for the sce-
narios of without-BESS, with-BESS, and with-BESS-grid outages are 
shown in Fig. 9 for these selected 2 days in the solar home.

In the first case (without BESS), the solar home meets its power 
needs solely from the grid and PV. From 00:00 to 06:00, the load is 

supplied entirely by the grid. During the day, from 12:00 to 17:00, 
the excess electricity generated by the PV is sold to the grid, as the 
generation exceeds the demand load. Between 06:00 and 12:00, the 
solar home meets the demand load due to its lower cost and sells 
the excess generated power to the grid.

In the second case (with BESS), the system includes PV, BESS, and 
the grid. At 12:00, the excess power generated by the PV is used 
to charge the BESS instead of being sold to the grid. Once the BESS 
reaches its upper storage limit, the excess PV energy is then sold to 
the grid. During the high-price grid purchase period from 19:00 to 
21:00 on March 1, 2018, the BESS discharges the previously stored 
energy to meet the load. The grid supplies any remaining power 
gap in case the BESS’s output is insufficient. On March 2, 2018, dur-
ing similar hours, the load was fully met by the BESS, as the power 
required is lower.

In the third case (with BESS and grid outage), the system includes 
PV, BESS, and the grid to supply energy. The black spot indicates a 
grid outage throughout the hour. From 19:00 to 21:00 on the first 
and second days, a grid outage occurs and the PV does not generate 
any power, so the solar home does not buy power from the grid. As 
a result, the BESS starts to meet the load demand. The grid outage 
then disappeared at 21:00, and the demand load is supplied by both 
the BESS and the grid. To store energy, the BESS operates in charge 
mode from 22:00 to 23:00 on March 1–2, 2018.

The CoE is calculated as 0.036 $/kWh without the BESS case, while 
the CoE is calculated as 0.032 $/kWh in the case of the BESS inte-
grated with the solar home system. As expected, integrating a BESS 
with the solar home reduces the CoE compared to a system without 
a BESS. However, when considering grid outages, the CoE is calcu-
lated to be 0.038 $/kWh. The CoE inherently increases when com-
pared to systems without BESS and with BESS, since more batteries 
and converter power are needed to supply energy uninterruptedly. 

Fig. 8. The grid outages during the year.

Fig. 9. The hourly power of without-BESS/with-BESS, with-BESS, and grid outage cases for selected 2 days (March 1–2, 2018).
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Similarly, the NPC is affected by the BESS and outage, with the NPC 
calculated as $20 563, $19 493, and $21 718 for the systems with-
out-BESS, with-BESS, and with-BESS-grid outage, respectively.

VII. THE CASE STUDIES
The paper investigates the BESS capacity requirements for solar 
home systems, comparing individual and shared BESS architecture 
models. Simulation studies are conducted using three different elec-
tricity pricing structures, resulting in a total of six case studies—three 
for individual batteries and three for shared batteries. For all case 
studies, the price of energy sold to the grid is assumed to be at a 
fixed rate.

Case-1: Real-time prices (RTP): Real-time pricing reflects current 
conditions and provides accurate information about the marginal 
power price in a region.

In Case-1, the individual BESS of five homes is compared to the 
central shared BESS, taking into account the real-time electric-
ity price tariff. The fluctuations in real-time electricity prices are 
depicted in Fig. 10, which shows the price variations for 2018 at 
a 5-minute interval. Simulation studies are conducted using real 
load and PV power generation data for a number of residential 
prosumers, and comparisons are made between the shared and 
individual BESS.

Case-2: Flat price tariff (FPT): According to the flat price tariff, the 
energy purchase price is $0.10/kWh for all hours while the energy 
sale price is $0.04/kWh [28].

Case-3: Time of use tariff (ToU): Time-of-use pricing refers to electric-
ity rates that vary throughout the day. Rates are typically divided into 
off-peak, mid-peak, and on-peak periods. The electricity costs for a 
solar home are calculated using the ToU rates shown in Table V [49].

Case-4: Considering reliability indices: This case study analyzes indi-
vidual and shared BESS, considering different price tariffs and grid 
outages (SAIDI, SAIFI, and CAIDI). The Fig. 11 shows the power out-
ages in the grid over 1 year, based on HOMER data, where green 
areas represent grid energy availability and black areas indicate 
outages.

The published data from electricity distribution companies, includ-
ing SAIDI, SAIFI, and CAIDI, is used to determine the mean outage 
frequency and mean repair time required by the HOMER software. 
After inputting these reliability indices, HOMER generates a 1-year 
power outage graph, with the timing of outages pseudo-randomly 
chosen based on the provided indices.

VII. SIMULATION RESULTS
The proposed formulation for finding optimal BESS capacity that 
minimizes CoE and NPC, as presented in Section 3, is tested using two 
different topologies: the shared BESS and individual BESS configura-
tions. The following figures show the optimization results obtained 
from HOMER. Fig. 12 depicts the case results of the SBH-MG, which 
have the centralized shared and the individual BESSs, considering 
cases 1, 2, and 3 with different price tariffs. The abbreviations from 
A to E shown in the graphs below represent the names given to the 
prosumer solar homes that are analyzed.

In case-1, which considered the real-time price tariff, the costs of 
energy for Customers A, B, C, D, and E are 0.032, 0.040, 0.038, 0.045, 
and 0.035 $/kWh, respectively, in the individual topology. However, 
the CoE is $0.020/kWh for the load profile created by the aggrega-
tion of loads in the shared topology. Fig. 12 depicts the CoE results 
for the other tariffs, case-2 and case-3.

Fig. 10. Real-time prices for 2018, in Austin, TX, USA [30].

Fig. 11. The randomly generated grid outage chart.

TABLE V. 
SCHEDULE’S TOU RATES AND HOURS FOR 2018, IN AUSTIN, TX, USA

ToU Period Hours Tariff ($/kWh)

Off-peak 00:00–06:00
22:00–24:00

0.01188

Mid-peak 06:00–14:00
20:00–22:00

0.06218

On-peak 14:00–20:00 0.11003
Fig. 12. Variation of cost of energy (CoE) for each house according to 
cases 1, 2, and 3.
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The shared BESS topology architecture had a lower CoE than the 
individual BESS topology across various market price tariffs. The CoE 
varies for each solar home due to their different load and PV profiles.

The simulation results for the NPC values are shown in Fig. 13. The 
NPC values calculated for solar homes A, B, C, D, and E are $9154, 
$4732, $6339, $8792, and $8108, respectively, under the case-1 
price tariff. While the total NPC value of all the solar homes in the 
individual topology is calculated as $37 178, the NPC of the shared 
BESS is calculated as $18 205. As the results show, the shared BESS 
topology has a lower NPC value compared to the individual BESS. 
The shared BESS’s lower cost indicates it is more advantageous. The 
NPC values in case-2 and case-3 were also lower in the shared BESS 
topology, similar to case-1.

The results show that installing a shared BESS is more advantageous 
than individual BESS for the five solar homes in terms of NPC value.

Fig. 14 illustrates the amount of energy each home bought from and 
sold to the grid.

In case-1, the total energy purchased from the grid by all homes is 
calculated as 51 067 kWh in the individual BESS, whereas it is 43 655 
kWh in the shared BESS. This indicates that the shared BESS system 
requires less energy from the grid than the individual BESS. Similarly, 
the analyses reveal that the solar homes with shared BESS topology 

inject less energy into the grid than individual homes. The energy 
generated by solar homes is largely consumed within the system 
owing to the shared BESS connection topology, as suggested by 
these results.

This can help reduce the microgrid’s dependency on the grid, which 
is a desirable operational method to mitigate the impact of grid out-
ages. It is seen that a similar advantage is taken in all price tariffs.

Microgrid models often assume uninterrupted grid availability, but 
this is not the case in reality. Therefore, it is important to account for 
grid faults and interruptions during the design process, as they are 
common occurrences that can impact energy continuity. In case-4, 
similar to previous cases, two different subcases are designed. Firstly, 
the individual BESS topology is integrated into the solar homes, and 
then a shared BESS system is integrated into the demand aggrega-
tion point of five solar homes.

Considering the grid power outage given in case-4, different price 
tariffs are applied. According to the obtained simulation results, 
NPC, CoE, and the number of batteries are shown in Figs. 15-17, 
respectively.

In a RTP scenario, the sum of the individual NPC values of five 
homes is calculated as $312 756, whereas the NPC value of aggre-
gating five solar homes is calculated as $283 182. According to the 
results obtained from cases 1–4, where RTP, flat-rate tariff, and ToU 

Fig. 13. Variation of net present cost (NPC) for each home according 
to cases 1, 2, and 3.

Fig. 14. Energy buying and selling of homes in cases 1, 2, and 3.

Fig. 15. In case-4, the change of NPC according to different price 
tariffs.

Fig. 16. In case-4, the change of CoE according to different price 
tariffs.
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are applied, the shared BESS topology is found to be significantly 
more advantageous in terms of the NPC compared to the individ-
ual BESS.

The CoE is mostly lower in the shared BESS topology compared to 
the individual BESS topology across different market price tariffs. 
Furthermore, the average of ten trials. shows that the total number 
of individual batteries for five homes is 58, but the number of bat-
teries in the aggregated system of five solar homes is 55, consider-
ing the grid outages in case-1. A similar advantage in the number of 
batteries is observed for the other cases, which are FPT and ToU in 
the shared BESS.

IX. CONCLUSION
The study demonstrates that shared BESS offers significant economic 
advantages over individual BESSs for prosumers. The shared BESS 
proved more cost-effective in terms of both CoE and NPC across vari-
ous tariff structures (RTP, FPT, and ToU). Specifically, the shared BESS 
resulted in substantial cost reductions, with NPC values being 51%, 
28%, and 37% lower than the individual system, under the RTP, FPT, 
and ToU tariffs, respectively.

Furthermore, the energy exchange between homes through the 
shared BESS leads to a decrease in the energy cost paid to the grid. 
For energy exchange, the amounts of energy imported from the grid 
are 15%, 10%, and 13% less in the shared BESS compared to the 
individual system under the RTP, FPT, and ToU tariffs, respectively, 
while the amount of energy injected into the grid are 52%, 48%, and 
47% less in the shared BESS. This result indicates that in the shared 
BESS usage, the energy is provided for the use of neighboring homes 
instead of being sold to the grid.

The paper shows that the shared BESS is more advantageous com-
pared to individual BESSs, particularly in ensuring continuous energy 
supply during grid outages. The NPCs for the shared BESS are 9%, 
26%, and 61% lower compared to the individual BESS system under 
RTP, FPT, and ToU tariffs, respectively. Additionally, the shared BESS 
requires fewer batteries across all cases, indicating lower investment 
and operating costs. Overall, the shared BESS proves to be a more 
cost-effective and reliable solution, considering both price variations 
and grid reliability.
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