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Abstract - Due to the increased penetration of
electric vehicles (EVs) and photovoltaic (PV)
systems, additional applications for
homes/building  energy management  system
(EMS) is need to determined when and how much
to charging an electric vehicle in an individual
home/building. These papers present a smart E V
charging method for smart homes/buildings with
a PV system. The paper consists of two parts: EV
charging  schedule algorithms  for  smart
homes/buildings and implementation of prototype
applications for home/building E M S. The
propose EV charging algorithm is designed to
determined the optimal schedules of EV charging
based on predicted PV output and electricity
consumption.

The implement proto type applications for
home/building EMS can provide EV charging
schedules according to user preferences.
Numerical results are provided to demonstrate
the effectiveness of the proposed smart EV
charging method.

Index terms - Home Energy Management
System, Building Energy Management System.
Smart Electric Vehicle Charging, Photovoltaic
System
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|. INTRODUCTION

Increases in fuel prices and environmental
concerns have led to alterations in the
configuration of power systems. One of the
Significant changes is the increasing use of new
energy resources such as renewable energy
resources, electric vehicles (EVs), and high-
capacity, high-power batteries in a power grid[1-
4]. Many experts have noted that these new
energy resources can overcome fuel price
and environment problems. If EVs can be
deployed at low cost, they can be used to improve
the energy Efficiency and renewable energy
penetration. This  perspective is from the
power system operation and control[5-9].
However, there is a lack of research on the
operation of individual electric vehicle such as
efficient determination of when and how much
to charge an electric vehicle in an individual
home/building. There are only a handful of
papers on individual EV charging. Most of
these studies focus on the EV charging
scheduling problem without considering other
electricity consumption and generation resources
such as photovoltaic (PV) systems[10-15]. In
a smart home/building environment,
however, EV charging is likely to not to
be independently controlled, but to be
controlled by the central energy  management
systems of individual homes/buildings for
enhancing energy efficiency. In this case, EV
charging is determined in accordance with
any other electricity consumption
requirements, generation resources, and real-time
prices from a smart meter[16-19]. Thus,
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smart EV charging requires an integrated
operating management system.

Considering all energy resources in individual
homes/buildings. This paper presents a cost-
effective method for improving EVs charging
efficiency in a smart home/building
environment[20-26]. Smart EV charging is one of
critical technologies used for home energy
management systems (HEMS) as well as
in building energy management systems
(BEMS). In this paper, a smart electric vehicle
charging algorithm has been developed and
implemented for smart homes/buildings
with a PV system. The proposed Algorithm can
be divided into two stages: prediction and
scheduling. In the prediction stage, the PV
output and  electricity = consumption  are
forecasted using a time series model with weather
sensitivity. In the scheduling stage, the EV
charging schedule is determined based on the

111.BLOCK DIAGRAM DESCRIPTION

Power Supply Unit

POWER SUPPLY

Fig.2 Power Supply Circuit

The power supply section is the important one. It
should deliver constant output regulate power
supply for successful work of the project. A O-
12V transformer is used for this purpose. The

result of the first stage as well as EV and
electricity price information[27-31]. The EV
charging scheduling is optimized subject to
various constraints such as vehicle charge
level and battery capacity, charging rate,
and user preference[32-36].

I1.BLOCK DIAGRAM

primary of this transformer is connected in to
main supply through on-off switch & fuse for
protecting from overload and short circuit
protection[37-41]. The secondary is connected
to the diodes to convert 12V AC to 12V DC
voltage. And filtered by the capacitors, which is
further regulated to +5v, by using 1C 7805.

PIC16F877A Microcontroller

Power
Supply
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Fig.1.Block Diagram

4776



International Journal of Pure and Applied Mathematics

Humidity sensor

Humidity are the presences of water in air.
The amount of water vapour in air can affect
human comfort as well as many manufacture
process in industrial. The presence of water
vapour also influences various physical, chemical,
and biological processes. Humidity measurement
in industry is critical because it may affect the
business cost of the product and the health and
safety of the personnel.

Driver circuit

The ULN2003 is a monolithic high
voltages and high currents Darlington transistors
arrays. It consists of seven NPN darlington pairs
that features high voltage output with common
cathode clamp diode for switching inductive load.
The collector current rating of a single Darlington
pair is 400mA. The darlington pair may be
paralleled  for  higher current  capability.
Application include relay driver, hammer driver,
lamp driver, display driver (LED gas discharge),
line drivers, and logic buffers.

Temperature sensor

Temperature is the most measure process
variable in industrial automation. Temperature
sensors are used to convert temperature value to
an electrical value. Temperature Sensors is the
key to read temperatures correctly and to control
temperature in industrial application. A large
distinction can be made between temperature
sensor types. Sensor differs a lot in properties
such as contact way, temperature range,
calibrating method and sensing element. The
temperature sensor contain a sensing element
enclose in housing of plastic or metal. With the
help of conditioning circuits the sensor will
reflect the change of environmental temperature.

In the temperature functional module we
developed we use LM34 series of temperature
sensors. The LM34 series are precision integrated
circuit temperature sensors, whose output voltage
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is linearly proportional to the Fahrenheit
temperature.

The LM34 thus has an advantage over
linear temperature sensor calibrate in degrees
Kelvin, as the user is not required to subtract a
large constant voltage from its output to obtain
convenient Fahrenheit scaling. The LM34 does
not require any external calibration or trimming to
provide typical accuracies of 1.2°F at room
temperature and 11.2°F over a full -50 to +300°F
temperature range. The LM34 is rated to operate
over a -50° to +300°F temperature ranges.

LCD CIRCUIT

‘E
3
3
2
8

‘E
3
53
3
H
g

2moz [

rosens [

Pogens [

= RsT POamDT [
i

pz2mn [ 2

IE‘)H‘B

[eran
Pz

o PanRXD
PO

N
Wi

ri3 P
4T

RS
IR
Pz AT

Fig.3 LCD Circuit

IV. SMART ELECTRIC VEHICLE
CHARGING ALGORETHM FOR
SMART HOMES BUILDINGS
WITH PV SYSTEM

In this section, the proposed smart EV
charging algorithm is discussed. The block
diagram of the two-stage smart EV charging
algorithm is shown in Fig. 2, and a more detailed
explanation is provided in the following
subsections. A. Prediction Model with Weather
Adjustment for PV Output and Electricity
Consumption Predictions of PV output and
electricity consumption are required for reducing
electricity costs of smart homes/buildings with a
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PV system. The proposed algorithm is designed to
use a time series model with weather adjustment
for the predicting PV output and electricity
consumption. The prediction procedure is as
follows:

Stepl. Data Selection: Historical data collected
from the most recent qualifying days are selected.
Unlike PV output, the electricity consumption
typically varies by the day-type (i.e., weekend or
weekday). For increasing the accuracy of the
Electricity demand forecast, historical electricity
consumption data should be selected from
relevant past data based on the day type of a
predicted day.

Step2. Prediction: Using the data selected in Step
1, the PV output and electricity consumption are
estimated using the time line of the proposed
prediction algorithm is illustrated in Fig. 3, where
the total period is divided into two sub-periods:
pre-scheduled period and scheduled period.

V. IMPLEMENTATION OF SMART
ELECTRIC VEHICLE CHARGING

METHOD FOR SMART
HOMES/BUILDINGS WITH
PV SYSTEM

This section describes an implemented
prototype EMS application for smart EV charging
in smart homes/buildings with a PV system. The
flowchart of the proposed smart electric vehicle
charging algorithm is shown in Fig. 4.The
proposed HEMS or BEMS application in this
research is composed of five components: input
data module, data gathering module, prediction
module, optimization module, and reporting
module.

Input data module: This module is designed to
obtain user-defined data such as electric vehicle
information  (initial SOC, target SOC and
departure time), scheduled time duration, and
day-type of scheduling day. All input data can be
imported from files in a spreadsheet file.- Data
gathering module: This module involves selecting
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The electricity tariff, historical electricity
consumption and PV output data that satisfy user-
defined criteria.- Prediction module: This module
is designed to forecast the hourly electricity
consumption and PV output over the scheduled
duration using the exponential smoothing model
With the weather adjustment. Optimization
module involves formulating an optimization
problem for smart EV charging using MILP and
determining smart EV charging schedule.

Report module: In this module, all output
data can be exported to a spreadsheet file. The
module configuration of the implemented

Prototype EMS application for smart EV
charging in smart homes/buildings with a PV
system. Each module and its function are
described.

The prototype EMS application based on the
proposed method for scheduling EV charging in
smart homes/buildings with a PV system was
implemented. Shows user interface screenshots
of the implemented prototype EMS application.
Shows the initial screen of the implemented
application. User-defined data in spreadsheet
format can be read.

VI.NUMERICAL RESULTS

In this section, the numerical results are
presented. For smart EV charging scheduling, a
commercial building with a 50-kW PV panel
system was considered in this study. For
generating 50-kW PV data, data from the 3-kW
PV panels installed in a school were used and
converted. Fig.6 shows the PV systems installed
on the roof of the school building. In addition, for
determining the electricity consumption of a
Commercial building, commercial building data
were obtained from a utility company in Korea.

In this case study, 12 electric cars were used. The
EVs were divided into three groups depending on
their initial SOC.

Special Issue
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VII. CONCLUSION AND FUTURE
WORK

The EMS applications are required to
determined optimal EV charging scheduling for
smart homes buildings with a PV system. In this
paper a cost effective E V charging method is
propose and implement for smart homes/buildings
with a P V system. The propose smart EV
charging algorithm for smart homes buildings
consists of two stages prediction of PV output and
electricity  consumption, and EV charging
scheduling. Numerical result is present to
demonstrate the effectiveness of the propose
method. Further work is required for considering
the effects of PV Output and electricity

consumption forecast errors, and vehicle to grid
on the performance of the propose method.
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