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Abstract—Energy supply has become one of the most challgriggues facing the world in the 21st Century.
Growing populations, more homes and businessesaamdmberless of new appliances have caused energy
demand to skyrocket in every part of the countrge Tundamental method of operating the nation’s grow
network has not changed much in the past 100 ykdras remained essentially the same, althougimtingber

of customers and their needs have grown exponbntiilities across the nation and indeed, arothrworld
are trying to figure out how to bring their netwsrinto the 21st century and the digital age. Is fhaper, we
propose a Smart Energy Distribution Management (8E@hich functions as a control using a batteryusta
and setting time of power usage to reduce poweswoption. The SEMS not only supplies power as thg w
the common power strips do but also controls seciEthe SEDM using ZigBee wireless communicatitimat

is, such solutions need to include the electricedrgy distribution management due to the passiveradion
according to the variation per hour or batteryustat

Key words: Photovoltaic System, Microcontroller unit, ZigBéulti level Inverter, Battery

can be described as renewable since they are not
1. INTRODUCTION depleting any resource to create the energy. While
Energy is one of the issues that are causing th& mithere are many large-scale renewable energy psoject
disagreement as fossil fuels are the greatesttpotisl and manufacture, renewable technologies are also
and the greatest contributors to the greenhouseteffsuited to small off-grid applications, every nowdan
.The increasing importance of green concern, fudélen in rural and remote area, where energy imofte
savings and unavailability of power has led to therucial in human development. In this paper a sénpl
renewal of interest in renewable energies. It thoeee reliable and successful solar panel charging system
stands to reason that developing countries whosas been introduced consisting of a solar panel of
energy utilization rate is increasing at a veryt fate desired size and shape. This solar panel is inedra
should be investigating new energy systems basedwith an embedded system. This embedded system
renewable energies that do not pollute and whieh aegulates the electricity produced between theagtor
unlimited such as the Solar system. Fig.1 shows thattery and charging output with the help of
structure of general renewable energy system. microcontroller which is programmed to combat the

situations in presence and in absence of inputlgupp
and able to supply stored energy at night or in
gravailability of solar source.

RELATEDWORK

6&.3,.,3“. E'eﬂmﬂﬂ?e world today’s facing the most critical diffitylof
~ not getting the expected power. In many countries
: .peoples had not getting at least the major neéds o
@-'( A i A lights, fans, TV etc. In nearly every country,
EEtE R \__ 220v/60Hz ——— leseresearchers expect existing energy production
capabilities will fail to meet future demand withou
Fig.1 Structure of general renewable energy systemew sources of energy, including new power plant
production. However, these supply side solutions
Renewable sources are also called Echo friendfhore another attractive alternative which is lmns
technologies are very important due to their palut down or decrease energy consumption through the use
free energy generation and having sustainable growdf technology to significantly increase energy
There are many sources of energy that are renewadlficiency. To manage the available power morerofte
and considered to be environmentally friendly antl nthe power is cut for particular area, and that @yeas
dangerous natural processes. These sources ofyenéigdark i.e. not even a single bulb can work. ladte
provide an alternate “clearier source of energy, we can use available power in such a way that only
helping to negate the effects of certain forms d&dw power devices like Tubes, Fans, and Desktops
pollution. All of these power generation technique§V. Which are primary needs should be allowed and
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high power devices like heater, pump-set, A.C. e&vailable to the grid MLI is employed. MLI have
should not be allowed for that particular perioch Temerged as attractive high power medium voltage
reach this, system can be created which winverter to reduce harmonic component in the dutpu
distinguish between high power and low powerurrent due to filter. In the proposed MLI there &
devices at every node and allow only low powdd bridge inverters to achieve the 5-level output
devices to be ON. In present days the administratigoltage. A PWM technique is used to generate the
of the domestic laboratories in the research imstit PWM signal for boost chopper inverter switches.
and universities has issues of poor real time, bimgt Boost chopper is connected between the PV array and
and low accuracy .t is difficult to determine theMLIl. The purpose of boost chopper is to step-up the
quality of the environment of the laboratory. Byngs voltage and to produce continuous current to MLI.
this project should be developed to employ earlyphe simulation results are validated for the
warning, remote control, real-time monitoring andmprovement in the PV cell system. The hardware is
other functions. Also we design solution of afimplemented with boost chopper and multilevel
embedded web-based remote monitoring system faverter. The microcontroller is used to generdie t
the environment in the laboratories, which realites PWM signal for boost chopper and inverter switches.
local management and remote publishing applicatioBeost chopper output is fed to multilevel inveréerd

for large-scale dynamic data of sensor networks.  the stepped wave is obtained. The grid connectied so
PV system is composed of solar PV array, boost

o ___Zigee converter, power inverter and utility grid as shoiwn
7 ] F_MSFigure. Solar PV array generates DC power at its
I ’ — maximum using boost converter with MPPT algorithm
ric- . .
PV Charge Connected Power f whereas power Inverter converts this DC power to AC
Controlier B e Breaker /#956tver and feeds to utility grid.
Battery FPMD

PV Array & Modeling

Commercial Electricity

Solar energy is generally present in the form of
solar irradiance. The PV cell works in the prineiplf
Fig.2 - Structure of Photovoltaic Generation SystenPhotoelectric effect; light striking on solar ced
with the SEDM converted to electric energy. These cells are nigde
silicon or other semiconductor materials. A typical
Fig. 2 show how to generate the photovoltaic systesilicon solar cell generates about 0.5 volts innmar
used in this paper. We install a solar panel sysieam operation. Large numbers of solar cells are comuaect
the side of a window, and it consists of an inwertein series, forming a module to meet the voltage
battery, and PV charge controller which can managequirement of the system. Large numbers of solar
the battery charge efficiently. Then, this generati modules are connected to make arrays. The ratiag of
system is connected to a power breaker in the RMSsblar module is given by the maximum output or
be associated to the commercial electricity gridle T maximum power it can deliver. The output of a solar
FPMD with the power breaker and battery measuringodule depends on the number of cells in the module
device in the solar panel controller sends powea daype of cell and the total surface area. The outuat
to the PMS regularly through the ZigBee networknodule changes depending on the amount of solar
Therefore, based on ZigBee technology, laboratoityadiance, the angle of the module with respedhéo
intelligent monitoring system has a very importargun, the temperature of the module and the voléige
importance. ZigBee is a wireless communicationghich the load is drawing power from the module.
technology, with a short distance, safe and rediabiThe solar cells are combined in series and parallel
you can use ZigBee technology to collect the dagperation which convert solar energy to electric
from sensor controlling board to web server. Thesgergy. The electric energy produce by the soldr ce
sensors  automatically monitoring the locadiepends upon internal parameters of cell, solar
environmental data in laboratory. Therefore, based irradiance and cell temperature.
ZigBee technology, laboratory smart monitoring
system has a very important significance. b. Grid Connected Five-Level Inverter

3. SYSTEM ARCHITECTURE Boost converter is DC-DC converter which converts
lower voltage to higher voltage and then boosted

The PV power generation have low efficiency due téoltage is applied to five level inverter.

the various constrains. This project gives a new

proposed method to improve the performance of the

PV system. The PV cell is connected to boost choppe

and Multi-Level Inverter (MLI). In order to improve

the efficiency and for making the power generation
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T4 are ON and T2 and T3 are OFF. In Zone 1, T5 is

Fig.3. Architecture of the proposed five-level smln.
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E| OFF and T6 commutates at the switching frequency,
+ J._'_J. T T3 while in Zone 2 T5 commutates at the switching
4 E _‘ _I frequency and T6 is ON. During the negative semi
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Fig 3. Shows the proposed converter topology. This
converter architecture, known as the H6 Bridge, wa:
originally developed in, in combination with a site Fig.4. Modulation index waveform in steady state
PWM strategy, in order to keep constant the outputonditions and definition of the four different PWM
common mode voltage in case of a transformer less zones.

inverter for photovoltaic applications. With thensa

purpose, another PWM strategy for the H6 Bridge wa§ith similarity to Zone 1 and 2, in Zone 3 T5
developed in. In this paper, this converter stmecia commutates while T6 is OFF, and in Zone 4 TS in ON
used to obtain a five-level grid connected convertand T6 commutates. Fig. 5 and Fig. 6 show the nurre
for single-phase applications. In steady statgath during the positive semi-period, respectiviely
conditions, due to the low voltage drop across tl#one 1 (Fig. 5) & Zone 2 (Fig. 6). In the figurdwet
inductances Lf of the output filter, the outputtegie controlled power switches that are ON during the
of the converter has a fundamental component vempole PWM period are substituted by a solid line,
close to the grid voltage. The frequencies of thege while devices that are OFF during the whole PWM
voltages are identical while the amplitudes andrtheperiod are not displayed. In Zone 1 the switchifig o
phase displacement are only slightly different. aAs the transistor T6 changes the output value between
consequence, the shape of the modulation inderf m+Vyp (that is provided by the low side capacitor, Fig.
the power converter is very similar to the gridtage 5a) and 0 V. During the free-wheeling phase both
waveform. The output voltage of the converter can ldiodes D1 and D2 are ON, imposing an almost null
written as \§,, = MVpe. Depending on the modulationvoltage at the full-bridge output, see F|g 5b.

S

index value, the power converter will be driven b : o — ‘ i —
different PWM strategies. As a matter of fact it i i T l o
possible to identify four operating zones & for leac, ’ AT v !
zone the output voltage levels of the power corwert L P S o L6
will be different according with TABLE1 _ —[ R T R T R
i : e e o
ZONE " OuTPUT (a) (b)
VOLTAGES Fig. 5. Proposed five-level PWM strategy for thengo
1, Active phase (a) and free-wheeling phase (b).
ZONE 1 0<M<05 Ve AND O
In Zone 2 T6 is ON and the switching of T5 changes
ZONE 2 05<mM<1 Voc AND Ve the output voltage from +VDC (Fig. 6a) to +VMP (Fig
6b).
ZONE 3 -0.5<m<0 =Vump AND O
rroror e T:? ---------
ZONE 4 -1<M<-05 | ~VocAND —Vwe ' l i;lT n] wl . l = nl
] D1 . - o .
- i R 7 T “—f*k} o n A= M_(L
Table 1 - Output Voltages In The Different Working ~ L L ALY A ™ = T
Zones T | ' T 7 T '
- | ! -

With reference to the schematic of Fig 4, the barav
of the proposed solution is shown for a whole pkric
of the grid voltage i.e., of the modulation indexFig.6. Proposed five-level PWM strategy for the &on
During the positive semi-period the transistorsahtl 2,
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Active phase (a) and free-wheeling phase (b).

A similar analysis can be repeated for the negati
semi-period, Zones 3 and Zone 4. It must be ndtad t
only a transistor is switching for every zone
Furthermore the anti-parallel diode of every powe%mﬁﬁggg?;npmk
switch is not used allowing the use of MOSFETS fc

all the transistors. Fig. 7 shows the gate sigftalshe

proposed five level modulation strategies. In theva

described operations, the output voltage leve)s-ié

provided by the discharging of & while the output

voltage level -Yp is provided by the discharging of
CHS-

®@Power Sensing Part

CT Sensor

Energy
Metering

= e

@Relay Control
Part

‘ ®User Interface ‘

Fig. 8. Hardware architecture of Smart Energy
distribution Management

T = [ ! I — ccording to the energy levels in the stored bwgttke
D01 0015 002 0025 003 008 sontrolling of devices takes place. If the energyel
i ; | ; ; — i below the first preset level then the power thms
- NN R the least priority devices are automaticallytsbifi
I - ] I I I nd the high priority devices are run and if thergg
0.01 0.015 0.02 0.025 0.03 0.035 .04 . . .
; |; ; T porr below that then the next priority devices aret siff
et ——es———e=——and allows to run only the highest priority devices
] i = [J—— Jving a signal to take the necessary actions. The
0005 0o opls oo 0% 003 0055 qaower monitoring device has three power sockets to
easure the power consumption of devices and
0.005 .ot 0.ME o2 0.025 0.02 0.035

tima [s] Zigbee network module, that can transmit the stafus

Fig.7. PWM gate signals for the proposed five-levelthe battery and receives the control signals tdrobn
modulation strategy during two grid voltage periodsthe power through the devices. Fig.8 shows thecbasi
block diagram for Smart Energy distribution
In fully symmetric conditions, the midpoint voltaggVlanagement system consisting of microcontroller
will be equal to e = Vpcs, however, an asymmetry Unit, relay control unit; Zigbhee communication; use
could unbalance the system. This choice allovidterface, power sensing unit (energy meter) and
obtaining the minimum number of commutations blROWer supply exist in the system. The energy meter
causes a V0|tage r|pp|e inMv at the same frequencymeasure the pOWer Consumpt|0n, COI’I_SIStIng Of aCT
of the grid voltage. In fact, it would be possilite S€nsor converted to a current value which can leand|
reduce the ripple of the midpoint voltage,gy, but N the MCU. The renewable energy management
it would imply a greater number of commutations ciyStem manages the generated power and battery
T5 and T6. This choice is avoided in order to parsi¢harging conditions in the solar power generatte T

=

B

=

=

=

=

e e e e e e e e

=

T6 GATE TS GATE T4 GATE T3 GATE T2 GATE T1 GATE
== =1 PN =1 LN =1 e N =R ]
=

=

0

the maximum efficiency. power management methods are of two types,
efficiency oriented and user oriented. In the éffit
c. Smart Energy Distribution Management method the generated power and the battery charging

conditions are transmitted to the smart power

Smart Energy Distribution Management system is the@nagement system and it is compared with the
most important in order to determine how effectjvelPOWer consumption data stored in the MCU. But the
the power generated from renewable sources &@blem with this technique is that it finds onlyet
distributed. The system decides when to use tRBtimaltime to use the charging battery for desirgg
energy stored in the battery, that is whenever tR@Wer consumption and electric charges.

power generated from the commercial electricity griin thiS paper we proposed a user oriented method to
is very low then the switching action takes placéun the devices by setting the priorities and roe t
switches to the solar grid. If the energy generfiean device having highest priority for a long time
the solar panel is sufficient then power supplisd £0mpared to the devices having least priority, Whic
usual as the commercial grid otherwise controllingjcreases the efficiency in the point of user.

action takes place. The energy stored in the lyatser

always compared with the preset levels and if ibvg

then it communicates with control room to take

necessary steps.
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i The algorithm isasfollows:

POWER
SUPPLY

Stepl: Initialization of devices.

Step2 Initially both AC and Inverter sections are in

ON condition.

Step3: Devices are run with AC power

Step4: In microcontroller one pin is programmed to
monitor the AC power, when it is goes off,
the relay is connected to the inverter.

Step5: Now the solar energy is connected to the

((wani ] [ woasa ] [ oam3s | meter
Step6: In micro controller the stored energy is
Fig. 9. Smart Energy distribution Management with always compared with presetting levels
Priority Load Step7: If the stored energy is greater than the power
Consumption then the least priority device is
The block diagram in fig. 9. having three sockets i automatically turn off.

nothing but three loads. The intelligent systelg
efficiently distributes the power generated frone th
solar panel to these prioritized loads dependingnup

tep8: Otherwise highest priority load will run by
turning off other loads.

the status of the battery. Step9: Whenever the AC power is available then the
relay connects it to the energy meter.

4. IMPLEMENTATION Stepl0: Stop the process.

In the previous section we describe the efficiema8 5. EXPERIMENT RESULTS

Energy Distribution Management system. Now we can

see how to implement this system, when the elétstrica.  gmulink Model for Grid connected Inverter
generated from the thermal plants is enough then it ysing Mat lab

connected to the connected to the energy meter

through the power grid network, otherwise when the The five-level solution was simulated using
this electricity is not available then the energthe toolbox, which allows fast simulation of power
generated from the solar panel is connected to thlectronic circuits under Simulink / Mat lab
energy meter trough the grid inverter and distedut environment.

to the devices according to the prioritization whic

increases the efficiency of the solar power. Alwtyes - — e —_—
power requires is compared with the stored value =t mej Q j

the battery and generates the control signals doapr _ [

to conditions specified. As the consumption of powe

increases, the energy stored in the battery dezses =

causes that no longer the devices operate with f b .TFIT ’E_>LIT

solar energy. In order to increase the efficientihe _ %— ‘

solar system it is required to distribute the eper¢ | [l | ; L E—. B.

intelligently, sends a control signal from the coht o 4 e —

room to turn off the least priority devices and fxem

monitoring the battery status. If the battery valu
reaches the threshold value which is set for segg......
operation runs only the highest priority device mgk
all remaining devices turn off. To make the switghi o
action between commercial electricity and solar @low
a relay is placed. To monitor the electricity from

power grid network, Sv input is given to the MCU Fig 10. Simulink Model for Grid connected Inverter
whenever the monitor pin reads 0V then relay Using Mat lab

connects the solar system to the energy metertand i

displayed on the LCD display and on the PC in @ntrreferring to Fig.11, the simulation parameters were

room. Zigbee provides the communication between _ . _ _
the control station and distribution system. Thetad YPC ~ 400V, Vgig = 230V2sin (2501), Gys = Cus =

commands are given remotely to control power goirg"F. Lk = 100@H, G = 2uF, R = 0.5. A grid

to the devices depending on the battery status. impedance £ = (jo50uH + 0.4) was considered. The
switching frequency was 20 kHz. The power converter
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control, formed by the MVC and the current| Battery Relay ON N
controller, was the same shown in the block schefne | Charge | o diion Loads condition
Fig.10. The simulation results refer to a sinusbid status

9.10. L i . . ) 100 % R1R2R3 Three loads are run(no priority
current |nject|o_n of Aws into the grid with unity (12 V) R&, device)
power factor. Fig. 11.a and 11.b. showed a closefup 90 % R1R2 Load -3 turn off(least priority
the converter output voltage and current. Multileve (10.8V) ’ device)
Five level Inverter and Grid sinusoidal output \Agje 80 % R1 I}ﬁﬁﬁ t%?:]ys%#(gggeist
Wave Form with the help of Simulink / Matlab as| (9.6V) P y’devices 9
Shown in Fig.12.a and Fig.12.b. 20 9 Along with running the highest

20 @® 4\/0) R1 priority device gives an alert
/'\ : signal

=

g

Table 1: Load Distribution with Battery Charge stat

-

Control station that is remotely located, commutgsa
with the efficient system through the Zigbee and it
\./ displays the results like on PC like, when AC power
o aueand Solar power present AC power ON, Otherwise
AC power off and solar power present and also
display the voltage in the inverter. According tet
battery status it operates the loads given in the
following table in this for demo purpose three Isad
are considered.

:
-
I

Output Volta ge [W]
=

1
=

Injected Grid Curramnt lg-ld ™
=

N

R
5

0 0.
Tima (s} tima [a]
(a) b}
Fig.11. Close up of the converter output voltagg V
(a) and of the injected grid current (b).

c. Load Distribution with load duration status.

An additionalfunction is setting time of power usage.
This function demands setting port using the progra
as a first step. User then set time whenever tee us
wants the sockets to be turned on. The sockets are
turned on only during the time user set and aneetir

off for the rest of the time. Furthermore, users ar
capable of setting maximum power consumption for
preventing excessive power usage and setting
s Maximum power to avoid fuse blow.

Fig.11.A. Multilevel Inverter output Voltage Wave
Form using mat lab

Time Period Relay_ .ON Loads condition
Condition
Three loads are
6 P.Mto 10 P.M R1,R2,R3 run(no priority
device)
6 AMto6P.M R1,R2 Load -3 tum off(least
priority device)
Load-1 only
ON(highest
10P.Mto6AM R1 priority),turns off
Fig.11.B. Grid Sinusoidal -output Voltage Wave Form reaming devices

using matlab o ) .
Table 2: Load Distribution with load duration sttu

b. Load Distribution with Battery Charge status. When the power consumption and power exceed the

The results shows that, when the power from bolifnitation, the sockets are turned off from lowgpiiy
power plant and solar system are present then {Reigh priority. Secondly, in case of a functiohieh
efficient distribution system connects the energgen S€tS time of power usage, we set the function on
to power line generated from power plant and ruhs §0Ntrol using time setting program. In accordanae w
the devices. Otherwise the remote control statidfie usage patterns of the SEDM, we set time range
sends the command signal to connect the solarrsyst&0™ 6 pm to 10 pm in all socket, time range from 6

to the energy meter and compares the battery sta®f {0 6 pm in a first and second socket and timgea
continuously to run the prioritized devices. from 10 pm to 6 am in the first socket and measured

the power consumption in control station for alysla

The time we set was simply for experimental
measurement and thus the time can be set whenever a
user want to use the appliances using the funafon
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setting time of power usage. Table 2 is the
experimental result of the function of setting timie
power usage.

6. CONCLUSION [6]
In this paper we proposed a system to distribuge th

power generated from renewable sources efficiently
using a battery status and setting time of powages

power generation," in Power Electronics and
ECCE Asia (ICPE & ECCE), 2011 IEEE"8
International Conference on, 2011, pp. 1492-1497
- Date of Conference: May 30 2011-June 3, 2011.
K. Touafek, M. Haddadi, and A. Malek,
"Modeling and Experimental Validation of a New
Hybrid Photovoltaic Thermal Collector," Energy
Conversion, IEEE Transactions on, vol. 26, pp.
176-183, 2011. Date of Publication: March 2011.

to reduce power consumption. By increasing thg] Young-Sung Son, Pulkkinen, T., Kyeong Deok

capacity of solar panel and efficiency of the baité&

is possible to construct a solar energy supply llghra

to the commercial energy supply from power plant
which solves the problems of electricity in futumed

it can be distributed effectively to the rural amban
areas which solve the problems of electricity. Bt
problem with this system is that to require hug[g]
inverter to store the largely variable solar eneagy

its maintenance. This can be overcome |
constructing solar grids parallel to the existeidgby

the government. The future scope of idea is prapos
system can be installed and maintained in residlen
environments with ease. A ZigBee based Intellige|[g]
Energy Management System for residential buildir
system can provide significant cost savings in
building environment, great level of flexibility dn
control for the building administrators and gre:
comfort for the occupants.
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