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Abstract:

Energy saving and renewable energy sources are considered as methods of solving home energy problem. Both energy
consumption and generation should be simultaneously considered to save the energy cost. The energy management and
communication unit is used to distribute the generated energy for home appliances based on the information transferred
from the home server using the Zigbee transmitter and receiver and power line communication (PLC). The home server
updates these information to internet server. Using web server all functions are controlled. In extension the photo sensor is
to be used to track angular moment of the sun by using solar tracking system and this increase the power generation and
result in decreasing the utilization of energy from power distribution and cost.
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1. Introduction

In recent days, the usage of electronics is increased at a greater level. The usage of the current energy level is reduce in all areas. The
energy consumption in home area are increased has more home appliances are installed. The energy saving and renewable energy
method is used to solve the home energy problem. Both energy consumption and generation of the power usage stimulate the home
energy cost to be saved. There are several method used in home energy management (HEMS) like PLC, zigbee and solar tracking
system. The solar tracking system is used to generate the power in more level. The home energy power consumption based on the PLC
is easy to access. A green house HEMS that monitors and controls the home appliance has to be proposed involves to achieve
effiency. The solar and wind is used to generate power and is used in home appliances. A smart HEMS is used for both energy
consumption and generation based on the zighee and PLC. It based on the renewable energy gateway (REG). The home server is used
to gather information from the both energy consumption and generation of the power through zigbee and PLC. These informations are
updated in the internet. This paper focuses on the hardware implementation of a high performance field programmable gate array
(FPGA) based on very high speed intergrated circuit hardware description language (VHDL).

2. Architecture of Home Energy Management System Using in Renewable Energy

2.1. System Architecture

A new architecture for energy efficiency in home appliance and energy management can achieve more energy for many appliances. A
home has two parts concerning energy generation and consumption. The smart home appliance and light are used in the energy
consumption. The renewable sources are sun and wind energy that is used to generate power.
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Figure 1: Architecture of home energy management system using in renewable energy

The consumed and generated energy is used to control the home server and monitor to reduce energy cost. In the energy consumption
of home appliance and light which is used to monitor through the energy measurement and communication unit (EMCU) are installed
at each and every outlet of appliances in the home.

The EMCU measure the energy consumption of home appliance and its information transfer the measured value to home server. The
EMCU provides the information of the gathered data to the home server which is collected using zigbee. In the energy generation part
solar and wind power monitors the REG. The solar power system comprises solar panel, PLC modem, inverter and REG. A PLC
modem is attached the each solar panel of the system. The PLC helps to monitor the solar panel and transfer either information or data
to the REG.

The solar energy inverter converts dc to ac power and stores in the battery. The solar inverter is connected to the REG through the
serial communication line. The wind inverter converts wind power to ac power. It monitors and transfer the power to home appliance.
The REG gathers the either information /data of solar and wind power. It transfers the gather data to the home server through ethernet
and updates in the internet. Using internet updates the home server value and controls it.

2.2. Solar Tracking System

The development of the solar tracking system is used for the angular movement of the sun (with respect to the earth) and is used as
photo sensor. The angular movement of the solar panel in accordance with input signal provided with a motor to drive the system
(Right from minimum to maximum value of 180 degree angular movement of the sun). Using this method the panel have to collect
maxmium solar energy at the time sunrise as well as sunset too.

Most of the solar energy in the form of light-rays would be collected in the photovoltaic cells mounted on solar panel, only when there
is an angle of zero degree between the sun and the solar panel. So a track is develop to achieve the angular moment of the sun. Moving
the solar panel from minimum (presale) to 180 degree angle with respect to the horizontal axis of the earth. For example, in the
morning time the panel will be directed towards East and hence collect more light energy from the sun. During the sunset also, it
collects sun light by moving the panel towards 180 degree. The position of the sun will be automatically sensed by using a set of photo
detector sensors mounted in a semi-circular manner. The binary output from such arrangement will be generated in the one-hot coding
manner, pertaining with the position of the sun. As per the input provided to the FPGA based control system, it makes angular rotation
of the solar panel using stepper motor drive. A Finite State Machine (FSM) source code was developed for generating the stepper
motor sequence.

2.3. Home server

The home server manage the EMCS inlet and outlet through the zigbee in control mode. The daa of energy consumption for home
appliance and the light send their information update in the data base. The REG transfer the solar and wind energy to the inverter of
the home server. Based on the performance of wind and solar energy the data is being updated. The transferred data store the
information of the data base solar energy generation relate in the solar radiare and wind speed the based on the estimate energy
generation the home server modifies the home derver is used reduce th energy cost. The home server the decide which operator is
moved this to be data base operation.

The web server enables to access the home server and search the home energy information. The home energy information is control by
the internet anytime and anywhere. The home server transfer the home energy information to the REMS the manage client to the
server.

2.4. Energy Measurement and Communication Unit (EMCU)

In the energy consumption EMCU is used for measurement and communication. The measurement block is used measure the power
energy and usage of power energy in home appliance. It uses an energy current transformer (CT) for measuring them. The CT
measures the voltage and current in the usage of the home appliance. The energy and power is calculated in this process. The power is
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defined to measure base of the phase differences between voltage and current. The measurement block includes the power control and
electricity to connect the home appliance.

The data transfer is done data between the EMCU and home server. The zigbee is used to transfer the information to home server. The
EMCU is communication block, controls the state of power control in response to the home server.

2.5. Renewable Energy Gateway and PLC Modem

In energy generation part, REG is used to connect the PLC modem , the solar and wind. The connection manags is the connection to
the REG. The sensing agent measure the current and voltage of the solar panel. The PLC modem transfers the generated power data to
the REG. The REG has three communication interface PLC for solar and wind. The connection manages to control the PLC modem
update. The data is send to the home server.
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Figure 2: Power generation in solar panel

2.6. Remote Energy Management Server (REMS)

The home server transfers the home energy information of the home to the REMS. The client manager maintains the connection of the
home server. The REMS gathers energy information from the clients home server and the provides the used energy of the home
appliances and light. The generated energy information also transferred and is update to the internet.

3. Result and Discussions

The implemented result shows several developed components like solar tracking system, home servers, REMS, EMCU,PLC MODEM
AND REG. These components were installed and operated, shows the miniaturized testing set that include a smart device, EMCU
installed outlets. The prototype EMCU inserted between an AC power line, battery and their outlets measures and controls the
electric power of the outlets. The three EMCUs are installed: one for light and mobile charge unit. These EMCUs transfer the
measured data to the home server using data communication. The PLC is used for sensing and communication data to home server.
The sensor part uses as the voltage divider to measure the current and voltage, current transformer, temperature sensor is used for
measuring the atmospheric temperature value. The usage of the current value is as seen in the (3) input speed data causing the DAC
output voltage change. Fig (4) it describe the energy usage of home application. Fig (5) Power usage of the kit. The control and
maintain of usage of power in web server page is in fig (6) and fig (7).Fig (8) using RS 232 cable data is communicated to the desktop
/ laptop and is updated online. Overall hardware kit of renewable energy management system in home appliance fig (9).

Device Utilization Summary
Logic Utilization Used | Avalable Utilization
Number of Skce Fip Fops 14| 192 0%
[ Nuber of 4 nput UTs 1| Lam| 1%
Number of occupied Sices 7| 90 %
Number of Sices containing oy related logic | P 100%
[ Hestberof Sices contanng uvelated oge ' of m| 0%
Total Number 4input LUTs 47| 192 2%
Number used as logic Bi|
I_Nwrber-..sedasarwte-:lvu [ ';9417 i
Number of bonded [0Bs | 108 19%
108 Fip Fiops 4
Nurber of GCLKs 3 2 12%
Total equivalent gate count for design 4,563
 citonsl TAG gate count for 1085 I

Figure 3: input speed data causing the DAC output voltage change
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Figure 5: Power usage of the kit
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Figure 6: Energy usage of home application
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Figure 7: Usage of power in web server page

4, Conclusion

The renewable energy sources are to be installed in residential area to save the energy cost, which it is important for both energy
consumption and generation are simultaneously considered in HEMS. The smart HEMS architecture is considered for both
consumption and generation. In the energy consumption, the EMCUs are installed in outlets and lights to measure the energy usages
of home appliances. The Zigbee is used to transfer the gathered data to the home server. The home server figures out the home energy
usage pattern. In the energy generation, PLC modems are installed in each solar panel to monitor its status and maintenance. Using the
obtained energy information, the home server can control the home energy which is used to schedule and minimize the energy cost.
The REMS provides the comparison and analysis for home energy usage and seems to be effective.

Figure 9: Overall connection of home appliance
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