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Abstract-Increasing energy costs and greenhouse gases are the major challenges with current power systems. Participation in
distributed generators (DGs) and demand response (DR) strategies inside the distribution network resolves the issues. The
primary objective of this paper is to suggest an energy management system (EMS) strategy for commercial microgrid to
mitigate the issues. A microgrid is considered to implement the strategy. Conventionally, the microgrid uses a utility grid to
fulfill load demands. However, in this paper, the integration of a micro turbine, photovoltaic (PV) system, battery energy
storage system (BESS), and Electric vehicles (EVs) is proposed. Mix integer linear programming MILP technique is used in
MATLARB to solve the non-linear optimization problem. The energy management system (EMS) and demand response policies
are used to optimally schedule the available resources and reduce energy costs. The integration of EVs is also observed as
source and load. The simulation results are discussed and different case studies are analyzed. Simulation results show that 46%
cost saving is observed while using EVs in the system as a source. The real-time energy interruption problem is also discussed
in this paper.

Index Terms— Battery energy storage system, Demand response, Distributed energy resources, Electric vehicles, Energy management system.

l. INTRODUCTION

The microgrid is an essential part of the power system, consisting
of a local power supply, load, energy storage system ESS, and
distributed energy generators DERs. The microgrid can operate
in both islanded and grid-connected modes [1]. In grid-
connected mode, microgrid can purchase and sell power to a
utility to balance the power and supply. In islanded mode, the
sum of the power supply should be equal to the consumption plus
all the losses in the microgrid. Power management is necessary
for both modes of a microgrid to work in a safe, reliable, and
cost-effective environment [2].

The issues related to microgridsare network overloading,
environmental hazards, and an increase in energy costs. All these
problems make the system unbalanced and non-reliable. A
microgrid equipped with distributed energy resources (DER), an
energy storage system (ESS), and demand response can
overcome these problems [3].Many types of prosumers can
participate in the power system. Prosumers can store energy
during off-peak hours from different energy resources and sell
this energy during peak hours to support microgrid [4].

By utilizing various charging schemes, the batteries can retain
the excess energy produced by Renewable resources [5].

Air pollution is a major concern of power systems as the load
demand is increasing day by day. Air pollution concerns of the
microgrid can be reduced by introducing Electric vehicles and
renewable energy resources [6]. Electrical vehicles in the system
may cause new peaks and unbalance in the system but efficiently
managing the charging and discharging behavior of EVs reduces

these issues. As well as helps the peak loads shaving or valley
filling of load demand. EVs can act as spin reserves by using
them in emergencies. Modern research is focusing on vehicle-to-
gridV2G and grid-to-vehicleG2V technologies to reduce all the
concerns of power imbalance [7].

The efficient microgrid is using effective demand-side
management (DSM). DSM is the strategy used by customers to
control their demand by modeling their load patterns. DSM
programmers allow their customers to buy energy-sufficient
devices and shift their load on other resources in peak hours to
save energy and cost. The focus of DR is to assist the power
system in peak hours by adjusting or shifting loads in off-peak
hours or efficiently scheduling the demand. There are mainly
two broad categories of DR Incentive base DR and Price base
DR [8].

Modern research estimated that in the US the DR programs and
energy efficiency measures together can reduce the generation
from 214GW to 133GW by saving 30% cost of generation. DR
allow more renewable recourses in the system to meet the
generation and demand balance [9].Customer can shift their load
and enjoy bill saving.

Different batteries are used for the smooth function of a
microgrid. Now a day lithium-ion batteries are used widely due
to their long battery life and optimal cost. The degradation of
batteries depends upon many factors including the number of
cycles, temperature, the resistance of the battery, and depth of
discharge [10].
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This research paper’s objective is as follows:

e Consider a university as a microgrid and model all its
components in MATLAB. An energy management
scheme is proposed for the optimal scheduling of all the
recourses using the MILP and time of use (TOU)
demand schemes.

e To incorporate the EVs in the model to evaluate the
electricity cost of the grid by using EVs as source and
load.

e Real-time analysis of power interruption is also
considered in this model to ensure the continuous
supply of power.

The remaining parts of the paper consist of section Il, which
presents the Literature review. Section I11 describes the proposed
system model and its description. Section IV discusses the
results of the simulation, and section V. presents the conclusion
of the research paper.

1. LITERATURE REVIEW
The modern researcher is working on the optimization of a
microgrid. The major and recent concern of Pakistan is the
energy shortage due to monitoring and managerial issues.
Generally, scheduled cut-off [energy is a practice of 4 to 6 hours
per day [11]. In [12] the author proposes a model of the
microgrid in Pakistan. The real-time data of Islamabad were used
in the model to design the energy management system. The
power algorithm in MATLAB is used in the model. Six cities of
Pakistan were analyzed on the base of multitasking analysis on
HOMER. Further analysis was performed on the model to find
the optimization of recourse [13].
Different factors affect the performance analysis of microgrid in
optimization. Many researchers are working on such factors. In
[14] the author introduces the probability density function
approach to find the uncertainty in renewable energy resources
scheduling. The single objective function was used to locate the
optimal point to optimize the microgrid recourse scheduling and
find the optimal size of distributed generators' DGs. While in
[15] the authors used a deterministic approach instead of
probability density functions. A hybrid energy system was
modeled and this approach was analyzed on it. The author used
two scheme priority base scheme and load shifting scheme to
find the optimal size of DG.
In [16] the different demand response programs were used to find
to reduce the cost of the power system and to find the size of
DGs. The environmental effects on microgrid were studied in
[17] for the optimization of microgrid. Environmental
uncertainties were not discussed in this paper. The 24-hour time
steps were chosen in this paper.
HOMER tools were used to find the combination of RERs the
bottleneck of the above paper was covered in this paper. The
environmental impacts were also considered in this study by
considering the combination of RERs [18].
In [19] the authors proposed a novel integrated model to optimize
the size of the battery. the author proposes different parameters
to focus on profit margin. A lead acid battery was used to
determine the effect of the State of charge SOC. The result shows

that lithium-ion batteries give a 6% more profit margin as
compared to lead-acid batteries. in [20] the author proposed a
microgrid model of an Australian university. The model consists
of an EV charging station, PV generation 1600m?, EMS,
controller, and BESS of 500kWh. This research article aimed to
facilitate the researches to work on this area to optimize the
microgrid and update EMS. In [21] the author analyzes
Dongshin University as a self-sufficient grid that contains a fuel
cell, BESS, a PV system, and a CHP system. The main aim of
this paper was to efficiently monitor and manage the power flow
and energy cost in a grid.

EVs to the grid may result in additional peaks in load but
carefully controlling the discharge and charging schedule of EVs
is not only not hazardous but can contribute to peak shaving and
load valley filling. Additionally, it might be beneficial to have
backup power to accommodate rapid variations in demand and
maintain the voltage and frequency of the grid [22]. Because of
their durability and economic benefits, demand response as well
as car-to-grid connections have received the majority of research
attention. Here, however, the emission is also taken into account,
and the proposed approach can solve both problems [23].

IIl.  SYSTEM ARCHITECTURE DESCRIPTION
In 2016 the Pakistan Government started the net metering system
but this system needs proper regulation and monitoring. The
proposed model of a system is an academic campus of Pakistan
University. The campus covers 163 arc area of land. The
proposed system architecture is given in Fig. 1.

i

FIGURE 1: Proposed System Architecture

The proposed model consists of an energy management system
EMS, microgrid, and main grid. The microgrid further consists
of a load, storage system and diesel generator, photovoltaic
system, and electric vehicles. In the supposed model selling and
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purchasing power price is the same to motivate the customers for
selling excess energy in the utility grid. The last 10 years of
historical load data is considered and forecasting has been done
on load data. The load pattern is given in Fig. 2.

The price of energy in time of use tariff is given in the following
Table | [25]:

TABLE |
ENERGY PRICE IN TOU TARIFF
Time (h) Price ($/KWh)
1:00 to 18:00 0.098
18:00 to 22:00 0.13
22:00 to 24:00 0.098
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FIGURE 2: Daily average Load pattern [24]

A. PROBLEM FORMULATION
The proposed mathematical model is presented with a linear
optimization method. The optimization aims to reduce the
energy cost of microgrid. The proposed model architecture
consists of an energy storage system, solar system, diesel
generator, electric vehicles, and the utility grid. The rooftop
photovoltaic system is considered with the energy storage
system.
B. THE OBJECTIVE FUNCTION AND SOLUTION
METHODOLOGY
To minimize the energy cost a nonlinear optimization problem is
formulated by optimally scheduling all the available resources.
The objective function equation is given as:

Obj = min[JEV,t + ] PV,t + Jgrid,t + JESS,t (1)

JEV,t = (PEV,t)REV,t 2
JPV,t = (PPV,t)RPV,t 3
JGrid,t = (PGrid, t)RGrid, t, 4)
JESS,t = (PESS,t)RESS, t, (5

In the above equation (1-5), Jgritt, Jesst, Jpvit, Jev, T represent grid,
energy storage system, photovoltaic system, and electric vehicles
cost at time t. It is the unit price at any time.

The input data is given in the following table.

To balance the supply and demand gap the following equation is
used:

PI(t) + PS(t) + PPV(t) + Pev (t) = PL(t) (6)

Where the sum of the output power of grid Pg(t), storage Ps (t),
photovoltaic P PV (t), and P EV(t) should be equal to the load.
The battery storage system has upper and lower constraints for
their good performance. The output power of the battery is
controlled by the following equation:

soc(t—11)0—osocmax Cap® < PS(t) )

PS(¢) < soc(t—11)0—050cmm Cap® ®)
Cap? is the capacity of the storage system that is given by the
manufacturer of the battery. SOC is the state of charge of the
battery and Ps is the storage output power. Where SOC is given
in the following equation:
coE 100.P;

(t) =SOE(t—1) Caps 9
The state of charge of the battery at the start and end of each
optimal operation should be the same as given below:
50624 = SOCO (10)
The utility grid power exchange and the storage upper and lower
constraints are given in the following equations:

rfu'n < Ps(t) < Prflax (11)
SOE i < SOE(t) < SOEmqy (12)
rshin < Ps(t) < Prflax (13)

Prosumers sell their
excess power to the grid in emergencies. In the supposed model
prosumers are allowed to exchange 1 MW of power to the grid.
As the photovoltaic system stores its extra energy in lithium-ion
batteries due to its effective performance. The net energy trading
and total import and export energy are given by the following
equations:

Net, = Y1224 P9(t) xt (14)
t=24
Nete exp = E PI(t) xt VPI(t) £ P(t)
t=1
>0 (15)

t=24 .
Neteimp = ZH PI(t)xt VP £ PS(t)

<0 (16)

As in the proposed model, the length of a transmission line is
supposed to be short so line losses are negligible and only active
power is considered.

The following equations are used for both load and solar

modeling.
1 (P* — u)?

PH) = ex (— 17

i V2mo, P 20f a7
1 _ U-pp?

fiD) = -exn (- 52425 a9)
Where u and ¢ are the mean and standard deviation respectively
both these parameters are used to calculate the solar irradiance 1.
The time of use pricing scheme is used in the model the

mathematical modeling of the time of used model is given in the
following equations:
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Adr™™ < Adr(t) < Adr™e* (19)

production from evening to 7:00 am there is no or very little solar

dr(t) = dr(t) + Adr(t) (20) power. After morning PV system starts to generate energy and it
JAOSTP = J0 4 ppoffp (21) reaches its maximum point at noon. When a load is fed with the
AP =20 4+ AP (22) PV and energy storage system and grid it is noticed that the load

Wheredr(t), 1°//7, and APare energy demand, off-peak price,
and peak price of electricity respectively.

profile changes. In this scenario, the total cost comes out to
344.42 $. The output graph of this case is given in figure 3a.

TABLE II C. SCENARIO 2
PROPOSED SYSTEM PARAMETERS In this case, power interruption is considered and the result is
Parameters Value  Parameters Value analyzed. In this case, power interruption is assumed from 11:00
pp— 2000 S Cap 2000 kWh am to 12:00 am and 17:00 to 18:00 daily. In the morning time
kw from 11:00 to 12:00, the power is supplied to load through PV
P gidmax i&(l’o P gidmin 4000 kw energy because PV production is maximum at that time. While
P batms 500 P batmin 500 KW during 17:00 to 18:00 power is supplied through batteries. Grid
kw exchange power is not considered in this case. The cost in this
SOC max 90% SOC min 10% case is 462.09 $ per day. The output graph of this case is given
The capacity of 100 Average power 0.1567 in figure 3b.
EV battery kWh consumption EVs kWh/km

The proposed system is solved by using an optimization
technique and parameters are given in Table Il. The objective
function and its constraints are modeled and Mix integer linear
programming is used to solve the problem. In MATLAB, the
solver interior point convex technique is used to solve the
problem.

V. RESULTS AND DISCUSSION
Different cases are analyzed in the results are explained in this
section. A load of the campus is taken from the literature review
and the time of use TOU demand scheme is analyzed. The cases
are discussed here.
A. BASE CASE
In this case, the power is supplied from the system. The cost of
the system comes out 621.428$. This case is taken as the base case
for all other situations. This system is only run with grid and load
no EV, ESS, or PV are considered.
B. SCENARIO1
In this case, the cost of the system is analyzed by considering
solar power, battery storage, and the utility grid. There is no PV

D. SCENARIO 3

In this case, the output is analyzed by incorporating EVs into the
system. EVs are acting as a load in this case. EVs get charged to
their maximum value and store energy and discharge this energy
during peak time. The total cost in this case is 500.01$ per day.
The result shows that the power exchange, in this case, is less
because the EVs are trying to charge themselves at that time. The
output graph of this case is given in Fig. 4a.

E. SCENARIO 4

In this case, EVs are acting as sources. The capacity of EV
batteries is assumed 100kWh. The cost of electricity during this
case is 334.48% per day. The output graph of this case is given in
Fig. 4b.

The result comparison of each case is given in Table II:
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FIGURE 3: (a) Power exchange with grid when PV, BESS, and the utility grid is considered (b) Power exchange with grid when PV, BESS, and
power interruptions are considered
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FIGURE 4: (a) Power exchange with grid when EVs are considered as load, (b) Power exchange with grid when EVs are considered as source

TABLE Il
COST COMPARISION OF EACH CASE
Case  Parameters Cost Cost
$/day  saving

%

Base  Grid with load 621.92 0

case

1 Grid with PV and ESS 34442 44

2 Grid with PV and ESS 462.09 25

considering power interruption
3 EV as load 500.01 16
4 EV as source 334.88 46

V. CONCLUSION

In this research, the cost of microgrid is efficiently
optimized by using different renewable resources like
PV, BESS, and EVs. These components are efficiently
scheduled by using the MILP technique in MATLAB.
The linear optimization technique is used to formulate
the problem. The microgrid was supplied with a utility
grid only and thus the result comes as an increase in
the cost of energy without using the distributed energy
resources. Incorporating and efficiently scheduling the
EV, PV and BESS result in a 48% cost reduction.
Real-life problems are also investigated by using the
power interruption scenario. The proposed technique
insures the continuous supply of power to the grid.
Moreover, EV integration was also analyzed in the
system as both load and source. This work can be
expanded by adding extra features of EVs and many
other uncertainties associated with the distributed
resources and other demand response schemes can
also incorporate.
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